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The contents of this book comprise the subject matter 
of a three credit course given for upper class and graduate 
students in soiis, forestry, botany, game management and land- 
scape architecture. This course is intended to satisfy smie of 
the needs of professional men engayed in forestry and related 
branches of land utilization. In the preparation of the book, 
an attempt was made to eliminate detailed soil classification 
and techniques not adapted to forestry practice, and to avoid 
the repetition of elementary information already available in 
texts on soils and silviculture. As far as possible, generally 
accepted terminology and treatment of the subject matter were 
followed, but a number of deviations were found to be neces- 
sary. Most of the material presented has been subjected to the 
test of field and laboratory trial, The book is a pioneer 
effort in its field and hence important omissions may have oc- 
curred, 

The general. attitude of the writer has been influenced 
chiefly by the works and personal instruction of the following 
teachers of soils and forestry: J. Kopecky, G. F. Morozov, 
J. Sigmond, Julius Stoklasa, Emil Truog, G. N. wissotzky, and 

| A. R. Whitson. 

Dr. R. J. Muckenhirn aided in the preparation of the 
manuscript. A portion of the field and laboratory data incor- 
porated in this book was accumulated in collaboration with 
S. F. Buran, H. M. Galloway, J. G. Cady, Vi. &. Patzer, D. P. 
White, HE. L. Stone, and c. J. Krumm, Assistants in Forest Soils, 
University of Wisconsin. Wholehearted cooperation in silvicul- 
tural investigations was rendered by C. L. Harrington, F. G. 
Wilson, F. B. Trenk, H. B. Wales, G. W. Jones, F. G. Kilp, We He 
Brener, and R. Wittenkamp. To all these the writer extends his 
most cordial thanks. Grateful acknowledgment is also nade to 
Miss Margaret Stitgen, Secretary of the Soils Department, who 
arranged the manuscript in its final form and prepared the 
stencils. 

The support of The Wisconsin Conservation Departnent, 
the Wisconsin Alumni Research Foundation, and the U. 8. Forest 

~ Service made possible the accumulation of a ee part of the 
research data and field observations summarized in this volume, 

S. A. Wilde 

Madison, Wisconsin 
January, 1941



CONTENTS COLLEGE OF AGRICULTURE 

UNIVERSITY DF WiSGBARY a plaC 

POO C Olesen aarsh sme comme ere mre tsar (nln yee NM eb coco) tole apo 

A Brief Historical Review of Forest Soil Studies .. 1 

PART I 

GENESIS OF FOREST SOILS 
Chapter 

te Nature vot Morest, Solle. . sac sss «0s 6 «ees 10 

TI. Panent Material of Solis. 1... 6 6 6 6 ss ws 8 16 

III. Weathering of Rocks and Decomposition 
Of Organic Remsing’ <<. .4-. 4 4 4 ve ee 26 

IV. Development of Soll Profile «5. 5. 5 11 ee 31 

PART II 

THE GREAT SOIL GROUPS OF THE WORLD 
Vie PCONAL HOPES URGOMUS esis. le Velneuie isle ile ies sulelne 45 

Vij intre=gonal Norest Somdigc sss term sl eller is slten ile 66 

| Vilicw ONOonSsHorest Sollsiuy ss 6 «© ls see sue suas ely 79 

| PART III 

SOIL AS A MEDIUM FOR {REE GROWTH 

VIII. Nature of Forest Cover and Relation 
OP honest to Bnvirontient « << 6... 6.5 82 

IX. Physical Properties of Forest Solis ss a «ee s 6 92 

X. Chemical Properties of Forest Soils ......e-. 105 

| Ade OUeeNLete OL POLOBU GOI LS eo) suusl lee’) is) sien been 127 

ALIS VMONOSL HUMMUS. wi. 4G wos else se 6 el. woe a % 141 

PART IV 

SOIL-FOREST TYPES 

AUUe MOULANG CAC NOMGRUS) pirellss is 6 6) sues is) elites) sill 158 

HIV. Werg@sts of the Podgol Remlon. «3. +. 6 6 « 3  « 163 

AVic CEVGUOLO NONGGUBl 6 6 «0s +6 ws els «ss dia © 66 176 

XVI. Forests of the Lateritic Region .....+.-++e. 179 

AVGDs) MownGedn Honests.rs 60s G6) 6) Ss poee 6 9 4 6 oe 6 184



0 

Chapter Page 

PART V 

ANALYSIS OF FOREST SOILS 

XVIII. Analysis of Physical Properties 
Of Wonest SOM 2) Gwe. wee aw en) at OG 

XIX. Chemical Analysis of Forest Soils ......... 202 

XX. Biological Analysis of Forest Soils ........ 236 

PART VI 

FOREST SOILS IN RELATION TO SILVICULTURE AND FOREST MANAGEMENT 

2 OGTEG SUMO eps WNChG bo Oo md mo 0 0 ou ola eo Fl 

| Ait. “SOllsancd ines Planting a. ven mn a ennnnie ee Oae 

XXIII. Amelioration of Soils and Planting 
ONWAGVONES™OLUGH loan tus 4) cee yieniy Water es me OTT 

XXIV. Thinning and Selective Logging 
ONS DiTLOnOnUSSOVIA sere tc 6 6 lst ie Geet: Bai ue eS 

XXV. Forest Economics as Related to Soils. ....... 293 

PART VII 

MANAGEMENT OF FOREST NURSWRY SOILS 

XXVI. Selection of Forest Nursery Sites ......... 303 

XXVII. Regulation of Moisture Content in Soils 
Of Horest Nursertod. . \ 0s). 0 sete est a veal a | SOO 

XXVIII. Use of Commercial Fertilizers ........... 314 

XXIX. Preparation and Use of Fertilizer Composts. .... 324 

Awe US6 Of Liquid Kertilivers: vs 6 oes te SSB 

XXXI. Green Manures, Catch Crops and Cover Crops. .... 341 

XXXII. Adjustment of Nursery Soil Fertility. ....... 346 

XAXIII. Control of Parasitic Organisns in Soils 
OL BOMOBUSNUDAOnLGBnm ln 1 9) 4) sis) Wi lil alid lee eO6 

APD UONDUN sir ores is een Otenii Sata ees ea et Ge OOO,



FOREST SOILS 
by S.A.Wilde 
Univ. of wis. 

yen A BRIEF HISWORICAL REVIEW OF FOREST SOIL S?UDIES 

"The soil, barring the living 
organisms which it supports, 
is perhaps the most complex, 
the most interesting, and the 
most wonderful thing in nature." 

John i. Weaver 

The credit for the crystallization of soil science into 
an independent body of knowledge is divided among geolorists 
(Fallou, Richthofen, Dokuchaev, Hilgard, Glinka), agricultural 
chemists (Boussingault, DeSaussure, Liebig, Lawes, Gilbert), 
microblologigts (Beijerinck, \Winogradsky) and foresters (Grebe, 
Ebermayer, luller, Lorozov, Ramann, Wissotzky, Gedroiz). Since 
the pioneering days in soil science, foresters have been cease- 
lessly broadening the scope of this subject by their studies of 
humus, ground water, and the relation of vegetation to soils. 
In recent years the information accumulated by the students of 
forest soils has assumed the form of a separate scientific 
discipline. 

The history of the accumulation of forest soils theory 
covers a period of about one hundred years. As early as 1840, 
Grebe, a German forester, introduced the ecological aspects of 
silviculture. His doctor's thesis "De conditionibus ad arborum 
nostrarun saltuentium vitam necessaries", submitted a t Marburg, 
may well be considered as the cornerstone of forest soils. The 
"Forstliches Cotta Album", published in 1844 includes the follow- 

| | ing statement of Grebe, remarkable for its vision: "As silvi- 
| cultural horizons widen, the importance of environmental condi- 

| tions becomes more sharply pronounced. It appears clearly to the 
foresters that the form of forest management is determined by a 

! | number of physical influences related to topography, geology, 
| type of soil and climate." Thirty years later Grebe wrote: "In 

| short, almost a 11 of the forest characteristics depend on the 
| soil, and, hence, intelligent silviculture can be based only 
| upon a careful study of the site conditions." 

In 1860, Pfeil, a German authority on forest manage- 
ment, published his text with an extensive chapter devoted 
specifically to the conditions of environnent and entitled 
"Science of Forest Habitat". The variation in the results of 
silvicultural operations under different conditions of climate 

| and soils led Pfeil to introduce his paradox: "The only general 
- | rule in forestry is that there are no ceneral rules...." 

| The publications of Grebe and Pfeil have strongly 
influenced a number of texts on silviculture, particularly Gayer's 
notable work on "Diagnosis of Forest Stands" which appeared in 
1876. 

Research in forest soils by Maller, Ramann and Ebermayer 
had accumulated at the end of the past century, a great deal of
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factual lmowledge. Muller's voluminous nonograph on "Natural 
forms of humus" revealed the biological nature of forest soil 
development and opened a new chapter in general soil science. 
Ebermayer contributed numerous papers of lasting value on 
physical and chemical aspects of forest soils. Ramann's compre- 
hensive text "Forstliche Bodenkunde" published in 1893 consoli- 
dated the existing knowledge and outlined the general course of 
the subject. The work of Ramann, Ebermayer, and Muller was con- 
tinued by a number of German and Scandinavian students, parti- 
cularly Albert, Lang, Krauss, Vater, Hesselman, Tamm, and 
Bornebusch, 

About 1860, Grandeau introduced the subject of soils 
to French foresters. "Les sols forestiere" by Henry appeared 
in 1908. 

A wealth of observations on the relation of tree growth 
to soils and climate in the Old and New Worlds was collected by 
Vayr. His "Silviculture on a Scientific Pasis", written in 1909, 
considers the factors of environment in terms of concrete data, 
The publication of Mayr's text was followed shortly by another 
outstanding book, namely Wagner's "Areal Regulation of the 
Forest", Wagner placed foremost emphasis upon the use of environ- 
mental forces in selective logging and natural regeneration. 

aa Toward the turn of the century, the subject of forest 
‘ soils received great stinulus when the climatic-zonal principles 

of soil development were discovered by Dokuchaev in Russia and 
Hilgard in America. 

The findings of Dokuchaev and his associates were 
i enthusiastically received by Russian foresters, and the begin- 

ning of the twentieth century was marked by intensive research 
in forest soils, led primarily by lorozov, Wissotzky and Kruedener. 
Glinka observed in his widely-known text on soils: "The abundant 
material collected by foresters on the relation of soils and 

| forest vegetation exceeded by far that accumulated in regard to 
other types of vegetation. In the reports of Morozov and his 

| | followers the problems of soils are intimately welded to those 
| of silviculture." 

| | Among the numerous students of soils in Russian 
forestry schools, Gedroiz cast an entirely new light upon the 
relation of soils to plant nutrition by his investigations of 
colloids and exchange reactions, As Marbut stated, "In the 
pioneer chemical work of Gedroiz...with a previously unknown 
method real soil chemistry was created". 

The Danish text on environmental requirements of 
plants, published by Warming in 1898, initiated numerous studies 
in the field of plant ecolory. The investigations of ecologists 
provided an important link in the chain of studies on the rela- 
tion of forests to environment. Two forest ecologists, Sookachev 
of Russia and Cajander of Finland, devised botanical site 
classifications directly applicable to silvicultural practice. 

During the post-war period the information accumulated 
by the students of soils and ecology initiated a new school of 

| thougat among the practical foresters of Central Burope and led
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to a revolt against the outmoded theories of Cotta and Hartig. 
Three facts provided particularly strong support to the movement 
for a "new deal" in silvicultural practice: destruction of vast 
areas of spruce stands on unsuitable sites by nun-moth epidemics; 
records from Saxony revealing an enormous decrease in the rate of 
growth of forests managed,on the basis of abstract formulas; a 
doubled productivity in Barenthoren estate and other forests of 
Central Europe where the old management patterns had been 
discarded, 

i voller, Wiebecke, Uberbach, \iiedemann, and many other 
German writers denounced the principles of "stencil" forest 
management, They proclaimed the correlation of tree growth with 
micro-climate and soil as the road tow_ard the solution of the 
"piddle of production". These ideas soon penetrated far beyond 
the boundaries of Germany. Most of the Swiss and French foresters adapted as a standard guide Biolley's "L'amenagement des Forets", 
a book advocating the “coordination of all the forces involved in 
wood production" as the basis of sound silviculture and picturing 
the forest as "a tri-phased unit of soll, atmosphere, and wood- 
producing cormunity", The Russian, Scandinavian, and Finnish 
foresters from the early days of their silvicultural practice 
were inclined to recognize the importance of the environment and 
were thus fortunately spared the many disappointments of their 
continental neighbors. 

Americans, like the people of northern Europe, lived 
in a much closer contact with virgin soils and original vegeta- 
tion than the people of western urope, ‘the basic relationship 
between the environment and plant growth had been noticed in the 
New World ever since the early days of colonization. The know- 
ledge accumulated by the settlers and woodsmen was inherited by 
foresters and developed into a foundation for silvicultural 
theory. A contribution of great importance to the development of 
American forestry, as well as the subject of forest soils, was 
made by Hilgard. This geologist by training, teacher of chemistry, 

| botany end zoology, and soil scientist concerned with agronomical 
problems, has laid, perhaps unintentionally, the foundations of 
forest ecology. The chapters on the relation of native vegeta- 
tion to soils in his classical text probably constitute the most 
valuable single document yet written on this subject, 

The general outlook of foresters was also strongly 
influenced by a number of ecologists anc physiographers, notably 
lerriam, Cowles, Bowman, Bray, Clements and .eaver. ‘The general 

| trend of contemporary American silvicultural practice was indi- 
cated by Touney's "Foundation of Silviculture upon an ecological 
Basis", 

The recent expansion of the forestry program in the 
United States has served as a strong impulse for studies of forest 
soils. The last decade was characterized by extensive research 
in tree nutrition, maintenance of nursery soil fertility, adapta- 
tion of tree species to environment, and technique of reforesta- 
tion under different soil conditions. Recent years have also seen 
a remarkable increase in the planting of forest vegetation for 
purposes other than lunber production. This country has vigor- 
ously promoted programs of extensive park systems, "broad-acre" 
cities, shelterbelts, roadside landscaping, erosion control,
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resettlement movements, and game management. All of these pro- Jects, Cemanding a rapid growth of planted stock, have stimulat- ed a further expansion of knowledge in the use of fertilizers and technique of forest soils management. 

The following list of references presents in chrono- - logical order some of the outstanding earlier works which mark the progress of knowledge pertinent to forest soils. This list is far from being complete and many of the publications quoted have only a historical significance. Nevertheless, it is ‘ believed that familiarity with such a record of titles will give the student a broader outlook and a better appreciation of the recent achievements in the allied fields of Silviculture and Soil Science. References to the more recent publications will be found elsewhere, 
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PART I 

(Origin, Development, and Classification in elation to 4 Environmental Factors) 

CHAPTR I 

NATURE OF FOREST SoTLs 
| 

De méme qu'il y a une 
pédologie agricole, il | 
existe une petologie 
forestiére, 

j 
E. Henry, 1907 

| In early writings of agronomists the soil was defined as "a mixture of sand, Clay, lime, and humus." ‘he geologists rerarded soil as "product of weathering derived from minerals and containing decomposed remains of plants and animals" (Sprengel, 1837; Fallow, 1855). Pioneers in soil science recognized that "the soil is the weathered surface layer of the earth's crust which has been altered by the influence of water, air, organic matter, and living organisms" (Dokuchaev, 1886). Because the changes produced by environmental and biotic agents lead to the translocation of soluble salts and 4 colloids and development of distinct layers, the soil was referred to as "a sequence of mutually interrelated horizons." (Zakharov). The definitions, fornulated by the biologically-minded students, characterize soil ar “a peculiar orgenism", “a lithosphere penetrat- ed by the biosphere", or "a dynamic system" (Lerthelot, Jarilloff, Stebutt). 

All of these newer concepts are well fowmded and enlighten- ing, but not entirely acceptable to a stiviculturist interested in soil as a medium for forest srowth. In many instances, forested §@ soils are a product of weathering, composed of sand and Clay parti- Cles and arranged in genetically interrelated horizons. Very often, however, forests grow on barren rocks, piles of cravelly Cetritus, Ceposits of peat, or even permenently flooded areas (Fiz. 2). ‘These substrata, disrerarded in ceneral definitions of soil, do not appear as rare exceptions, but cover vast areas in different parts of the world and often support forest stands of hich commercial value. Obviously, the existence of such forest sites demands a broader con- cept of forest soils and a somewhat different approach to their studies and utilization, 

In brief terms forest soil may be described as & portion of the earth's surface which serves as a nedium for the deveto ment of forest vegetation; 1© consists of a porous or unconsolidated layer of mineraland organic riatter, permeated by Varying amounts of water m@ ond air, and inhabited by organistis; it presonts peculiar character- istics impressed by the physical and chenical action af the tree roots and forost debris.” cs a 

The depth of forest soils is determined by the penetration of tree roots and varies from a fow inches to many feet. he lower limit of the forest soil is often delineated by the level of cround water, impermeable bed rock, or layer containing substances toxic to
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the roots. As a rule, tiie essential features of forest soils can be learned by examining the soil to a depth of six or seven feet, 

The mineral and organic constituents forming the body or skeleton of forest soils vary within very wide limits. in rock oute 4 crops of forested mountains, the root systems of trees may be the Chief source of organic matter, since in such situations the litter is often removed by wind and water. On the other hand, in the peat soils of swamp forests, the mineral material appears as a negligible ash fraction of plant remains. In the fine-textured soils, the con- tent of organic matter usually varies from 3 to nearly 10 per cent by weight. Both mineral and organic fractions occur in forest soils in practically all states of division: piles of boulders, partly rotted logs, and ultra-microscopic particles of colloidal clays or humate suspensions are the extremes. ‘ith respect to the chemical composition and state of fertility, forest soils exhibit every con- - @ ceivable variation: some soils are composed of nearly pure silica and support struggling stands of the least exacting species; others present a complex involving numerous mineral and organic Compounds, and have a potential productivity comparable to the rich blackearths of prairie regions. 

The liquid phase of forest soils consists of a rather heterogeneous mixture of water and weak solutions of salts, acids, and gases. lost of the air volume is made up of oxygen, nitrogen, argon, and carbon dioxide. Fungi are the rost Conon organisms in forest soils; bacteria, actinomycetes, and neniatodes occur less fre- quently; earthworms, insects and rodents are confined to a rather small portion of soils with a well decomposed humus. 

' Table 1 illustrates the approximate composition of a loam soil derived from granitic rocks and supporting a stand of hardwoods. 

Table 1. Approximate Composition of a Slightly Acid Hardwood Humic Loam Derived from Granitic Rocks. (V = volume; W - weight). 

i SOLIDS 
50% by V, 

Inorganic ___ | Organic 
95% by W. 5% by W. er oo 

Sand Silt and Clay iumus Organisms 40% by W. 60% by W. 

Foldspar Silica, Kaolin, Lignin Roots, Bacteria, Fungi, Micas Iron and Cellulose Actinomycetes, Alrae, Quartz and Aluminum oxides. Sugars Protozoa, Nematodes, accessory Secondary minerals, RNesins,Waxes Zarthworns, Insects, minerals Clay minerals Proteins, Ash Rodents 
LIQUIDS (20% by V.) GASUS (30% by V.) 

Dilute water solutions of Air somewhat enriched in car- salts, acids and gases. bon dioxide. 
Sulfates, Nitrates, Chlorides; OXVGGNG 7 ; 4 3 3a 120.0% Bicarbonates of Calcium, NiCmOgehie ss wos wi 7OLOs lagnesium, Potassium, and EMO Oo ay bo 6 6 0 0 0 oo Myles Sodium. Traces of phosphates Carbon dioxide. ..... 0.5% and other inorganic and organic traces of Amionia, llydrogen, Compounds, Concentration of and Hydrogen Sulfide. salts approaches 200 Pep.em.
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the composition of forest soil is subject to constant 
changes, caused by the growth of trees and ground cover vegetation, 

@ activity of organisms, and effects of climatic agents. Under the 
influence of these factors, organic remains and mineral material 
undergo gradual decomposition or disintesration. ‘The released 
soluble salts and colloids are carried downward by percolating 
water and soil organisms and are redeposited in the form of definite layers or genetic horizons. Weathering and translocation of releas- 
ec products constitute the process of soil development. Undeveloned 
or very young soils are not separated into cistinct layers, and are | called "embryonic" soils. As the differentiation into humic, deplet- ed, and enriched horizons becomes pronounced, the soil attains a 
Characteristic profile which reflects the influences of environmental. factors. Such sofis are desipnated as "mature" or "genetically 
ervstallized" soils. 

Because of the intimate relationship between soils, 
climate, and vegetation, soils tend to ve distributed on the earth's surface as continuous regions, or zones, correlated with the 9 climatic-vecetational zones. Strongly leached, ash-like podzols 
found in the region of northern coniferous forests, hunus-ceficient red laterites of tropical forests, and nut-structured degraded 
chernozens supporting oalx stands in the prairie-forest border, are @ examples of zonal soil groups. Within these zones, local conditions } of parent material or drainage give rise to "intrazonal" or "azonal" soils, such as embryonic Soils of recent deposits, humus-calcureous or rendzina soils of Limestone outcrops, and soils influenced by ground water, Viz. cley soils and organic soils. 

Forest soils cover about one-half of the entire land area of the globe and are bounded by non-forest soils, namely those of tundra, marshes, meadows, prairie, and desert (Fig. 3). Approximate- ly one-tenth of the total forest soil area is occupied by farms although as much as one-third has potential agricultural possibili- ties, The remainder comprises “absolute forest land", i.e. soils of the mountains, rough glacial deposits, and swamps, unsuitable for agricultural use. 

The subject of forest soils is comprised of three more or less independent aspects: tho genesis of soils, i.e., their 9 origin, development, and profile cnaracteristics acquired due to the influence of various soll-forming factors, namely, climate, topography, ground water, parent rock, and vegetation; the proper- ties of soils, including their physical, chemical, and bfolorica characteristics; the effect of soils upon the forest vegetation, namely, composition of the forest stends and pround cover vegetation, rate of trea growth, quality of wood, vigor of natural reproduction, resistance of stands to Ciseases, and other silviculturally impor- tant features, 

j The applied knowledge of forest soils involves two broad @ phases: manarement of forest nursery soils, viz. regulation of watering, application of fertilizers, fnoculation, cultivation, and @ Control of parasitic orgenisms; soils in relation to silvicultural practice, or planting of trees, management of Forest stands, and silvicultural cuttings. 

The following list of references includes selected works dealing specifically with forest soils, or containing information
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closely related to this subject. An acquaintance with these publica- tions will provide a comprehensive backeround for those havinz a najor interest in this field. ‘The itst is international in source, but is kept within the three Comonly-knorm languages. 
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CHAPTER II 

PARENT MATSRIAL OF SOILS 

; The surface of the earth presents a mosaic of rocl: out- 
@ crops, weathered residues, and deposits of various origin. All these 
@ formations, mineral as well as organic, serve as potential substrata 

for forest growth, or as parent material of forest soils. Upon the invasion of forest vecetation, the surface layer of the parent mater- | 
@ ial becones penetrated by the roots of trees, then covered with leaf- 

@ litter, and otherwise altered into a forest soil. 

The study of parent 1a terial of soils coincides closely 
with the structural geology, and comprises the origin of the surface 
formations, their topographic features, textural characteristics, anc 
mineralogical or petrographic composition, The entire subject may be 
conveniently reviewed under four headings: General features of tho
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earth's surface; Soil- and rock-forming minerals; Soil-forming rocks; 
Soil-forming organic remains, 

Surface Geological Formations 
The formation of the earth's surface may be divided into 

three groups based upon their origin and the nature of soils pro- 
cuced: Residual formations, i.e., outcrops of igneous, metanorphic Wand sedimentary rocks, and the products of their weathering "in 
situ", giving rise to "residual" or "primary" soils; Transported 
formations or Seposits of coliuvial, glacial, fluvial, and aeolian 
origin, produced by the action of gravity, ice, water, anc wind, 
respectively, and giving rise to "transported" or "secondary" soils; 
Cunulose deposits, i.e. accumulations of plant remains under condi- tions of excessive moisture and incomplete oxidation, giving rise to 
"organic" or "peat" soils. 

Surface formations impart to the soils many important 
characteristics and constitute a convenient basis for a broad soil 
Classification. A representative croup of forest soils of different 
geological origin is assembled in Figure 4, 

Rock outcrops and mantle rocks. Within forest regions, the occurrence of rock outcrops ts confined to high mountains, steep 
Slopes, and denuded areas of ground moraines. oot systens of trees 
Clasp the rock surface and penetrate through the fissures, thus changing barren strata into rock outcrop soils. In accordance with @the petrographic composition, franitic, sandstone, limestone, and 

@ilike varieties of rock outcrop soils are recognized. 

If conditions of climate and rradient permit, weathered 
Wmaterial accumlates "in situ" as mantle roci or residuum offering forest vegetation a more favorable foothold, Residual soils vary in Wdepth, texture, and cheuical composition depending upon their are and character of their parent material, 

Young residual soils consist of slightly weathered, coarse detritus which grades at a shallow Gepth into bed rock. The chemical composition of such soils is often the same as that of the uncerlying | substratum, 

Old residual soils are characterized by a greater depth @enc more finely divided particles. These soils have been sub ject to oxidation, hydration, and leaching for a long period and the 
Chemical composition of their surface layers may differ essentially @from that of the parent material. For instance, in the development 
of limestone soils, the calcium and magnesium carbonates may be en- 

@tirely dissolved by water, and the upper layer of soil formed 
} from silica, iron oxides, and other resistant impurities. 

In many instances resicnual soils are not derived from the underlying bed rock, but from the disintegrated rock which at one time overlaid the present mantle rock. Under such conditions the Msoils "tnherit" certain properties from the disintegrated rocks, and are called inherited soils. 

falus. The coarse-textured colluvial de osits, or talus slopes, ; are formed by fragments of rocks detached from the precipitous out- crops and carried down the slope by gravity. Cliff debris, rock
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falls, and avalanches are typical examples of rough and droughty 
talus soils. From the silvicultural standpoint such soils may 
differ but little from the rock outcrops. 

Glacial deposits. The invasion of ice sheets during the Pleis- 
‘@ tocene period brought about fundemental changes in the surface 

‘} veology of the glaciated regions. ‘The glaciers displaced the sur- 
face soils, ground the underlying rocks, and deposited unassorted 
till. The water from the melting ice took up some of the ceposited 
debris and laid it down again as stratified drift. The hwamocky 

@ ridges accumlated in front of the invading ice formed end moraines 
or terminal moraines. Along the sides of the glacial lobes were 

| deposited side moraines or lateral moraines. Periodic retreats of 
@ the ice produced recessional moraines similar to end moraines, but 

often arranged in lobes oné behind the other. ‘The ice movement com- 
pressed some material beneath it, and in melting left scattered 
detritus, thus forming the ground moraine. In the regions of ground 
moraine the action of glaciers sometimes gave rise to drumlins or 
 "whalebacks", i.e. oval-shaped smooth unassorted knolls having their 

% long axis parallel to the ice movement. 

The soils Ceveloped on the ground moraines are charac- 
terized by a fairly level topography, presence of boulders, ‘often 
shallow depth, and protruding polished rocks called "roches 

@moutonndes" or "sheep backs". Whe smooth, youthful topography and 
the presence of impervious strata at shallow depths are often respon- 
sible for poor Grainage of the growid morainic soils. ‘he soils of 
terminal and recessional moraines are of rough topography, with 
embedded pebbles and boulders, and have widely variable proportions 
of sand and clay particles; they rest upon compact unassorted till, 
or "boulder clay". Because of the diversified topography and ir- 
regular occurrence of clay till, the drainage of these soils may show 
great variations within short distances. The soils of drumlins are 
similar to those of ground moraines. 

Fluvio-glacial deposits. The streams and floods from the melting 
ice sheets carried in suspension eroded ma_terial which was gradually 
depositec forming the glacial outwash or a series of fans. ‘he level 
outwash was produced by uniform sedimentation of gravel, sand, and 

@ silt over the flat areas, usually at sorie distance from the terminal 
@moraine. Pitted outwash with its characteristic rolling topography 

and "kettle holés” résulted from the nelting of ice blocks embedded 
in the deposits, or from the deposition of material over the rugged 
surface of the morainic border. 

{ Outwash soils ere predominantly of sandy or silt loam 
texture; other types occur in rare instances. At a depth of one or | 
more feet, the surface layer usually grades into stratified subsoil | 
of coarse sand and gravel. This porous substratum provides very | 
efficient, or even excessive drainage. Freedom from stones is an 
important feature of outwash soils. | 

Fluvio-glacial deposits of limited distribution include 
4 kames and eskers, Kames are partly assorted gravelly hills or mounds 
@ accumulated at the edge of the glacier by nelting waters. Eskers are 

winding ridges of irregularly stratified sand and gravel, deposited 
by sub-glacial streams. The soils of both kames and eskers are sften 
coarse and droughty.
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Lacustrine deposits. Lake-bottom sediments form level beds of 
cite erate wie gentle slopes of sandy material marking the pre- 
vious shore linc. Lacustrine clays are usually hich in hurus and 
carbonates, but deficient tn both surface and vertical drainace, 

.| Most of the lacustrine soils are confined to Glacial regions. 

Marine deposits. These represent sea bottoms reworked by water, 
“and left on os shore after tho sea receded, ‘he texture of sodiment 

* varies from sand to clay depending upon the depth of water at time 
of deposition anc the force of the currents. Skeletons of animals 
and shells often enrich marine sands and "muds" tn calcareous 
waterial. 

Alluvial deposits. The action of streams in the post-clacial 
| perfod produced three major types of Geposits: stream bottoms, flood 
| plains, and river terraces. Stream bottom deposits occur as narrow 
strips along creeks. A high content of organic matter and a ground 
water level near the surface, but not necessarily water stagnation, 
are common features of stream-bottom soils. [Flood plein deposits are 
a result of the periodical over-flows. The soils of floo plains 
are often sandy in the proximity of the stream but grade into loans 
or clays farther from the stream, ‘his is because the volocity of 

§ flood waters decreases from the stream to the limits of the flooded 
area, The drainage is likely to be adequate near the stream, but 

- Sluggish at a distance from it. The periodic inundsations enrich .,. flood plains in organic matter and soluble salts. River terraces _ are level or nearly level strips of land bordering flood plains. 
. they result from the dissection of previous stream beds and are Classified as "second botton", "third bottom", etc. The soils of 

river terraces contain less organic matter and soluble salts and 
are better drained then flood plain soils. 

Deluvial ‘deposits. Overwash or Geluviun is formed on the lower slopes of hills and mountains by the deposition of material eroded . from the upper slopes. Soils of celuvium, as a rule, have a greater Gepth, a finer texture, enc a higher content of humus and nutrients 
than the residual soils of the upper denuded areas. In places the i overwash covers "relic" or buried soils, and thus deluvial soils 

- tiay have two or more superimposed humus horizons. 

Aeolian deposits. The action of wind produced two sharply definec types: loess and blow sands. Loess is a uniform deposit of com- paratively unweathered silt of yellowish buff color. It varies in 
Gepth from a few inches to nearly a hundred feet. Vhe soils of 
loessial origin have nearly idesl physical properties and very high potential fertility. Their geographic distribution, however, seldom coincides with climatic conditions favorable to forest growth. Blow _ sands originate due to destruction of the stabilizing vegetative .. cover. In places they form sand dunes which may be several hundred feot deep, and may advance over a region at a rate of nearly a *- hundred feet per year. \iind blown sands lack colloidal material and are Ceficient in both moisture and nutrionts, 

Cumulose deposits. ‘The curmlose of "piled up" deposits are forned by the reriains of vecetation aceurmlated in shallow water basins, or 
on uplands of the high mountains and subarctic regions. The deposits of this nature include various types of peat and muck. Lowland prairie or meadow soils, ane even true blackearth soils, may also be considered as cumulose deposits. forest solls of cumulose denosits are deficient in draina fe and often poor in nutrients,
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Figure 5 illustrates schematically the outstanding topo- 

_ | graphical features of various geological formations. Figure 6 in- 
cludes several representative profiles of parent soil materials, 
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Figure 5. Topographical features of the surface 
geological formations 

Soll-forming Minerals 

The earth's crust is composed of more than ninety 
elements. lieny of these are essential in plant nutrition but only about fifteen form the bulk of soil material. These ares: 
oxygen (0), hydrogen (I), carbon (C), nitrogen (N), phosphorus (P), sulphur (S), chlorine (C1), silicon (Si), aluminum (Al), iron (Fe), manganese (Mn), calcium (Ca), magnesium (Mg), potassium (K), and 
sodium (Na). With some exceptions these elements are combined as minerals. A discussion of the relatively few minerals that exert 
an important influence upon soil properties follows, 

quartz, Si0o (Silica). A very hard, white to drab mineral having specific gravity of 2.65; it occurs in sotls as round or 
angular grains, often coated with red or yellow tron oxides. It is resistant to weathering, inactive, and forms the coarser frac- tion or "skeleton" of soil... Siliceous sandy soils may ha ve as much as 95 per cent of quartz.
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Figure 6. Soils derived from parent material of different geological origin: (a) Deep residual 
clay loam from schist; (b) Shallow residual silt loam from limestone; (c) Stony loam of ground 
moraine; (d) Stony and gravelly sandy loam of terminal moraine; (e) Assorted silt loam with 

} stratified sand and gravel substratum of glacial outwash; (f) Clay of lacustrine deposit.
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Orthoclase, KAl-silicate (Potassium feldspar). White to red, 

nearly as hard as quartz, with a well defined cleavage at angles of 

about 90 degrees and a specific gravity of 2.5. A rather easily 

weathered, widely distributed soil-forming mineral; an essential 

constituent of granitic rocks and a source of potash. 

Plagioclase, CaNaAl-silicate (Calcium feldspar). White to dark- 

gray, with distinct cleavage, hardness approaching that of quartz 

and a specific gravity of 2.7. It 1s similar to orthoclase but 

weatuers more easily; an essential constituent of granitic and basic 

rocks, and a source of calcium. 

Muscovite, AlKSi0, (Potash mica). White to light-brown folta, 
known as “"isinglass" or "white mica"; very soft and can be scratched 
with the finger nail. Specific gravity - 2.8. Widely distributed, 

and 1s especially abundant in schists; a source of potash, but 

weathers with difficulty. 

Biotite, AlFeMgK-silicate (Iron-magnesium mica). A black to brown 

| folfa, known as "black mica". It is similar to muscovite but less 
| resistant to weathering; source of magnesium, potassium, and iron. 

Hornblende, Augite and Pyroxene, Felg-silicates (Ferro-Magnesian 
| minerals). Black to green, fairly hard and rather heavy with speci- 

| fic gravities of 5.0 to 3.7. Common, easily weathered soil-forming 

| minerals; essential constituents of basic rocks and the source of 

| many plant nutrients, particularly calcium, magnesium, potassium, 

} and iron. 

| 
| Apatite, CasF(P04)3 (Calcium phosphate). Brown, green, or black, 
| of moderate hardness, barely scratches glass. Specific gravity - 5.2. 

| A source of phosphorus. } 

| Calcite, Caco (Calcium carbonate). Colorless, brown or red; 

| vitreous, with dYetinetive rhombic cleavage. It effervesces with 

| dilute hydrochloric acid and 1s scratched by copper coin, but not by 

fingernail. Specific gravity - 2.7. ‘the essential constituent of 
limestone soils; causes alkaline reaction, and in excess is detri- 

| mental to forest vegetation. 

| Dolomite, Calig(COz)o (Calcium-magnesium carbonate). White to 
brown, @lassy to duit, slightly harder than calcite. It does not 
readily effervesce in cold dilute hydrochloric acid and has a specific 

gravity of 2.8. It occurs in many limestone soils, being similar to 

calcite, but more resistant to weathering. 

Hematite, 2Fep0s (Iron oxide). Red or brown, of an earthy nature, 
with a cherry red streak, It is slightly softer than glass, and has 
specific gravity of 4.5 to 5.3. Commonly formed in forest soils, it 
imparts reddish color and indicates oxidizing conditions. 

Limonite, eFe203.5lis0 (Hydrated iron oxide), Yellow to brownish 

in Color, Compact or earthy, somewhat softer than hematite, with 

specific gravity of 3.6 to 4.0. It occurs as common "iron rust"; 
causes yellowish color or yellowish tints of soils and indicates 

oxidizing conditions. 

Siderite, FeCOz (Ferrous carbonate), Green or grey to black, 
somewhat harder than calcite; specific gravity - 3.8. It occurs 

SSS
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| chiefly in water-logged strata of soils to which it imparts greenish | color; indicates deficiency of aeration and reducing condition, 

Kaolinite, HAl-silicate (Hydrated aluminum silicate). A white or 
yellow, very soft earthy mineral, having clay odor, Specific 

"| gravity - 2.5. A widespread constituent of clays. It is not as 
| important in exchange reactions as had formerly been thought. 

i Zeolites, k(S103),.nHo0 (Hydrated silicates). Light colored, 
: unstable minerals, whitch swell and lose their combined water upon | slight heating. They possess capacity for cation exchange but be- cause of their instability are rarely found in soils. 

| Clay Minerals. (Aluminum and tron silicates containing bases and | hydrogen). These minerals are white, yellow or brown; soft and very | finely divided, with specific Gravities around 2.5. They possess | high absorptive or base exchange capacity and are found extensively 
in soils of heavy texture. whey were previously classed with 
zeolites, 

Soil-forming Hocks 

The consolidation of minerals into rocks took place through different geological processes, in which heat, pressure, and sedimen- tation were the most important factors. The rocks thus formed are classified into three groups: (a) Igneous rocks, formed by cooling of molten magma; (b) Sedimentary rocks, formed by cementation of 
deposited materials; (c) Metamorphic rocks formed from the above 
classes by the influence of heat and pressure. 

The most important rocks in each of these groups are 
listed below: 

Igneous rocks: granite, syenite, felsite, gabbro, diorite, 5 diabase, basalt, and porphyries,. 

f Sedimentary rocks: sandstone, conglomerates, shales, 
Timestone, dolomitic limestone and chalk. 

Metamorphic rocks: gneiss, schists, slates, quartzite. 

From the standpoint of soil study the rocks may be classi- fied into five groups’ based chiefly upon their mineralogical composi- tion, namely: acidic or granitic rocks, basic or ferro-magnesian rocks, siliceous rocks, clay rocks, and calcareous rocks. 

I. Acidic rocks or granitic rocks are igneous or metanorphic _ | vocks including granite ame its varieties. 

s Granite is a light colored, coarse and even grained rock, : Composed of quartz, feldspar, and micas. It also contains small quantities of apatite and hornblends. Syenite is of similar appear- ance and composition, but with little or no quartz. Felsites are 
elther granites or syenites of very fine texture. Granitic pornhyr is finely grained granite of mottled appearance due to coarse crystal inclusions of quartz or feldspar. Gneiss is metamorphosed cranite, heving a banded structure and a high content of mica.
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The rate of weathering of granitic rocks depends upon their texture and composition. Coarse grained granite, syenite, and gneiss 
break down rather readily, but give rise to coarser soils. Finely 
grained or felsitic granites and porphyry breal: down more slowly, but 
produce heavier soils. ‘The presence of magnesium mica is conducive 
to weathering, whereas the presence of potassium mica has the 
opposite effect. 

Soils derived from granite are commonly of sandy loam or 
loam texture. The soils from syenite have heavier texture due to the 
high percentage of feldspar. Soils from gneisses are somewhat sand- 
jer, because of abundant foliae of undecomposed mica. Soils from 
porphyry are characterized by the considerable amount of coarse 
skeleton material. In general, forest soils derived from granitic 
rocks have an acid reaction, and a high potassium, fair phosphorus, 
and low lime content. 

| Ii. Basic or ferro-magnesian rocks include igneous and meta- 
| morphic rocks high in ferro-magnesian minerals, chiefly hornblende 
| and pyroxene. 

Diorite is a mottled, medium dark colored rock of a grani- 
told but fine grained texture; it is composed chiefly of hornblende 
and plagioclase with some quartz, orthoclase, biotite, pyroxene and 
apatite. Gabbro is a dark or black, coarse grained rock of a com- 
position similar to diorite, except that it is considerably lower 
in silica and higher in iron, magnesium, and lime. Diabase is 
greenish, diorite-like rock, composed chiefly of pyroxene, hornblende, plagioclase, apatite, biotite, and sometimes with intrusions of Calcite. Basalt is fine grained or felsitic gabbro. Schists are dark, finely foliated ferro-magnesian rocks, derived by metamorphic 
changes. 

In general, ferro-magnesian rocks are fairly easily 
weathered and yield deep, heavy, and fertile soils. ‘These soils are high in lime, magnesia, iron, soda, and often phosphoric acid, but rather poor in potash. Diorite weathers more slowly than other varieties and more often gives rise to shallow and gravelly soils. | Schists break up easily into smaller pieces, but do not always de- | compose entirely and produce micaceous sandy loam soils. Soils 

| derived from basic rocks have a tendency to maintain a neutral 
reaction. 

III. Siliceous rocks are either sedimentary or metamorphic rocks, 
consisting predominantly of quartz. 

| Sandstone is largely quartz, cemented by varying anounts of 
silica, lime, iron, kaolin or clay. The character and amount of 
cementing material determines, to a certain extent, the rate of 
weathering and the productivity of the resulting soil, which may be 
either of sandy or of sandy loam texture with various amounts of line, | iron, and other essential nutrients. Conglomerates are gravels cemented in a way similar to sandstone. ‘he rate of weathering and | the productivity of soils depends likewise on the composition of the | cementing material. Quartzite is metamorphosed sandstone or con- 
glomerate. It is very di cultly weathered and yields shallow 

| siliceous loams or sandy loam soils. 

| IV. Clay rocks are either sedimentary or metamorphic varieties 
j of kaolin. 

;
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Shales are hardened clays, commonly stratified. They are : lusually dark, but may be red, brown or green. The basic mineral is ' jkaolin, with varying amounts of accessory minerals or impurities, such as quartz, mica, iron minerals, feldspar, calcite, and ferro- f jmagnesian minerals. Slates are hard, fine grained, easily splitting jrocks of different colors. They have a similar conposition to the 

shales from which they were derived by processes of metamorphism. 

Clay rocks vary considerably as to the rate of weathering and productivity of derived soils. Shales low in quartz and high in accessory minerals and lime give rise to deep and heavy clay or clay loam solls that have a fair content of nutrients, Shales high in quartz and low in accessory minerals Give rise to sandy as well as heavy soils poor in nutrients. Slates weather difficultly and give rise to loam soils with abundant flat fragments of undecomposed rock; these soils are often too shallow to produce high yields of timber. 

V. Calcareous rocks include different varieties of limestone. 

; Limestone is calcite, mixed with different amounts of clay. Kagnesium Timestone is a mixture of clay with both calcite and aerantts: Cherty limestone is limestone with embedded fine grains, : lenses, or strata of chert or flint. Chalk is a crumbly limestone, composed of microscopic shells. 

Since calcium carbonate is soluble in water, pure lime- stone is easily weathered and the Clay residue forms deep heavy soils. : These soils tend to maintain an alkaline reaction. the admixture of other materials, such as dolomite, chert, or chalk greatly modifies the weathering properties of limestone and the productivity of the resulting soils. Dolomitic limestones are more difficultly weather- ed and usually form the higher portions of the topography in lime- stone regions. Cherty limestones weather Slowly and produce stony, gravelly, or somewhat sandy soils. Chalk weathers rather rapidly, but produces unfertile forest soils. The productivity of limestone 
soils is in direct proportion to the amount of clay in the parent material. Soils from pure limestone are deficient in potash and 
phosphorus. 

Soil-forming Organic Remains 

Natural organic deposits are composed of the five broad 
groups of compounds: 

: Carbohydrates, or nitrogen-free compounds of the general formula OmHoy Oy, including starches, sugars, celluloses, hemi- celluloses, and lignin; Proteins, or nitrogenous compounds, and their derivatives, such as peptones, alkaloids, and amino-acids; Fats and ' related compounds, namely oils, waxes, and resins; Organic acids, such as citric, oxalic, tannic, tartaric, and numerous others; 
Ash, including oxides of calcium, magnesiun, potassium, phosphorus, sulfur, and other elements. 

fhe relative content of various constituents, viz. sugars, celluloses, lignin, proteins, etc. reflects not only the origin of 
the remains, but also the type and degree of decomposition, thus 
characterizing the nature of' organic deposits. For example, low 
content of proteins is indicative of highnoor or moss peats; low 
content of lignin or high content of celluloses suggest slightly
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| decomposed debris; high content of ash is a property of muck 

: }deposits, and so forth, 
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CHAPTER IIL 

WEATHERING OF ROCKS AND DECOMPOSITION OF ORGANIC RUWAINS 

Rocks exposed to the forces of environment undergo gradual 
disintegration and decomposition, referred to an "weathering". Al- 
though the action of all the environmental factors is intimately 
interrelated, three more or less distinct phases of weathering are 
recognized, namely physical, chemical and biological. 

Physical weathering 

Unequal expansion and contraction resulting from changes 
in temperature lead to the rupture of rocks. ‘ater, as it expands 
on freezing, exerts a similar effect. The erosive action of wind, 
rain and running water also greatly aids the process of disinte- 
gration and the formation of finer materials, particularly gravel 
and sand. 

Chemical Weathering 

| Physical weathering ordinarily is only a preliminary to 
| more profound changes in the composition of the parent material 

} caused by chemical processes, such as solution, hydrolysis, carbona- 
| tion, hydration, dehydration, oxidation, and reduction. In chemical 
| weathering the environnent supplies reagents in the form of water, 
| oxygen, carbon dioxide, and organic as well as mineral acids. These 

react upon the silicate and alumino-silicate compounds of the parent 
} material, which are composed of strong K, Na, Ca, and lig bases and 

weak HpS10,, H4Si0,4, HgS1,0., and HpA1,S1,0,, acids. 

Because of ionic dissociation, the molecules of salts, 
| acids and bases split up in water solution into positively-charged 

metallic or hydrogen ions and negatively-Ccharged acid radical or 
hydroxyl ions. Thus the solution of potassium nitrate or calcium 

| chloride may be expressed in the following manner: 

| KNO3+HON ——— KtyNoz+Ht+OH", or 
| 1 

Ondrp’ ao Be? cathy wore | 
The dissociated salts may exchange their ions and form new 

| compounds. For instance, calcium nitrate and potassium carbonate 
are likely to react: 

Ca(NOg)o+KpC0, == 21M03+CaC00, 

} The degree of dissociation is especially great when the 
concentration of the solution is low, and when strong bases and acids 
are involved. This explains the fact that water appears to be a 
universal solvent, dissolving to some extent a great majority of 
minerals. 

The solvent capacity of water is considerably increased by 
hysrolysisi that 1s the ability of water to produce a small amount 
oO ree H and OH ions which attack difficultly soluble compounds. 

} 

)
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The conversion of carbonates into bicarbonates is'a typical example: 

NagC0,tHOH eae NalCO,+NadH 

| Hydrolysis is usually reinforced by carbonation. Carbon 
| dioxide, upon dissolving in water, forms carbonic acid and thus in- 
| creases the concentration of free or active hydrogen ions. Carbonic 
| acid reacts with the minerals of parent material and forms bicarbon- 
ates and carbonates, which are partly removed in solution. ‘The car- 

| bonation of calcium silicate with the formation of calcium carbonate 
and calcium bicarbonate proceeds as follows: 

CaSi0s+H_CO. = CaC0z+Si0o+H,O 

CaCOstH_C0, == Ca(HCOz)5 

Under the combined influence of hydrolysis and carbonation, 
feldspar may be broken into kaolinite, potassium carbonate and 
silica: 

2KALS1 20g t2Hp04C0, = A190, +2510, 204K CO, 445105 | 

The combination of the same processes is largely responsi- 
ble for conversion of difficultly soluble tricalcium or rock phos- 
phate into soluble monocalcium phosphate and calcium bicarbonate: 

Caz (P0,) ot4Hp 044005 —_ Call, (P04) 5+2Ca(HCO3), 

Many minerals are subject to hydration, that is combina- 
tion with one or more molecules of water of crystallization. In this 
way, gypsum may be formed from calcium sulfate or anhydrite: 

4 CaSO,t2Hp0 = CaS0,.2H_0 

In hydration the minerals tend to lose their hardness, 
elasticity, and luster, and to increase their volume. High tempera- 
ture may lead to demweration, by which process yellow limonite may 
be changed into re ematite. 

2Pe20., 6511,0 = 2Fep0¢SH,0 

- Inconpletely oxidized minerals are converted into higher 
oxides by reaction with oxygen or other oxidizing agents. The 
process of oxidation brings about color changes and progressive dis- 
integration of minerals and rocks. Oxidation takes place most in- 
tensively on the surfaces of rocks and minerals exposed to atmospher- 
ic oxygen. Ferrous sulfide, or pyrite, may be oxidized to ferrous 
sulfate and finally into ferric sulfate: 

2FeSot70p42Ho0 = 2P O50, t2Ep80, 

4F 080, F2119804 +05 = 2F eo (S04) ot21ig0 

= Similarly, ferrous carbonate, ov siderite, may be convert- 
ed into hematite: 

4FeC0240pt5H,0 Fo 2P@ 50 5-211,04400,



—————s EEE OO 

; 28- 

Under conditions in which oxygen is deficient, deoxida- 
tion or reduction may occur, Reduction leads to the formation of 
less stable compounds and sometimes increases their solubility. 
Reduction of difficultly soluble ferric oxide by hydrogen sulfide 
and subsequent carbonation into readily soluble ferrous carbonate 
is a process particularly comion in the development of forest soils; 

Fep0st2H.S = Fe0+FeSo42H50 

i FeO+HpC0, = FeC0z +H,0 

In many instances the chemical changes which a mineral 
undergoes in the process of weathering may be conveniently presented 
and more easily understood by the use of structural formulas. The 
following structural formulas illustrate the weathering of feldspar: 

OH OH OH 
7 | | \ 
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As a general rule, the equations expressing the weathering 
processes have only a schematic significance, since in nature the 
chemical reactions are complex and interwoven with the activity of 
organisms. Although the weathering reactions proceed very slowly, 
they lead to far-reaching changes because of the length of time in- 
volved and the enormous quantity of reagents supplied by the 
atmosphere in the form of water, oxygen, and carbon dioxide. 

| The final result of all the transformations of chemical 
| weathering is a mixture of partly decomposed fragments of original 
| rock and new compounds, which occur cither as solids, colloids or 

} solutions. The mineral content of the weathering material may be 
} outlined as follows: 
| 

Primary minerals of the parent material: quartz, orthoclase, 
| plagioclase, muscovite, biotite, augite, amphibole, magnetite, pyrite, 

| ‘Bpatite; 

Secondary minerals formed in weathering: hydrated alumino- 
| silicates; clay minerals, kaolin; sericite or muscovite enriched in 

silica; limonite, chlorite, serpontine; ‘ 

Soluble products: free silica, silicic acid, and salts of alkali, 
alkaline earth, and other metals, ospecially KpC0z, Na,00z, Caco. , 

| MgCOg , FeC0Os; FeS0,, and Ca,(PO,),. 
ee
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Minerals procipi tating from solution: Opal, Chalcedony, glau- conite, calc e, dolomite, siderite, Timonite, 6ypsun, phosphorite. 

Biological Weathering 

The chemical processes of weathering are aided greatly by _ the activity of plants and animals. The first pioneers on unweather- ed rocks are bacteria, fungi and algae. The bacteria and fungi can | utilize nitrogen from the air and supply it to green plants. Algae contain chlorophyll and are able to assimilate carbon dioxide and so | provide in turn carbohydrates to organisms lacking in chlorophyll. The symbiotic action of the lower organisms gradually enriches ceological material in organic matter and facilitates the invasion of higher plants and animals. ‘he roots of trees, shrubs, and herbs secrete carbon dioxide which, in water solution, dissolves the minerals in the deeper layers. Worms, insects, rodents, and other | animals pulverize and mix weathering material by their burrowing and | provide in this way a better circulation of both water and air, Bacteria, fungi, and higher organisms hasten the process of weather- ing by passing great quantities of solids and solutions through their bodies. Finally, the process of soil development is especially en- couraged by the products of decomposition of organic matter. 

Decomposition of Organic Remains 

In the decomposition of organic matter the microorganisms first attack the sugars and proteins, which readily break down into simple compounds. Pentosans, hemicelluloses, and true cellulose are somewhat more resistant. ‘he last Compounds to undergo decom- position are oils, fats, waxes, resins, and lignin. 

Under aerobic conditions carbohydrates are transformed 
into soluble compounds which are oxidized to carbon dioxide and water. Under anaerobic conditions methane and hydrogen are produced in addition to water and carbon dioxide. The decomposition of 
carbohydrates may be represented by schematic equations: 

Hydrolysis of cellulose into sugar : 

(C§Hy905), + 0 Hy0 —» nOgly 90, 
Complete oxidation of sugar under aerobic conditions: 

Cally 10g + 605 —» 600s + H° 

Incomplete oxidation of suger under anaerobic conditions: 

CgH1 2064200 mel 4COpnt2H50+2CHy 

The proteins are converted into amino-acids which are hydrolyzed and oxidized with the release of ammonia. The ammonia in turn is oxidized into nitrites and finally into nitrates, Water, carbon dioxide, and nitrates are the final products of oxidation of proteins under aerobic conditions. Under anaerobic conditions the products of protein decomposition are ammonia and incompletely oxidized organic compounds. 

| 
:
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A general scheme of the formation of simple nitrogen 
compounds from amino-acids may be given as follows: 

2CHZOHNH COOH tH50+4+0— —__ so» CoHs OH+CHsC00H+2000 +2NH, 

2NHgt20q ——-we 2HNO5+2H20 

2HNOgt05 —-—e» 2HNOs 

Numerous organic acids are formed as intermediate products 
in the decomposition of organic remains. When unfavorable condi- 
tions of temperature, moisture, and aeration retard the decomposi- 
tion, the acids accumulate in quantity. They prevent the formation 
of carbonates, and bring into solution, not only easily soluble bases, 

but also difficultly soluble sesquioxides such as those of iron and 

aluminum. 

The decomposition of organic matter releases varying amounts 
of energy, which is used for the growth and activities of the soil 
microorganisms, At the same time the decomposition liberates the 

mineral fraction of organic remains including soluble salts of calcium 
potassium, phosphorus, and other essential elements. This liberation 
of mineral salts is referred to as "mineralization" of organic 
matter. 

The most persistent part of soil organic matter, consist- 
ing of lignin and related compounds, is converted into a highly 

dispersed, black humus material. Humus possesses high water-holding 

and exchange capacity; it is saturated either with hydrogen, replace- 

able bases, or ammonia. ‘These properties combined with the high 

mobility of organic colloids make the dispersed humus an extremely 
active agent in weathering and the development of soil. 

The Role of Weathering in Development of the Soil 

The composition of the final products of weathering depends 

upon the conditions of climate, and three fundamental types of 

weathering may be recognized within the boundaries of forest regions: 
physical disintegration, kaolinization, and laterization. 

Disintegration is the only process active in cold as well as dry 
climates; it is Characterized by inhibited biological and chemical 
processes and accumulation of coarse skeletal material. This type of 

weathering ultimately produces either sandy or sandy gravelly detritus 

deficient in clay particles and, hence, base exchange material. 

Kaolinization 1s common in temperate regions and is characterized 

by oxidation, leaching, and partial desilication, but not destruction 

of the kaolin or, more correctly, aluminum-silicate nucleus 
(Zakharov). This type of weathering tends to produce parent mater- 

jal of loam, silt loam, or clay loam texture, high in clay minerals, 
and, hence, exchange properties. 

Laterization is confined to hot and humid tropical climates, and 

is characterized by extreme leaching, desilication, and destruction 

of the aluminum-silicate nucleus with the release of hydrated 

aluminum and iron oxides. This type of weathering tends to produce 

material of clay texture, deficient in base exchange constituents.
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Weathering is a geological process, extending to a con- 
siderable depth in the earth's strata; it plays an important, but a 
rather indirect part in development of the soil profile, that is, 

| translocation of salts and colloids within a relatively shallow 
portion of the w eathered mantle. Regardless of the type of weather- 

| ing, the mantle rock or parent soil material may undergo one of the 
| three basic processes of profile development common to forest soils, 
} i.e., incorporation of humus or melanization, leaching or podzoliza- 
| tion, and deoxidation by ground water or gleization. 
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CHAPTER IV 

DEVELOPLENT OF THE SOIL PROFILE 

Soil as a Sequence of Horizons 

Young or embryonic forest soils of denuded slopes or recent 
deposits have only two layers: the upper, an accumulation of plant 
remains, called litter; the lower, more or less uniform mineral 
material. After the soil has supported vegetation for a longer 
period of time, additional layers are formed. The litter becomes 
partly decomposed and the humified material is gradually infiltrated 
by percolating water or incorporated by organisms into the upper 
portion of the mineral soil, giving rise to a dark, partly mineral 
and partly organic layer, called the humic horizon. This darkening 
or melanization of the soil surface constitutes the initial phase in 
the development of the soil profile, common to forest soils of all 
regions. In some instances, the conditions of climate, vegetation, 
or parent material prevent appreciable leaching of salts and colloids, 
and thus give rise to a large group of melanized soils, whose out- 
standing characteristic is the horizon with incorporated humus. 

‘
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Under other conditions, the percolating water, reinforced with 
| carbon dioxide and organic acids, leaches ea certain fraction of 
| hums and mineral salts from the upper soil layers. At a certain 
| depth the mobile fractions are precipitated or flocculated due to 
| the presence of bases or other conditions. As a result of this 

| translocation of mineral and organic substances, or podzolization, 
the soils show three additional layers: a leached or eluvial hori- 

| zon; an accunrmlative or illuvial horizon; and the parent material of 
} soil, unaltered by the soil-forming processes. 

Aside from the action of the percolating water, the charac- 
| ter of the soil profile may be influenced by ground water. Capil- 

| lary action may carry dissolved salts to the upper part of the soil 
| profile, where they are recrystallized by evaporation. Some of these 
| salts may be permanently fixed by oxidation into insoluble compounds. 
| The ground water also translocates, in its periodic fluctuations, 

the colloidal particles and causes the hydrolysis and reduction of 
some chemical compounds, forming sticky and mottled "gley" horizons. 
These changes of soil profile, or gleization, constitute the third 
and the final process which may attest the development of forest 
soils. 

Designation of Soil Horizons 

The horizons of forest soil are designated according to 
Glinka by different letters; 

Ao - Undecomposed and partly decomposed organic debris, such 
as forest litter, duff, and peat. This layer is sub- 
divided sometimes into Ajo, i.e. undecomposed organic 
remains or "leaf litter", and Aj, i.e. partly decomposed 
organic remains or "aufrt, 

A, - Humic or "melanized" horizon consisting of mineral matter 
_ and humus. This horizon is of a dark color and is usually 

high in nutrients. 

Ag - Leached, "podzolic" or eluvial horizon, depleted in 
soluble salts and organic matter. It is commonly 
coarser in texture than the underlying layer. If leach- 
ing is intensive enough to remove iron compounds, the 
horizon attains a light color; in extreme cases it 
becomes ashy-grey or white. 

B - Enriched, "accumulative" or illuvial horizon, containing 
soluble salts and colloidal humus. Depending on the 
nature of soil-forming process, it may be structured 
or compacted, or cemented to form an impervious strata, 
referred to as "hardpan", “ortstein" or "claypan", This 
horizon is often subdivided into By, Bo, etc,, depending 
upon its chemical and morphological composition. The 
color tends to be brownish or reddish. 

C - Parent material of soil, consisting of either unweathered 
or weathered mineral matter. This layer may be subdivid- 
ed into C, or Co to distinpuish the strata of different 
geolocicat origin, or to distinguish the weathering part 
from the solid bed rock, 

mecca decease ee renee eee nen
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| 
| G - Water-logred or "gley" horizon, formed by the influence of 

| ground water and characterizec by the presence of ferrous 

| fron and other reduced compounds. It occasionally has some 

| organic matter and may contain HgS, N0o and other products 

' of anaerobic decomposition. It is characterized by greenish, 

bluish and reddish mottling. In some instances the mottling 

| is masked by infiltrated organic matter. The seasonal fluc- 

| tuations of ground water may produce distinct eluvial or 

{impoverished gley layers, and illuvial or enriched gley 

layers, designated as G) and Gop. 

| The original version of this system of profile designation 

was introduced by Dokuchaev in connection with the study of chernozem 

. | goils, i.e. soils comprised of the three A, B and C horizons. When 

| the same method was extended to forest soils with four or more layers, 

| the letters were sub-classified by numerical symbols and the system 

became somewhat cumbersone. Further complications arose when 

Dokuchaev's schene was applied to soils of arid climates. As a result 

numerous modifications and substitutes were proposed at different 

times. : 

In the Kossovich adaptation, the leached horizon was 

designated by the letter B instead of Ap; the accumulative horizon 

and parent material were subsequently désignated by the letters C 

and D. A careful reading of a profile description is, therefore 

always necessary to determine which system of designation is followed. 

Hesselman suggested the use of F-layer for the undecom- 

posed and partially decomposed forest debris, and H-layer for 

humified remains. However, in many instances, the boundary between 

these two sub-horizons is poorly defined, and their separation is 

more justified in special hums studies than in general soil investi- 

gations. In some recent writings the surface litter, or L-layer, is 

separated from the partly humified, fermenting F-layer. 

Wissotzky devised a new Latinized nomenclature for all 

horizons of the forest soil profile, but retained the original A, B, 

C letters for the well-drained mineral portion of the soil. The 

entire abandonment of the original scheme was advocated by 

Sokolovsky who proposed the designation on a phonetic basis, such 

as H - humus layer, E - eluvial layer, P - parent material, and so 

forth. Similar plans were suggested by Vilensky and other pedologists 

In spite of some obvious advantages, most of these pro- 

posals are likely to find only a limited application. Long-time 

tradition and thousands of already published papers, using the 

original designation, are the chief obstacles to the introduction of 

a new method. Furthermore, the Dokuchaev designation, no matter how 

awkward at times, reflects the inherent sequence of soil development, 

and has a more logical foundation than purely empirical schemes. 

Fortunately the standard designation presents no unavoidable diffi- 

culties in application to forest soils. 

Figure 7 shows the designation of horizons in a profile of 

a leached forest soil influenced by ground water.
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Sometimes the soil horizon is pene- 
fe, trated by the inter-layers or intrusions 

F (fgpempaieela eee cs of other horizons, viz., spots of pod- 
ee Ao Shes zolized material in the infiltrated 

lll A, ~a5a08 ou layer, stripes or "pseudo-fiber" of CU tu I 
; ortstein in the leached layer, or 

Agr LEACHED islands of gley in the accumulative 
PAs a layer. Such compound horizons are 
Ee. Aas designated usually by the two letters, 

2 Rn B een ai) viz. A,Ap, ApoB, and BG. 
Be 0s 
. 7.5 a The boundaries of soil horizons 
ae eae seldom follow a horizontal or a straight 

HS: Wearnesen © a line; rather they form an undulating 
Le Ro C, MENTCEIROCK or even a zigzagging contour. There- 
Be ye eee fore, in the descriptions of soil pro- 

eee te a so files or in schematic drawings it is 
FO pr desirable to indicate the minimum and 

Te ue tn maximum depth of both the upper and the 
Li G “WATER LOGGED lower boundaries of soil horizons, as 

| QOyiu well as their general outline. 

LL Y Co- 8e0 rock The recognition of soil horizons 
OY), is important not only in the abstract 
Y genetical studies of soil "as an inde-~ 
4 pendent natural body", but in practical 
q silviculture as well. The composition 

Figure 7. Designation of forest stands, their rate of growth, 
of horizons in the possibilities of natural reproduction 
profile of a leached and silvicultural management are inti- 
forest soil influenced mately dependent upon the amount of 
by ground water. forest litter and other raw organic 

remains, depth of incorporated humus, 
composition of the leached and accu- 

mulative layers, and the proximity of the gley horizon. No cor- 
relation between the physical, chemical, or biological properties 
of soil and forest growth can be established, or comparable data 
obtained, if the composition of separate soil layers is dis- 

: regarded in soil analyses, 

Influence of Environmental Factors upon Soil 

Profile Development 

The first basic law of soil science, formulated in the 
eighties of the past century by Dokuchaev states: "The soil is 
a result of reactions and reciprocal influences of parent rock, 
climate, topography, plants, animals, and age of the land." 
Mathematically speaking the soil (S) is a function of geologi- 
cal substratum (g), environmental influences (e), biological 
activity (b), and time (t); 

Ss = J (e.e-b.)at 

The reciprocal relations of soil, parent rock, climate, 
topography, plants, and animals may be expressed graphically by 
the following scheme:
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TOPOGRAPHY ————-> S0IL  ===== PLANTS-ANIMALS 

SE PARENT ROCK | 

} The development of soil begins with weathering of a bare 
geological deposit or a parent rock. The nature of weathering 
products depends upon the conditions of climate and the composition 
jof rock. The topography influences weathering and properties of 
soil by modifying the temperature and moisture conditions and by 
affecting the distribution of weathered or eroded material. The 
climate and parent rock to a large extent determine the composition 
of plants and animals that invade the soil in its early stage of { 
development. The life activities of the organisms and decay of their 
remains produce further profound changes. ‘The soil enriched in 
organic matter, and otherwise modified, influences in turn the growth 
and the rate of reproduction of species competing for possession of 
the area. 

Although the dynamic processes of soil development and 
struggle of organisms for space proceed endlessly, after a certain 
‘period of time both soil and plant-animal comminity reach a state of 
apparent equilibrium. At this stage the make-up of the soil profile 
reflects distinctly the influence of the climatic conditions of the 
area and the soil supports a climax association, i.e. selected group 
of species best adapted to the given set of environmental factors. 

By virtue of necessity, the discussion of soil development 
must be subdivided into climatic, topographic, geological, and 
vegetational aspects. No such division, however, exists in nature 
where all soil-forming factors act jointly and reciprocally. For 
this reason, the classification of soil on the basis of climate or 
any other single factor, no matter how influential, has only a 
€eneral or a schematic significance. This is especially true in 
dealing with forest soils. The forest itself is a factor of tremend- 
ous modifying power which may bring podzolization into a region of 
prairie or lateritic soils; vice versa, it may arrest the leaching 
and promote the blackearth-like process of humus incorporation in 
the heart of the podzol or laterite region. 

Influence of climate. Among climatic factors, the conditions of 
temperature and moisture exert a particularly profound and obvious 
influence upon the distribution of plants and the development of 
soils. Figure 8 outlines in schematic form the distribution of the 
World's geographic regions and great groups of soils in relation to 
temperature and molsture. 

In a suitable climate a permanently high water level is 
about the only condition that can arrest the natural distribution of 
forest vegetation. In many instances even this obstacle is overcome 
by trees, and lakes or marshes are gradually converted into forest 
Swamps or gley soils.
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‘ol Figure 8, Distribution of the creat soil groups of the Vorld 
in relation to temperature and moisture. 

A certain minimum amount of total heat is one of the pre- 
requisites determining the existence of forest, and, hence, the 
occurrence of forest soils. In arctic regions and in high mountains, 
the forest is replaced by heath shrubs, mosses, and lichens, as soon 
as the average temperature of the growing season drops below 509 PF, 
(Mayr). The soils of such microthermal conditions include skeletal 
barrens, wet tundra or muskeg soils, dry tundra or heath soils, and 
alpine meadow soils. 

Of equal importance to the forest distribution is the 
; humidity of the Climate, i.e. certain excess of precipitation over 

evaporation (Hilgard). In arid or semi-arid climates, deficient in -. available moisture, the vegetative Cover is formed by grasses, 
xerophytic shrubs, cacti, or halophytic plants; these inhabit 
chernozems or prairie solls, savanna soils, desert soils, and alkali soils. The general tendency Of these non-forest soils 4s to accumu- late salts in their surface layers through either the action of 
plants or the evaporation and recrystallization from solution. 

On the other hand, the humid climates, resulting from either abundant precipitation or low evaporating temperatures, are conducive to the development of forest vegetation. Such conditions generally promote the translocation of mineral and organic matter in solution
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| or in colloidal form from the upper soil layers to the lower strata, 

| and, in some instances, cause conpléte leaching of soluble salts 

from the soil profile into drainare waters. ‘he nature and degree 

| of soil leaching is to a great extent determined by the state of 

temperature, particularly its seasonal fluctuations. 

The cold conditions, prevalent in the region of boreal 

coniferous forests, give rise to podzol soils, characterized by 

the accumulation of raw organic remains and an ashy-grey, siliceous 

surface layer, depleted in iron and aluminum sesquioxides and other 

soluble substances. ‘ihe warm zone of tropical evergreen forests is 

correlated with humus-deficient, red-colored laterite soils, im- 

poverished in silica and bases, but enriched in iron end aluminum 

sesquioxides. These two great geographical zones are separated by 

| a more or less continuous transitional belt of summer-green hardwoccs 

with melenized soils, distinguished by a dark surface layer with 

| incorporated humus. Such soils are affected by neither podzolization 

nor laterization; their profiles show only a slight leaching of the 

easily soluble bases. ‘he continental sub-humid region of steppes 

or prairies is bordered by nut-structured prairie-forest or grood 

soils; these soils form a transition between chernozens and podzols, 

and support various species of oak and their associates. 

Podzolic, lateritic, melanized, and grood soils constitute 

the four large zonal groups of forest soils, which are wore or less 

confined to definite climatic regions. The general characteristics 

of these soils are summarized in Table 2. Figure 9 presents the 

outstanding features of their representative profiles. 

Under the influence of topography, parent material, end 

forest cover, the climatic-zonal soil types break down into a number 

of morphological varieties and are interspersed with immature and 

intrazonal soils, viz., rendzinas, gley soils, and organic soils. 
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Figure 9. Outstanding profile charatteristics of zonal 
forest soil groups. 

Ne



UE — 

38- 

Table 2. General Characteristics of the Climatic-Zonal 

Groups of Forest Soils 

Soil Profile 
Groups Characteristics Climate Vegetation 

PODZOL Raw humus (A,); white Boreal: moist, Taiga forest; 
or ashy-grey topsoil, mild summers heath, conifers 
leached of bases and with equally and northern 
sesquioxides (Ap); distributed hardwoods. 
compacted or cemented rains; cold 

' layer containing pre- winters with 
cipitated salts and abundant 
flocculated colloids snowfall. 
(B). 

: GROOD Partly decomposed Continental: hot Prairie forest; 
% litter (A,) and humus and often dry predominance of 

incorporated with the sunmuers with oak species. 
soil (Ay) 5 dark or unequally dis- 
light grey layer tributed rains; 
leached of bases and cold winters 
some sesquioxides (Ao); with lasting 
nut-structured horizon snow cover. 
(B) grading into sub- 
stratum containing 
carbonates. 

‘+ MELANEARTH Little or no free Oceanic: moist, Deciduous 
organic remains; dark, warm summers forest; pre- 
nearly black topsoil and mild moist dominance of 
with incorporated winters with a beech, maple, 
humus (A;) and unal- sporadic snow tulip, and 
tered parent material cover, chestnut. 
(C) sometimes showing 
& slight translocation 
of bases. 

LATSRITE No litter; Little or Subtropical or Evergreen 
no incorporated hums tropical: moist forest; palms, 
(A,); brick-red parent with abundant laurels, 
material leached of periodic rains magnolia and 
bases and silica, and and high tempera- numerous 
consisting chiefly of ture throughout other genera. 
sesquioxides (C). the year.



Influence of topography. Topography serves as a multi-faceted 

prism disporsing or concentrating the effect of climatic factors. 

It directs the course of runoff water and determines the content of 

soil moisture, the depth of the ground water table, and the amount 

of soluble salts, fine-earth particles, and organic matter deposited 

by erosive processes. All of these "“micro-climatic" and "micro- 

relief" modifications exert a profound influence upon the distribu- 

tion of vegetation and the development of soil. As a result, in the 

regions of diversified topography there may be encountered a wide 

variation in the composition of soil profile. ‘Two examples should 

| suffice to illustrate this so-called "micro-zonality" in distribution 

| of soils (Fig. 10). 
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Figure 10. Influence of topography upon soil development: 

(a) glacial deposits in podzol region; (b) unglaciated limestone 

in prairie-forest transition. 

Morainic landscape in the podzol region is characterized 

by the presence of peat soils in depressions. Gley soils are con- 

fined to the borders of swamps influenced by ground water. Strongly 

leached podzols occupy the lower slopes, where the rate of water 

percolation and leaching are intensive, Slightly podzolized soils 

commonly occur on the elevated uplands. MWowevor, in many cases 

fully developed podzols are found on the light-textured, gravelly 

morainic ridges, predisposed to the invasion of podzol-forming 

conifers (Fig. 10, a). 

The rough calcareous Geposits in a transitional prairie- 

forest zone may show even greater variety of soil conditions within 

a comparatively small area. ‘The elevated plateaus are, as a rule, 

occupied by prairie soils overlying a limestone substratum. The 

nut-structured grood soils are confined chiefly to the lower slopes. 

On the northern slopes with their deep snow cover, groods may be 

replaced by podzolic soils. ‘he dry, and often barren southern 

exposures are limestone outcrops or the shallow immature rendzinas. 

Lowland prairie or wet meadow soils are found in the valleys and 

lower plains, accunmlating eroded calcareous material (Fig. 10, b).
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| Influence of vegetation. Forest stands modify the temperature 

| as well as tne moisture content of the soil. The roots of trees 

| and ground cover vegetation increase the soil porosity and aeration. 

| Plant roots produce carbon dioxide, which in water solution in- 

' creases the solubility of carbonates, phosphates, and silicates. 

The solutions of these salts contribute to the formation of the 

{lluvial soil layers. 

During the growing season leaves accumulate calcium, mag- 

nesium, potassium, phosphorus, sulfur, iron, and other elements, The 

content of accumulated salts varfes greatly with the species. Hard- 

wood trees, such as ash, maple, and basswood, accumulate, as a rule, 

| considerably higher amounts of bases than do conifers, particularly 

| spruce and hemlock. When the leaves fall, their chemical composi- 

| tion plays an important part in development of the entire soil 

| profile. High content of bases in hardwood litter encourages the 

activity of soil organisms which break down forest debris and incor- 

porate the humified organic matter with mineral soil. Such base- 

saturated mull humus retards the process of leaching or the differ- 

entiation of soil profiles into eluvial and illuvial horizons. Vice- 

versa, deficiency of basic material in the litter of conifers tends 

to inhibit the processes of decomposition and leads to the accumula- 

tion of raw organic remains or to the development of mor humus, 

which promotes the podzolization of soil. 

Depending upon the relative base content of litter, tree 

species are classified into soil improving and soil deteriorating 

or podzol forming. This classification, however, is somewhat 

ambiguous as the podzolization is not necessarily synonymous with 

the deterioration of forest soil fertility. 

The soil-forming effects of vegetation may be offset by 

the more powerful influences of climate and parent rock, In 

numerous cases mull humus and unleachud soils are found under conif 

‘ erous stands, whereas raw humus and strongly leached soils are found 

under hardwoods. 

Influence of parent material. The soils which develop under 

extreme climatic conditions are influenced by the parent material 

only to a limited extent. The upper mineral layers of mature 

podzols are composed of nearly pure silica regardless of the nature 

of parent material. Similarly, on all substrata the upper layers 

of the chernozems and alkali soils accumulate humus and soluble 

, salts, respectively. On the other hand, the soils adapted to regions 

with a mild climate, viz. melanized or weakly podzolized soils, 

preserve many important properties acquired from their parent rocks. 

Calcareous rocks and deposits exert a profound and long- 

lasting influence upon the soil. ‘Their high content of carbonates 

tends to maintain the original alkaline reaction, and counteracts 

' the leaching of salts and colloids. The alkaline reaction of cal- 

careous deposits is apt to favor the growth of grasses rather than 

forest vegetation, Because of this, calcareous deposits often give 
rise to "intrazonal" prairie soils occurring throughout forest 
region and referred to as rendzina soils. In time such soils may 
be leached or "degraded" into grood soils, podzolic soils of cal- 

¢ Careous substratum, or calcareous odzols. ‘the sic or ferro- 
magnesian rocks react similarly To calcareous material, but their
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"resistance to leaching is considerably lower, The siliceous rocks, 
especially sandstones, are affected but slightly by environmental 

'-|) conditions because of the inert nature of silica. The granitic 
rocks produce, in different climatic regions, soils having a very 

s wide range of profile variations, 

The influence of parent material in different climates 
. can be clearly seen by comparing mature soils which have developed 
“on limestone, sandstone, and granitic rocks in the podzol, chernozen, 

' and transitional prairie-forest regions (Fig. 11). 
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Figure 11. Influence of parent material upon soil development. 
. L - limestone; S - sandstone; G - granite. 

In the semi-arid region of prairie, black earth or cher- 
nozem soils develop on all of the three types of rocks. The black 
earths derived from limestone rocks (L) have more bases and a higher 
content of humus than the soils derived from granitic (G) and 
especially from sandstone (S) rocks. In the podzol regions, with 
its pronounced leaching, podzols or podzolic soils develop on all of 
the three types of rocks. ‘The soils from granitic rocks show the 
leaching and other features of podzolization most pronouncedly. The 

' soils from sandstone manifest podzolization to a lesser extent. ‘The 
sf solls derived from limestone resist leaching and usually retain bases 

in the lower part of the soil profile. Along the prairie-forest 
boundary, calcareous rocks are likely to produce chernozem-like 
prairie soils, whereas granitic rocks give rise to podzolic forest 
solls, The sandstone soils, owing to their coarse texture and 
deficiency of nutrients, support strugcling forest stands which 
alternate with an inferfor cover of’ prairic grasses. In either case, 

, tHese soils develop a thin humic iayer, but no other profile charac- 
teristics and are classified as bor sands when they support forest and prairie sands when they support grass vegetation.
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a PART IT 

- GREAT GROUPS OF FOREST SOILS 

: "The eternal genetical relationships that 
“4 exist between the forces of environment and 

; physical matter, living and non-living nature, 
; plants and animals and man, his habits and even 

his psychology--these relationships comprise 
‘ the very nucleus of natural science.” 
j V. V. Dokuchaev 

Since the early days of scientific forestry, numerous 
. attempts have been made to establish natural, physiographically 
‘| homogeneous regions in which the same silvicultural policies and 

- methods could be applied. None of these, however, approached in 
.. Simplicity and ecological importance the classification of soils 

on a genetical basis, ‘The great soil groups of the world are 
_ natural land types determined by conditions of climate, composi- 
_ tion of native vegetation, and general trend in the development 

/ of soil profiles. Such land types, if properly delineated, provide 
a reliable broad foundation for establishing the type of forest 

4 management, acclimatization or translocation of tree species, and 
selection of logging and planting methods.
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‘ ZONAL FOREST SOILS 

A. PODZOLS: SUSQUIOXIDE-LEACHED SOTLS 

Podzol is a Russian word meaning ash-like soils; it per- tains to the light rey, ashy color of the siliceous eluvial layer (Sibirtzev). The term "sesquioxide-leached soils" equally well expresses the nature of podzolized soils. In the out-moded, but €éntirely justifiable terminology of the old-time foresters, podzols ere known as "raw humus soils"(Sigmond). Raw hums, with all its omplex chemical and biological influences, is the chief factor irectly responsible for the translocation of sesquioxides and col- olds, i.e., the essential characteristic of the podzolization Process (nildier, inieis). 

; The cold and humid climate of the podzol region promotes the downward movement of water, removing bases and other easily | : Soluble compounds from the surface soil layers. The impoverishment in electrolytes and winter freezing inhibit the activity of micro- .. Organisms, and plant remains tend to accumulate on the surface, Organic acids, hydrogen sulfide, and other reducing agents are formed as by-products of the retarded decomposition. These agents cause recuction and other transformations enabling the translocation of difficultly soluble Compounds, pa rticularly iron and aluminum sesquioxides (Aaltonen, Albert, Drosdoff and Truog, Joffe, ‘iityn). As a result, the profile of a fully Geveloped podzol consists of a Paw humus layer, ash-like siliceous residue, and reddish-brown horizon with precipitated sesquioxides, 

: The podzol recion extends as a wide circumpolar belt throughout the northern parts of America and Burasia (Glinka)., It is bounded by tundra on the north and grades into melanic and prairie- forest soils on the south. Under special conditions the process of Podzolization penetrates in a southerly direction far beyond the epee region proper, and may affect the soils of other groups. odzolized laterites present an outstandin example of such an "ultra-zonal" occurrence of podzolization Tianhe. Giesecke). 

Podzolized soils Support heather plants and numerous Species of conifers and northern hardwoods. The stands on these Soils, sometimes referred to as "Taiga" (Thornthwaite), constitute the largest portion of the world's forests. 

The extent of podzolization depends upon the local condi- . ions and the age of the soil, and gives rise to a number of Morphological varieties or types, such as slightly leached or Mweakly podzolized" soils, moderately leached or "podzolic" soils, &nd strongly leached soils or "podzols" (Neustruev). These ty pes are readily discernible in nature and have a paramount silvicultural importance, 

a Representative profiles of zonal forest soils are assembled In Figure 12, 

v Weak odzolized soils. These soils represent the embryonic stage of podzolization. tn sonie instances, the absence of a pro- founced leaching is a result of the soil "youthfulness". As a rule,
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Figure 12. Representative profiles of zonal forest soils: (1) Weakly podzolized gravelly sand; (2) Weakly 
fzolized loam, (3) Podzolic sand; (4) Podzol loam; (5) Ortstein podzols of a sandy texture; (6) Calcareous 

Azol clay; (7) Dark or prairie grood loam; (8) Light or leached grood loam. (9) Strongly leached grood loam, ap- 
daching podzolic soil; (10) Melanearth of loam texture; (11) Melanized lateritic clay. (12) Podzolized lateritic 
y.
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however, weakly poduzolized soils are a more or less stable type, 

formed in localities where podzolization is inhibited by the high 
base content of the parent rock or by the litter of deciduous 
species (Morozov). ; 

In the weakly podzolized soils the layer of free organic 
remains (Ag), i.e., litter and duff, seldom exceed a thickness of 2 
inches. The humic horizon (A,) is well developed and imparts a dark 
color to the surface soil. ithe leaching is noticeable only upon a 
careful examination, and hence the Ap and B horizons may not be 
apparent. A slightly acid or neutral reaction and a high biological 
activity are characteristic of these soils. 

The morphology of weakly podzolized soils may be exemp- 
' lified by the following description of a profile formed under a 

stand of maple, basswood and elm in northern Wisconsin: 

A, 1.5 inches. Thin layer of undecomposed maple leaves 
underlain by e dark-brown nearly neutral friable duff 
having a , pleasant odor of a good garden soil. 

A, 1.5-6 inches. lull layer consisting of a slightly 
acid (pH 6.3) dark-crey crumbly loam infiltrated with 
humus. A few earthworms and a chipmunk burrow are 
present, 

Ap Not present as a continuous horizon but small greyish 
spots reveal pbdzolization in the zone from 6 to 12 
inches. 

B Wot discernible, 

c Dark brownish-grey gravelly loam of a moderately acid 
reaction (pH 5.7), grading at a depth of 4 feet into 
unassorted glacial till. ‘The roots penetrate through- 
out the entire profile to a depth of 7 feet. 

Weakly podzolized soils are sometimes referred to as 
"mull soils", "dark forest soils" or "diorn soils". They may be 
regarded as the melanized soils of the north. However, weakly 
podzolized soils and zonal melanearths often develop in essentially 
different climatic regions and support ecologically wurelated 
associations. 

The forest cover of weakly podzolized soils consists pre- 
dominantly of northern hardwoods, such as maple, basswood, eln, 
hornbeam, and oak; or mixtures of hardwoods with pine, spruce, and 
fir species. Forest cover composed entirely of conifers occurs 
rather as an exception. The stands on these soils are apt to pro- 

| duce high yields of timber and regenerate readily by seeds and 
| sprouts (tilde and Scholz). 
| 

: weakly podzolized soils are the most productive agricultur- 
} al soils in the podzol region, and thoir use for forestry purposes 

is largely limited to the rougher and stony areas of glacial 
| deposits. 

i Moderately leached or podzolic soils. These soils exhibit a 
well-pronounced grey 1eEcken layér and a more or less distinct
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accumulative layer. The latter sonetimes occurs in the form of 
concretions, pseudomycelium, or slightly cemented "ortsand" (Fila- 
tov). Being a transitional form, podzolic soils have intermediate 
characteristics, partly derived from weakly podzolized soils and 
partly from true podzols. As a general rule, podzolic soils are 
productive forest soils, supporting both conifers and hardwoods, 

strongly leached soils or podzols. True podzols are characteriz- 
ed by a ck layer Of undéconposed organic matter or raw humus 
(Ao), the entire absence or only slight development of the humic 
layer (A,), an ashy-grey or white leached layer (Ag), and a sharply 
defined reddish-brown cemented or coupacted accunulative layer (Bb). 
The amount of salts extracted with 10 per cent HCl is two to three 
times as large in the B layer as in the A, layer. ‘The Ap layer in 
some cases contains as much as 92 per cent of silica. The available 
nutrients are concentrated in the raw humus layer. The exchange 
material is saturated chiefly with hydrogen ions and is subject to 
destruction in the entire soil profile (Gedroiz). Insect life is 

| often absent. ‘The bacteria and other micro-population are largely 
| replaced by the acid-loving fungi (\Jaksman). 

The following 1s a description of a typical podzol profile, 
| developed under a stand of hemlock, balsam fir and yellow birch in 

northern \Wisconsin: 

} Ay 4 inches. Layer of raw humus, or nor, consisting of strong- 
| ly acid (pH 4.0), matted, dark-brown organic remains pene- 

trated by the fungous mycelia, and giving off a peculiar 
"sour" odor. Line of demarkation between organic matter 
(Aj) and mineral soil (Aj) is sharply defined, 

| A, Not present. 

Ag 4-16 inches. Light grey nearly white sand with irregular 
tongue-like lower limits of a strongly acid resction 
(pH 3.8). 

B, 16-27 inches. Slightly cemented sandy loam of a coffee~ 
brown, somewhat reddish color (Ortsand). 

Bo 27-45 inches. Firmly cemented, rock-like hardpan layer 
of a dark coffee-brown color, a strongly acid reaction 
(pH 4.0), and free of tree roots (Ortstein). 

C Stratified sand. 

The hardpan layers of mature podzols sometimes attain a 
thickness as great as 4 feet. Depending upon the proportion of 
iron and humus in the B horizon, podzols are classified into “Iron 
podzols" and "Humus podzols" (Ramann, Frosterus). The development 
of the latter type is correlated with the occurrence of highly acid- 
ophilous vegetation, impeded drainage, and a particularly thick 
layer of raw humus (Tamm). 

’ In heavy soils podzolization develops sticky and mottled 
"Claypan" layers similar to gley horizons formed by ground water. 
The soils of this nature do not differ greatly in their ecological 
effects from poorly drained soils, and are sonetimes classified as 
"gley podzols." In this way podzolization may produce poorly drained 

j Soils on uplands far above the real water table (Wilde).
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Podzols support chiefly conifers, viz. spruce, fir, hem- 

lock and pine. Light-demanding deciduous species, such as birch, 
-} aspen, alder and red ma ple, usually form pioneer stands or occur 
_| in mixture with conifers. Under natural conditions, the stands on 

podzol soils attain a fair and even a high productivity. However, 
'| in reforestation the growth of planted trees may be hindered by a 

strongly acid reaction, lack of plant food in the leached layer, 
toxicity of the accumlative layer and its unfavorable effect on the 

»| distribution of moisture during w et and dry seasons. The cementa- 
; tion or the toxicity of the accumulative layer leads to the develop- 
“| ment of a superficial root system and trees on podzol soils are 

subject to windfall (Burger, Nemec, Maran, Lutz, Stickel). 

‘ Areas of true podzols are primarily forest lands, as 
their fertility is rapidly depleted by clearing and decomposition 

| of the raw hunus layer. 

. Table 3 includes the results of total analysis of a weakly 
podzoliz ed soil and a fully developed podzol. Table 4 illustrates 
the composition of the surface layers of weakly podzolized and 
podzol soils. 

The podzols and podzolic soils of old cut-over areas and 
forest meadows may be "masked" by the infiltrated grass humus which 
imparts a dark color to the whole soil profile. Although the leach- 
ed layer is not readily discernible in such soils, the podzolization 
1s often manifested by the cementation of the Bb horizon, or it’ may 
be revealed by chemical analysis. Soils of this kind are called 
latent podzols. On superficial examination they resemble the weakly 
podzolized soils. In the proximity of tundra, latent podzols occupy 
extensive areas. ‘The sod soils of high mountains may be considered 
as a variety of latent podzols. 

| B. GROODS: NUT-S?RUCTURSD PRATRIZ-FORSST SOILS 
| 

Near the humid boundery of the prairie, podzolization is 
| replaced by the somewhat milder process of "derradation"! leading to 
| the development of transitional prairie-forest or grood soils. 

"Grood" is a folk's term that has been adopted by forest 
pedologists (xorozov, Iiruedener) as a substitute for the earlier 
synonyms, such as "nut-structured soils" (Dokuchaev), “grey forest 
soils" (Sibirtzev, Korzhinski), and "degraded soils" (Glinike)), ou Tb 

| refers to the structural ageregates characterizing the profile of 
| prairie-forest soils, as well as the type of forest cover which these 
| Soils support, i.e. a type distinctly different from the associations 
| of podzolic soils (Pogrebniak). Kruedener makes the following state- 
| ment in his "Waldtypen": “Rural people in their efforts to enlarge 
| the agricultural area, very well appraised the differences in pro- 
ductivity of the grood and podzol types." (p. G2). In American 
literature, grood soils were described under the names of "corey -brown 
podzolic soils" (INarbut, baldwin), "grey forest soils" (Joffe), and 
"degraded chernozens" (U.S.D.A.). 

| Grood soils generally originate throush degradation of 
| chernozems or prairie soils, although in some cases they are formed 

&8 primary soils (Zakharov). These soils support a rather limited 
number of tree genera, chiefly those of oak, hickory, walnut, a nd 
ash, and are known also as “oak-hickory soils."
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Table 5, Total analysis of a weakly podzolized loam supporting 
a stand of hard maple, basswood and associated hardwoods, and of a 
sandy loam hardpan podzol supporting hemlock, yellow birch and balsam 
fir. Terminal moraine in Langlade County, Wisconsin. (S. A. Wilde 
and S. F. Buran). 

Soil :_ Weakly podzolized soil_: Hardpan_podzol 
constituents : Ay  : App: C eR 7eotae Toeie 

: O-6" : 12-24" ; 36-48" ; 4-42" : 24-36" ; 44-52" 
: percent: percent: percent: percent: percent: percent 

0. Me Bb BoM tv BeOO § 0680 t-0.66 + Rebs Onde 

$10. : 64.52: 71.93: 73.46: 79.03 : 69.02 :: 75.47 
Fep0, 1 @,02s 8.961 8002 b LeSlt 680 4 8198 

Alp0z : 1124: 1271: 11.97: 9.77: 14.05: 11,12 

T0p oe ee eee ee eee eee 

cao t BeOS Fp Aer 20 Obes 2D eo eS 

igo © 16563 $ 0663s 0001 : 0048 0.76 2° 0488 

K,0 : 2.10: 1.02: 2.93: Ll: 2.40: 2.43 
| P2905 : 0.29: 0114: 0632: 0.01: 0.64: 0,20 

Total : : : : : 3 
‘accounted for: 95.08 : 94.15 : 96.09 : 94.02 : 97.05 : 95.65 

} : : : : : : 

| 

| Table 4. Composition of the surface 7-inch layers in podzol 
|} and weakly podzolized loams. Forest county, \lisconsin. (S. A, 
Wilde, S. F. Buran, and H. I). Galloway). 

:Rea.: Base :Total N:Avail.:Avail.:Repl.sRepl. 
Soil horizons : isExchange ; t_Ko0 =: Poe05 3: Ca : Mp 

| :_ pH :m.e./l00g:percent: pepem. ?m.6./100 om 

‘| Podzol loam: raw : : : : $ : : 
| humus layer (A,) : 4.2: 67.7 +: 1.53 : 423 : 49 3 27.7: 6.2 

| Podzol loam:leach-: t : t : : : 
| ed layer (Ao) 3: 4.7: eel 8 POD te 8 Gant 1092 

| Weakly podzolized : : : : : : : | 
loam: infiltrat-; : : : : ; 3 
ed layer (A) t Gee avse 3% O.28 + Ril § 46.3 12,63 Se.0
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The chernozem soils neer the margin of forest regions are 
subject to some leaching of bases. In time the concentration of 
carbonates and soluble salts in the upper soil layer decreases to 

i such an extent that the invasion of forest vegetation becomes pos- 
sible (Wissotzky). As soon as forest shrubs and trees occupy the 
area, the rate of leaching or "degradation" of the chernozem pro- 
presses rapidly (Tkachenko). The forest raises the lwmidity, moder- 
ates evaporation, and retards the melting of the snow, thus increasing, 
the amount of water which percolates through the soil profile. ‘The 
accumulated forest litter promotes the formation of reducing agents 
and organic a cids which break down both the humate and tron-alumino- 
silicate fractions of the base exchange compound. In consequence, 
the humus is gradually removed from the upper layer, which attains a | 
lighter color (Kostichev, Kravikov). As Russian farmers say, "The 
forest devours the chernozem." The released silica appears in the 

'| profile as white dust or "frosting." The iron and aluminum sesqui- 
oxides accumulate as a brownish precipitate in the lower layer and 

. give the degraded chernozem an appearance of a true forest soil with 
“| distinct humic, leached, and accumulative horizons (Gorshenin, Tumin). 

Bs The peculiar characteristics of the continental climate of 
the prairie-forest belt, i.e. cold winters, but hot and dry summers, 
appear to be of major importance in the development of grood soils. 

-| Cold winters with lasting snow cover periodically inhibit the 
activity of microorganisms and promote the accumulation of organic 
remains in quantity sufficient to effect the translocation of sesqui- 
oxides, i.€., a process nearly as intensive a s true podzolization. 
At the same time the percolation of water is not sufficiently deep 
and intensive to remove carbonates from the lower strata (Wissotzky). 

The influence of winter temperatures explains a rather 
| puzzling paradox, naniely, leaching of grood soils in a prairie-border 
| region somewhat deficient in rainfall, and the absence of leaching in 
| melanized soils, formed under conditions of more abundant rainfall 

and reduced evaporation, but mild winters. 

: In the initial stages of development, grood soils are 
.| Qssignated as "degraded chernozens", “degraded prairie soils" or dark 

_ | Gfoods. Such soils, as a rule, are found in the proximity of the 
prairie and have a high content of humus, exceeding 5 per cent. Their 
morpholory and chemical composition resemble those of the blackearth 
soils (Zakharov). 

Leached or light groods contain from 2.5 to 5.0 per cent of 
incorporated humus. Their eluvial layer is of a grey or greyish-tan 

} Color and has a platy structure, typical of podzolic soils. It grades 
| into a brown accumulative horizon which in fine textured soils attains 

' | peculiar nut-structure. The structural aggregates are covered with 
‘ siliceous dust. The accumulative horizon is underlain by a structure- 

less zone containing carbonates of calcium and magnesium. The reactior 
of the upper soil layers is acid, the reaction of the lower part of 
the B horizon and of the substratum is commonly alkaline. 

The following description outlines the morphological feature: 
of a representative profile of grood soils, developed under an oak- 

' hickory stand in northeastern Iowa:
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Ay Undecomposed oak leaves, acorns, twigs end other forest 
: litter varying in thickness from 1 to 2 inches. 

A, 0-6", Dark grey silt loam high in organic matter and 
; of a slightly acid roaction {pH 6.5); mellow and smooth 

to the touch, breaking into fine aggregates. It contains 
a considerable number of small earthworms (Helodrillus) 
and is penetrated by a network of roots. Lower limit of 
horizon is irregular with tongues and root channels extend- 
ing into the lower portion of the profile. 

ho 6-14", Light grey to tan, brittle silt loam showing a 
distinct platy structure with strata of 1/16 to 1/32 of 
an inch in thickness. Plates are "frosted" with siliceous 
dust. The reaction is acid (pH 5.6). Roots are numerous 
and some earthworms are present. 

AgB 14-20", Light chocolate brown porous silt loam breaking 
into small nut-like aggregates about the size of a pea, 

| showing a gray or white speckled coating. Nuts are honey- 
} combed by a number of very fine channels. 
} 

B, 20-32". Chocolate brown silty clay loam breaking into 
et larger agcregates about the size of a small acorn and 

| exhibiting porous structure and greyish siliceous powder 
| when dry. Penetrated by tree roots and with some large 

earthworms (Lumbricus) in root channels. Acid in 
| reaction (pif 5.8). 

Bp 32-48", Reddish-brown clay loam with rusty streaks. 
Contains sone carbonates and exhibits a tendency to 

| break into large cloddy agcregates in the upper portion 
} of the horizon. Reaction is alkaline (pH 7.8). Some 

‘ fine roots are present. 

c 48" plus. Calcareous detritus terminating the distri- 
bution of roots. 

This description is fully applicable to the profiles of 

the prairie-forest soils reported by European authors (Georgievsky, 
Levchenko, Turin, Kassatkin and Krasiuk). 

Table 5 reports results of total analysis of a grood 

silt loam. 

In time the leaching may remove most of the basic material 
_| from the B horizon, destroy structural agcregates, and thus convert 

a grood soil into a podzolic soil. 

In some instances crood soils are invaded by the prairie 
grasses and undergo melanization or "regradation", 1.e. a process 
Opposite to leaching, and resulting in the transformation of groods 
into chernozems or prairie soils (\/illiams). 

: Grood soils support stands of oak, hickory, butternut and 
walnut with some ash, elm, maple and other hardwoods occurring inci- 
dentally. In the proximity of preirie, hardwoods are sometimes re- 
placed by the so-called "poplar savanna" and other pioneer stands. 

'
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Table 5. Profile Analysis of a Nut-structured Grood Loam Formed 
Under a Stand of Oak and Hickory in Southern Wisconsin 

(After S. A. \iilde and D. P. white) 

$ Al : Ao; By 3 Be : c 
: (0-4") :(4-12") :(16-24") :(36-48") :(56-60") 

Reaction: pH Om ¢ ON d oe Bi: : 5&5 eo N68 

base Exchange Capacity: : : : : 
m.e./100 g. 6 e538 8 oe) paleo 8 eo 8 

| Total N, Per cent : -30 3 004 3 003 3 O15 : 003 

$105 Mt : 73.05 : 78.74 : 71.40 +: 64.98 : 76.12 
| 3 : : 3 3 
| Fen0, " PRES: Bhs MOR Oe BN a eeRy 

| A220, " : 6.34 : 8.94: 10.12 :11.90 : 8.28 

| T40, " ee re, ee 

ino " b. 4148 2 OTP 08%: bt t .R8R 

Cao " : .981: .692: .930: 1.472: 1.850 

| tigo " : 4624: «127: «632 : 953: 1,245 

With the exception of cedars, the conifers are not native to grood 
| soils. They have been introduced artificially in both Russia and 

the United States with only moderate success. ‘The promising early 
growth of coniferous plantations, as a rule, ceases at the age of 

_ 60 to 40 years and trees undergo rapid deterioration. The forest 
stands on these soils have short boles, poorly shaped stems, high 
percentage of cull, and often inferior stocking. The yields seldom 
exceed 7,000 board feet per acre. The productivity of stands is 
especially low near the border of the blackearth, but it increases 
toward the podzol region where leaching of the soil is greater and 
carbonates are removed to a greater depth in the soil profile. As 
recent studies have shown grood soils exhibit inherent adverse 
‘effects upon the growth of forest stands similar to prairie soils 
(white). By and large groods a re highly productive agricultural 
soils and intensively managed woodlots are about their only justi- 

.| filable silvicultural use. 

C. WELANSARTOS: HUMUS-INCORPORATZD SOILS 

Melanized soils are the chernozems or blackearths of the 
forest (Schlich). Their name is derived fron the Greek "elas", 
melanos" meaning black or dark. ‘The profile of these soils is 
Composed of a dark surface layer with incorporated "mull" humus and 
apparently undifferentiated or unaltered substratum. The common 
expression "black top soils" well points out the general appearance 
of melanized soils. 

This soil group is confined to a transitional climatic zone 
where neither podzolization nor laterization are manifested in the 

y
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soil profile, i.e. where there is no translocation of either sesqui- 
oxides or silica. Thus, the leaching of these soils is limited to 
the removal of easily soluble sulfates and carbonates which accumu- 
late in varying amounts in the deeper part of the substratum. A 
considerable portion of these compounds is returned to the surface 
layer by vegetation and soil organisms. As a consequence, melanized 
ae or melanearths present a unique example of a profile in which 
nearly all of the constituents are more or less fixed "in situ". 

| This morphological equilibrium of soil is sponsored by both mild 
| climate and native vegetation of hardwood species (Stebutt). 

| In some instances the state of "neutralized" environment 
| exists over considerable area. However, the combined influences of 
| climate, topograpiy, parent rock, and vegetation may bring the pod- 
| zolization to the immediate proximity of laterization, so that the 
dividing belt of melanized soils is broken into sporadic islands. 

The dark humus horizon (Ay) of a melanearth gradually 
becomes lighter in color and merces without a definite boundary 
into the parent material (C), which may be light brow n, grayish- 
brown, yellow, or even white, depending on the soil-forming rock. 
Therefore, the differentiation of these soils into A, B, and C hori- 
zons is difficult. Such a differentiation may be justified, however, 
because of the translocation of bases (CaO, lig0, Iip0 and NagO) as 
detected by chemical analysis. 

lielanized soils sometimes ha ve a granular structure, 
| distinctly different from the nut-structure of grood soils (liurgoci). 
| The reaction of the surface horizon may be either neutral or acid, 
| depending upon the amount of removed bases; the reaction of the 
deeper portion of profile is usually slightly acid or alkaline. The 
content of humus ranges from 5 to 6 per cent. Soils approaching the 
podzol boundary are likely to have a higher content of organic mat- 
ter than those approaching the lateritic boundary. 

The following description gives an example of a charac- 
teristic soil profile: 

A, Sparse interrupted remains of the last year's leaf fall. 

A, O-16 inches: Dark brown crumby humic loam growing 
lighter with the depth; somewhat compacted and pene- 
trated by light colored veins and threads in the lower 
portion. Nearly neutral in reaction. 

Ap Not discernible. 

B 16-42 inches: Reddish brown compacted clay loain of a 

slightly alkaline reaction, penetrated by the roots of 
trees and root channels. 

C Disintegrated shale. 

Table 6 presents data of profile analysis of a melanized 
soil from southern Indiana.
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Table 6. Total Analysis of a Iiclanized Loam Supporting a Stand 
of Hardwoods in Southern Indiana 

(S. A. Wilde and Wi. BE. Patzer) 

a 

Hordeon end 2M: S10p iFeg0z:Alo0x ‘T4109; MnO; Cad, MgO, Ke0; P205 

depth : Per cent 

A,: 0-8" 23.221:73.51: 3.28: 8.27: .S2: .69:1.61: .59:81.042 .11 

Ay~Ap! So16" 3073377 60: So472 S515: .Sb3. 1473  £96t 12473 | 6879 508 

ApB: 16-30" :.041:32.05: 5.46: 8.29: .33: .45: .88: .46: .75: .12 

C: 30-40" :.006:82.20: 4.01: 7.49: .35:1.06:1.73:1.06:1.18: .08 

Melanized soils are closely related to "brownearth", des- 
| cribed by Ramann, but not identical with that type. According to 
| recent investigations (Lallenegger, Smolik, Lundblad, Aarnio, 
Stebutt) the concept of "Eraunerde" or "brown forest soils" is ap- 

| plicable to a number of soil groups, viz. weakly podzolized soils, 
| brown podzolic soils, latent podzols, melanized lateritic soils, and 
| even degraded chernozenis (Glinka, Afanasiev, Vilensky). This con- 
| fusion arose chiefly because Kamann gave only vague descriptions of 

the soil type introduced and failed to supplement such with represen- 
; tative profile analyses (Strenme). To some extent, the matter was 

complicated by the unfortunate terminology: the "brownearth" in- 
| cludes soils of various colors other than brown, and, conversely, 
| many brown soils are not related to the brownearth. All things con- 
| sidered, the term browmearth has become more a liability than an 
| asset and the revision of its concept, as well as the change in 
| designation, is highly desirable. ‘The terms "humus-incorporated" 

or "melanized" soils appear to imply best the original, basically 
correct ideas of Ramann on the genesis of hardwood soils formed in 
temperate climate and characterized by the dark humic layer of 
"vegetable mould" (Darwin). 

Some scientists were inclined to classify humus-incorporat - 
ed soils as immature soils with “imperfectly developed profiles" 
(Marbut), that is, soils in which the differentiation into horizons 
is not pronounced because of the youthful age of the parent material. 
Such a condition, however, is likely to persist for any pedological- 
ly appreciable length of time only on the outskirts of the podzol 
region where the invasion of podzol-forming vegetation is hindered 
by the state of climate and the composition of parent rock. The 

\ results of analysis of a soil from Massachusetts, reported by larbut, 
provide an excellent illustration of the connegting link between 
melanized and podzolic soils (Table 7). Nearly ideal uniformity in 
the distribution of practically all constituents in this profile 
strongly suggests a state of stable equilibrium of the soil. 

Near the lateritic boundary the profile of melanearth 
{1s somewhat enriched in iron and aluminum sesquioxides, and attains 
an intensive brown color. 

}
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: Table 7. Total Analysis of a lherrimac Fine Sandy Loam 
from Foxboro, Iassachusetts 

(C. F. Larbut and F. A. Baker) 

Horizon and ; “ , 810g,Feg0,.A1203,T102, Wind Cad, MgO; Kp0; P205 

depth 3 Per cent 

Az: 0-2.5" : .65:64.78: 4.31:11.41: .99: .06:1.53: .66:1.16: .24 

Apt 2.5-35.5" 3 .43:64,15: 3.83: 9.93: .97: .06:1.02: .71:1.14: .31 

Bs 3.5-18.0" : .15:69.17: 4.41:12.85: .89: .06:1.40: .77:1.11: .39 

C: 18.0-28.0" : .09:72.89: 4.25:11.60:2.05: .07:1.57: .91:1.22: .15 

Because humus-incorporated soils do not exhibit conspicu- 
ous profile characteristics, as are found in podzols, laterites, or 
chernozems, the soil scientists and foresters of central Europe 
failed for a long time to recognize the role of climate in soil 
development. Instead they emphasized the importance of the parent 

- | material (Fallou, Grebe), which indeed greatly influences the pro- 
_ perties of melanized soils. 

Melanized soils of central Hurope, eastern portions of 
: the United States, and numerous belts of the lower mountain slopes 

throughout the world constitute approximately one-tenth of the total 
area of forest soils. In general, these soils have a high content 
of base exchange material and available nutrients. They support pro- 
ductive stands composed primarily of hardwoods, among which tulip 

} poplar, beech, chestnut, and species of oak are prominent. ‘The 
| occurrence of native conifers is limited to the species of cedar, 
| fir, and Douglas fir, ‘he "Central hardwoods" of eastern America 
| (Shantz and Zon), Dougles fir of the Rocky Mountains, and the 
| "Fagetum-Castanetum" associations of Europe (liayr) constitute the 
principal forsst types on these soils. During the past century, a 

/ number of microthermic conifers, such as Norway spruce and European 
larch, were introduced on a large scale in Zuropean countries. How- 
ever, neither climatic conditions nor the properties of soil proved 
to be satisfactory for these species. ‘he introduction of these 
conifers produced, in numerous cases, a rapid leaching of soils and 

_ | their conversion into podzolized soils or even true podzols 
| (Jdedemann). The silvicultural Significance of such a transforma- 

- | tion is not well established; one group of foresters is inclined to 
| see in podgolization the beneficial modification of environment, 
favoring the growth of planted conifers, while another group identi- 

| fles podzolization with the deterioration of soil fertility (Albert, 
Srdmann, Volk, Leiningen, Sigmond, Iivapil and Nemec). 

D. LARIRITES: SESQUIOXIDI-UNRICHED SOILS 

Laterite is a product of tropical weathering; it is a 
‘material depleted in bases and silica and composed chiefly of alumi- 

num and iron oxides, The name was derived from the Latin, Later or 
brick, because hardened lateritic clays were used in India as build- 
ing stone. Incidentally the term implies the typical red color of 
the lateritic soils (Buchanan). "Terra rossa” or red earth is a 

} designation of some soils of a lateritic nature (Llanck).
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High temperature throughout the year and abundant periodic 
rainfall of tropical regions promote a rapid and nearly complete 
decomposition of organic matter, and lead to disintegration of the 
aluminum-silicate nucleus with the release of silica and hydrated 
iron and aluminum oxides. The silica is gradually washed out in 
colloidal form by the drainage waters, whereas iron and aluminum 
sesquioxides accumulate as residue. 

Because of the advanced stage of chemical weathering, 
lateritic soils usually have a clay texture. However, the decom- 
position of organic matter and alumino-silicates greatly decreases 

:| their absorbing properties. Lateritic soils, in spite of their high 
colloidal content, are porous and low in base exchange material. 
The latter is largely of a mineral nature and is saturated with 
H ions. The entire soil has a very low base status. 

The profile of a true laterite is the direct opposite of 
the podzol profile. The upper layer of the podzol is rich in raw 
organic matter and silica, but low in iron and aluminum, the 
8102/R0 ratio being greater than 2. The upper layer of a laterite 
is poor fn organic matter and silica, but high in iron and aluminun, 
the Si05/R Oz ratio being considerably less than 2 (Bennett). On 
the other fafa, laterites and podzols have very much in common: 
both are leached, deficient in exchange material, depleted in bases, 
and often strongly acid. They are two extreme meribers of the same 

family of "pedalfers" umwan’. or "unsaturated soils" (Gedroiz) 
with a "disintegrating exchange compound" (Stebutt). 

A distinct line is drawn between true laterites and 
; lateritic soils, i.e. soils either enriched in humis (melanized 

: Taterites), or somewhat impoverished in sesquioxides (podzolized 
laterites). 

; True laterites are of rare occurrence. They show a very 
i | Low silica-sesquioxide ratio and represent the end product of tropi- 

cal weathering. A high content of hydrated aluminum oxide, as well 
}as the presence of crusts and concretions of iron, are the other 
| outstanding features, The plant life exerts but a negligible in- 
| fluence upon the development of true laterites, and they are con- 
| sidered as "geological ma terial" rather than "soil" proper (I.A.B.). 

a Melanized laterites. ‘The melanization or darkening of 
> |the surface layer by the infiltrated or incorporated hums is the 

- |initial stage in the development of a true soil from a lateritic 
parent material (Harrassowitz). In numerous instances lateritic 

‘Soils do not undergo any other profile alterations, end, hence, © 
melanized laterites present a stable type. Under favorable condi- 
tions, the hums layer (A,) attains a depth of several inches and 

|the content of soil organic matter may reach as high a figure as 
6 per cent (Bennett and Allison). 

The profile of a melanized lateritic soil may be exempli- 
fled by the following description: 

Ao Uneven and sparse cover of the remains of vegetation, 

Ay 6 inches: red brown clay with incorporated humus. 

}
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Cy 6-90 inches: red gravelly clay with ferruginous 
incrustations and concretions, pieces of iron-stone 
and some quartz fragments. 

: Cg 90-120 inches: the horizon of non-lateritic weathering 
material grading into unweathered ferro-magnesian rock. 

An analysis of a clay from Alabama, reported by Marbut, 
- | provides an illustration of melanized lateritic soil in this country 

(Table 8). 

| Table 8. Total Analysis of a lelanized Lateritic Soil (Cecil 
clay loam) from Chambers county, Alabama. 

(After Mark Baldwin, E. D. Fowler, G. J. Hugh, and J. 38. Spencer) 

Horizon ; Ign. : Sip : Fep0,: AlnOq: CaO : gO : K50 : Po, 
| and depth : loss : 3 - 3; & 3. $ $ ‘2 : . 

| esi pete reer cairn ds 
| oar o-Wm : 13.24: 35,18: 12.84: 35.80: 0.29; 0.45: 0.30: 0.25 

| By: 8-24" : 13,84: 34.25: 15.20: 34.47: 0.08: 0.18: 0.30: 0.04 

| Bo: 25-59" : 12.57: 56.09: 14.85: 354.12: 0.02: 0.07: 0.57: 0.04 

This profile shows a rather uniform distribution of iron 
and especially aluminum sesquioxides and a pronounced enrichment 
of the surface layer in bases and phosphates. The high contents of 
fron and aluminum should be attributed to both laterization and 
heavy texture of the soil. 

} Lateritic soils support numerous species of the equatorial 
and tropical forests. In the transitional belt of temperate climate 

, | they are associated with hardwoods, perticularly oaks, beech, red 
‘} gum and magnolia. 

Podzolized laterites are confined chiefly to the cooler 
margin of the lateritic region, although they occur in patches in 
the other parts of the region wherever conditions retard the decom- 
position of organic matter (Lang). Under the influence of organic 
remains and heavy rainfall, a considerable portion of the iron and 
aluminum is translocated into the lower layer, leaving a reddish- 

"| Grey or yellowish-grey quartzose top soil (Ag). In some instances, 
| & bleached horizon more than three feet deep’ was found under raw 

_| humus layer (Vageler). The accumulative horizon is of a rather 
| intense reddish color (B). In some soils it stands out as in true 
| podzols, and in some it merges into parent material. In places an 
impervious hardpan layer is found. It has about the same effect 

| Upon the vegetation as the ortstein in podzols (Pessin). 

An example of the profile of a podzolized lateritic soil 
is given by the following description of a profile developed under 
a stand of longleaf pine in southern Iississippi: 

4, Athin layer of pine needles. 

Ay l inch: dark layer of sandy loam with incorporated humus,
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Ay 1-9 inches: reddish-grey leached sandy loam of a 
strongly acid reaction. 

B 9-30 inches: intensely red to reddish brown clay of 
faint coarse lumpy structure, somewhat compacted and 
sticky, with dark brown veins and flakes; acid in reaction. 

Cc Structureless sticky and mottled clay. 

Table 9 presents results of analysis of a podzolized 
lateritic soil. 

Table 9. Total Analysis of a Podzolized Lateritic Soil (Norfolk 
sandy loam) from Houston County, Alabama. 

(After Mark Baldwin, E. D. Fowler, and G. Bdginton) 

Horizon : N : S10g : Feg0z: AlpO, : Cad : NEO : K_0 : Pp0 
and depth ; 3 3 ° i : ‘ : ‘2 : ae 

$ Per cont 

Ay: 0-6" 3 30859 9132563 0648 3 “Geol 3 in. snr OsLOsO.0e 

Ap: 7-10" ;: .002 : 94.33 : 0.58 : 4.65 : Tr. : Tr. : 0.08: 0.02 

By: 11-37" : 008 : 85.16: 1.14: 9.06: Tr, : Tr. : 0.13: 0.01 

Bo: 38-49" : .004 : 62.06 : 1.17: 11.58: Tr. : Tr. : 0.09: 0.01 

0: 50-80" 3 .002 ; 91.96 : 1.25 : 11.67 : Tr. : Tr. : 0.09: 0.02 

| 

Podzolized lateritic soils are usually porous, acid, and 
| have a low content of nutrients. In many instances the deficiency 
| of nutrients in all of the textural classes, including the heavy 

- | Clays, makes these soils suitable only to pine species and other 
less exacting vegetation. Extensive areas of the podzolized laterit- 

| ic soils in the southeastern United States support primarily slash, 
loblolly, and longleaf pine. In spite of a deficiency of nutrients, 
these stands attain on the whole a rather high productivity due to 
the long growing season and other favorable climatic conditions. 

f Two more or less distinct morphological varieties of 
lateritic soils are recognized: red soils and yellow soils. The 

| Color of these soils may be due to a difference in the degree of 
| hydration of the iron. Red soils may represent the B horizon exposed 
| by erosion (Stremme). Some iron may have been removed from the 

| yellow soils during an earlier stage of impeded or sluggish drainage i 
' (Kiarbut). Yellow soils may also result from incipient podzolization 

(Afanasiev), or may represent a youthful stage in the development 
of red soils (Robdaeen. 

There is a belief that the podzolized lateritic soils 
| resulted from the leaching of laterites which were formed during 
_ the Tertiary Period (Glinka). At this time, according to \egener, 

the Rquator passed through southern Spain into the vicinity of the 
Caspian Sea and northern India, ‘The largest part of the podzolized 

| lateritic soils now known are confined to the southeastern United 
| States, France, the Caucasian region, and Japan. These areas coin- 
j Cide with the unglaciated tropical regions as located by \iegener,.
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The outlined hypothesis is especially applicable to the 
leached soils of the Piedmont Plateau and Ozark Mountains, associat- 
ed with shortleaf pine-oak type. ‘These soils appear to belong to 
the podzolic group with only traces of lateritic processes manifest- 
ed in the yellowish or reddish color of the substratun. 

Figure 15 includes characteristic forest stands occurring 
on various zonal types of forest soils. 

&. MOUNTAIN FOREST SOILS 

The study of mountain soils by Dokuchaev revealed that the 
soil regions, or zones, succeed each other in a definite order as 
the altitude increases from sea level to the summit. This vertical 
zonality of mountain soils is analogous to the horizontal zonality 
found on the plains. The correlation between the vertical and hori- 
zontal zonalities of soil groups is especially pronounced in European 
Russia. The Great Russian Plain extends from the Arctic Circle to 
the Caucasian l.ountains. This territory from north to south and 

| from sea level to its highest altitude includes a wide range of 
climates and soil conditions (Zakharov). The attached diagram illus- 

-| trates schematically the relationship involved (Fig. 14). The Rocky 
Lhountains, as well as the other mountain ranges of the United States 

. present similar examples of the vertical zonality of soils (0.8 Dekel 

: The distribution of different climatic-zonal types in the 
mountains is, of course, greatly affected by the geographical loca- 
tion, exposure, gradient, and composition of the parent rock, and 
the zonality of the soils is of an irregular character (Smirnoff, 
Neustruev). The differentiation of horizons and the development of 

/a genetic soil type are less pronounced in the mountains than on the 
plains because of continuous erosion and deluvia tion. The deep and 

|} more fertile soils of deluvium are often intersected by the shallow 
| and less productive residual soils of denuded areas, or by rock out- 
| crops. The presence of rock fragments of various sizes is character- 
| istic of mountain soils (Jenny). 

The mountain soils of the foothills do not differ radi- 
Cally from the soils of the plains. Depending upon the geographic 
location of the mountain range, they may be either desert, prairie, 

| or forest soils of any large group (Glinka, lieyer, Novak, Senstius). 
| With an increase in elevation, the foothill soils of high mountains 

‘| grade into mountain podzols, sod soils, peat bogs, mountain tundra, 
| and primitive skeletal soils. Mountain podzols anc sod soils are 
| not quite comparable to the forest soils of the plains, and they 

‘| are described below. 
| 

Mountain podzols. The cool and humid mountain belt of 
| these soils is characterized by the prevalence of physical weather- 
ing, with little formation of the fine soil material. These soils 
have less distinct horizons than the podzols of the plains, and 
Seldom have cementation of the itlluvial layer or iron concretions. 

Nevertheless, the analysis of mountain podzols reveals a pronounced 
| depletion of the upper layer in bases, sesquioxides, and colloids. 
The humus content is high, reaching in some cases 12 per cent. The 
exchange material is coriposed chiefly of humates which are saturated 
|ith hydrogen and give the soil an acid reaction (Zakharov).



Wu 2 TIN RR REG aaa A i .B stn, aaa ee. Bee 
fe > BSy pei Shy * ane EES a | Fle 2 ; 

i es Rg 1 eke 

es Se oS ee ee To Saar on 
iad am a 7 es me . 4 . } a b ie r peri 

i "Oh “ aT ; CR Se a ee y | 5 a oi ees Bees 4 CORE AS 1 m 

a a mn line i | iy OS ee 
i teks) es CO ee ee eee 

Did oe ie Bali ES Cee CE ers | 
Te! 6 Wes oer Be eer oe 

ered As in ’ RS i + Rie we he 

é ay ‘ 4 ie - } ° : at " 

wie es aes g 4 wih eet 

‘ i ee ee : 
[ rah a QR Peas. : Y 

} cal tas Me see 4 NE Ln ae 
| Se Sone iD . Oe (3; Cates 
} : eae ee ae ee By ae sh » 

a 
| G si H - gl He ee I 
| 4 = ee ees oe ¢ a i r’ 4 wee Cree |, jal 3 

j a i 4 TS Be eee ee 5 
i Zi ea ae he Sy ail 
Bi: i eee. Mee 

| : Sa 4 Pe ig a pS 7 

Ee. csi ied igen 
H Bs Hl < i i | 

‘5 Cea ie Fi 7 2 

ae! ar Agee ~ & eens : Br ae 

So a lal a 
Photos C, G and I courtesy of U. S. Forest service 

Figure 13. Characteristic forest cover of the major soil groups. (A) Hard- 
pan podzol—white pine, white spruce and balsam fir; (B) Podzolic loam—maple, 
basswood, hemlock and balsam fir; (C) Weakly podzolized or melanized loam— 
beech with understory of rhododendron; (D) Grood silt loam—oak and hickory 
prairie forest; (E) Degraded rendzina—oak prairie-forest; (F) Podzolized later- 
ite—longleaf pine with understory of palmetto; (G) Sod soil of high moun- 

tains—alpine fir; (H) Mountain podzol—Norway spruce and mugho pine; (I) 
; Weakly podzolized mountain soil—Douglas fir; (J) Melanized alluvial soil of 

the mountains—Norway spruce and European fir.
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zonality of soils in European Russia (Adaptéd from S. A. Zakharov). 
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The properties of the soil, as w ell as the short growing 

season and the severe winds of this region, are responsible for the 

low productivity of mountain podzols. At their lower boundary, 

mountain podzols grade into far more productive podzolic soils. The 

upper boundary of these soils is formed by sod soils and alpine 

meadows. Highmoor peat swamps are found throughout the region of 

mountain podzols. 

Sod Soils. These soils are found under open stands of 

forest trees. ‘hey are characterized by a weakly developed sod 

layer, and a grey or brownish grey top soil which becomes lighter 

with depth. These soils contain as much as 40 per cent of coarse 

gravelly material. A chemical analysis of the profile shows a re~- 

moval of some sesquioxides from the upper layer, although no differ~- 

entiation into A and B horizons is noticeable in a field examina- 

tion. On northern exposures the upper layer of sod soils is usually 

light grey, whereas on southern exposures it is brownish grey. The 

god soils are marginal forest soils. They border the podzois and 

penetrate as tongues into riountain meadow soils, or sorietimes occupy 

small areas in the region of alpine meadows. In places they develop 

a deep humis horizon and attain a character of “alpine hums" soils 

(Leiningen, Jenny). 

The forest vegetation of the mountain soils includes nearly 

} all the species and forest types occurring on the plains (Fig. 15). 

The soils of the lower altitudes that are grouped with the grood or 

melanized soils support primarily hardwoods and some thermophillic 

conifers. ‘the mountain podzols have a more limited vegetation, 

supporting chiefly microthermic species, such as spruce, Tir, 

larch, aspen, and birch. Sod solls support sporadic stands of 

alpine varieties of larch, fir, and pine. The highmoor peat bogs 

are occupied by the xerophytic conifers of the high mountains, among 

which mountain mugho pines are prominent. 
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ra] CHAPTER VI 

of INTRAZONAL FORUST SOILS 

‘ A. RENDZINAS: HUMUS-CALCARWOUS SOILS 

Rendzinas present an early stage in the development of 
' soil from calcareous parent material. A high content of either 
‘ incorporated or raw humus and calcareous substratum are the out- 

standing characteristics of these soils. ‘These features of 
. rendzina soils well justify their other accepted designation -- 

"hunus-calcareous soils" (Sibirtzev, Glinka). Rendzinas occur 
a throughout the entire forest region, being confined to isolated 

areas of outcropping limestone, dolomite, chalk, and lime-bearing 
shales. 

Although calcareous rocks in time undergo the sane 
‘ changes as any other parent material, their high content of car- 

bonates tends to promote the accumulation of humus and otherwise 
modifies the usual course of soil development. 

In the region of true podzols, exposed calcareous rocks 
_ lead to the accumulation of peat-like raw hums with an alkaline 

| reaction, attaining a thiclmess of nearly one foot (Calloway). 
‘ Such youthful rendzinas, in spite of their alkaline reaction, often 

support acidophilous species of spruce and fir, in addition to white 
? cedar and hardwoods (Tkachenko, Lang). In time the calcareous 

material undergoes weathering and leaching, and is transformed in- 
to a "calcareous podzol" or rather a podzol of calcareous substra- 
tum (See). In the proximity of the Great Lakes, such calcareous 

, podzols often have strongly acid ortstein layers which rest upon 
_ alkaline, calcareous detritus (i/ilde). 

} In the proximity of the prairie-forest border, rendzinas 
| undergo a more complex sequence of changes. In such regions the 

« | initial stage of rendzina development is a skeletal calcareous 
| debris, darkened by infiltrated humus, and giving effervescence 

i with strong acids. As weathering proceeds, the upper layer of the 
rendzina loses its carbonates; the residue becomes smooth and 

‘ silty in texture and develops a deep, dark or black humic horizon 
having a crumby structure. At this state rendzina soils are often 
similar to blackearth; they support either prairie vegetation or 

» | open forest stands having an abundant cover of grasses and are 
referred to as "prairie soils." 

, After invasion of forest vegetation the prairie rendzinas 
undergo degradation similar to that of Chernozeris and eventually 
attain the profile of a grood or podzolic soil (Zvorykin). 

In regions subject to laterization the rendzinas are 
gradually transformed into terra rossa or redearth soils (Lorenz, 

. «| Neumayr). 

Figure 16 shows four stages in the development of a 
‘ rendzina, 

)



; 67- 

Diagram 16, Metamorphosis of Rendzine into Podzolic Soil 
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1. Immature skeletal rendzina; 2. Fully developed rendzina or 
} . prairie soil; 3. Degreded rendzina or grey forest soil; 4. Pod- 

zolic rendzina or podzolic soil with calcareous substratum. 

| 
The forest vegetation often does not invade im- 

mature rendzinas until the reaction and the concentration of the 
salts in the upper layer are lowered by percolating water. The 

ail early pioneers on such degrading rendzinas have an extremely low 
rate of growth and are subject to »remature death. Because of 
the intra-zonal occurrence of these soils, the "starving" or 
struggling trees of the rendzina forest belong to numerous 

| species, both of hardwoods and conifers. The best development 
is attained, however, by the lime-loving or calcifilous species, 
such as oaks, hickories, walnuts, beech, ash, white cedar, 

| juniper, Austrian pine, and a few other hardwoods and conifers. 
However, even these species attnin a more-or-less normal growth 
only on strongly podzolized rendzinas. Strangely enough, the 

hemlock, one of the most acidophilous species, may also be found 

on alkaline, immature rendzinas,
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B. GLEY or GROUND-WAVIR SOILS 

Gley soils develop under the influence of ground water 
and are Classed among the hydromorphous soils. Anaerobiosis and 
hydrolysis, dominating the strata of soil below the ground water 

table, produce deoxidized, often highly dispersed, sticky gley 
horizons, mottled with reduced oxides of iron (iWissotzky). Soils 
in which the gley layer occurs within the reach of the main root 
system of trees or cultivated plants, i.e., at an approximate 
depth of seven feet or less, are classified as gley soils. 

The process of gleyization may be superimposed upon any 
genetic group of soils. ‘The resulting varieties are referred to 
as gley podzols, swamp podzols, gley laterites, vlei soils, meadow 
soils, lowland prairie soils, ferruginous soils of mountain 
valleys, marl soils, etc. When the organic layer attains a thick- 
ness greater than G inches, the gley soils are referred to as 
"organic soils" or "peat" and considered as a special group. 

Ordinarily, gley soils occur sporadically, being con- 
fined to depressions and areas underlain by impervious substrata. 
However, in certain regions of America, northern Europe, Siberia, 
and Africa, gley soils are a dominating type occupying hundreds of 
thousands of acres. 

Although gley soils have numerous varieties, their 
morphology may be illustrated by the following generalized profile 
description: 

A, Dark to black partly decomposed organic remains, often of 
peat-like nature. 

A, Nearly black humic layer. 

Ap Light colored, podzolic or podzol-like leached layer. 

B Brown or greyish-brown accumulative horizon enriched 
in sesquioxides; often not present. 

G, Mottled, bluish-grey, rusty, bluish-brown, ochreous, 
or humus-ochreous gley. 

Gp Greenish or bluish, wet or moist, deoxidized gley layer, 
impoverished in iron and somewhat enriched in colloidal 
silica. 

The reaction of forest gley soils is usually acid in the 
; Upper part of the profile, but may be neutral or alkaline in the 

zone of water saturation. 

In the detailed genetic studies, the variations in the 
Gegree of soil drainage, or in the intensity of gleyization are 
®xpressed by a number of terms such as gley podzol, swamp podzol, 
podzolic gley soil, podzolic gley soil with a deep gley layer, peat 
podzol, gley podzolic peat soil, peaty gley soil and swamp peat 
S011 (Zavalishin and Pronevich). ‘hese and similar terms have 

| £ignificance in the morphological nomenclature of soil genesis, but 
} they are too long and confusing in practical soil classifications, 
| “Oreover, they have no direct bearing upon the productivity of 
eu particularly forest soils.
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The composition of the forest stand, its rate of growth, 
percentage of cull material, vigor of competing vegetation, pos- 
sibilities of natural reproduction, stability of the forest against 
the wind, and other silviculturally important features are chiefly 
influenced by the positioy of the gley layer or its distance from | 
the surface (Busgen and Munch, Hesselman, Kruedener). This deter- 
mines the accessibility of water, the extent of root penetration | 
and the depth of well-acerated soil containing available nutrients. | 
Considering the depth and position of the gley layer in relation to 
the occurrence of the A, B, and C horizons of a mature forest soil 
profile, the following three types of gley soils may be recognized. | 

Alpha-gley soils or Shallow gley soils, that is semi- | 
f swamp, more or Less permanently wet soils with a shallow gley layer | 

grading into Ap or A, horizon. | 

L Beta-gley soils or Mid gley soils, 1.¢e., insufficiently 
drained, pestcareatig wet soite with gley layer superimposed upon 
the B horizon. | 

; Ganima-gley soils or Dee le 
i Solids, 100, "gudtistentiy teen 
Hh but rather moist soils with a deep 
it gley layer occurring in the C horizon, 

af 

‘ta, The relative position of the 
a) gloy re : a ene bapes ot 
rity tt 5 ¥ ; gley soils is indicated schematically 
pet 0 NAAT AO” in Figure 17. It is obvious that tho 
| 6, tA : mie ! depth of the gley layer maintains the 

yi cate Is ape Ne sane ecological significance regard- 
ioe | Plea lhe less of whether soil is or is not 

j + Ryoho clk ae differentiated into distinct A, B, | Mas | : See and C horizons. 
| | > Ve Bea a She, 

4 x Ce. Let 218 Alpha gley soils. (Shallow gle 
ate [ ‘i | o peed # soils). tae nteg layer protrudes x 

nt — {: meee s through the leached horizon, and may 
hh ml Serr reach the horizon with incorporatod 

2Q cia\unen® hums, being thus within about one 
5 3 G \a| | foot of the surface. 

pope es 
NG | ¥ : In this type the influence of 

fe | & ' the ground water often masks all tho 

i XQ g\. . other genetical features of the soil | 
- 4 : el profilo. Alluvial stream bottom 
j > f | soils, soils of somi-swamp flats of | 

Ad Nel lacustrine clays or highly colloidal | 
CN weathored drifts of early glaciations, | 
a end various swamp-border soils belong | 

N to this group. 

The forest cover of alpha-gloy 
Figure 17 soils is composod of a rather limited 

The position of the gloy number of species which can tolerate 
horizon in different deficiency of aeration. Spruce, bal- 

types of soil sam fir, codars, bald cypress, pitch 
| pine, black ash, elm, some oaks 

‘onl cottonwood, und tupelo gum muy be 
} quoted as typical 

]
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representatives. With some exceptions, the stands are of a low 
productivity and have a high percentage of cull material (Figure 18). 

: Beta-gley soils. (Mid gley soils). ‘The gley horizon 
) occurs immediately below the accumulative layer and sometines grades 

into the latter, thus being at a depth of 2 to 3 feet from the sur- 
face. Percolating water and ground water contribute equally to the 
morphology of these soils. The soils of lower slopes in the mowm- 
tains, shallow outwash or residual soils wnderlain by impervious 

“| strata of w eathered shale or boulder clay, borders of lowland 
prairie soils in transitional prairie-forest region, some red and 
yellow soils underlain by hardpan, and podzols of heavy texture with 
highly colloidal, accumulative layers are typical examples of beta- 
gley soils. 

In the summer period, the surface layers of these soils 
are usually dry. In fall, and particularly in the spring, however, 
water saturates the entire planting layer. An examination of open 
trenches or at least borings with auger to a minimum depth of 3 feet 
may be necessary to reveal the presence of the typical "mottling" of 
the gley horizon and the true nature of these soils. 

Being a transition, this type of soil offers a suitable 
site for the survival of both upland and lowland forest trees, even 
if it does not assure their successful growth. Consequently, the 
forest cover is composed of numerous species, both conifers and 
hardwoods. The productivity and the stability of forest stands on 
beta-gley soils is hindered by a number of adverse conditions 
(Burger, Nemec and Kvapil, Tiurin et al). The roots of the trees 
are confined to a comparatively shallow surface layer of well aerated 
soil, As a result, the supply of available nutrients is limited. 
Periodic wetness and effect of early and late frosts shorten greatly 
the length of growing season. Upland species suffer in spring and 
fall from deficiency of aeration, whereas lowland species suffer 

| and sometimes perish in summer from drouth. ‘The abundance of weaken- 
| ed specimens encourages the development of parasitic organisms which 
| contribute to the general decadence of the stand. 

Gamua-gley soils (Deep gley soils). The gley horizon 
reaches its full development in a deeper part of the parent material, 
usually at a depth of from 5 to 7 feet, However, slight mottling 
tay occur in the proximity of the B horizon, at a depth of about 4 

_ | fest. he development of mull humus is often characteristic of 
| gamia-gley soils. In all other respects, the composition of soil 
_brofile is but slightly influenced by the ground water. 

| The roots of the trees develop in a sufficiently deep, 
| Well-aerated, and potentially nutritive layer of soil, and receive 
| Some additional moisture from the ground water. Of great impor- 
tance is the relatively stable ground water table, protected from 

| °vYaporation by a substantial mantle of soil. Such favorable condi- 
tions usually lead to an exceptionally rapid growth of timber and to 

| General stability of forest stands. The composition of stands does 
not differ conspicuously from those growing on true upland soils. 

‘However, the presence of a deep gley layer may be responsible for 
the occurrence of more exacting species than are ordinarily found 
in a given region on upland soils of similar texture. 

| Figure 19 includes profiles of soils formed under 
Bete of ground water table.
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Fig. 18. Forest cover associated with gley soils in Podozol region of \W'iscon- 

sin. (cA) Black spruce and tamarack on alpha-gley swamp-border sand; (B) 

mixed stand of white spruce, balsam fir, white pine, aspen and paper birch on 

beta-gley sandy podzol; (@) white and red pine wi'h some aspen and whire spruce 

on gamma-gley bor sand; (‘D) hard maple, red maple, rock elm and black ash with 

some balsam fir on alpha-gley pedzol loam; (€) mixed stand of hard maple, bass- 
wood, American elm, white pine, balsam fir and white spruce on beta-g'ey pod- 

zolic loam; (GY) hard maple and basswood on gamma-gley mull loam. 4, B and 

; @—Sandy outwash of recent glaciation; D, € and G—Heavy drift of old glaciation.
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C. MOORS: CUMULOSE or ORGANIC SOILS 

Organic soils are formed under conditions of excessive 
moisture resulting from either high humidity or impeded drainage. 
They are composed of a surface layer of organic remains usually 
exceeding 6 inches in thickness, and a water-logged gley substratum. 
The organic soils formed in depressions are called "low moors" or 
"swamp soils.” ‘he organic soils developed on uplands of highly 
rama cold regions are called "high moors" or “raised bog soils" 
(Nichols). 

The detailed classification of organic soils is based 
upon the composition of the accumulated remains, and they are 
designated as "sedge peat", "woody peat", "moss peat", "sedge-moss 
peat" and so forth. Sometimes the classification is more specific, 
and types such as "Hypnum-sedge peat" and "Sphagnum peat" are 
recognized. Furthermore, organic soils are classified according 
to the dezree of decomposition of the organic matter into "fine 
textured" or "well decomposed", "fairly well decomposed", "coarse 
textured", or "poorly decomposed" (Sookachev, Tacke, Dachnowski- 
Stokes). If an organic soil contains 20 per cent or more of mineral 
material, it is referred to as "muck" or "sapropel" (Stebutt). 

Low moor or swamp soils. Low moor soils are formed throughout 
forést region by accumulation of plant remains in shallow lakes, 
ponds, and abandoned stream meanders. The process of development 
is usually initiated by reeds, sedges, and similar shore-line plants 
which gradually creep toward the center of the basin as their remains 
accumulate and offer thom a suitable foothold. The accumulation of 
debris is assisted by algae growing on the bottoms, and mosses 
which float on the surface as consolidated layers or mats. Such 
mats of mosses and other water-loving vegetation may cover the lake 
completely and convert it into a"quaking bog" or quagmire. The 
floating mat may attain a considerable thickness, become water- 
logged and sink to the bottom of the lake as an inter-layer of the 
eventual peat deposit. If conditions permit, shrubs and trees 
invade the shore deposits and floating mats, and contribute to the 
development of peat. Thus, depending upon the nature of plant 
remains, the swamp deposits may consist of sevoral more or less 

_ distinct layers of sedimentary aquatic peat, sedge peat, moss peat 
j and woody peat. 

: In areas subject to periodic overflow, organic detritus 
i is enriched in silt and clay particles sedimented during inunda- 

tions and giving rise to muck soils or sapropels. In sone instances 
| such soils are formed in grassy swamps Or marshes where sedces, 
| Cat-tails, and reeds release in decomposition a certain amount of 
| mineral "earthy" matter which infiltrates into the organic residue. 

| The peat and mek formed in lakes or swamps with hard 
| Water are underlain by a calcareous layor of marl or bog lime, ac- 
| Cumulated by precipitation from solution, from animal shelis, and 
| Carbonate secretions of algae. 

i Moss peat has the lowest content of nitrogen and mineral 
nutrients, whereas sedge peat and uuck, the highest. ioady peat 

| occupies an intermediate position. Almost invariably moss peat has 
| & extremely acid reection; the reaction of other types varies 

from strongly acid to alkaline.
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High moor soils. Low temperature and the associated adverse 
conditions of high mountains and coastal regions arrest the activity 
of microorganisms and lead to the development of peat deposits not 
only in depressions but on upland areas as well. Because of re- 
tarded decomposition, remains of plants, chiefly mosses, accumulate 
and raise above the neighboring ground as extensive heaps. From 
this characteristic form, the names "raised bogs" or "high moors" 
were derived, 

In some instances, high moors originate under forest cover 
end their development is related to the process of podzolization. 

“| The depletion of the surface layer of a forest soil in bases promotes 
“| the accumulation of raw humus which increases the water-holding 

-| capacity and encourages the invasion of mosses, especially Sphagnum. 
“ In time mosses cover the area as a solid blanket. The insula ng 

effect of Sphagnum results in considerable difference between the 
‘| summer temperatures of soil and atmosphere, hindering the normal 

transpiration of trees. Forest stands gradually degenerate and give 
‘| way to high moor vegetation of heath shrubs, mountain pines, and 

other species of an xerophytic nature (Ramann, Tanfiliev). 

High moor peat has essentially the same properties as moss 
peat of swamps; it is extremely acid and low in nutrients. 

Table 15 summarizes the general characteristics of various 
types of peat, as classified by Dachnowski. ‘able 16, adopted from 
wilde and Hull, includes the average values from total analyses of 
the most important peat materials. 

Table 16, Total Analysis of Moss, Sedge and Woody Types of Peat 
(ieighed Averages) 

ee oe te MG et Ae eso ed a ae 
Type of Peat ; O.M. :insol-: N +: Peds : KO : Cad : f 
Se acer ag ae ee I Bint eae a et AN oO nme 

| Bog-moss peat : 97.8: 0.7 : 0,92 : 0.04: 0.06 : 0.20: 0.25 
IP RE IE 5 deh cadadicandiabostinceileice ) ulike uh abate ot eee 

| Drown-moss peat: 94.5 : 1.5 : 2,09 : 0.06 : 0.08: 1.00: 0.60 
De ee cada csta lees eal ano age eee fe 
I sage peat : 95.3 10.9 : 2,91 : 0.10 : 0.15: 1.95 : 1.00 
BNO eoigadindhaceiie anu cts lee oles Ren met Naa 
| woody peut 194.5 21.7 : 2,05 : 0.11: 0.12 :1.41: 1.37 

(Deciduous and; : : ; : : 
Be OAS OT OUR Gh tt. ea inl ulaabail tei lta. aie 

| Although organic soils are of numerous varieties, they 
| have the same general morphology, The profile consists of a purely 
| Organic surface layer of varying thickness (Aj), a black, partly 
| Mineral, partly organic transitional layer (Ay), and a mineral gley 
| horizon (G). 

} The following descriptions illustrate the morphology of 
| the most important types of the organic soils.
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a Table 15. Characteristics of Different Classes of Peat 

Major Classes 3 Types of Peat : Color, Texture, Structure 

(:O0zy, macerated, or: Olive green to black; 
Q pulpy peat : amorphous and sticky. 

I. Sedimentary (:Calcareous sedimen-: Gray to grayish brown; 
i peat (: tary peat : coarse to finely divided; 

y : crumbly. 

(:Silicious sedimen- : Brown to black; fine grain- 
(: tary peat : ed; plastic to friable. 

Ia. Sedimentary- :Cattail peat, : Dark brown to black; partly 
fibrous peat 3 Tule peat, etc. : stringy fibered; dense, 

3 : plastic to lumpy. 

: : Yellowish to dark brown; 
(s:Reed peat : coarse to fine fibered; mat- 
(a : ted to felty porous, brittle. 

re : 

(:Sedge peat : Brown; coarse to fine fiber- 

II. Fibrous peat(: : ed; matted to felty porous. 
(3 : 
(:Hypnum moss peat 3: Yellowish to dark brown; 
(3 : fine fibered. 
(3 : 
(:Sphagnum moss peat : Yellowish to reddish brown; 
(3 : coarse to fine fibered; 
(3 : spongy porous. 

(:Heath shrub peat : Brown to reddish brown; 

(3 : coarse fragmented; firm, 
(3 : lumpy. 

(Gas : 
IIa. Woody- (:Willow-alder peat : Brown to dark brown; fibered 

| fibrous peat (: : to coarse woody, granular; 
(3 : sticky to crumbly. 
(3 : 
(:Bay shrub peat : Dark brown; fibered to woody, 
(3 : granular. 

(:Coniferous woody : Reddish or dark brown; coarse 
(: peat : to granular; loose to firm, 

| (3 : lumpy or crumbly. 
| G3 : 

III. Woody peat (:Mixed woody peat : Drown; woody to granular; 
(3 : lumpy to friable. 

| (3 : 
| (:Deciduous woody : Brown to black; woody to 
| Cs peat : granular; lumpy or loamy.



14- 

Moss peat formed in stagnant Sphagnum swamp or "bog" sup- 
porting black spruce and tamarack: 

: Aj 25 inches. Slightly decomposed fibrous remains of mosses 
of yellowish-brown color grading into more compact, dark 

3 brown sedge-moss peat. Strongly acid. 

A; 5 inches. Transitional layer of greyish-brown sand with 
some incorporated remains of sedges and aquatics. Acid. 

. 3 G Bluish-green sand. Neutral. 

Woody peat formed under northern white cedar and balsam 
fir in a locality with a slow but continuous underdrainage: 

Ap 56 inches. Partly decomposed, brown to black remains of 
swamp trees, mainly white cedar, with many fragments of 
wood retaining their identity. Peat is slimy to the 
touch and has a strong, disagreeable smell of hydrogen 
sulfide. Strongly acid. 

A, $6 to 42 inches. Plastic, wet clay high in organic matter, 
of a black color. Slightly acid. 

G Wet sand with some gravel and varying amounts of clay, 
green mottlings, and agglutinations. Alkaline, 

Muck formed under tag alder in an area subject to 
overflow: 

Ay 3 inches. Dark brown, partly decomposed organic matter 
of somewhat granular structure, 

, A, 3&3 to 24 inches. "Sapropel" layer; black, plastic and 
moist mixture of dispersed organic matter and clay, becom- 
ing dark or brownish-grey at the lower limits of the 

; horizon. Slightly acid. 

G Compacted gley layer of a silty clay texture with 
brownish and greenish mottlings. Slightly alkaline. 

Moss peat of both high moors and low moors support hishly 
acidophilous tree species. Outstanding among them are black spruce, 
tamarack, Scotch pine, several species of the mountain pines, and 
swamp birch. Woody peat is correlated with a broad variety of swamp 
Conifers and hardwoods, such as white spruce, balsan fir, white 
Cedar, black ash, red riaple, swamp maple, elms, and willows. Muck 
soils are characterized by an abundance of alder, occurring in pure 

_ Stands or in mixture with numerous water-loving species. Sedge peat 
supports marsh vegetation (Cajander, Kotilainen, Sookachev). Forest 

| Stands on all types of organic soils, as a general rule, attain but 
low or mediocre productivity. 

Figure 20 presents typical forest stands occurring on 
| Organic soils. 
i
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Figure 20, Cover types of organic soils. Top: Marsh grass grading into stagnant moss peat swamp with 
stand of tamarack. Bcttom: Mixed stand typical of woody peat swamps having a slow but permanent drainage. 
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D. IMVATURE On BVGRYONIC SOILS 

Immature forest soils are confined to areas modified by 
recent processes of erosion, i,e., denuded slopes and deposits pro- 
duced by water, wind, or gravity. The profile of such "embryonic" 
soils is composed of an unaltered parent material (C), and a more or 
less developed humic layer (A,), with various amounts of litter (Ay). 
In time these soils undergo tie process of differentiation into 
horizons, and become mature or fully develqped. However, this may 
be prevented by continuous denudation and deposition. 

The group of embryonic soils includes rocky soils, barren 
soils, alluvial soils, denuded soils, and deluvial soils. 

Rocky soils. Rock outcrops, stony and gravelly soils of steep 
slopes, and skeletal soils of colluvial deposits in many instances 
support isolated struggling "pioneers", or sporadic stands of low 
productivity. However, some trees are able to derive sufficient mois- 
ture and nutrients even from the barren rocks, and stands of a fairly 
high density and rate of growth may be found on such habitats. 
Species of spruce on granitic rocky soils of mountains, and species 

| of pine on sandstone outcrops are striking examples. 

Barren sands. Hunus-deficient sands include recent wind and 
water deposits, such as blow sands, sand dunes, beach sands, and 
sandy fans of streams and rivers. The forest cover of these de- 
posits is limited to a few less exacting species, such as pines, 
willows, and cottonwood. Control of erosion is the chief reason 
for afforestation of barren sands. 

Alluvial soils. The alluvial or "stream-botton" soils are post- 
glacial deposits of rivers and creeks. They are characterized by 
a deep humic horizon and comionly a high ground water table. They 
support a diversity of forest types, the corposition and producti- 
vity of which are determined by texture and drainage. Stands of 

bald cypress, tupelo gum, and other hardwoods of Mississippi lowlands 
present one of the world's outstanding examples of forest cover on 
alluvial soils. 

Denuded soils. Soils of denuded areas vary in their properties 
depending upon the thickness of the eroded layer and the nature of 
the exposed subsoil. ‘he hypothesis that erosion renews the fer- 
tility of the soil by exposing the unleached substratum is highly 
dubious. As a general rule, the productivity of denuded soils is 
low and it is difficult to reforest them. 

Deluvial soils. The deposition of eroded material on the lower 
slopes, in valleys or in depressions gives rise to "over-wash" or 
Geluvial soils. Ordinarily these soils have a fine texture, a 
high content of humus, and a large supply of nutrients. In some 
instances, the profile of deluvial soils consists of several layers 
of humus buried at various depths under alternating mineral strata, 
The occurrence of the more exacting species and a high rate of 
otha of the forest stands usually marks the areas of deluvial 
solls,
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Figure 21 shows an approximate distribution of the broad 
. | 80ll-forest provinces in the United States. These provinces are 

Characterized by the prevalence of certain tendencies in the 
development of soil profile, and by the occurrence of the typical 

, | climax forest cover. In forestry, these broad land units, each 
with its own climate, soil, and vogetation, serve as an important 
Scological framework which facilitates the translocation or 
Naturalization" of exotic species, and the establishment of general 
Sllvicultural policies.
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, Figure 21. Major Groups of Soils and Forest Cover of the United States. i 

1, PODZOLS 8. UNDIFFERENTIATED SOILS OF THE WEST 

Spruce-Fir; Hemlock-Yellow Birch 
SEMI-DESERT SOILS 

2. PODZOLIC SOILS Chaparral: Pinon-Juniper 
White Pine; Maple-Basswood-Beech 

3. GROODS MELANIC SOILS 

OnleHickory: Prairie-Forest Dorighes Pirek eile Fine 

4. MELANIC SOILS PODZOLIC SOILS 
Chestnut-Oak-Tulip-Poplar Western White Pine 

Western Red Cedar-Hemlock 
5. LATERITIC SOILS 

So. Hardwoods; Oak-Shortleaf Pine; MOUNTAIN PODZOLS 
Lablolly-Longleaf-Slash Pines Spruce-Fir 

6. GLEY SOILS SOD SOILS 
; Lowland Hardwoods and Conifers CubRieinelRoret? 

7. ALLUVIAL SOILS 

Cypress-Tupelo-Red Gum 9. NON-FOREST SOILS



' 79. 

CUAPTUR VII 

NON-FORUS? SOILS | 

In many instances, non-forest soils are interspersed in 
forest regions. Attempts are sometines made to afforest these soils 
and it is essential for the forester to have a ceneral knowledge of 
their properties. 

Tundra soils. Low temperature and a short Growing season of 
arctic regions permits only the growth of lichens, mosses, and low | 
shrubs. ‘The remains of these plants accunmlate in depressions and 
on flat areas where the perpetually frozen subsoil creates swanp- 
like conditions. ‘The profile of such "wet tundra" or mnuskeg soils 
is similar to that of moss peat. 

The better drained portions develop “dry tundra" or heath 
soils characterized by a rather thin layer of dry, partly carbonized 
remains and a greyish-brown gravelly substratum. A faint differentia- 
tion of soil profile into greyish leached layer and a brownish 
accumulative layer may occur, as in podzol soils. 

At the limits of vegetation growth, tundra soils grade 
into the "deserts of minimum temperature" with their skeletal soils, 
i.e, rock detritus devoid of humus. 

Strong evaporating winds during the early spring when the 
soil is still frozen are said to be chiefly responsible for the 
destruction of trees established in the tundra region. 

Mountain meadow soils. These soils are formed under the crass 
vegetation of "alpine meadows" bordering podzols and sod soils of 
the mountains. They are shallow, stony and gravelly, with a peat- 
like or muck-like humus layer. In spite of severe climatic condi- 
tions, soils of mountain meadows have a high content of nitrogen 
and mineral nutrients, and are regarded by some students as the 
"chernozems of high altitudes." A short growing season is, probably, 
the main obstacle to the establishment of forest vegetation on these 
soils. 

With increase in elevation, mountain meadow soils grade 
into mountain tundra soils and skeletal barrens, essentially similar 
to those of The arctic refions. 

Chernozem or black earth soils develop in regions of continental 
climate with hot, dry sunmers and cold winters. In such regions, 
Insufficient moisture prevents forest growth and the vegetation 
Consists of prairie grasses. The remains of the grasses, particular- 
ly the roots, do not undergo coniplete decomposition, but accunulate 
in the upper part of the soil as humus. The clinate of chernozem 
region limits leaching to readily soluble bases. Sodium and potas- 
sium may be entirely removed by the percolating water, whereas 
Calcium and magnesium accumulate in the deeper soil layer, the so- 
Called "zone of carbonate accumulation." In most cases, bases are 
Continually returned to the surface layer of the soil by prairie 
vegetation.
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The morphology of the chernozem soils is illustrated by 
the following profile description: 

Ay Prairie mulch of partly decomposed grasses, about 
1 inch in thickness. 

‘ Ay, 20 inches: humic horizon of a black color, of crunby, 
persistent structure, with a rather dense network of 
the roots of grasses, and passages of earthworms and 
prairie animals. 

Ap 20 to 45 inches: transitional horizon of a dark brown 
color with black hunic tongues, of a coarse crumby, or 

: fine nut structure; more compact in the lower portion. 

B 45 to 60 inches: illuvial horizon of a yellowish grey 
color with pseudomycelium and concretions of accurmlat- 
ed CaC0Os, practically structureless and porous, enriched 
in the Tower part in CaS0q. Gypeem) 

. C Yellowish-buff loess. : 

The Ag horizon in many cases is not recognizable. 

The content of humus, in some black earth soils, may be 
_— as high as 20 per cent, and the depth of humic layer as much as 5 

feet. The content of humus decreases toward both humid and arid 
regions and the soils are classified accordingly into "deep" or 
"pich" and "shallow" or "thin" chernozens. 

Black earths are among the most: fertile agricultural soils 
of the world; they possess ideal physical properties, nearly neutral 
reaction, multitude of organisms, and high content of nutrients. 
These features, however, are of little value to the growth of trees; 
because of unfavorable climate, forest plantations usually degener- 

-} ate on black earths before attaining an age of forty years. <A com- 
paratively fair success in tree planting is achieved on the "poorest" 
or "degraded" black earth soils located near the podzolic boundary. 

| Prairie soils formed on calcareous rocks in podzolic regions are 
closely related to chernozems in both morphological and ecological 
respects. However, prairie soils lack the stability of true black- 
earth in regard to their content of bases and reaction. An absence 
of specific forest organisms, particularly mycorrhizae, is believed 
to be one of the chief adverse conditions handicapping afforestation 
of prairie soils. 

9 With increase in aridity, chernozems are replaced by 
Chestnut and brown soils, supporting "dry prairie" vegetation. 
High Concentration of salts, strongly alkaline reaction, and toxicity 
of accumulated sodium fon, aside from deficient precipitation, are 

i likely to cause great difficulties in the establishment of forest 
trees on these soils. 

Savanna soils develop under prairie vegetation in the lateritic 
region of alternate dry and wet periods. ‘he genesis and ecological 
Properties of these soils are closely related to those of the black 
Sarth soils. However, the warm temperature throughout the year 
Promotes a rapid and nearly complete decomposition of organic matter,
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Consequently, the savanna soils contain only moderate amounts of 
humus and preserve the typical red color of lateritic soils. In 
many instances, savanna soils develop on areas previously covered 
with tropical or sub-tropical forests. 

Alkali soils are formed in the arid or semi-arid climates under 
condition of temporarily excessive saturation, and are found 
sporadically in the region of chernozems and desert soils. They 
include three morphological varieties: solonchak, solonetz, and 
solodi. 

Solonchaks are confined to depressions with impeded 
drainage in which surface streams and subterranean seepage accumu- 
late great quantities of soluble salts. During drought periods the 
carbonates, sulfates, and chlorides of calcium, magnesium, and 
sodium move upward with the evaporating water and accumulate in the 
surface soil layer. Sodium salts are the most abundant and are 
chiefly responsible for the alkaline reaction and toxicity of the 
solonchaks. 

The vegetation of solonchaks is limited to a few — 
haolphytic species, 

Solonetz soils are characterized by a fairly deep ground 
water level, a peculiar columnar structure, and a considerably lower 
concentration of salts in comparison with solonchaks. The lower 
concentration of salts is chiefly due to the fact that capillary 
water does not reach the soil surface. In some instances solonetz 
soils are derived from solonchaks which undergo de~alkalization be- 
cause of the dispersing action of the sodium ion and the partial 
destruction of the base exchange compound, 

The solonetzs support predominantly halophytic grasses, 
it scattered struggling oaks may be found occasionally on these 
soils. 

Solodi soils are degraded or leached solonetz soils. The 
upper layer of these soils 1s impoverished in humus and sesqui- 
oxides but enriched in amorphous silica. Their profile, therefore, 

4 is similar to that of podzolic soils. However, the process of 
solodization is effected chiefly by hydroxyl ions, whereas the 
process of podzolization is due to hydrogen tons. The solodi soils 
are the least toxic of the group of alkali soils, and, in some cases, 
they support fairly productive stands of oaks and other forest trees. 
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Non-¥orest Sotls: 1. Skeletal scil; 2. Heath 
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8911; 9. Grey soil; 10, Solonchak soil; 11. Solonetz soil; 
12. Soloti soil.



PART III - 

SOIL AS A MEDIUM FOR TRED GROWTH 

(Physical, Chemical, and Biological Properties of Forest Soils) 

CHAPTER VIII 

NATURE OF FOREST COVER AND RELATION OF FOREST TO LNVIRONMENT 

"As far as possible men are 
to be taught to become wise not 
only by books, but by the heavens, 
the earth, oaks, and beeches; 
they must learn to examine and 
to know things themselves, and 
not the observations and testi- 
mony of others about the things." 

"Great Didactics" 
by Comenius, 16352 

It 1s generally agreed that the full understanding of 
the growth and reproduction processes of forests is not possible 
without a knowledge of soils. Equally true, a comprehensive con- 
ception of forest soil suitability or productivity cannot be 
acquired without an understanding of the biological nature of 
forest cover, its sociolocical structure, and the complex relation- 
ships that exist between the trees and their environment. This 
chapter summarizes briefly the fundamentals of modern silviculture, 
ecology, and dynamic pedology essential for obtaining a broader 
viewpoint and a more correct interpretation of the effect of various 
properties of forest soils. 

Modern Conceptions of the Forest 

In recent literature, the forest is often defined as a 
"plant association", "plant community", "geographic complex", or 
"biocenotic unit", While some of these terms are rather scholas- 
tic, they have considerable theoretical interest, as well as 
practical importance. 

The forest is a tract of land covered with trees which 
grow close together, or, as one American has expressed it, "the 
forest is an over~production of trees on a certain area." This 
"over-production" of trees is an important factor of forest growth; 
the factor of sociability (Morozov). ‘Trees growing far apart and 
trees growing close together vary in their height and diameter 
growth, size of crowns, form of stem, and quality of wood produced. 
Trees in the open live their normal age, whereas most of the trees 
in a dense forest are eventually killed by their neighbors. The 
natural reproduction of isolated trees is exposed to adverse 
Climatic influences, while the reproduction in a closed stand 
develops under the protection of a canopy. In these ways, the 
density of the stand brings about a certain morphological structure 

of the forest, social differentiation or struggle for life among 
Species and specimens (Darwin), as well as their mutual cooperation 
2 growth (Mathew). Hence, the forest is called a community of 
rees,
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In a young forest there may be as many as 50,000 seed- 
‘ lings per acre, while in a forest stand one hundred years old there 

may be only 200 or 300 trees per acre. ‘Through this enormous rate 
of mortality, nature eliminates weak individuals incapable of com- 
peting with their more vigorous associates, If seedlings in arti- 
ficial reforestation are planted in too wide a spacing a true forest 
is not created, but rather an orchard of short, brushy trees, worth- 
less as timber. There is no struggle for life in such plantations, 
and unfit specimens have a chance to grow and reproduce, Thus, 
tree planting, disregarding the social aspects, tends to bring 
about a general degradation of the present stand, as well as de- 
generation of the future forest which may originate from the infer- 
jor seed trees. 

The trees are the most outstanding, but not the only con- 
stituents of the forest. Hach forest stand is associated with 
shrubs, woody and herbaceous plants, mosses, lichens, fungi, 
bacteria, protozoa, worms, insects, birds, and animals. The occur-~ 
rence of all these organisms is not accidental since their exis- 
tence depends upon the food furnished by their associates. For 
this reason, the forest is referred to as an association of mutual- 
ly related plants and animals, called "Biocenose", "Lebensgemein- 
schaft" or "life unit" (Muller). The competition or antagonism, 
commensalism, symbiosis, sap.rophytism, and parasitism are the 
basic forms of interrelationship (Braun-Blanquet) that keep all of 
the associated members in a state of a "biological equilibrium". 

In spite of great cyclic deviations in the composition 
of the biocenose, the disturbance of biological equilibrium by 

i man's activity may cause grave consequences. In localities where 
wolves, foxes, and other predators are exterminated, the number of 
rabbits or other rodents may increase to such an extent as to 
arrest the natural, as well as the artificial regeneration of the 
forest. The destruction of shrubs and ground vegetation by graz- 
ing may induce an emigration of birds from the area and thus reduce 
the chances for forest reproduction and distribution, Furthernore, 
the absence of birds may permit the local multiplication of 
destructive insects, like the Gypsy moth and Nun moth, and the 
subsequent devastation of extensive forest tracts. 

The distribution of both plants and animals is limited 
j by the conditions of environment. Certain specie s of plants and 

“| mimals thrive and propogate in one physiographic medium, or 
struggle, degenerate, and die off in another. In this manner, the 
influence of environmental factors brings together the species 
adapted to more or less similar conditions of climate and soil. 
The resulting combinations of life-communities and physiographic 
Conditions are called "life zones" (Merriam) or "geographic com- 
plexes", The forest stands of a uniform composition, and uniform 

Th habitat or environment, are examples of such geographic complexes, 

Trees planted in an unsuitable environment usually perish 
during the first few growing seasons. If such trees accidentally 
survive, they do not produce viable seed and are doomed to gradual 
®xtinction. Interference with their normal metabolism is likely 
to occur because of the absence of some associates of the soil- 
forest Complex, viz. mycorrhizae or other useful organisms. The 
absence of hyperparasites, combined with unfavorable environmental 
Conditions, may convert the struggling plantations into dangerous 
breeding centers for pathogenic fungi and harmful insects, ;
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: The wholesale post-war destruction of Norway spruce 
plantations in Central Europe serves to illustrate the fate of 
reforestation violating the environmental requirements of tree 

H species (Nechleba). 

: Biological Properties of Trees as Related 

to Environmental Conditions 

Through evolutionary processes, trees acquire certain 
internal characteristics impressed upon them by the environmental 
factors, viz. light, temperature, and moisture. Knowledge of those 
characteristics of different tree species, particularly tolerance 
to shade, temperature requirements, resistance to frost and drought, 
and ability to withstand an excess of water, forms an important 
prerequisite to the study of soil-forest relationships. 

i Light requirements. From the time of seed germination, trees 
continually struggle with their neighbors for light. If a tree is 
suppressed by its neighbors and does not obtain sufficient light, 
it either dies or barely exists, producing but little wood. In 

: northern forests may be found suppressed spruce trees one hundred 
years old and only one-half inch in diameter and three feet high. 

us The minimum amount of light required for survival of 
trees varies with different species. Some trees are satisfied 
with a very small amount of light, and their seedlings may survive 
under the dense canopy of a matured stand. Such trees are the 
tolerant species. Other trees require a considerable amount of 
Tight, and their seedlings can develop only under a sparse canopy 
or in open areas. These trees are the intolerant, or light demand-. 

: ing species. : 

se In the constant struggle of trees for existence, the more 
. tolerant species have a better chance to win the battle and to 

displace intolerant species. Thus, the degree of tolerance to a 
great extent determines the ultimate composition of natural forest 
Stands, and is of great importance in silvicultural cuttings and 

. reforestation. 

Intolerant trees are faster growing during their youthful 
stage than the tolerant species. On the whole, however, the toler- 
ant species produce considerably higher yields of timber. The 
intolerant species are, in general, frost and heat resistant, and 
may be planted in the open; tolerant species are subject to damage 
by frost and sunscald, and can be planted only under a protective 
Canopy. 

Below are listed some of the more important tree species, 
according to their degree of tolerance, 

Tolerant or 
: Very Tolerant Intermediate Intolerant 

% Yew Douglas fir Ponderosa pine 
i Hemlock Silver fir Red pine 

White fir Noble fir Austrian pine 
— Balsam fir Big tree Scotch pine 

| 8ngelmann spruce No. white pine Jack pine 
Sitka spruce We. white pine Lodgepole pine s
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Tolerant or 

Very Tolerant Intermediate Intolerant 

Norway spruce Loblolly pine Longleaf pine 
White spruce Pitch pine Shortleaf pine 
Red spruce Yellow birch Larch 
We. red cedar Chestnut Tamarack 
No. white cedar Walnuts Alder 
Red wood Hickories Aspen 
Beech White ash Paper birch 
Hard maple Tulip poplar Cottonwood 
American elm White oak Black locust 

i Basswood Red oak Willows 

: The light conditions are peculiarly related to the nu- 
ae trient requirements of trees. The greater the amount of light, 

f the less of mineral nutrients are required to produce the same 
yield of timber, other conditions being the same. Vice versa, the 
greater the amount of available nutrients, the more overshading the 
species can stand. Species which grow on sandy soils with a low 

: content of available nutrients are hich light-demanding species, 
a such as scrub oaks, jack pine, Scotch pine, paper birch, aspen, 

a and willows. On the other hand, tolerant species such as spruce, 
fir, hard maple, and basswood require a fair amount of either 

' organic or mineral plant food. 

Temperature requirements. Temperature determines the "growing 
’ seatent of trees, 1.6. @ period during which wood is produced. 

, A certain amount of heat throughout the growing season is necessary 
24 for the development of viable seeds, and, hence, for the existence 
ay of tree species. Extremes of heat and cold may kill the trees by 
an coagulating the protoplasm or precipitating the proteins. 

The temperature requirements of trees vary considerably 
within the same species, and only broad groups may be recognized, 
as follows: 

Megathermic trees requiring a warm climate and long growing 
season; Palms, laurels, magnolia, southern oaks, tupelo gum, red 
wood, bald cypress, slash pine, longleaf pine, and other southern 
pines, 

Mesothermic trees growing in a temperate climate: Chestnut, 
oaks, hickories, walnuts, tulip poplar, beech, maples, basswood, 

ash, elm, white pine, red pine, western vellow pine, hemlocks, 
; Douglas fir, and some fir species. 

f Microthermic trees tolerating cold climate and short growing 
season: Aspen, birch, alder, willow, mountain ash, jack pine, 

| Scotch pine, lodgepole pine, spruce species, larch, alpine fir, 
and mountain pines, 

In general, megathermic or thermophilic species develop 
in regions characterized by a high activity of soil organisms, and 
rapid decomposition or "mineralization" of organic remains. Ificro- 

; thermic species develop in regions characterized by a low activity 
of soil organisms, accumulation of raw humus, and leaching of salts 
from the upper soil layers. Consequently, the thermophilic trees 
feed primart ly on mineral salts in solution, whereas the micro- 
thermic trees have an ability to derive their nutrients from organic
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colloids of raw humus, and are sometimes called "raw humus 
species. 

Moisture requirements - All the life processes of trees go on 
, in water solution, and as soon as the water supply is exhausted, 
4 the trees wither and die. lore than any other factor, water af- 

fects the distribution, and growth of forest vegetation. Accord- 
ing to their water requirements, trees are divided into the follow- 
ing groups: 

heropnyy te or drought-resistant trees survive with small amounts 
’ of available water. feoteet examples of this group are jack pine, 

Scotch pine, longleaf pine, red cedar, scrub oaks, black locust, 
and Russian olive. 

Mesophyt te trees require a fair amount of moisture. This group 
embraces @ great majority of tolerant hardwoods and conifers. 

epapaytis or moisture-loving trees are, as a rule, very 
sensitive to drought and can tolerate a high content of moisture. 
Typical trees of this group are: black ash, some willows, river 
birch, alder, tupelo gum, most of the spruces, tamarack, bald 
cypress, and other swamp conifers and hardwoods. 

Drought-resistant species are confined either to dry 
regions or to sandy soils, whereas moisture-loving species are 
confined to humid regions or to heavy and moist soils. 

Relation of Forest Vegetation to Soil 

Soil-forest relationship in folk terminology. The relationship 
between soils and forest vegetation has Long Ren known to the 
rural people. The early settlers of the Lake States region, for 

“| example, considered "white pine soils" as fair pasture, "Norway 
pine soils" as mediocre fields, and "jack pine soils" as soils un- 
suited for agricultural use (Mayr). At present, the expression 
"hardwood soil" commonly refers to a good agricultural soil, where- 
as the expression "hemlock soil" refers to a soil of rather un- 
satisfactory productivity. "Balsam flats" in the farmer's mind 

5) are associated with heavy, moist, and cool soils, suitable for 
grazing rather than for cultivation. 

"In the Southern States," writes Hilgard, "the classifi- 
cation of uplands into 'pine lands' and ‘oak lands! is universal, 
and is associated with certain limits of valuation, both by 
assessors and purchasers. Within each of these two classes, how- 
ever, there are well-defined gradations of cultural value accord- 

‘| Ing to the kind (species) e.g. of pine or oak that occupies the 
ground, either alone, or in mixture with other trees whose presence 
or absence is considered significant. In the case of 'bottoms! or 
alluvial lands, corresponding distinctions and classifications 
obtain; we hear of hickory, beech, gum, and cherry bottoms, hack- 

‘ berry hummocks, etc., each name being associated with certain cul- 
i tural values or peculiarities well understood by the farming 

population." 

Numerous commonly used terms such as "cedar swamp", 
"leatherleaf bog", "muskeg", "quagmire", "pocosins", "flat woods", 

% "pine barrens", and "chaparral", express the characteristic
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features of both soil and its associated vegetation and thus con- 
firm the fact of correlation that exists between soil and floristic 
cover. In the initial stage of ecological research, the folk 

i terminology served as a valuable guide to soil scientists and 
foresters and helped to establish a number of important relation- 
ships between soil and vegetation. With the accumulation of 
Inowledge, however, the students of forest soils came to realize that not all of the relationships between the soil and tree growth are necessarily "obvious", but may be "concealed." 

Obvious relationships. An obvious relationship may be illustrat- 
ed by the following examples: Jack or Scotch pine on sandy soil; 
hard maple or basswood on heavy soil; alder on muck or wet soil. 
Relationships of this kind are evident even to a non-technical man who has had some contact with the forest, and can be easily ex- 
plained by assuming that Jack and Scotch pines require the perfect 
aeration of sandy soil, maple and basswood the abundant mineral 
nutrients of heavy soil, and alder the abundant moisture of a 
swamp soil. 

Concealed relationships. Numerous species of trees occur on 
soils .which vary greatly in their texture, drainage, and fertility. 
For instance, white pine or aspen occur on sandy as well as on 
heavy soils, on well drained as well as on poorly drained soils, 
on soils high in nutrients as well as on soils poor in nutrients. 
A careful investigation shows, however, that white pine avoids the 
poorest sandy soils, such as wind-blown sands, the soils of recently 
burned areas with a low content of humus, soils of extreme reactions, 
and bogs with stagnant water. If the study is not limited to the 
distribution of trees alone, but considers also the rate of growth, 
and intensity of natural reproduction, it will be found that the 
optimum growth of white pine 1s confined to the well aerated heavier 
soils with a fair content of moisture and available nutrients. 
Moreover, white pine, or any other species, exhibits on different 
soils great dissimilarities in the form of its stem, crown and root system. Hilgard describes as many as four distinct morphological 
varieties of post and bla ck oaks adapted to upland loams, sandy 
ridges, flatwoods, and black calcareous soils of the South, 

Ecological amplitude. The occurrence of any tree species is 
determined first of all by the so-called "ecological amplitude" of the species. Ecological amplitude refers to the range of environ~ ; mental conditions in which a certain species can exist. The alder 
is limited in its distribution to soils with a high content of 
moisture, and hence has a narrow ecological amplitude. White pine 

f: or aspen survive under a wide range of conditions, and have a wide ®cological amplitude, 

“ Competition of species. Aside from the ability of trees to 
: survive under different conditions of environment, their distribu- 

tion depends upon their ability to compete with other vegetation of 
about the same ecological amplitude. In this respect the weight of 
Seeds, ability to produce sprouts, and the light requirements of 
trees are the important properties which determine the relative 

: success of each competing species. Aspen, for example, can grow 
| Sdually as well as hard maple on a well drained silt loam soil. 
Yet, &spen is a light demanding tree, whereas hard maple is a 
tolerant tree. ‘The young reproduction of maple can develop under 
the Crowns of aspen, but the aspen cannot grow in the shade of the
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hard maple canopy. Hence, hard maple will eventually crowd out the 
aspen, and will form a pure maple stand. ‘The same relationships 
are observed in the cases of light demanding Jack pine and tolerant 

white pine; light demanding paper birch or pin cherry and tolerant 
yellow birch and hemlock; light demanding @uropean birch and 

tolerant Norway spruce. 

Mass action of the forest. The occurrence of a tree species on 
a specific type of soil depends to some extent on the composition 

of the forest of the entire region as well as on the size of the 
area occupied by a soil type. For example, a few acres of heavy 
soil in a region of sandy soils would hardly support hard maple or 
hemlock, but more likely stands of pine, since most of the region 
is occupied by the pine species. 

Accidental disturbances. Sometimes certain species may ten- 
porarily occupy an area after the original forest stand has been 
destroyed through accident. Numerous tamarack swamps in the Lake 
States at present support white cedar and spruce, the tamarack hav- 
ing been destroyed 50 years ago by saw-fly. 

Modifying influence of climatic factors. ne conditions of 
climate radically change the suitability and productivity of soils 
having the same textural and mineralogical composition. A sandy 
soil of granitic outwash may be a satisfactory site for spruce in 
the cool and moist climate of Alaska, but is unsuitable to the same 
species in the continental conditions of Central Wisconsin. 
Austrian pine in Bohemia has a comparatively short growing season 
and shows signs of starvation on soils low in nutrients. However, 
the same species grows satisfactorily on barren sites in the 
hediterranean region, where its seasonal grow th is considerably 
longer. 

These examples are sufficient to illustrate the fact that 
climate and soil are two inseparable growth factors. In consequence 
of this, all classifications of the various soil properties are 
valid from an ecological standpoint only within a specific climatic 
region. 

The maxim of Pfeil "no general rules in forestry" was not 
intended by its author to introduce into forest management the 
spirit of anarchistic disorder, but to protest against unjustified 
generalizations of local experiences--generalizations which dis- 
regarded the modifying influence of environmental factors and con- 
taminated silvicultural theory with an untold number of contro- 
versies. 

Forest Succession 

Pioneer species. Logging and forest fire may temporarily change 
the natural rate thunicn of tree species. The forest cover of cute 
over or burned-over areas only in rare cases consists of the same 

Species that previously grew on the area. As a rule, logzing or 
fire is followed by the development of temporary stands of so-called 
pioneer species. The pioneer species are usually light demanding; 

they have low nutrient requirements and can withstand frost and 
sunscald, common on cuteover land, Typical pioneer species are: 
scrub oaks, aspen, paper birch, grey birch, pin cherry, jack pine, 
Scotch pine and many other pines. Under favorable clinatic condi-~
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{ tions, however, some tolerant or semi-tolerant species, such as 
white fir, Douglas fir, and spruce, may act as pioneers. 

Local succession. ‘shen the reproduction of pioneer species 
reaches the age of 20-30 years, tolerant species, such as white 
pine, spruce, hemlock, hard maple, and yellow birch, begin to 
develop under the protection of pioneer crowns. The tolerant 
species gradually suppress the pioneers, which die off as soon as 
they are over-shaded by the tolerant trees, and the temporary or 
pioneer stand is replaced by the permanent forest stand. This 
process is called a local succession of the forest. 

General succession. Besides the local succession, the forest 
shows & general succession, or a general movement toward a few 
climax formations. The climax formations include a few tolerant 
species, which are best adapted to the climate and soil of the 

: region. For example, in the northern part of the Lake States 
region the climax formation is a mixture of hard maple, beech, 
basswood, yellow binch, and hemlock, 

Succession and soil development. ‘The general movement of forest 
toward the climax is closely related to the gradual changes which 
take place in the soil profile. Soils are subject to progressive 
weathering, and in a long run tend to increase their colloidal 
content and water-holding capacity. Hand in hand, the xerophytic 
species of light soils are gradually substituted by the mesophytic 
species of heavier or moister soils. The accumulation of humus, 
and podzolization of the soil have a similar effect on the distri- 
bution of species since both of these processes have a tendency to 
increase the water holding capacity of soil. 

Importance of succession in reforestation. The succession of 
tree species, particularly the local succession, has considerable 
significance in reforestation practice. Some light sandy soils of 

io this country supported a number of virgin white pine stands of 
3 fairly good growth. This fact led to the inference that light 
y soils were suitable for planting w hite pine. However, white pine 

plantations on such soils have either perished, or show very poor 
growth, This happened because the reforestation practice has dis- 

: regarded the principles of natural succession of trees, \ihite pine 
of the virgin forest has invaded the light sandy soils at a time 
when the soil was covered by a thick layer of duff, and was pro- 
tected by a canopy of the pioneer crowns: i.e., in an environment 
greatly different from that of a cut-over area. In recent times 
it has been proven on numerous occasions that the survival of white 
pine is greatly increased if the forest succession is imitated by 

brevious planting of pioneer species. luropean practice has gone 
80 far in this direction as to plant white birch as a nurse crop 
to protect the subsequently underplanted spruce from direct 
exposure, while mugho pine is planted along with the spruce to 
provide a layer of pine litter. 

Productivity of Forest Soil 

i Productivity and soil dynamics. The recent teachings of pedolo- 
gists present soil as a “continually changing medium which is a 
function of the geological substratum, environmental influences, 
and activity of organisms" (Stebutt)., In the light of this defini- 
tion, the soil and forest stand are not two independent bodies, but
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i are integrated parts of the same "dynamic system". Therefore, the 
composition and productivity of a forest soil is affected by all 
the modifications of environment which may result from man's 
activity, viz. logging or thinning of stands, planting of trees, 
burning of slash, removal of litter, pasturing, and so forth. The 
studies of forest soils have actually shown that even minor silvi- 
cultural treatments bring almost immediately marked changes in the 

; composition of the seil. 

Growth factors. The rate of wood production results from the 
; influence of two broad, not sharply delineated groups of growth 

: factors: primary or physiographic factors, and secondary or bio- 
genic factors. 

Primary factors originate from conditions common to ; barren or cut-over land, i.e. general Climate, topography, drainage, 
soil texture, and mineralogical composition of soil. Secondary 
factors of growth include inherent properties of the forest stand 

’ and influences of the environment which it creates, especially 
influences of the specific climate wnder the forest canopy, forest litter, and products of its decomposition, and associated flora 
and fauna, 

The physiographic factors have a rather constant value 
and represent a certain potential ability of land to produce 
timber, or the potential procuctivity of the forest soil. The 
potential productivity is estimate y means of soil survey or 
soil analysis and is used in conjunction with yield tables as a basis for land appraisals and calculation of the financial possi- bilities of reforestation. 

The yield of wood actually produced by a stand at a certain age is a concrete expression of all, measurable and non- measurable factors of forest growth, and represents the actual 
productivity of a forest soil. In practice, the actual produc- 

vity is determined by measuring the age, heights, and diameters 
of trees on sample areas, and by estimating, with the help of ¢ Volume tables, the amount of lumber, pulpwood or firewood in 
board feet or cerds produced per unit area. The actual produc- tivity is of prime importance in evaluation of forest property, 
taxation, and calculation of the annual cut in forests managed 
on a sustained yield basis. 

It may be readily seen that forest stands on soils of 
the same potential productivity may show considerable variations in their rate of growth. These variations may result from inherit- 
ed weaknesses of the stand or may be due to incidental injuries by ; frost, sunscald, drought, and excessive rains. Improper planting, 
planting unreliable stock, removing litter, pasturing the forest 
Stand, and other man-caused disturbances may also be responsible 
for poor growth on soils having a high potential productivity. 

Correlation of soils and rate of growth. Since the productivity 
of forest land fs influenced by a gréat number of incidental fac- 
tors, no direct correlation between the soil and forest need be 
expected in any individual case. At the same time, a study of a 
Considerable number of forest stands, growing under similar soil Conditions, reveals the dominating influence of soil upon the rate 
of forest growth. In such studies the accumulated data for each
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soil type are subjected to statistical treatment. Such treatment 

eliminates all incidental yields, falling outside the limits of the 
| standard deviation, and establishes the average rate of growth 

“| which may be generally expected on the soil type in question. 
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Figure 23. Forest Succession. N.W.: Pioneer stand of intolerant jack pine invading a sandy outwash af- 

ted pine had been largely destroyed by fire; S. W.: Second-growth white spruce on a clay soil of old glacial 
ft; rather rare example of a tolerant species acting as a pioneer; N.E.: Climax stand of northern hardwoods 
h some hemlock and balsam fir on a leached loam; S.E.: Climax stand of hard maple and basswood on a 
mus-incorporated silt loam.



7 CHAPTER IX von | 

| 

PHYSICAL PROPERTIUS OF FORUST SOILS 

Soil Texture | 

Soil material may be divided into two fractions: coarse 

material, which includes particles larger than 0.05 mn. in diameter, 

viz., stones, gravel, and sand, and fine soil material, which include 

particles smaller than 0.05 mm. in diameter, viz., silt, clay, and 

colloids. ‘The separation of these two fractions is made by shaking 

goil with water and allowing the suspension to settle. After one 

minute, the coarse soil material has settlec, whereas the fine soil 

material stays in suspension. The relative amounts of the coarse and 

fine soil materials determine soil texture. 
} 

The coarse soil material represents the "skeleton" of the 

soil; its function is largely limited to the physical support of 

plants, and it is practically inactive in plant nutrition. On the 

other hand, the fine soil material is the active portion of the soil, 

which through its absorptive and nutritive properties fulfills mani- 

fold ecological functions. It is the carrier of life in the soil, 

or as Stebutt says, it is the "soil protoplasn".# 

The Influonce of Soil Texture upon the Natural Forest Growth 

The ability of soil to retain water depends upon the amount 

of the fine soil material present. The higher the amount, the great- 

er is the soil moisture content, other conditions being the same. 

Since the soil pores are filled with either water or air, an increase 

in the fine soil material, a nd consequently in soil moisture, leads 

to a decrease in soil aeration. Finally, the fine particles are the 

chief source of easily soluble substances, which serve the trees as 

nutrients. 

Thus, soil texture materially influences the three basic 

factors in forest grow th: soil moisture, soil aeration, and soil 

nutrients. Because various tree species have different requirements 

for these three factors, their distribution and rate of growth are 

often closely correlated with the soil texture (Kruedener). In 

general, soils with a low content of the fine soil material, i.e., 

sandy soils, support only trees which have low requirements for mois- 

ture and nutrients, viz., pines, scrub oaks, white birch, aspen, etc. 

On the contrary, soils with a high content of fine particles, 1i.e., 

loam soils, support trees which have high requirements for noisture 

and nutrients, viz., species of spruce ana fir, hard maple, basswood, 

elm, white ash, etc. 

, In the virgin forest there may be found many instances 

where the correlation of soil texture and forest grow th is masked 

. by the influence of other factors, especially by the ability of foresi 

inh stands to modify the environment. Through a succession of ploneer and 

é basic species, forest stands adjust the soil.to the requirements of 

if tree species which compose them. For example, cut-over sandy soils 

ree es Nt st eee sas 

‘Perhaps the colloidal fraction (particles less than 0.0001 mm. in } 

diameter) is alone responsible for the activity of the fine soil 

’ material, since the absorptive ability of colloidal particles is 

incomparably greater than that of the silt and coarser clay. However 

the colloids tend to adhere to the silt and clay particles, and can- 

; not be completely separated in the ordinary analyses of soil.
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wf Wiseonsin are suitable only for jack pine, or at best, for red pine. } 

youewer, a8 S8O9n as these pioneer species becone established, they 

poderate the extremes of climate, particularly high temperature, with 

the canopy of their crowns, and accumulate litter and humus whitch in- 

sponse the water holding capacity and supply of plant nutrients of the 

gil. Thus, they create conditions suitable for the establish~ent of 

wiite pine» which may gradually replace the pioneer species. Similarly, 

the modifying influences of other pioneer forest stands diminish the 

ggntficance of soil texture and allow other species to succeed on 

pilg With a relatively low content of the fine soil material. 

Significance of Soil Texture in Forest Planting 

In artificial reforestation, the soil of a cut-over or bured- 

wer area has no protection from wind and sun rays. Such soils lack, 

aga rule, the protective layer of forest litter. Their readily avail- 

spie nutrients are leached away by rains which fall on the exposed bar- 

rn surface. Under these conditions, the fine soil material becomes 

the decisive factor in the successful establishment of planted seedlings 

4g observations show, in reforesting well drained Wisconsin soils, the 

mst important species require for a fair growth the following minimum 

gnount of the fine soil material: jack pine - 5 per cent; Norway or red 

pine - 10 per cent; Scotch pine - 10 per cent; white pine - 15 per sent; | 

red oak - 25 per cent; white svruce, Norway spruce, and most ot the 

wrdwoeds - 55 per cent. 

On the basis of these data, as well as on the basis of the 

study of natural distribution of species, the following simple classi- 

fleation has been adopted for use in the local reforestation practice. 

. Relation of Soil Texture to Tree Planting 

Percentage of 
fine materi al Soil Class Reforestation possibilities 

Less than 5 Coarse sand No profitable reforestation except in 

cases of wind erosion control. Russian 

olive, black looust, drought resistant 

varteties of cotton wood. 

5-10 Mediur sand High light demanding pioneer species, 

chiefly jack pine, black locust, and 

cottonwood, 

10-15 Fine sand High and medium light demanding pines, 

chiefly Norway pine, Scotch pine, ma 

jack pine. 

15-25 Sandy loam All pines including tolerant species 

such as white pine. 

25-55 Light loam Hardwood ana conifers with medium re- 

quirements for moisture and nutrients, 

such as red oak, yellow biroh, white 

pine, and Buropean larch. 

85 or more Heavy loam Conifers and hardwoods with high re~ 

quirements for moisture and nutrients, 

such as white ma Norway spruce, 

Buropean fir, white ash, @lms, basswood 

beech, aks, walnuts, and hickorties.
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It should be understood that the planting vossibilities depend | 

not only on soil texture, but also on a number of other factors, such | 

gg exposure, ground water level, chemical composition of soil, parti- 

ularly soil reaction, etc. The choice of species and their adaptation 

to different soil types also varies preatly with different climatic | 

condi tions « Therefore, the knowledge of planting possibilities in 

other regions is a matter of local experience, derived from observa~ 

tions of both the natural distribution of trees and the conditions 

in artificial plantations. 

In textural analyses it should be remembered that forest 

ils are not always uniform in their composition, and hence, the whole 

oil profile to the depth of about 4 feet should be carefully examined 

gs to the distribution of the fine soil particles. first of all, the 

grount of fine soil material must be determined in the upper soil layer 

nf 0 to 8 inches, This surface layer serves aS a growing medium during 

the most important early period of seedling growth, and is especially 

irportant in nursery soils as the chief carrier of fertilizers. If 

, the soll prades with depth into lighter material, it will not have any 

detrimental influence upon the growth of seedlings in the nursery, but 

it is wise in such a case to be rather conservative as to the selection 

of species for planting. For instance, if a sandy loam layer 1s only 

ainches deep and grades into sandy subsoil, it is better to plant on 

wch a soil, red pine instead of white pine. Similarly, silt loam soil 

shout 12 inohes in depth underlain by stratified sand and gravel should 

be reforested to white pine rather than to hardwoeds or spruce. If the 

wer soil layer grades into heavier material, it may be detrimental in 

uirsery soils because of excess of water in the spring. In planting, 

however, a heavier layer occurring at a depth of from 1 to 2 feet 

determines the water-holding capacity of the soil and supply of nu- 

trients, since the rogts of planted seedlings will reach this layer 

‘lina short time. Hence, the amount of the fine soil material in this 

leyer Will determine the selection of species for planting. 

If the heavier soil layer occurs at a depth of 2 to 4 feet, 

it will still have a pronounced influence upon the growth of seedlings. 

Of course, this influence will vary, depending on the depth of the 

heavier material, textural composition of the entire profile, and the 

age of the plantation. Therefore, in dealing with soils of this kind, 

no definite rule can be established, but in general, the presence of 

a deeper subsoil layer allows more freedom in the selection of species 

for planting. or instance, if a light loam soil is underlain at a 

depth of 3 feet by a heavy glacial till, spruce may well be planted 
instead of white pine. On the other hand, a pure sandy soil underlain 

st a depth of 4 feet by a layer of clay cannot be reforested with 

spruce, but at best with the better pine speoies, since it will take 

anumyer of years before the roots of the seedlings will be able to 

utilize the capillary water as well as nutrients of the heavy clay 

subsoil. The fact should not be overlooked that some subsoil layers 

may be detrimental to seedlings, either because of high concentration 

of selts (Podzol, Rendzinas), or because of very high content of col- 

loids which in the dry season cut off the capillary movement of ground 

Water ({nter-layers of weathered shale). 

Importense of Soil Textures in Cuttings and Thinnings 

A knowledge of soil texture is essential in all silvicultyral 

erations, especially in thinnings and seleotive cuttings, since it 

Breatly affects the intensity af cutting and the choice of species
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mich should be protected, For example, it would not be nrofitable to | 

ymorove bY cutting an oak stand on soil which has less than 2Q per cent 

Jip fine material because the oak on such soil will net produce a satis- | 

factory yield of timber. The only cutting which might be useful in 

» Pnis case would be for underplanting the area with pine species. for 

milar reasons, it would be advisable to pive preference in release 

quttings on Light sandy soils to pines rather than to white spruce or 

sther tolerant conifers. 

In cuttings for the underplanting, it is again necessary to 

ongider the soil texture. The heavier the soil, the greater is the | 

danger Of growth of competing ground vegetation, when sufficient light 

js available. Hence, a denser canopy of the thinned stand should be 

' [pintained in order to control the competition of weed species. For 

instance, an Oak stand on soil containing 10 per cent of fine soil 

material may be thinned as much as 80 per cent of the normal density 

for the purpose of underplanting with pines; but an oak stand on sotl 

raving 80 per cent of fine soil material should be thinned not more 

‘Tinen 40 per cent of the normal density in underplanting with spruce. 

The Importance of Soil Texture in Horest Nurseries 

The nursery soil must have a sufficient amount of nutrients, 

« that the seedlings do not suffer from under-nourishment. Also, the 

nrsery soil must have a fairly high water-holding capacity; otherwise, 

the seedlings suffer from extremes in moisture content, even in nur- 

series With artificial watering. To satisfy these requirements, the 

nursery $011 should have a rather high content of fine particles. At 

the same time, nursery soils with too high an amount of fine soil 

raterial are subject to heaving or freezing ont of seedlings, owing to 

their exoessive saturation in the veriods of fall and spring frosts. 

Also, the seedlings on heavy nursery soils suffer greatly through the 

breaking of the roots during the spring transplanting, since heavy 

soils often remain frozen at this time. In view of these facts, the 

rost desirable content of fine soil material of nursery soil ranges 

from 15 to 25 per cent. 

‘ The application of gommercial fertilizers in the form of 

‘ Pnineral salts 1s at present a common practice in maintaining the fer- 

’ Ttllity of nursery soils, particularly those of a sandy nature. Un- 

fortunately, in applying fertilizers, as a rule, too little attention 

{8 being paid to the fact that the introduced salts must be balanced 

in the soil by a certain amount of colloidal matertal. 

If fertilizers are applied to a soil having an insufficient 

‘Poontent of colloids, they may be soan washed out by rains or artifioial 

Watering. In times of drought, the moisture of soils, deficient in 

Colloidal material, rapidly decreases through evaporation. As a result 

of this, fertilizers are carried upward and accumulate at the soil sur- 

' Pfece, In this way, the concentration of fertilizer salts may increase 

from about 500 parts per million to several thousand parts per million 

in the surface inch. This high cancentration is responsible for the 

chemical injury or "burning" of the roots of the seedlings, for this 

reason, light nursery soils shpuld be enriched in colloidal material 

by the addition of clay, peat, or forest litter, or the fertilizer 

should be added as a compost.
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Structure of the S712 

Soil structure refers to the arrangerent of indivicual soil 

particles into aggregates. The forration of structural agearegates 

takes place because of the action of electrolytes, colloids, freezing, } 

drying, soil organisms, and roots of veretation. 

The structure of soil may greatly modify the influence of 

soil texture. This is especially true in the case of heavy clay 

soils. The structureless soils of this kind suffer, at least periodi- 

cally, from an excess of moisture and insufficient aeration. They | 

gipport, therefore, saprophytic conifers such as spruce and fir. The | 

roots of such trees feed almost exclusively on the surface raw humus 

layer, and thus avotd the adverse influence of poorly aerated mineral 

soil. On the other hand, structured soils of similar texture have 

adgouate conditions of drainage and aeration, and hence, support a 

wider range of hardwoods and conifers. In some cases, clay soils 

have Such a well-developed structure of the deeper layers that they 

' behave more as sandy soils than as clay soils. Soils of this nature 

support stands of jack, Norway, and other pines, which require a 

high degree of soil aeration. Lacustrine clays of the Superior series 

in Wisconsin may serve as an example of this condition. 

Kor these reasons it is important, in ell soil studies, 

to give particular attention attention to the structure ef the differ- 

ent soil layers. 

With regard to the structural features, forest soils may 
be classified into the following types: 

Single-grained -- an incoherent condition of the soil mass with 

.| no arrangement of the individual soil particles into apgregetes. ' 

Massive -- showing no evidence of any distinct arrangement of the 

soll particles. Puddled, found in sotls of heavy texture. 

Platy -- aggregates form plates or layers 1/16 inch or more 

in thickness, lying parallel to the soil surface. Usually of medium 

to hard consistence. Cormon in podzolic soils. 

i Crurby -- porous ageregates of irrerular shape, of a medium to 

soft consistence, 1/8 to 1 inch in diameter. ine crumby -- = inch, 

or less in diameter. Coarse crumby -- % inch, or more, in diameter, 

Common in humic soil] layers. 

Granular -- aggregates of rore or less subangular or rounded 

shape, or medium consistence, varying in size up to ¢ inch in 
diameter. Is characteristic of Brown forest soils. 

Nut-structure -- compact aggregates, more or less rounded in 

shape, of medium to hard consistence, usually from g to 1 inch in 
diameter. sine nut-structure -- most of aggregetes close to ¢ inch 

in diameter. Coarse nut-structure -- most of aggregates + inch, or | 

more, in diameter. Occurs in Grey forest soils. 

Columar - large aggregates in the form of more or less regular 

columns with vertical cleavage planes, and longer vertical then 

horizontal axes. 9ccurs in subsoil layers.
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Lumpy -- ageregates of irregular shape, of medium to hard con- | 

gistence, from 1 to © inches in diameter. Hine lumpy -- most of the | 

jumps are close to 1 inch. Coarse lumpy -- most of aggregates are 2 | 

inches OY more in dtlameter. Confined to heavy soils. 

Cloddy -- aggregates of irregular angular shape, 5 inches or 

more in diameter. 

Platy structure Nut structure 
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Types of structural aggregates of forest sotls
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Porosity, Aeration, and Water Content of Soils : 

The porosity sf a soil is determined by its texture, struc- 

ture, and compactness, The coarser soils usually have less pore | 

space than fine-textured soils because of their relatively smaller | 

surface area and closer contact of the particles. However, puddled | 

or cemented heavy soils, particularly sandy clays, may have a porosity 
lower than that of sandy soils. 

Porosity of forest soils varies from 30 up to 65 per cent, 

40 to 59 per cent being the most common. The pore space of soil is | 

occupied by water and air. If the water content is high, the sir | 

content 1s low, and vice versa, or | 

P-WtA or AzP-W 

Thus, the regulation of soil aeration is greatly dependent 

upon the regulation of soil moisture. Insufficient eeration inter- 

feres With respiration of roots and leads to accumulation of toxic 

substances Which are formed as by-products in the decomposition of 

organic remains. 

Tolerant conif‘ers may stand an air content as low as 7 per 

cnt for a considerable time without noticeable i11 effects. On the 

other hand, the upland hardwood species deteriorate when the air con- 

tent of the soil remains less than 10 per cent most of the time, 

Aeration of pine soils goes below the 50 per cent level only for 

short periods during the growing season. The aeration of nursery 

soils should not be allowed to drop below 15 per cent for any 

appreciable period of time. In general, the optimum air content of 

forest soils ranges from 20 to 30 per cent by volume. 

The requirements of different species for soil aeration 

establish the maximum allowable water content for soils of different 

prosity. If a soil has a porosity of 40 per cent and 15 per cent is 

the minimum allowable aeration, then the water content should not 

: exceed 25 per cent. 

The following diagram illustrates the relation of the three 

phases in soils of different texture. 
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Relative contents of solids (shaded), water (cross-hatched), and 
air (white) in different forest soils at a depth of 2 feet; 

(1) Outwash Jack pine sand; (2) Nut-structured morainic silt loam 

of oak-hickory tyne; (3) Podzoligzed lacustrine clay supporting 

} Yhite spruce and balsam fir. |
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_Water occurs in soils in three forms: gravitational, | 
capillary, and hygroscopic. 

Gravitational water, also called free water, responds 

readily to the pull of gravity. It passes through the soil and is 
largely responsible for removing soluble substances. It often ex- 
eludes the air and interferes with oxidation processes and respira- 

tion of the roots. Most of the free water is undesirable from the 

standpoint of plant nutrition. 

Capillary water is held by the soil 
colloids and in the narrow spaces 
between the soil particles by means 

+ of surface tension, The greatest 
ae portion of capillary water is 
Gee available to plants. 

Lapis; 2 
hee! : =) Under the influence of surface 

ba OF tension the cavillary water moves 
\ inderendent of gravity. Ordinarily, 
i this movement is in a vertical | 

q i) direction, due to evaporation from 

ee | the surface or absorption by the 

i root systems. The rate and dis- 

ditt = tance of capillary movement depends 

ls 1 -.Sn%g chiefly upon the texture and struc- 

ram ANT RT PTE ET ture of the soil. It is much slower 

hee) CoD 4 oft } NG in clays than in sandy soils, but 
ON NE my bey eg . ; the opposite is true in regard to 

ah. ea Lee ea the distance to which water may be 

2 She al ) ee 3 json drawn. Capillary flow may be pro- 

Oa hee Nn ior ah moted by loosening and granulating 

My NO Mi in hhh of clay soils and by compacting of 

| i AN SL Mesa sandy soils. 

Capillary movement may greatly 

Figure 26 benefit the growth of trees by sup- 

Capillary movement of water plying water from the deeper soil 

{n soil of forested and layers to the roots, but it also 

cut-over land may be responsible for loss of large 

quantities of water due to evapora- 

tion from an exposed soil surface. 

Hygroscopic water is that water which is adsorbed in the 

fom of a very thin film on the surface of the soil particles and 

may be driven off only by 8 high temperature. The surface area of 

soll is inversely proportional to the size of soil particles. There- 

fore, the fine-textured soils, which have a greater surface area, 

hold a larger amount of hygroscopic water than the coarse-textured 

soils, 

Since the hygroscopic water is not available to the trees, 

A condition of so-called "ohy si ological dryness may occur on highly 

colloidal clays. Under such conditions trees may suffer from drouth, 

even though a soil contains a comparatively htgh percentage of water. 

Phystological dryness accounts for the occurrence of pines and other 

Xerophytic species on some clay soils.
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The moisture content of soil (in per cent on an oven dry | 

pasis) at which plants permanently wilt is called "wilting coeffic- 
tent". The water content of soils corresponding to the wilting 

point 1s somewhat higher than the amount of hygroscopic moisture be- 

cause a fraction of the capillary water is also unavailable to plants. 

the work of Briggs and Schantz indicated that the permanent wilting 

point is about the same for all plants growing on the same soil. 

The relative amounts of different forms of water for sandy 

and clay soils, reported by Lyon and Buckman, are shown in table 17. | 

Table 17. Contents of Water in Different Form Characteristic 
of Sandy and Clay Soils 

Forms of water $ Sandy soil : Clay soil 

oes ie anne 7 percent. | : per cent 

Hygroscopic water- -- - - - -? 5.0 : 10.0 
wilting point- - - ----- #3 4.4 ; 14.7 
Maximum field capacity - - - -: L720 $ 40.0 
Unavailable water- - - - - - -: 4.4 3 14.7 
Available water- - - -- - - -3 12.6 : 25.3 
Free water - - ----- - = =-3 8.0 : 5.6 

Ground water. ‘The degree of soil drainage is determined 
chiefly by the depth of water-logged gley layer, called also "zone 
of saturation" or “ground water horizon". ‘The upper limits of the 
ground water zone is referred to as "ground water table". The zone 
between the ground water table and the margin of capillary effect 
is designated as "capillatum". The zone of ground water varies in 
thickness, and is underlain by an impervious layer which is termed 
by iiissotzky "dry substratum" or "dead horizon of dryness" (Fig. 27). 
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Figure 27. A schematic profile of a forest soil influenced by 

; ground water (After Wissotzky)
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Ground water table delineates the depth of well-aerated 

soil (Fig. 28), and is closely correlated with the total supply of 
available nutrients. Deficiency of air and presence of toxic reduc- 

ed compounds as a rule prohibit the 
development of roots beloy the grounc 
water table (Busgen and Munch). The 
roots of bald cypress, pitch pine, 
and several other species, however, 

o 4 are known to penetrate the water- 
i as \ ee logged horizons (Adamson, Hesselman, 

3 J) pete (eee { Mequilkin). 
5 ar] | 
2°] ape | \ Ground water level is a 
. \ | factor of far-reaching influence in 
& | i regard to the distribution and growt, 
co i P \ of forest vegetation. It determines 
3 a | three basic forms of forest cover: 
§ eal aie swamp forest, confined to peat and 

muck soils; lowland forest occupying 
Soil Depth - Inches poorly-drained minéral soils; and 

Figure 28. Aeration of upland forest occurring on well- 
soils having the ground water drained soils (Fig. 29). The effect 
table at an approximate depth of ground water table upon the 
of 25 (alpha), 40 (beta), and growth of Norway spruce is illustrat- 
70 (gamnaa) inches, respective- by the correlation established by 
ly. Sookachev and his associates (Table 

18). Because Norway spruce is a 
water-tolerant species, the depres- 

: sing effect of excessive moisture is 
not manifested until the water table approaches the surface soil, 
However, many species react unfavorably at considerably deeper level 
of the grounc water. The reaction of vegetation to a certain depth 

: of ground water is a lso greatly influenced by the climatic condi- 
tions of the region, particularly air humicity. Figure 50 and 
Table 19 present correlation of forest growth with the ground water 
table as observed by Wilde and \white under wisconsin conditions. A 
general scheme of the relationship that exists between ground water 
level and forest composition may be found in Kruedener's Monograph 
on forest types. 
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Figure 29. Relation of forest to ground water table: A. Swamp 

forest; B. Lowland forest; C. Upland forest.
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Table 18. The Rate of Growth of Norway Spruce in Kelation 
to Ground Water Table 

hE as ect ROEM T OST: ATTEN TT Te Ma MT TR ee oe ee 

Depth of water table : Floristic type of 3 Site index 

Pema TOD tanec alae EONS COUT nN eee corer ae ec 

5-7 : Picetum fruticosum : Very high (1) 

2 Dao60 : Picetum oxalidosun : High (30) 

1,5-2.0 : Picetum equisetosum : Low (IV) 

1 or less : Picetum caricetum ‘ Very low (V) 
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Figure 30. Effect of ground water level upon the distribution 

and rate of forest growth in Wisconsin. (a) Old granitic drift in 

podzol region of northern Wisconsin (Colby series); (b) Recent 

calcareous drift in prairie-forest region of southern Wisconsin 

(Miami series).
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Table 19. Correlation of the Ground Water Table with the 
Composition and Growth of Forest Vegetation 

in Wisconsin 

Depth Olt ane SS Wy el eee ergy fae ae 
ground ; :Yield at; i 
water : Composition of forest stand :100 yrs.:Floristic site 
table : scu. Ft. Hs 

PEO O ASE ais a nN RE NE Lai Se heh sree ee, 

4, Podzol Region. Silty-clay loams derived from old granitic drift 

1-1.5 :Balsam fir, white spruce, some : 2,200 :Sphagnum- 
: black ash and red maple. Under~ : : Polytrichum- 
: story of mountain ash, tag alder, : : Carex-Uqui- 
: willows, and dogwood. : : setum site 

2,0-3.0 sliard maple, rock elm, red maple, : 35,500 :Fern site 
: some basswood, yellow birch, $ : 
: balsam fir and white spruce. 3 $ 
: Hard maple and basswood inferior. : : 

4,0-5,0 :Hard maple, basswood, some white : 4,800 :Adiantum- 
s pine. Leatherwood and numerous : : Thalictrum- 
: other shrubs. Vigorous growth of ; : Hydrophyllum 
: sprouts. : : site 

—"Br prairie-Forest Region. Silt7loams derived trom recent 
Taciiege oe ich, oe MMepaDenMnAGAIe 2 wanes Companies 
0,7-1.2 :Lowland meadow. 3 - sCarex site 

2,0-3.0 :Bur oak, black oak, some red oak, : 1,900 :Corylus site 
: aspen and box elder. Abundant 3 : 
: hazelnut in understory. 3 3 

4.0-5.0 iwhite oak, red oak, some black oak,: %,200 :Circaea- 
: walnut, hickory, white ash. 3 : Amphicarpa- 
: 8 : Psedera site 

* Yields obtained by interpolation for fully stocked stands. 
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; CHAPTER X 

CHEMICAL PROPERTI“S OF FOREST SOILS 

"The soil is the chemical 
; laboratory of nature in whose 

bosom various chemical decom- 
positions and synthesis reac- 
tions take place in a hidden 

‘ manner," 
‘Berzelius, 

. The Significance of Soil Chemistry in the Study of Forest Soils 

Opinions regarding the relative importance of the physical 
| and chemical properties of soil to plant growth have varied consider- 

ably during the different periods in the development of Soil Science. 
The ploneers in pedology, the agronomists, inherited from the rural 
people a basic information on the physical features of soils, such 
as Classification of soils into sand, loam, and clay; wet and dry 
soils; deep and shallow soils; stony and stone free soils; level, 
tolling and rough soils, etc. 

In the early days of scientific soil research, the 
pedologists concentrated their interest upon the chemical composi- 
tion of soils and pedology became synonymous with agro-chemistry. 
The outstanding scientists of this period--Boussingault, De Saussure, 
liebig, Lawes, Gilbert--established the basic relationships in plant 
tutrition .and revealed the significance of artificial fertilization. 
However, the chemical analysis of soils had been accomplished by the 
Use of strong hydrochloric acid, which extracted much greater 
quantities of salts than were actually available to plants. For 
this reason a close correlation between chemical composition of soils 
and plant growth was not found. It was this state of analysis that 
led 8, W. Johnson to proclaim in the American Journal of Science 
in 1861 that he "would rather trust an old farmer for his judgment 
of land than the best chemist alive."
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Subsequently, the interest in soil chemistry declined, 

and attention was turned to the physical properties of soils, The 

study of soil physics, particularly of soil colloids, resulted in 

some valuable information regarding the cultivation and drainage 
of soils. In the course of time, with an increase in theoretical 
jnowledge, soil science again focused its attention on soil 

chemistry. This time, the work of soil chemists on the availability 
of salts to the plants, fixation of plant nutrients, base exchange 
properties of soil, and soil reaction has shown a close relation- 

snip between the chemical composition of soils and plant growth. 
This newer knowledge, accumulated during the last 20 years, has 

solved many old problems of forestry and is becoming a basis of ' 

mnensuration studies, forest planting, and nursery practice. 

The progress of soil chemistry owes much to studies of 
native vegetation and virgin soils which had been advocated by 
Hilgard and his followers. One of Hilgard's statements related 
to soil analysis is of particular interest to the student of forest 
soils: 

"Since the native vegetation normally represents the 
results of secular or even millenial adaptation of plants to 

climatic and soil conditions, the use of the native flora seems 
eminently rational. Moreover, it is obvious that if we were able 
to interpret correctly the meaning of such vegetation with respect 
not only to cultural conditions and crops, but also as regards the 
exact physical and chemical nature of the soil, so as to recognize 
the causes of the observed vegetative preferences, we should be 
enabled to project that recognition into those cases where native 
vegetation is not present to serve as a guide; anc we might thus 
render the physical and chemical examination of soils as useful 
practically, everywhere, as is, locally, the observation of the 
native growth. 

SOIL REACTION 

Derivation and leaning of pH 

Acidity in solution is said to be due to an excess of 
H-ions over OH-ions; likewise, alkalinity to an excess of QH-ions 
over H-ions. Pure water contains equal numbers or concentrations 

of H- and OH-ions, and hence is neutral. When acid is dissolved 
inwater, it gives rise to H-ions but not to OH-ions; accordingly, 
there results a greater concentration of H-ions than OH-ions in 
the solution, thus causing it to become acid. When an alkali is 
dissolved in water, 1t gives rise to OH-ions but not to H-ions, 
and hence there results a greater concentration of OH- than H-ions 
in the solution, thus causing it to become alkaline. 

The concentrations of acidity and alkalinity found in soils 

and plant and animal tissues are relatively low, and the direct ex- 
Pression of the correspondingly low concentrations of ll- and OH-ions 
{n ordinary terms gives rise to fractional values which are inconven- 
lent to express anc use. To avoid this inconvenience, the pH scale and 
method of expression was devised by Sorensen. The symbol "pH" refers 
to the intensity factor of acidity due to H-ions. The pH value derived 

under this system is simply the logarithm of the reciprocal of the H-ic
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pacentration, end this value has an integer even for the lowest acidi- 

Hes end alkalinities. or exnmple, suppose the H-ton concentration of 

(solution 18 1/1000 gram per liter, what is the pH of this solution? 
me reciprocal of 1/1000 is 1000. The logarithm of 1000 is 3. Hence, 
the pH of this solution is 3. It 30 happens that the pH value for 

ter is 7, ond hence a pH of 7 designates neutrality. Since the pH 

yalues are logarithmic functions of the reciprocal of the H-ion concen- 

tation, the smeller they are, the greater the H-ion concentration or 

the acidi ty. 

When the pH values become greater than 7, it follows from the 

jw of mass action that the OH-ion concentration becomes greater than 

the H-ion concentration, end hence the solution becomes alkaline. The 

greater the value above 7, the greater the alkalinity. For example, a 

rof 3 designates an alkalinity which is proportional or equivrlent to 

the acidity at pH 6, and so on. 

Whenever there is added to water an acid, or a substance like 

luninum sulfate which forms an acid after being added to water, the pH 

glue of the solution becomes less than 7, and the solution is then 

wid tobe acid. Similarly, whenever there is edded to water an alkali, 

spa Substance like calcium or sodium carbonate? which forms an alkalt 

after being added to water, the solution becomes alkaline, and the pH 

value becomes greater than 7. 

The pH scal3 is thus well adaptec for use when dealing with 

wlatively small intensities and quantities of acids and alkalies such 

ns are found in soils, plants, and animals. 

Influence of Soil Reaction Upon the Distribution and Growth 

of Forest Trees 

The reaction of the soil affects forest trees either directly 

through the influence of H- end OH-ions and the balance of acidic and 

basic constituents, or indirectly by affecting the physical condition 

of the soil, availability of nutrients, solubility and potency of toxic 

sents, and activity of the useful and varasitic soil organisms. 

Neither mineral nor organic soils more acid then pH 5.7 sup- 

prt normally daveloped forest stands. The areas of this degree of 

. fecidity era, as a rule, coverad with the heaths of low shrubs and 

lichens, or with the bog thickets. The only trees, which may accident- 

lly be found on such areas, nre rare super-escidophtlous species 

(Scotch pine); however, the occurrence of even these trees is always 

‘wradic and their growth is dwarfed, 

The soils of a pH 3.7 to 4.5 are largely correlated with 

scidophilous conifers (black spruce, tamarack, hemlock, etc.), and with 

tore lieht demanding deciduous trees (aspen, white birch). These very 

strongly acid soils are unfavorable to the majority of other forest 

trees, due to toxicity of ferrous iron, mangan3se, end espscially 

“ Plurinum, which sare liberrted to a considerable extent as soon as the 

_ Pection of » soil is less than pH 4.5. 

The strongly acid soils of a pH 4,5 to 5.5 are well adapted 

to the matority of conifers and many of the deciduous trees, with the 

eeeption of some of the better hardwoods (white ash, basswood, ete.) 
“ Bthe low availability of nutrients, viz. nitrate nitrogen, calcium,
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and phosphe tes, is the reasen for the absence, or inferior growth of 

these latter species on acid soils, 
| 

The moderately, or slightly acid soils of a pH 5.5 to 6.9 

are characterized by high activity of micro-organisms, energetic humi- 

acation, high availabiltty of mineral plant nutrients, friable struc- 

mre, and good afration. In turn, these soils tend to produce high 

yields of timber, especially of the better hardwood species. However, 

yin the reaction of soil approaches neutrality, certain conifers 

(yorway spruce) often become subject to fungous diseases. 

The alcaline soils of a pH 7.1 to 8.0 support largely the 

sands of southern hardwogds (oaks, hickory, walnuts, etc.); the 

mfority of other valuable trees, especially conifers, do not grow on 

jkealine soils, or grow unsatisfactorily. The very fact of the exis- 

tmce Within acid forest regions of extensive prairie areas with 

jkeline soils proves that the forest soil and the acid soil are nearly 

qmonymous. The unfavorable influence of alkaline soils upon the 

forest trees is either due to toxicity of 9@H-ions, which are oonsider- 

gly more injurious onee H-ions, or to the excess of calcium or mag- 

nesium carbonates, causing a lack of available fron, resulting in : 

hlorosis, a general disturbance in the assimilation of other nutrients, 

mad often fungous diseases. 

The strongly alkaline soils of a pH 8.1 to 8.5 contain an 

acess of CH-ions as well as those of sodiur, chloride, and sulfate, 

mich make the soils of this reaction toxic to all forest trees. Open 

stands of struggling, dwarf hardwoods, particularly oaks, are nearly 

the only forest cover found here, 

The soils still higher in alkalinity than pH 8.5 are oocup- 

{ed entirely by the lower plants of halonhytic nature and are absolute- 

ly unproductive sites from the forestry standpoint. 

The Significance of Soil Reaction in Reforestation 

From a practical standpoint, a knowledge of soil reaction 

hecomeg of wreat importance in reforestation work whey the trees are 

reised from seeds in the nursery, or when young, tender seedlings are 

trnsplanted into the field. Under such circumstances, high soncentra- 

tion of either hydrogen or hydroxyl-ions may easily have a detrimental 

ffect upon the germination of seeds, early development of seedlings, 

and the growth of transplanted stock. 

, This is of particular importance because of the fact that 

the soils of this country on which artificial reforestation is con- 

“ Ttempiated have all possible grades of reaction. In the region of 

northern latitude are found extensive areas of strongly acid soils of 

H4,0 and less. On the other hand, all over the forest region occur 

formations of limestone, dolomitic nocks, and the calcareous lacustrine 

deposits with a reaction higher than pH 8.f. Often the alkalinity of 

the soll 19 ale brought about by the sedimentation of basic material 

{n areas sub ject to over-flow, or by enermetic hydrolysis that causes 

the beration of bases apd alkali salts of mineral and organic com- 

wounds, It 4s obvious, therefore, that before selecting an area for a 

hursery, or planting certain spectes of trees, one s ~ obtain 

"liable information in regard tg the pH value of abi
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Reaction of Nursery Soil 

In nursery practice the reaction of the soil is responsible j 

got only for the growth of seedlings of different species, but at the | 

[game time it is a factor which controls development of parasitic soil 

organisms , the rate and kind of fertilizers that should be applied, 

nd even the amount of watering. 

! In general, the most desirable reaction of nursery soil lies 

petween pH 5.9 and 6.0. A reaction less than pH 4.5 is unsatisfactory i 

pocause Of unfavorable influence of the toxic soil agents and low 

wailability of nutrients. A reaction of soil higher than pH 6.5 is 

mwdesirable in the nursery, Since it provides the optimum condition 

for the development of deamping-off fungi, eel worms, and other soil 

_[prasites that cause the death of seedlings. 

Reaction of Planting Sites 

The soil is not a homogenous medium as to the pH value, and 

; inmany Cases the trees may escape the unfavorable influences of 

xtreme reaction by feeding on the less acid or less alkaline portions 

of soil. Particularly the seedlings which originated by natural or 

rtificial seeding have a chance to adapt themselves to the condition | 

of soll reaction; the roots of such seedlings, right after germination, 

wrk gradually into the soil and avoid the places of toxic H- or OH- 

concentration. In planting, however, the roots of seedlings are plac- 

ed deeply in the soil and are, to a considerable extent, subjected to 

whatever extremes of reaction that may exist. 

It is for these reasons, chiefly, that the natural occurrence 

of certain species on a soil of a certain averare reaction is not 

always proef of the suitability of this soil for planting with the 

game species as occur naturally. The only way, therefore, to assure 

the success of planting is to plant the species of trees on soil of 

m optimum reaction for that species. 

1 The rule of thumb that may be followed in planting is that 

“'Tthe conifers should neither be planted on very strongly acid (less 

than pH 4.5), nor alkaline sotis (more then pH 7.0), whereas the hard~- 

woods on neither strongly acid (less than pH 5.5), nor strongly 

. p alkaline soils (more than fH 8.0). There are, indeed, a number of 

exceptions to this general rule. Yellow birch (Betula lutea), for 

instance, is a hardwood spectes that does its best on the strongly 

acid soils, and may survive even on very stronely acid soils. Hard 

maple (Acer saccharum) may produce high yield of timber on strongly 

acid, as well as alkaline soils, whereas white ash (raxinus amerioana) 

> md some southern hardwoods (hickory, walnuts) may not even survive on 

' strongly acid soils. On the other hand, jack pine (Pinus benksiana) 

{sa conifer that does fairly satisfactorily on alkaline soils as high 

{n reaction as pH 8.0. White pine, as well as Norway spruce (Picea 

celsa) may grow satisfactorily within a very wide range of reaction, 

from pH 4,5 to pH 7.0, and may survive on very strongly acid, or 

alkaline soils, whtle red pine (Pinus resinosa) has a very narrow, 

sharply pronounced optimum petween pH 5.0 end 6.5, etc. The knowledge ; 

of the precise pH requirement of numerous other species is a matter of 

local expertence, derived from the observations of both the natural 

distribution of trees and conditions in artificiel plantations.
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Rssentieal Zlements and Their Influence upon the Growth of Trees 

Ten elements are essmtial for plant growth. They ares 

gsrbon, OXvgen, hydrogen, nitrogen, phosphorus, sulfur, potassium, 

calcium, magnesium, and iron. The memorizing of these elements is 

fectliteted when their symbols are written in the following order: 

Cc. HOPK(I) NS Care Mg 

Carbon, hydrogen, and oxygen are present in such quantities 7 

in nature that they never become critical, Sulfur, calcium, magnes- 

tun, and iron are deficient only in rare cases. Nitrogen, phosphorus. | 

gnd potassium are often deficient in soils, and are of chief practi- 

cal importance in plant nutrition. Recently it has been found that 

grall amounts of several of the so-called minor or rare elements 

may play an important role in the development of plants. These : 

elements include boron, menganese, Zinc, and copper. 

Nitrogen 

Nitrogen is an essential constituent of protein and 

protein-like compounds. If nitrogen is deficient, the plants show 

g stunted growth; the leaves or needles are of a yellowish-green or 

reddish-green celor; the leaves are shed early; the lateral buds die, 

leaving the shoots bare; the root-system is under-developed, being 

largely fibrous. The addition of nitrogen fertilizers is followed 

by an almost immedtate increase in vegetative growth and development 

of deep green foliage. 

An excess of nitrogen results in abnormally large and 

succulent growth of the aerial portion of the seedlings and creates 

sn unbalanced physiological condition. Thinning of the oell walls 

occurs, and the sclerenchymatio tissue is reduced; the stems become 

soft and tender, and the leaves crinkled and sappy. AS a result, 

the seedlings lose their resistance to drought, frost, and diseases. 

Nitrogen-bearing substances undergo gradual changes in the 

soil, which are affected by microorganisms. AS @ result of these 

changes, the pretein compounds are oxidized into amino-acids, ammonia, 

ond finally to nitrates. The latter two forms are the most important 

sources of readily available nitrogen. The majority of forest trees, 

especially the conifers of saprophytic nature such as spruce, fir, 

and hemlock, have the ability to utilize the nitrogen of ammonta, 

and, perhaps, still less oxidized nitrogenous compounds. On the 

other hand, exacting hardwoods growing on well-drainec soils, such 

a8 white ash, oaks, Walnuts, and hickories, feed preferably on 

nitrogen in the nitrate forr. 

The content of total nitrogen in the surface 8-inch layer 

of virgin forest soil varies from 0.1 to 0.8 per cent. The content 

of nitrates seldom exceeds 25 p.p.m. because of the high solubility 
of these compounds. The content of ammonia may accurulate in the 

humus layers of forest soils in amounts as high as 70 p.p-m, 

Phosphorus 

Phosphorus 18 a constituent of the nucleus, and plays ‘an 

tmportant part in cell division and developrent of meristem tissus. 

It alds in the efficiency of the chloroplast mechanism and in the
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transformation of carbohydrates. It acts as a catalyst in respiration | 
peactions. 

_In spite of these important functions of phosphorus in the 
plents, deficiency of phosphate is not as reacily manifested as that 

| op nitrogen, and is often overlooked. A stunted root system with 

qoarse brown rootlets is the most obvious manifestation of deficient 

phosphorus. Sometimes the phosphate starvation results in the degen- 

gration of lateral buds, and the appearance of a bronze-purple color 

of leaves. 

: The addition of phosphate fertilizers increases somewhat | 

the foliage of seedlings, brings about a more efficient assimilation 

of carbon dioxide as well as a better utilization of nitrogen, 

potash, and other nutrients, and encourages development of lateral 

md fibrous roots, All of these changes, however, take place rather 

| slowly, which minimizes the noticeable effect of phosphate fertilizers 

The developrent of a sturdy root system through the in- 
fluence of phosphate prevents vinter injury of seedlings and prepares 

then for rapid development in the spring. This effect of phosphorus 

{g of special significance in clay soils where the roots tend to be 

mderdeveloped, and the seedlings suffer from heaving. 

The content of available phosphorus pentoxide (P2095) vari es 

in virgin forest soils from 10 to 209 p.p mr. High light-demanding 

pine species are Satisfied with very low contents of phosphorus. 

The maximum requirerents for phosphorus are rade by upland hardwoods. 

Acontent of Po9% of 100 p.p.m. in the sotl is sufficient for most 

forest trees. 

Potassium 

Potessium speeds up the assimilation of carbon dioxide, 

and is important in the formation and utilization of sugar and starch 

in plants, synthesis oft proteins, and cell division, Under the con- 

ditions of reduced insolation potassium seems to partly fulfill the 

t function of light. 

: The defictency of potesh leads to the development of weak 

seedlings with a stunted root system and with soft and sappy leaves. 

: In time, the leaves may become Gull and scorched in color; they age 

prematurely, become bronzed, and die at the tips or along the edges. 

The addition of potassium fertilizers increases the 

| assimilation of carbon dioxide, facilitates the entry of water inte 

'| the seedlings, and increases the utilization of nitrogen. This, in 

tum, leads to a more repid growth and the production of more 

vigorous and resistant seedlinas. 

Of particular importance is the influence of potash in 

counteracting the harmful effect of excessive nitrogen. Potash fer- 

tilizers in proper amounts seem te be especially effective in reduc- 

ing the roast rot of the older seedlings, caused largely by Fusarium 

fungi, Because resistance of seedlings to frost is directly related : 

to the content of sugar, potesh plays an outstanding part in the 

| duction of hardy stock.
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a The content of available potash (¥,0) in virgin forest soils | 
J giuctuates from 25 to 200 p.n.r. The amomt of potash which satisfies 

the majority of tree species is 109 p.n.m. As in the case of phos- 
phorus , the pine spectes are satisfieo with negligible amounts of 

| potash, Whereas the upland hardwoods demand the greatest content. 

Calcium 

a Calcium influences the growth of forest trees directly as 4 

a plant nutrient, and indirectly by affecting soil reaction and 

gather soil properties. It is particularly important in development 
of roots and root hairs. Calcium pectate serves as the cementing | 

raterial between the cell walls, and plants Geficient in calcium are 

t characterized by weakness of tissue. Calcium aids in the process of 

absorption of water and nutrients by maintaininy the permeability of 

.P cell walls. It neutralizes toxic by-products formed in grovth 

processes, 

In soils calcium balances the eftect of other elements, 

guch a8 sodium, potassium, magnesium, aluminum, and manganese, which 

in absence of calcium may become toxic to the plants. DLevelopment 
of soll microorganisms depends greatly on the amount of calcium. 
4s a result of this, the formation of either raw humus or mild humus 

{gs closely associated With calcium content of soil. 

Deficiency of calcium results in stunted growth and dis- 

coloration of the roots. The lack of calcium ray also cause brown 

spotting and death of leaves. 

- The amount of cslcium varies in forest soils from 400 to 

several thousand parts per million, depending upon the reaction and 

the base exchange capacity. With the exception of a few calciphilous 

species, forest trees are satisfied vith moderate amounts of calcium, 

sch as 1,000 p.p.-m., or 5m.e. per 100 grams. 

4 Magnesium 

Mamesium is a constituent of chlorophyll molecule. It 

promotes the utilization of phosphorus and occurs chiefly at the 

growing tips. : 

; Magnesium starvatian may occur occasionally in nature and 

' cause premature defoliation, preceded by chlorosis. In contrast to 

calcium def4¥clency, magnesium starvation does not affect the roots 

util later in the life of the plant. lagnesium salts in excess 

f produce harmful effects, which may be lessened by the addition of 

calcium salts. It appears that plants require sore definite Ca0:Mg0 

ratio for their successful growth. 

The content of magnesium in forest soils is usually from 

ome-fifth to one-third that of calcium. 

r Iron 

Iron is essential in the forration of chlorophyll, and its 

! deficiency results in yellowing of the leaves, dalled chlorosis. 

A deficiency of iren occurs in nature usually only in the 

Presence of a high concentration of calcium carbonate.
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Sulfur Hl 

Sulfur is a constituent of proteins and plays an important i 

pole in respiration of plents. A deficiency of sulfur is manifested ! 

t in a similar manner to that of nitrogen deficiency. Several cases l 

were reported where the adcition of sulfur increased the growth of 

forest seedlings, 

Boron 

‘ ; Boron acts largely as a catalyst. A deficiency of beron 

{gs marked by a depressed growth rate, distorted leaves, death of the 

terminal growing point, discoloration and lack of vigor of roots, and 

prittleness of stems and leaves. An excess of boren has been found 

to reduce the chlorophyll content and to check root development. 

Boron in small quantities has been found essential to the 

proper growth of citrus and pecan trees. An excess of this element 

caused a browning of leaves and premature leaf fall of walnuts. . 

ainc 

“ince seems to have an effect similar to boron, acting a8 

-| catalyst in certain species. 

Deficiency diseases, such as pecan rosetts, have been con- 

trolled by the spraying of leaves with zinc solutions. Applications 

of zinc sulfate corrected the pathological conai tion of apple, pear, 

plum, cherry, and citrus trees. 

Manganese 

Manganese is thought to be related to enzymatic action, 

symthesis of chlorophyll, anda carbon assimilation. There are some 

indicatLons that it increases the mobility of calcium ana magnesium 

md stimulates oxidation reactions. 

A deficiency of manganese caus ed premature leaf fall and 

| death of growing shoots in citrus plants. A form of chlorosis char- 

acterized by yellow areas locate: away from the veins has been noted 

ina number ef plant species. Manganese chlorosis of pin oak, both 

in the nursery and in plantings, has been reported on soils with 

‘| high contents of calcium carbonate. 

Small amounts of manganese sulfate increaseo the ammonifi- 

. cation and nitrification in soils, but large quantities became toxic 

and caused browning of roots and bleaching of leaves. 

Copper 

The exact function of copner in plants is not understood, 

but most workers agree that it 18 necessary for the proper function 

of chlorophyll and for seed formation. 

Chloretic conditions of deciduous fruit trees on sandy soil : 

Were corrected by copper sulfate avvlied either to the soil or direct- 

ly to the leaves, Die-back of citrus trees has been corrected by the 

Weof the same salt. Walnut trees affected with "yellows" responded 

readily on some soils to the application of copper sulfate. 

th 

, 
i



Availability of Nutrients, Taeir General Effect, 114- 

and Their Balance 

The nutrients which occur in soil as unweathered 

minerals or raw organic remains are not available to the plants 

, pecause of their low solubility in water or weak solutions. Yet 

these nutrients represent the principal capital of soil fertility. 

From this capital plants draw an annual income of available 

nutrients, released at various rates as soluble fraction. The 

content of available nitrogen and potash of soils usually consti- 

tutes about 1 per cent of the total content of these elements; | 

the content of available phosphorus and calcium may be as high as | 

10 per cent of the total content. Pd 

Adverse conditions, such as poor aeration, unsuitable 

reaction, presence of toxic substances, or a hich concentration of 

soluble salts may greatly interfere with availability of nutrients. 

The nutrients may also be rendered unavailable by 

"fixation", or a conversion of soluble salts into difficultly- 

soluble compounds, Incorporation of soluble nitrogen in the cells 

of microorganisms, formation of insoluble calcium phosphate, or 

iron and aluminum phosphates, and conversion of soluble potash 

into secondary micas are examples of such fixation. 

In some instances the availability of nutrients is 

intimately associated with the presence of specific microorganisms, 

for instance, nitrifying bacteria, sulfur-oxidizing bacteria, or 

mycorrhizal fungi. 

Organic matter when applied to soil at an insufficient 

depth, or as a top dressing, may arrest the downward movement of 

the roots, In this way, organic matter may deprive 

seedlings of nutrients, chiefly potash and phosphorus, present 

at a greater soil depth. This type of potash and phosphorus 

starvation is common, in more or less pronounced forn, in nurser- 

jes where organic remains are not thoroughly distributed through 

the entire plowed layer. 

The conditions rendering certain nutrients unavailable 

may cause either starvation of seedlings or may disturb the ratio 

of nutrients and result in the production of an unbalanced 

planting stock. 

Early students of plants and environment were inclined 

to over-emphasize the role of water in plant growth and paid littl« 

attention to nutrients. The noted text on plant ecology by 

warming is a striking illustration of this trend of thought. The 

original Danish edition of this book considered exclusively the 

moisture conditions. Only after this work had been translated 

into German and revised by Graebner, did the influence of soil 

nutrients receive deserved attention. 

The underestimation of plant food importance was parti- 

cularly marked in regard to tree growth. Until very recently, 

many practical foresters maintained that the rate of forest growth | 

is not dependent upon the supply of nutrients. A number of 

reasons were responsible for the establishment of this belief: the 

moisture conditions usually show a close correlation with the 

solubility or availability of nutrients; forests are able to {
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replenish soil fertility by obtaining traces of essential nutri- 
ents from deep soil layers and returning them in the form of ) 

. leaf litter; the trees may obtain or render available some nutri- 
ents, particularly nitrogen, through the activity of mycorrhizae 
and nitrogen-fixing bacteria. 

: In actuality, if trees, hardwoods as well as conifers, 
are planted on soils containing no plant food, their growth is | 
arrested as soon as the supply of nutrients stored in the seed is 
exhausted. Species that have small seeds, such as spruce, elm or i 
ash, react immediately to a deficiency of soil nutrients. Species 
that have a large supply of plant food in the cotyledons, such as 
oaks and walnuts, show a rapic early growth regardless of soil 
fertility. Seedlings may survive on poor soils for a considerable 
number of years, producing no top growth, but concentrating all 
available energy upon the dow nward extension of the roots. As 
Liebig expressed it, “The roots search for the nutrients as 
though they had eyes..." In case the starving seedlings obtain 
plant food at a greater soil depth, or receive an application of 
fertilizers, they may recover and gradually attain a satisfactory 
development. In many instances, however, during the period of 
starvation seedlings are killed by root-rot fungi or other 
parasites. 

The growth of plants is not exactly governed by the 
"law of mininum." However, it is important to remember that the 
soil productivity is comparable to any power-utilizing machine. 
The presence of all grow_th constituents in reasonable amounts is 
just as necessary for satisfactory plant production as the presence 
of the smallest screw or spring is essential for the efficient 
operation of a machine. This fact is often overlooked in soil 
fertility maintenance. In numerous instances the failure of 
treatments to produce satisfactory results due to the lack of a 
certain minor element is attributed to the inefficiency of 

. fertilizers used. 

Although balanced, low level of fertility of nutrients 
is objectionable because the seedlings do not reach a plantable 
size within a short period, such as 2 or 3 years. Yet, in time, 
the seedlings on soils of relatively low total fertility may 
attain satisfactory development through the fixation of atmospher- 
ie nitrogen and the utilization of nutrients in the deeper soil 

layers. Ultimately, such seedlings may prove to be a better 
planting stock than the seedlings raised on a soil with excess of 
certain nutrients. An excess of soluble nitrogen may exert a 
particularly harmful influence because it encourages excessive 

top growth. In some instances, continuous application of nitrogen 
fertilizer produced seedlings with crowns weighing twenty times 
as much as their root systems. The small root systems of such 
"forced" seedlings may not be able to supply sufficient water to 
Compensate for transpiration losses, and the stock may easily 
perish from drought. The harmful effects of nitrogen are en- ~ 
countered especially on soils deficient in potassium and phos- 

: phorus as both of these elements contribute greatly to the physio- 

logical vigor of seedlings and the development of their root 
systoms.
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Nutrients exert a profound influence upon the anatomical | 

structure of plants. A complete or a partial starvation is mani- 
fested by a degeneration of the pith. Too rapid growth, caused Hi 

ysually by a high content of nitrogen, leads to thinning of cell al 

walls. A deficiency of phosphorus, and perhaps other clements, re- ii 
gults in under-developed nuclei in the parenchymatic cells. In fact, anil 

any discrepancy in the nutritional balance produces sme abnormality | 
of the seedling tissue. All of these anatomical abnormalities may | 
pave a Girect bearing upon the resistance of seedlings to adverse 

conditions of environment. 

The availability of nutrients is reflected in the chemical 

composition of plants, Therefore the analysis of plant tissue may | 

detect the deficiency of nutrients or their unbalanced ratio. The 

concentration of salts in the cell sap varies with soil fertility and 

my serve as an index of the resistance of seedlings to frost. 

A deficiency of certain nutrients may disrupt the normal 

course or metabolism and synthesis of salts present in the plant 

sap. As a result, unutilized salts may accumulate in large amoun ts 

and plasmolyze the leaf tissues of the plants. Such an accumulation 

of salts may be particularly expected under conditions of high tem- 

perature and frequent watering. 

In the early days of silviculture the quality of planting 

stock was judged according to the size and color of the foliage. 

In time it was realized that the survival of seedlings in the field 

depends to a large extent upon the development of the root systems, 
particularly upon the relation between the size and weight of crowns 
and the roots. Thus, a satisfactory top-root ratio became one of 
the essential requirements of plantable seedlings. Recently, another 
important step toward the improvement of trees for planting was made 

by specifying a minimum acceptable stem diameter. It is very prob- 
able that eventually the physiological vigor of the seedlings will 
also be considered in the evaluation of planting stock, at least 
inasmuch as such vigor is expressed in the external or internal pro- 
perties of the seedlings, viz. dimensions of the buds, structure of 
eee concentration of cell sap, and chemical composition of the 

plants. 

Toxic Agents 

The productivity of a soil may be limited not only by the 
absence of nutrients, but also by the presence of toxic substances 

or a high concentration of salts. ‘The toxicity of soil is seldom 

manifested in the immediate injury of plants. More commonly, a 

gradual deterioration takes place. In the early stages a toxic ef- 
fect may not be discernible without careful microscopic examination 

of the plant tissue. Soil toxicity is most dangerous during the 
first month of seedling growth. 

A toxic concentration of soil solution frequently occurs 
in regions adjacent to prairie, particularly in depressions ac- 

Cunulating runoff waters. An injuriously high content of salts 

tay also result from a heavy application of fertilizers, or from : 

lack of colloidal material and the subsequent accumulation of 

fertilizer salts on the surface as a result of evaporation. In | 

some instances, a high calcium content, or high temperature and . 
hoisture, affect an abnormally rapid course of biological proces- . 

868, leading to an accumulation of soluble salts in excessive )
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quantities. Soils treated with manures and sludge fertilizers hh 
are subject to this type of injury. Toxic quantities of soluble 

aluminum and manganese occur in deeper layers of podzol soils | 

and inhibit the dowmward penetration of the root systems. The Ae 
injury by an excess of salts is nanifested by a blackening or 
‘nyrning" of the roots and wilting of the seedlings. 

] 

The soils derived from calcareous rocks in many cases | 

contain carbonates of calcium and mamesium in sufficient amounts 
to be toxic to forest trees, particularly conifers. The toxicity 

jis evidenced by stunted growth and chlorotic condition. In 
nurseries carbonates may be introduced by the application of 

hard water. The injury of nursery stock usually occurs when the 

} soluble bicarbonates are brought to the surface by evaporation 
: and deposited to form a carbonate crust. 

In soils of forest nurseries a toxic condition in 
: various degrees may result from the application of fungicides 

and insecticides. Aluminum sulfate used in large quantities for 

deep acidification of soil and control of damping-off fungi may 

strongly depress the growth of seedlings and bring about a gradual 

deterioration of stock. The adverse effect is partly due to 

the direct toxicity of aluminum ions, and partly due to fixation 

of available phosphorus in the form of insoluble aluminum phos- 

phate. The toxicity is most pronounced in non-calcareous light 

sandy soils, where the injury may be caused by a concentration 
as low a s 200 p-p.m. of aluminum sulfate salt. The toxic 
intermediate products of sulfur oxidation may destroy the 

germinating plants if sulfur is applied shortly before seeding. 

: On sandy soils of a pH 6.0 an application of 500 pounds per acre 

of sulfur powder at the time of seeding proved to be decidedly 

toxic. Lead arsenate, applied to nursery soils for the poisoning 

of white grubs, has caused numerous injuries to nursery stock. 

The toxicity is due to both the lead and arsenic ions. A burning 
of the roots and reddening of the leaves are the symptoms of 

injury. Injured seedlings seldom recover completely. On poorly 

buffered anc acid soils a content of lead arsenate higher than | 

‘ 100 p.p.m. is detrimental. 

Several cases of seedling injury by sodium salts have 

been reported from nurseries in the Prairie and Rocky Mountain 

states. A continuous application of nitrate of soda may lead to 

an accumulation of toxic quantities of sodium in the exchange 

material after the nitrate ion has been removed by the plant. 

: Potassium carbonate in wood ashes is often the cause 

of barren spots in recently cleared nurseries or on cut-over 

lands. 

Hydrogen sulfide accumulating in large anounts in 

poorly drained soils high in organic matter, especially in 

stagnant deposits of peat, is of a toxic nature, and may exert 

4 an adverse influence upon the growth of trees in such localities. 
A high content of ferrous iron in the gley layer of poorly 

drained soils is believed to exert a toxic effect. 

J
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The injury from creosote is a rather common case in | 

nurseries using impregnated bed boards, The injury is usually i 
confined to a narrow strip of sesdlings adjacent to the franes. 
The losses of oil and grease from nursery equipment or CGisper- 
sion of oil used in road treatments are sometimes responsible . | 
for deterioration of nursery stock and the roadside plantations, 
Discarded waste, such as garbage, cinders, soap water, and clean- 
ing solutions cause decadence of trees around dwellings. 

Fresh sawdust applied in large quantity exerts a 
strong depressing influence upon the growth of young seedlings. 
This effect is caused chiefly by the inhibition of nitrification 
processes and partly by the presence of toxic substances, such 
as oils and resins, The application of nitrate fertilizers may 
alleviate this condition to some extent, 

The following table summarizes the most common remedies 
used in counteracting soil toxicity. 

Causes of plant injury: Remedy 

: a ‘Lime. Organic remains hich in bases. Com- 
High acidity ‘plete fertilizer in liquidc form including 

err ec. __.. sodium, potassium or calcium nitrate. 
‘Deep plowine to Incréase oxidation and ‘ 

Active alwainurn and :leaching. Application of organic remains. 
manganese in ortstein :Forced nitrogen fertilization. Lime or 
layers. twooc ashes in exceptional cases. 

ji ——~“““Tiie drainace, Deep plowing or rototil- 
Reduced compounds in ‘ling to increase oxidation. Correction 
ley layers. . :of nutrient deficiencies. 

= ‘Abundant watering. Application of acid 
Iigh concentration ‘peat. Deep plowing or rototilling, 
of salts. :Raising field crops with high nutrient 

i requirements. ss 
= tDeep acidification of soil with aluminum 

:sulfate, iron sulfate or sulfur. Appli- 
:cation of strongly acid peat, raw humus,— | 

Excess of carbonates. :and acid liquid humates. Phosphoric acid, 
:Sprays containing iron. Injections of 

= iiron_ citrate in older trees, ces 
ee ace ee “Abundant watering. Acid peat. Sulfur. 

axcess of sodiun. :Calcium sulfate. Anmonium sulfate. Main- 
stenance of adequate potash supply. 

ae i: tAbunaeant waterinz. Deep See rere, 
ixcess of potash. :Anmonium sulfate and low grade super- 

‘phosphates, pees - 
at nr ET ORELON OL OOENTS ronains nigh in 

tbases. Heavy applications of low crade 

Aluminun sulfate or rsunerphosphate. Armo-phos and nitrate 
lead arsenate, tgalts in solution. Liquid humates, Lime 

tin exceptional cases. 
—_—-— hindant watorins, beep plowing, Liquid 
Creosote and waste shumates low in soluble salts. tin rare 

products. :cases scraping off surface soil and 

— rapplication of complete fertilizer. 
Sawdust or any raw ilitrate or amonium fertilizers, Active 
Organic matter with shurms. In exceptional cases well rotted 
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i Figure 31, Effect of nutrients upon the development of forest seedlings. Top: White spruce seedlings 

raised in quartz sand cultures with nitrogen and varying amounts of phosphorous and potash. Bottom: (A) Red 

pine seedlings raised on a nursery soil deticient in nutrients and soil supplied with a complete balanced fertilizer; 

®) Effect of fertilizers upon the development of buds; (C) Effect of fertilizers upon the development of seedling 
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Exchange Properties of Forest Soils ane i 

i 
Hy 

If a soil sample of known chemical composition is treat- i 
ed with an aqueous solution of ammonium sulfate, the analysis of i 

the leachate will show some removal of ammonia and a gain in the | 

content of calcium and magnesium. This is because the colloidal | 

fraction of the soil has exchanged some of its basic cations for 

ammonium ions. An exact analysis of the leachate after such an 
“exchange reaction" will show that the solution has preserved its 
original ionic concentration and hence the loss of absorbed am- 
monium was compensated for by the release of an equivalent amount 

of other cations. This process may be illustrated by the follow- 
ing type equations: 

(NHg) 9804 + CaX ———> (NHy) 9X + CaSO4, or 

(NH4g) 9504 + 2KX ——> (NHq) 5X + K_80, 

The same reaction will take place if a solution of some 
other salt is used in the treatment of soil instead of ammonium 

sulfate. Thus, fertilizing soil with a solution of sodium nitrate | 

will produce, among other reactions, the following: 

NaNOz + KX ——> NaX + KNOs, or 

2NaNOz + CaX——>NaoX + Ca(NO3)o 

The salts in solution replace from acid soils not only 

bases but also hydrogen, thus: 

KCl + HX——> KX + HCl 

As a result of ionic exchange, an application of fer- 

tilizers leads commonly to the absorption of the positively charg- 

ed cations with the release of other bases or hydrogen into the 

soil solution. The released cations combine with the liberated 

anions or acid radicals to form acids and salts of varying solu- 

bility. The acids and easily soluble salts, such as HCl, IlpS0,, 

Np00z3, KCl, Naglo, and CaClp may be leached from the soil by per- 

colating water. The insoluble compounds, 1.e., CaCOz, liglOs, 

and CazP0, remain "fixed" in the soil. The conversion of a 

soluble phosphate salt into the insoluble tri-calcium phosphate 

is a most outstanding example of such fixation: 

KHgP0, + CagX———-> KipX + CazPO, 

The understanding of exchange reactions, arrived at dur- 

ing the past two decades, has revolutionized the whole concept of 

plant nutrition and has placed fertilizer practice upon a firm 

scientific foundation. 

The colloidal fraction of soil, capable of retaining and 

exchanging positively charged ions of bases and hydrogen is termed | 

the "base exchange complex", "ion exchange compound", or simply 
"exchange material." This exchange material exists in two forms, 
namely, mineral and organic. The mineral or "Zeolytic" fraction 

consists of an aluminum or iron silicate clay mineral, whereas 

organic or "humate" fraction is a lignin-like hunus conpound. In 

spite of their entirely different composition, both materials } 

show a great similarity in many respects. Their chemical struc~
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ture 1s based upon tetravalent elements, namely silica and carbon. Hi 

Although the mineral exchange material is formed of ultra-micro- 

scopic crystals, these crystals have a porous structure allowing i} 
the penetration of water and ions as do the organic colloids. 
With respect to the retention of nutrients both fractions act in- i) 
separably in the soil and their corynon effect is measured in 
terms of "soil base exchange capacity." ul 

In the determination of base exchange capacity, a sample 
is leached with a solution of a certain salt, such as NIi,Cl, 
BaClp or CaCle until it is completely saturated with the cation of 
the solution used. This cation in turn is removed ye leaching 
with an acid or solution of some other salt, and is then deter- 
mined quantitatively giving the base exchange capacity of the 
soil. The results are usually expressed in milliequivalents or 
in milligrams of absorbed base per 100 grams of soil sample. 

The exchange eee ane of various mineral soil frac- 
tions, as determined by Konig and Hasenbeumer by treatments with 
KoHPO, » are as follows: 

Diameter of soil particles Absorbed K50 
mm. mg. per 108 . 

1.0 - 0.5 1.6 

0.5 - 0.25 3.2 

0.25 - 0.10 23.2 

0.10 - 0.05 117.6 

0.05 - 0,01 249.6 i 

0,01 - 0,002 337.6 

0.002 or smaller 597.2 

These data suggest that soil particles significant in 
exchange reactions do not exceed the size of 0,05 mm. in diameter. 
The soil fraction of these diameter sizes consists of finer silt 
and clay, i.e. the material which stays in water suspension for a 

period of one minute or longer. It is very probable that the 
relatively high exchange capacity of the particles ranging in 
diameter from 0.05 to 0.01 mm. is largely due to the colloids of 
ultra-microscopic size adhering on their surface. 

The absorption of ions by organic matter is also in- 

fluenced by the size of the particles or degree of humification. 
However, no direct correlation can always be established because 
of the great variation in the composition of organic matter, par- | 

ticularly in its content of lignin-like compounds. 

From the determination of nearly a thousand samples of | 

sandy nursery soils, completed by the Soils Department of the | 

University of Wisconsin, it appears that the exchange capacity of | 

mineral separates smaller than 0.05 mm, in diameter and organic i 

Constituents averages about 25 and 100 m.e. for 100 grems, res- 1 

pectively. Consequently, the organic mattor of a sandy nursery
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' soil is four times as efficient in the retention of nutrients as i 

the mineral colloids. In other words, if a nursery soil has 14 | 
per cent of silt and clay, 4 per cent of organic matter and a base i 

exchange capacity of 7.5 m.e. it is likely that approximately 5.5 | 
me. are due to mineral matter and 4 m.e. to the organic fraction. 

The rela tive proportion of various ions absorbed by } 

the soil exchange compounds depends partly upon the "energy of \ 

absorption" of these ions and partly upon their concentration in i 
the solution. ] 

The energy of absorption or "replacing power" usually 
; increases with valence and atomic weight. Thus, the Ba-ion is 

: more readily absorbed by the soil than the Ca, Mg, K, or Na ions, 

the latter having the lowest energy of absorption. However, 
hydrogen and ammonia are exceptions. Thus, the replacing power 

of the most important ions is given in the following order of 
diminishing activity: 

H* Ba**t cat+ mg** x* NH,* Na* 

The energy of absorption is not necessarily a criterion 

of the stability of the ions in the exchange compound. While 

H-ion is absorbed and held more energetically than others, the 

more readily absorbed ions of the alkali metals are also more 
readily displaced by the other ions. 

. These relationships are subject to modifications effect- 
ed by the relative concentration of ions present in the soil 
solution, the exchange reactions being governed by the "law of 
mass action." According to this law any ion absorbed by the ex- 

change material may be replaced by another ion occurring in soil 

solution in considerable excess. Consequently, all of the bases 

and hydrogen may be replaced by anmonia if the soil is repeatedly 

leached with a solution of ammonium sulfate or ammonium acetate. 

The absorbed ammonia may be replaced by calcium by a similar 

treatment with calcium chloride. After the compound is completely 

saturated with the Ca-ion, this ion may be in turn removed and 

the colloids resaturated with har ce by treatment with ammonium 

acetate. The law of mass action has explained many relationships 

incomprehensible to the chemists of the old school. 

Under natural conditions, the exchange compound of soil 

is saturated predominantly with either hydrogen or calcium, oc- 

: curring in various proportions, as these ions usually dominate 

, the soil solution. The application of fertilizers, however, may 

greatly change the natural ratio and saturate the soil colloids 

with other fons such as those of ammonium, potassium or sodium. 

Soils having the exchange material saturated with bases have a 

neutral or alkaline reaction and are referred to as "base saturat- 

t ed" soils. The soils in which the exchange compound is, to a 

great extent, saturated with hydrogen are of acid reaction and 

are lnown as “base unsaturated" soils. The latter condition is 

& more common case in forest soils. 

The high capacity of exchange material for holding water 

and influence of absorbed bases on the coagulation of colloids and | 

the development of soil structure exert a profound influence upon t 

the physical properties of soils. | 
;
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In plant nutrition, exchange material acts as a store- i 
house in which bases are preserved in a form available to plants i 

: and yet not easily removable by water. The carbonic acid, ex- i} 

creted by the root hairs, exchanges its hydrogen for ammonia, 

potassium and other bases of the exchange compound. These enter 
. the soil solution and form with liberated acid radicals the soluble 

picarbonates which are utilized by the root systems. 

The level of base exchange capacity determines the rate 
at which fertilizer may be safely applied to nursery soils. On | 

heavy textured soils, rich in organic matter, and having an ex- 

change capacity of about 15 m.e. per 100 g., as high an applica- 

tion as 1,500 pounds of total salts per acre may be a safe and 
economical practice, since most of the nutrient cations will be 

absorbed and preserved from leaching by the base exchange mater- 

4al. In dealing with the sandy soils, especially those poor in 

humus, and with a capacity not exceeding 5 m.e. per 100 g., a 

direct heavy application of fertilizers would be very uneconomi- 

cal as most of the applied salts would be leached out before the 

seedlings could utilize them. Hence, on such soils the applied 

fertilizers must be incorporated in compost or in the tissues of 

catch crops, or added to the soil in small portions as liquid 

fertilizer distributed over the whole period of stock development. 

In order to attain a greater freedom in fertilizer 

‘ practice, the general tendency in dealing with sandy nursery soils 

4s to increase the soil exchange capacity to an approximate level 

of 10 m.e. per 100 grams by application of clay, peat, or other 

suitable organic remains. 

: Because of the great affinity of exchange material to 

react with the dissociated ions of the soil solution, some harm- 

ful constituents may be eliminated from the soil by introduction 
of the desirable ones. In this way, nursery soil may be freed of 

| toxic Na-ions, accumulated from repeated applications of sodium 

. nitrate, by introduction of potassium chloride fertilizer. The 

treatment of nursery soils with sulfur is essentially a similar 

process in which the hydrogen ions of the sulfuric acid which is 
formed frees the soil of an excess of calcium. 

The exchange capacity values summarizing the total 

effect of both mineral and organic colloids, i.e. clay and humus, 

are valuable not only in fertilizer practice but in the entire 

technique of forest soil utilization, particularly in the selec- 

tion of species for planting. 

In this respect, the exchange capacity determined 

throughout the soil profile is of particular significance as it 

reflects the physical, chemical, and genetical nature of the soil. 

Table 1 presents the exchange capacity of several typical soil 

profiles from the state of Wisconsin. Table 2 contains charac- 

teristic values of the exchange capacity determined in the 10-inch 

layer of soils from old cut-over lands of the Lake States region. 

The values in this table are rather low in comparison witt | 

the analyses of the virgin or recently cleared soils because of the | 

decomposition of the humus. Thus, these figures represent a pre- 

vailing condition of planting sites and to a great extent are cor- } 

related with the content of moisture and available nutrients found
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in soil surrounding the root system of seedlings immediately i 

after planting. 

Table 23 

Exchange Capacity of Representative Genetical Types 

of Forest Soils from Wisconsin | 

Bor Sand : Podzol Loam : Nut-structured : Gley Loam 
rir : :_ Mull Loam : 

Horizon: m.6. Horizon: m.e. Horizon: m.6. :Horizon: m.6. 

: 100 g.: : 100g: : 100 gs : : 100 g. 

ho 1 13.74 Apo # 76.3! Bg + 8765 t Ay 1 6505 

Ay : 7.8 : A, ; 83.2 : Ay : 2265 ; Ay : 32.2 | 

Ay : 5.7 : Ap ’ 4.3 : Ag : 6.72 : Ao : 6.7 

ApoB : 2.1: By : 7.4 + AB : 11.04 : B 2° 11.7 
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Table 24 

Exchange Capacity of the Surface 10-Inch Layer of 

Soils from 01d Cut-over Areas , 

3 : > ~6partly Thorainic: Outwasn: 
Aeolian:Outwash: Outwash : Assorted : Light : Silt :Lacustrine 

Sand: Sand _:Loamy Sand:Sandy Loam: Loam :; Loam : Clay 

Milliequivalents per 100 grams 
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Injury to red pine seedlings by a high con- 

{ centration of salts: 1. Check; 4. Fertilizer 

accumulated at the soil surface in a concen-~ 

i tration of 5,000 pep.m, 

aa Figure 38. Some effects of soil properties upon the early i 

development of forest seedlings. |
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ORGANISMS OF FOREST SOILS i) 

/ 
Introduction i 

i 
The soils of forests harbor multitudes of organisms ‘i 

living in burrows, in contact with colloidal material, and in the | 

goil solution, Numbers of organisms per cram of soil range from lil 
several hundred thousands in sands to many millions in rich mull eM 

loams. Their total dry weight in one acre of forest soil is i} 

often as high as 20,000 pounds. I 
a 

The soil organisms exert a profound influence upon both Ni 

the genetical development of soil profile and the growth of 

forest vegetation. Nearly all members of the soil population are 

employed in the decomposition of organic remains. Organisms in- 
crease the availability of plant food through oxidation, evolu- 

tion of carbon dioxide, and symbiotic action, or render nutrients 

wmavailable through reduction and incorporation in the protoplasm 

of their bodies. The fixation of atmospheric nitrogen and carbon 

is primarily a biological process. Both metabolism and physical | 

adsorption of salts on the surface of organisms aid greatly the 

retention of plant food in the upper soil layers. The organisms 

modify the mobility of soil colloids and affect the formation of i 

soil aggregates. Some forms hasten the germination and distribu- 

tion of seeds, while others destroy the seed, root systems and 

other plant tissues. 

The entire soil population, or "edaphon", includes 
: bacteria, fungi, actinomycetes, algae, protozoa, nematodes, worms, 

insects, rodents, moles, shrews, and other soil-inhabiting 
animals. 

Bacteria | 

The bacterial population of soil falls into two broad 

groups determined by the mode of nutrition: 

(1) Autotrophic bacteria which live wholly or partially 

without organic matter, utilizing elements or simple compounds 

for energy and deriving body carbon from carbon dioxide. To this 

group belong nitrite and nitrate-forming bacteria and bacteria 

oxidizing sulfur, iron, hydrogen, or carbon monoxide, methane and 

similar carbon compounds. 

(2) Heterotrophic bacteria which do not assimilate car- hi 

bon dioxide and feed chterly on organic matter. To this group 
belong free and symbiotic nitrogen-fixing bacteria, bacteria de- 

composing fats, proteins, cellulose and other carbohydrates, and i 

some denitrifying bacteria. A considerable portion of hetero- i 

trophic forms live in the absence of oxygen and are called "anaero- | 

bic" in contrast to "aerobic" forms developing in the presence of i} 

air. ; i 
| 

The outlined division is of a great practical importance ii} 

in relation to forest soils, particularly in relation to the I 

management of forest nursery soils. The organic matter is essen- i 

tial in tree nutrition, as well as in the maintenance of soil i 

fertility. The normal nutrition of trees cannot proceed without i 

participation of soil bacteria. Some of these organisms live on i]
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organic residues, which they tend to destroy, while others not , 

only prefer purely mineral substances but may even be injured by ul 

the presence of organic matter. Under natural conditions all of | 

these seemingly paradoxical tendencies are in perfect correlation, il 

at least in regard to the nutrition of tree species native to a al 

definite set of soil conditions. However, unskilled silvicul- il 

tural practices, such as inappropriate cuttings, introduction of i 

msuitable new species, and especially unbalanced application of i 

organic matter and mineral fertilizers, may easily destroy the 

existing equilibrium of bacteria and upset the nutrition of forest | 

stand or nursery stock. Thus, the maintenance of the soil micro- \) 

organisms in a state of natural balance and in harmony with the 

higher forest vegetation is one of the important problems of 
modern silviculture. : 

The following outline covers the more important nutri- 

tional effects exerted by various groups of bacteria. 

(a) Protein-Decomposing and Ammonifying Bacteria 

The bulk of nitrogen in soil, forest litter and organic 

fertilizers is in the form of proteins and their derivatives. 

These substances camot be utilized by trees directly and must 

first be broken down into simple compounds such as ammonia and 

nitrates. The process of decomposition of proteins into carbon 

dioxide, water and mineral salts is accomplished by combined action 

of chemical, enzymatic, and biological agents. Among the latter 

t prominent role is played by both aerobic and anaerobic bacteria 

Bac. mycoides, Bac. subtilis, Bact. vulgare, Bac. putrificus, 

and many others). 

In the course of decomposition of proteins a great 

number of intermediate compounds and by-products are formed. 

Their nature depends upon degree of soil moisture, aeration, re- 

action and other conditions, In some instances, the chain of 

these transformations is included, by accumulation of ammonia 

which is released as a final waste product of metabolism of 

ammonifying bacteria. Under aerobic conditions, however, ammonia 

may be further transformed into nitrates by nitrifying bacteria. i 

(b) Nitrifying Bacteria 

The transformation of ammonia nitrogen into nitrates } 

is accomplished by two groups of aerobic bacteria. Some of these 

} oxidize ammonia to nitrites (Nitrosomonas), whereas others oxidize | 

the nitrities into nitrates (Nitrobacter), according to the 

following approximate equations: 

2 NHz + 3 0g --—~-» 2 HNO + 2 Ho0 ~ 

2 HNOg + Og ———> 2 HNOg i} 

Good aeration, adequate supply of water, fairly high | 

temperature, presence of buffers, and the absence of large quanti- i} 

ties of soluble organic matter or highly concentrated salts are i 

essential for the success of nitrification. As a rule, nitrifica- il 

i tion is promoted by a reaction approachinz neutrality, although J 

Some organisms specifically adapted to acid media produce nitrates 

: in forest soils having a reaction as low as pH 4.8,
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The maintenance of soil in a condition suitable for i 
the propagation of nitrifying bacteria is important chiefly in Hh 

dealing with deciduous, lime-loving tree species requiring nitro- | 

gen in the form of nitrates. On the other hand, certain devia- iy 

tions from the nitrification optimum may be tolerated in stands i 

and nurseries with acidophilous and especially saprophytic | 

conifers, as such species readily utilize the nitrogen of ammonia, 

and possibly amino-acids. | 

(c) Denitrifying Bacteria i 

Under anaerobic conditions certain bacteria derive 

their oxygen supply from the oxides of nitrogen. In this process 

the nitrate 1s reduced to nitrite and further to elementary 

nitrogen with the simultaneous oxidation of other food substances 

by the microorganism involved. The group of bacteria capable of 

denitrification includes hundreds of autotrophic and heterotrophic 

species greatly diversified in their other activities. 

The reduction of nitrates to nitrites usually takes i 

place in a neutral or somewhat alkaline medium. In acid soils 
nitrates .are likely to be reduced to ammonia with nitrites as an 

intermediate product. | 

Denitrification exerts an adverse influence upon the 

growth of trees, especially hardwoods, by depriving them of 

nitrogen in general, or of readily available nitrates in parti- 

cular. In some instances, denitrification and subsequent forma- 

tion of ammonia prevents the loss of available nitrogen from 

leaching. | 

(d) Nitrogen-Fixing Bacteria 

Although an abundant supply of elementary nitrogen is 

always present in the atmosphere, it is not available to trees 

until it is converted into the form of simple organic or mineral 

compounds. A rather negligible portion of this conversion is 

accomplished by electrical discharges, and the rest by the 

activity of nitrogen-fixing organisms, particularly bacteria. 

The bacteria utilizing or "fixing" elementary nitrogen occur in 

nature either as free organisms or in symbiosis with higher 

plants. The latter group forms nodules on the roots and are 

commonly referred to as "nodule bacteria." The process of 

nitrogen fixation, resulting in an accumulation of proteins in 

the bodies of bacteria, is somewhat similar to the formation of | 

carbohydrates by green plants. 

The free nitrogen-fixing organisms include aerobic and | 

anaerobic forms. Aerobic forms (Azotobacter) are extremely sen- 

sitive to the acidity of soil and other conditions, and their | 

distribution 1s confined chiefly to well-aerated loam soils with it 

reaction above pH 5.0. Consequently, these bacteria are of HI 

secondary importance in the maintenance of forest soil fertility. Hi 

The anaerobic forms (Clostridium or Anylobacter) » occur nearly ti 

universally in soils, with the possible exception of acid peat Hi 

bogs, and play an important part in the growth of both forest 

stands a nd nursery stock. A reaction not lower than pH 5.5, MN 

an adequate supply of organic matter and mineral plant food, and il 

a fairly high temperature are essential for the optimum activity | 

i of these organisms. Hk



1350- | 
a 

In the symbiotic fixation of nitrogen, leguminous ii 
plants provide nodule bacteria with carbohydrates and in return | 
receive nitrogen compounds. The nitrogen accumulated by nodule i 

pacteria is likely to be directly available and is transferred i 

: to the plant at a rather constant rate. ll 
‘lil 

The nodule bacteria (Rhizobium) are usually quite i 
specific in their host requirements. They can withstand about i 

the same pH as their respective hosts. The forms associated i} 

with soybeans and lupines can survive at pH 4.0, thus permitting | 

their advantageous use in forest nurseries. In spite of the ‘Hl 

great tolerance of certain legume bacteria to acidity, the rate 

‘ of nitrogen fixation is usually increased by the addition of 

‘ lime. Mineral fertilizers and organic remains are also indirect- 
ly effective, due to increased growth of the host plant. 

In the great majority of cases inoculation of seeds or 
soil with the proper culture of bacteria is necessary to obtain 

satisfactory results with leguminous green manure crops. Some 

forest trees, such as black locust, are dependent in their i| 

nitrogen nutrition upon bacteria and may also require artificial 

{noculation. Although the bacteria are often present in nursery | 

soils, their viability is greatly influenced by pli, organic } 

matter, moisture, temperature, and toxic agents. Consequently, } 

it may prove wise to inoculate seed with a lmown effective 

culture rather than to depend upon the presence of the organism 

in the soil. 

(e) Carbohydrate-Decomposing Bacteria 

Carbohydrates comprise the greatest portion of organic 

matter. They include sugars, starches, cellulose and hemicel- 

luloses. Cellulose is the most abundant constituent and the | 

process of its decomposition has a particularly important bear- } 

ing upon soil productivity. 

The role of cellulose in plant nutrition is of a complex 

nature as it may exert either beneficia 1 or harmful influences. 
Cellulose serves directly or indirectly as a source of energy for 

nitrogen fixing bacteria and other useful organisms, but has no 

value as a plant nutrient or base exchange material, In large 

quantities it encourages the growth of organisms capable of 

utilizing ammonia and nitrates and thus may cause the nitrogen } 

starvation of trees. For this reason, the productivity of soil, 

as well as the quality of composted fertilizers, may be greatly | 

decreased by an accumulation of undecomposed cellulose. 

The bacteria employed in decomposition of cellulose 

a include both aerobic and anaerobic forms; (Cellulomonas, certain } 

: Spirochaetes and Clostridia). In compost piles with a high tem~- | 

perature, these organisms may be partly replaced by thermophilic | 

bacteria (Clostridium thermocellum). The mechanism of cellulose 

decomposition varies depending upon the conditions of environ- | 

ment and the organisms involved, However, the end products fi 

usually include: carbon dioxide, methane, hydrogen, other gases, il 

Fe intermediate products such as acids and alcohols, and bacterial i 

cells mixed with other decay-resistant substances.
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The aerobic cellulose-decomposing bacteria are very in- ii 

tolerant and of poor aeration and soil acidity. Their activity i 

ceases completely at a reaction low er than pil 5.5. Consequently, iil 

they are confined chiefly to ha rdwood mull loams and non- Hh 

podzolic pine sands. The anaerobic bacteria withstand both ay 

strong acidity and deficiency of oxygen and occur abundantly not il 

only in poorly drained and acid forest soils but also in | 
deposits of peat and over-watered compost piles. | 

The activity of some bacteria in anaerobic media is i 

greatly stimulated by the addition of nitrate salts. Under such | 

conditions, the nitrate is reduced to gaseous nitrogen and the 

released oxygen is used by organisms in respiration. This 

relationship may be advantageously used to accelerate the decom- 

position of raw organic remains in poorly aerated compost pits. 

Raw organic remains used in forest practice as fer- 

tilizing material usually contain about 40 per cent of carbon 

and 2 per cent of nitrogen. When such remains are added to a 

nursery soil, cellulose-decomposing bacteria multiply rapidly, | 

using for their cells both carbon and nitrogen. As the bacterial | 

cells are composed approximately of one part of nitrogen and five 

parts of carbon the supply of nitrogen present in both soil and 

organic remains may be soon exhausted. Unless the soil receives 

anew supply of nitrogen in the form of fertilizers this condi- 

tion will arrest the process of decomposition and bring about 

the starvation of nursery stock, Such utilization of nitrogen- 

ous compounds by cellulose-decomposing bacteria often takes place 

in preparation of composted fertilizers and may also be prevented 

by applications of soluble nitrogen salts, such as ammonium 

sulfate. 

Fortunately, the decomposition of cellulose is accom- 

plished not only by bacteria, but: also by fungi which assimilate | 

considerably smaller amounts of nitrogen per unit of carbon and 

hence work more economically. 

A process similar to the micro-biological utilization 

of nitrogen may affect some other available nutrients, parti- 
cularly phosphorus and sulfur. Consequently, in the application 

of peat, raw humus and green manure crops to nursery soils, care- 

ful attention should be paid, not only to the carbon-nitrogen 

ratio, but to the availability of other nutrients as well. 

The decomposition of hemicelluloses and other carbo- | 

hydrates is on the whole similar to that of cellulose, except 

: that it proceeds more rapidly and has a lesser effect upon the 

: fertility of soil. | 

(f) Sulfur Bacteria 

From the standpoint of nutrition, sulfur is closely i 

related to nitrogen and undergoes similar biological trans- \| 

formations. The oxidation of elementary sulfur and sulfides, | 

including hydrogen sulfide, into available sulfates is accom- Ht 

plished primarily by a specific croup of sulfur bacteria y 

(Thiobacillus, Beggiatoa, Thiothrix) according to the following 
reactions: Sees i
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2 HeS + 0g ——> 2 HAO + Sp i 
i 

‘ Se + 3 0p + 2 Ho0 ——» 2 HpS04 | 

alii 
HpS04 + CaCOz ———y CaSO, + H_O0 + C0. i 

The accumulation of sulfuric acid or sulfates, result- i 
ing from the process of oxidation, is followed by an increase in i 
soil acidity. Since the acidification of nursery soils support- i 
ing coniferous stock is often aimed for, the sulfur-oxidizing | 
bacteria and their well-being attain a considerable importance i 
in forestry practice. The activity of these forms is stimlated 
by additions of sulfur flowers and various organic remains, viz. 
green manure, peat, duff, or compost. 

The oxidation of sulfur is of further benefit in the 
preparation of composted fertilizers where the sulfuric acid 
formed converts the insoluble rock phosphates into available 
mono-calcium phosphate or phosphoric acid, 

j The process of the reduction of sulfates or other 
sulfur oxides to hydrogen sulfide is similar in its nature to | 
denitrification and may be accomplished by a wide variety of both 
autotrophic and heterotrophic organisms capable of carrying on 
anaerobic respiration. Vibro desulfuricans, a strictly anaerobic 
spirillum, plays an outstanding part in this transformation. The 
reduction of sulfates takes place prevailingly in poorly-drained 
soils, especially peat and muck. The accumulated hydrogen sul- 
fide exerts a toxic affect upon the roots of the trees and is, 
at least partially, responsible for the development of super- 
ficial root systems. 

(g) Iron Bacteria i i 

A number of bacterial forms, (Crenothrix, Leptothrix, 
Gallionella) derive their enersy from the oxidation of ferrous 
iron, thereby converting it into the difficultly-soluble ferric 
precipitate. This process may play a certain part in the 

; development of iron-rich horizons of forest soils, especially 
the ortstein in podzols. 

Aside from the activity of the iron bacteria proper, 
a number of other bacteria may cause development of a hardpan or 
bog-ore by using the organic fraction of soluble iron humates 
and leaving iron hydroxide as a residue. 

Attached drawings, adapted from standard microbiologi- 
Cal texts, give a general idea of the more important forms of i 
8011 bacteria and other soil organisms. 

; Fungi 
| 

Y Fungi are multicellular chlorophyll-free lower plants | 

. deriving their energy from decomposition of organic matter. They 1 
occur in soil either as free molds or as symbiotic fungi forming | 
mycorrhiza on the roots of higher plants. Both of these groups il 
include minute forms with microscopic filaments as well as the i 

higher mushroom fungi.
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Fungi tend to dominate raw organic remains, such as | 

the litter and duff horizons of forest soils. At the same tine, i 

they are strongly influenced by the supply of available nutrients Hi 

jn striking contrast to bacteria, which are more dependent upon i} 

organic matter than mineral salts. Many of the fungi can with- i 

stand a greater acidity than bacteria and occur in great numbers i 

in .acid forest soils. The number of fungi increases with soil 

moisture content, provided there is adequate aeration. Although | 

the greatest density of fungal population is found in the upper i 

few inches, fungi occur more or less uniformly distributed in the i} 

soil profile to a depth of 4 or 5 feet. Fungi in greater or i 

lesser quantity occur throughout the entire range of soil condi- 

tions suitable to forest growth. Aspergillus, Botrytis, Fusarium, 

Konilia, Mucor, Oidiun, Pentoiliu, Prytophthors, EBL 
Rhizoctonia, Rhizopus, Sclerotium, Trichoderma, Vertic. ium, 

Zygorhynchus, eat taeti, Amanita, Boletus, Cortinarius, Meru- 

US, oma, and Russula are the most common genera found in 

80118. 

The role of fungi in soils, especially in forest soils i 

cannot be over-emphasized. Fungi are greatly responsible for 

the decomposition of proteins, cellulose and most of the other 

carbohydrates. 

Under ordinary conditions, the activity of fungi pro- 

ceeds very efficiently with comparatively little consumption of 

energy materials and results in the accumulation of a highly 

nitrogenous residue of fungal mycelia. 

The accumulation of large quantities of available 

nitrogen takes place, because the fungi consume primarily the 

carbohydrate fraction of the protein compounds and release 

ammonia as a waste product. In some instances, however, fungi | 

temporarily remove the soluble nitrogen compounds and other 

mineral nutrients as do bacteria. They release them only after 

the source of energy i.e. carbohydrate fraction is exhausted and 

the dead mycelia are decomposed. While the inhibition of nitro- 

gen may have a temporary depressing effect upon the seedlings, it 

preserves the soluble nitrate and ammonia compounds from leach- 

ing by rain or artificial watering. 

Fungi may modify considerably the reaction of soil by 

the liberation or consumption of organic acids and by the forma- 

tion of ammonia. In some instances they penefit the growth of 

trees by liberated carbon dioxide. The fixation of atmospheric } 

nitrogen and the pos sible conversion of difficultly-soluble 

compounds into available form by mycorrhizal fungi, has an 

especial significance in the growth of trees and is discussed i 

at length separately. 

Some of the fungi do not draw an exact line between the i 

dead and alive organic matter and cause the destruction of tissue i 

of seedlings and older trees. ‘The so-called "“damping-off" fungi, ij 

Rhizoctonia, thium, Fusarium, Phytophthora and a few other | 

Poe was forest seedlings emtty after germination and are i 

frequently responsible for great losses of nursery stock. In | 

close relation to damping-off forms are root-rot fungi which cause | 

the decay of the older seedlings and transplants. Among the | 

fungi attacking the roots of older trees, black shoestring fungus, |
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Armillaria mellea, and some members of the Polyporaceae, have the i} 
fost wide and the saddest reputation in both Rete and | 
European forestry practice. i 

Mycorrhizae i 

The roots of forest trees, especially conifers, are WN 
often invaded with fungi searching for an available supply of Hl 
synthesized carbohydrates, The penetration of mycelium, however, HN 
4s in most instances arrested by the live root either in epidermal i] 
cells or in the inner parts of the root. The intrusion of hyphae i 

causes certain differentiation and rearrangement of root tissue 
and results in the dsvelcopment of permanent root-fungus growths, 
referred to as mycorrhizas. The mycorrhiza is classified as } 
"ectotrophic" or "endotrophic"” depending upon whether the hyphae 
penetrate only the epidermis or the deeper cortical cells of the 
root. 

In the majority of cases a mycorrhiza is a symbiotic 
association in which the fungus derives carbohydrates from the i 
root and in exchanre supplies the tree with nutrients, parti- 
cularly nitrogen. The nitrogen supply is accumulated by fungus 
either through the deconposition of soil organic matter or pos- 
sibly by fixation from the atmosphere. The root may receive the 
soluble nitrogen as by-product of fungus metabolism, or may obtain 
it by digesting the fungus tissue. Since the formation of mycorr- 
hizae often leads to the complete degeneration of root hairs, the 
entire intake of water and mineral salts may be accomplished via 
fungal hyphae or the fungal mantle. This in turn may enable 
trees to utilize difficultly-soluble phosphates, potash, and other | 
nutrients occurring in soil in the form of unweathered minerals. 

Mycorrhizae are formed chiefly by Hymenomycetes, such 
as Boletus, Amanita, Tricholoma, Lactarius, Gortinartus and 
Russula, and are confined chiefly to acid soiis, poor in nutrients. 
On soils having a fairly high amount of soluble salts, or a re- 
action higher than pH 6.0, true mycorrhizal fungi degenerate and 
may be replaced by so-called "pseudo-mycorrhizae", produced by 
liucor, Verticillium, and other common soil fungi. Some of the 
mycorrhizal fungi, like Boletus, invade only a few certain tree 
species, whereas others, for example Amanita, may associate with 
awide variety of tree genera. 

The occurrence of mycorrhizae on roots of forest trees, 
namely on pine, chestnut and hazelnut was first revealed as early 
as 1856 by Gasparrini. Since that date mycorrhizae have been 
detected on the majority,of forest trees, shrubs, and ground 
Cover plants by Frank, Muller, Gibelli, Roess, Vyssotzky, Sarrauw, | 
Stahl, and others. The most recent studies of this problem were | 
nade by Melin in Sweden anc Hatch in the United States. | 

Although the theories advanced by different writers are | 

somewhat contradictory, there is enough factual evidence to con- ii} 
sider mycorrhizae as non-pathological developments, often essen- HHH 
tial for the normal nutrition of forest trees. Particularly con- i 
Vincing evidenc e of this has been obtained from the observation i 
of the tree growth on drained peat soils in Sweden. In such | 
localities the seedlings lacking mycorrhizae showed symptoms of il 
nitrogen starvation and eventually died, while seedlings infected ii 

with mycorrhizal fungi grew successfully. Nursery failures jin iu
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Australia have been traced to the lack of mycorrhizal fungi, as \ 

satisfactory growth of seedlings was obtained by the importation i| 

of soil infected with the proper organisms. Likewise, it was i 

recently reported that seedbed inoculations have saved a new | 

nursery from abandonment in Southern Rhodesia, All successful i 

plantations of introduced pine in the Philippines are known to i 

have an abundant infection of mycorrhizal fungi. A striking il- Ha 

justration of mycorrhizal importance has presented itself recent~- We 

ly in the U. S. Forest Service Nursery at Licking, Missouri where Ni 

the growth of shortleaf pine seedlings appears to be ultimately i 

dependent upon the infection of roots with fungi. il 

The development of mycorrhizae often is associated with i 

the shortening of roots and their branching in a fork-like fashion. H 

In extreme cases, this condition may materially decrease the 

resistance of nursery stock to drought, and may have to be counter- 

acted by an application of phosphate fertilizers. } 

Actinomycetes 

Actinomycetes are generally classed as fungi although 

they exhibit characteristics of both fungi and bacteria. The iH 

body of these organisms consists of mycelia with branching non- H 

septate hyphae similar to those of higher funci. The mycelium H 

is brightly colored and is easily brolten into short rods resem= 

bling bacteria. lost species produce a typical earthy odor of 

fresh soil. 

Actinomyces occur primarily in forest soils where their 

main function is the decomposition of lignin-like substances. 

These substances are resistant to the activity of all the other 

soil organisms. 
i\ 

In contrast with fungi, actinomycetes are very sensitive 1 

to acidity, and disappear almost completely in soils having a 

reaction of a pH 4.7 or lower. This may have a direct bearing 

upon the development of the highly ligneous duff layers of so- 

called "raw humus" forest soils. Some actinomycetes have the 

ability to reduce nitrates to nitrites and may be detrimental. 

Soil Algae 
Algae are chlorophyll-bearing organisms generally occur- | 

ring in filaments or colonies. | 

The algal flora of the soil is confined to three groups: | 

Gren ophy cose or blue-green algae; Chloro hyceae or green algae, 

and Bac ariaceae or rod-shaped diatoms. 
Mi 

Algae hasten the solubility of minerals , particularly | 

carbonates, and thus aid in processes of weathering. Being | 

capable of photosynthesis, they utilize carbon dioxide and in- ill 

crease the content of soil organic matter, It is very likely i 

that algae in symbiosis with bacteria promote the fixation of i 

atmospheric nitrogen. A noticeable increase in growth of spruce i 

; and pine seedlings in nitrogen-free quartz cultures was observed | 

when algae were allowed to accumulate on the soil surface for MW 

; a period of 3 years. Lichens which are a symbiotic association A 

of algae and fungi are of great importance in initiating plant i!
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: succession and development of soil on unweathered rocks and 

other barren soil parent materials. 
Hit 

Because algae can be readily "invited to life" by an | 

addition of small amounts of mineral salts, several attempts were iI 

made to cultivate them in natural ponds and artificial basins as il 

; a source of organic matter for humus-deficient forest nurseries. Mh 

Slight improvement in growth of white spruce seedlings was noted Hi) 

when colloid-free sand cultures received an application of dried Wi 

green algae grown in dilute solution of potassium phosphate. i 

Eowever, no positive results were reported thus far in regard il 

to large scale applications. Ml 

It 1s possible that the crowth of the higher plants on i] 
: poorly-drained soils is benefited by the oxygen civen off by 

: the algae. 

Protozoa 

Protozoa are one-celled animals, varying in size from a i 

few microns to several centimeters with protoplasm either naked 

or enclosed in a membrane and containing one or more nuclei. 

Soil-inhabiting protozoa are classified into three 

groups according to their organs of mobility. Sarcina - moving 

by means of pseudopoda or temporary extensions of the body; 

Flagellata - provided with one or more permanent flexible whip- 

Tike flagella; Ciliata - with numerous short hair-like cilia 

confined to certain parts of the body or covering the entire 

organism. 

Protozoa participate in the decomposition of organic 

remains, serve as a source of energy for other soil organisms, i 

and destroy certain parasitic, as well as useful organiams, par- {| 

ticularly bacteria. In recent times, a theory has been advanced 

that protozoa materially decrease the fertility of agricultural 

: soils, or even cause a so-called “soil siclmess" by feeding on 

ammonia and nitrate-forming bacteria. Such a condition nay be 

expected in over-watered heavy nursery soils high in organic 

matter, 1.e. a medium favoring the multiplication of protozoa. ! 

Since protozoa are less resistant to heat than bacteria, 

a a method of partial sterilization was advanced as a means of in- 

creasing soll fertility. However, this has not found an applica- 

tion in nursery practice. In several instances partial sterili- 

; zation promoted the development of parasitic fungi, presumably 

due to the destruction of hyperparasites. : 

Rotifers Ml 

Rotifera, or "wheel animalcules", are minute animals i 

deriving their name from a ciliated corona at the anterior end il 

: of an elongated body. The corona serves for locomotion and ob- ij 

taining food. | 

Rotifera occur primarily in poorly-drained soils. il 

Humification is the only function thus far ascribed to these ‘ll 

organisms. i}
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Nematodes | 

Nematodes are transparent, non-segmented, spindle- | 

shaped, worm-like organisms. The soil-inhabiting forms are i 

microscopic or nearly microscopic in size. They occur in great i 

numbers in srevinore peor of forest nee and include para- iM 
sitic, saprop c and free-living species (Tylenchus, Iota Wii 

Hononchus, Rhabditis and Alaimus). . . | 
a eee Se i 

Nematodes play an important role in decomposition of i 

organic matter and improve soil aeration. They consume bacteria, i 

fungi, protozoa, and other nematodes and may be either in juriows i 

or beneficial depending upon the nature of destroyed organisms. 

By distributing parasitic fungi throughout nursery soil they may | 

increase the extent of damping-off disease. Recent evidence from } 

Wisconsin and New Zealand has shown that some of the nematode 

species (Rhabditis) invade the tissue of live coniferous seedlings, 

producing the same effect as damping-off disease, or at least 

completing the destructive work of fungi. 

Earthworms i) 

The worms inhabiting soil include chiefly the members 

of two families: Oligochaeta-Terricolae, having sepmented bodies 

with four rows of bristles, and Oligochaeta-Limicolae, charac- 

terized by whitish color and presence of more than two straicht 

bristles in some of the bundles. lLunbricus, Allolobophora, 

Bisenia, Helodrillus, Enchytraeus, Tredericia and Anachaeta are 

the most important species. 
] 

With very few exceptions, the occurrence of earthworms 

is confined to moist soils rich in organic matter and of moder- 

ately acid reaction. Loam and silt loam soils, high in bases i 

and supporting hardwood stands, often have especially abundant 

earthworm population and are sometimes referred to as "earthworm | 

mull soils." The number of specimens per acre in such soils 

according to Wisconsin studies varies from 500,000 to 1,000,000 

per acre. 

Barthworms drag fallen leaves into their burrows and 

use them either as litter or food, thus preventing the accumula- 

tion of duff. In the process of nutrition they pass great 

quantities of soil and organic remains through their bodies, i 

thereby promoting humification and the incorporation of humus 

with mineral soil. As a result, the upper layer of soil attains | 

a typical crumby structure which increases aeration, diminishes 

runoff, and to some extent facilitates the root penetration of 

germinating plants. MW 

Undoubtedly the activity of earthworms has considerable i | 

beneficial influence upon the productivity of soils, as was ‘| 

originally stressed by Darwin in his work "Vegetable Mould and i 

Tarthworms." However, the presence of earthworms in forest soil Ht 

is not always an indication of high soil productivity. Very il 

often the abundant population of earthworms is found in soils i 

with a high ground water level, where the growth stagnates due Mh 

to deficient aeration of the deeper soil layers. 

ii
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Mollusca i 

The mollusc population of soil is limited to snails | 
and slugs. These moisture-loving forms occur predominantly in | 

heavy soils with a fairly high ground water level. Both vege- i | 

tarian and carnivorous molluscs feed largely upon the surface Hi 

waenever the ground is wet. Their waste products make a certain i 

contribution to the content of soil humus. i] 

Arachinda i 
Hit 

Soil-inhabiting Arachinda include mites, ticks, and i 

spiders. They are as a rule confined to the upper one-inch 

layer. In well-humified mull soils the total number of arachinda || 

may reach several hundred thousands per acre. Being primarily } 

carnivorous, arachinda play certain role in the maintenance of 

biological equilibrium of the soil population and to some extent 

contribute to the processes of humification. Recently claims 

were made that mites are responsible for the injury of young 

seedlings. ¢ i 

Insects 

A great majority of insects spend a certain portion of 

their life cycle in the soil, and the total insect population of 

forest soil per acre may be estimated in terms of millions. Some 

of the insects feed on root systems (Melolontiia) or on soil 
organisms (Carabideae), while others Tive saprophytically (Col- 
lembola) or simply use soil as a shelter (Formicidae). Finally 

some insects occur in soil only in the pupal stage (Lepidoptera). 

The insects benefit forest soils by addition of organic 

matter, its humification and improvement of soil structure. Cer- 

tain forms (Ichneumonidae and Braconidae) destroy cutworms and _ 

other parasitic organisms. Among the injurious insects, the 

white grub, wireworms, cutworms and root borers are of greatest 

importance. The first two destroy the roots of seedlings and 

transplants, whereas the latter cut the stems of young plants 

near the ground and feed upon the exuding sap. 

In some tropical forests termites act as a particularly 

outstanding soil factor by decomposing vast amounts of dead and 

living plants and by greatly increasing the soil porosity with 

their numerous passages. 
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Representative forris of soil organisms. bacteria (x 700): ii] 

(a) Wreroscnonss ; (b) Nitrobacter; (¢) Azotobacter; (d) Clos- 
tricium; (@) Rhizobium; (f) Bac. cellulosae; (g) Bact. vulgare; Ni 

(h) Begglatoa; (1) Gallionelle ferruginea. Fungi: (Jj) Rhizo- Ha 

pus (x 40); (ic) Mucor; (1) @*ieHocorma (x 250); (m) Penicil- Whi 

liu (x 00); (n) Actinomgeote's. Algae: (0) Pleuroceccus; Hi 

(p) Phormidium; (q) Nodularia; (r) Anabaena; (s) Chlamidomonas Mi 
(x 1000); (t) Diatoms (x 1000). Protozoa (x 800): (u) Amoeba; ii 

(v) Ciliate; (w) Plagellates. (x) Nematodes (x 100). 1
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CHAPTER XII | iii i 

HUMUS i 

(Properties and Silvicultural Importance) Ht 

"So lie the dead leaves; but they and i 
such as they nourish forever that HH 

great trunk ... which still sheds Ay 
forth another crop and another, each il 

as strong and as fair as the last." i 
Sir A. Conan Doyle i 

The term "forest humus", in its broadest sense, refers | 

to the entire organic portion of the soil profile (Waksman). It | 

includes undecomposed leaves, needles and twigs or litter, partly | 

decomposed remains, or duff and the finely-divided decay- iI 

yesistant residue often Incorporated with the mineral soil and | 

referred to as amorphous humus or "leaf mold". | 
I 

Forest humus is an ecological factor of extensive signi- | 

ficance. It is an important agent in the processes of soil develop- ii 

nent. The leaching of podzols, maintenance of the equilibrium of | 

soluble salts in the melanized soils, and accumulation of sesqui- Ih 

oxides in laterites are intimately related to the nature of humus i 

decomposition. Different forms of humus modify the rate of natural 

reproduction of forest stands and thus influence the technique of | 

selective logging. Forest humus plays an important part in the i 

maintenance of the fertility of permanent forest nurseries, being a | 

source of useful organisms, balanced nutrients, buffering colloids, 

growth hormones and other substances essential in tree growth. 

The first classification of the organic layers of forest iW 

soils 4s accredited to the German forester Emeis who in 1875 des- Hi 

cribed three types of forest humus; one consisting of well-decompos- i 

ed organic matter largely incorporated with the mineral soil and | 

containing nitrogen in the form of "nitric acid"; the other two 

being composed of "raw" organic remains. This subdivision has 

formed the basis for all subsequent schemes of classification. 

P. &. Muller of Denmark was the first to look upon forest Hi 

humus layers as naturally occurring biological units. In 1879 he i 

subdivided the humus la yers of forest soils into two types or il 

groups, mull and mor. {i 

The typical representative of Muller's mull group is Wi 

the earthworm mull, consisting of an intimate mixture of humus i 

and mineral soil. It has a friable, crumby structure due to the Hi 

presence of large earthworms, such as Lumbricus serpestns and | 

sipports a rich flora of nitrophilous geophytes. i er's mor or Hi 

Taw humus group is characterized by a thick, matted layer of free iM 

organic matter, sharply delineated from the mineral soil. The | \ | 

Vegetation includes acidophilous plants of saprophytic nature, il 
i 

Since Miller published his original work, there have | 

been numerous attempts to broaden the classification of humus and | 

adapt it to the needs of silvicultural practice (Ramann, Eber- NM 

mayer, Hesselman, Leiningen, Vater, Albert, “Zkstrom, Frosterus 
1b 

il
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ond Tamm, Juncker, Tschermak, Bornebusch, Romell and Heiberg, and Wi 
Heiberg and Bornebusch). Although these efforts have broadened | Ieee 

the knowledge of humus forms, they have resulted in the introduc- 

tion of several misconceptions and unnecessary complications. i 

he following points summarize the chief discrepancies and omis- i | 

sions common to the existing classifications. 
Hi 

.., On the basis of observation of isolated cases, th 

several authors declared that the rate of forest grow th depends Ht 

upon the type of humus. As more extensive studies showed, such a | 

correlation does not hold true universally. i 
Nia 

The degree of humification and development of mull i 
or mor types was directly related to the reaction of the organic MW 

renains. Sour" humus and "sweet" huius were used as synonymous i 

for mor and mull humus in Russian, German and English literature. i 

This relationship also proved to be unfounded, as strongly acid {| 

malls with a reaction less than pH 5.0, as well as alkaline mors i 

with a reaction as great as pli 8.0, were described, i 
Wi 

lll humus was presented as a material containing il 

greater amounts of readily available nutrients than mor hunus. i 

Analysis of a large number of humus samples, as well as quartz il 

sand culture experiments, proved the direct opposite of this it 

supposition; pure mull types showed considerably less available 

nutrients per unit weight than the mor types. 

The presence of an A, horizon with incorporated 

humus was assumed to be the distinguishing characteristic of mull 

humus. Actually, a number of varieties of the mor group with a | 

pronounced Ay horizon was observed. 

, Classificational schemes of different authors in i 

various countries led to great terminological confusion, An Hi 

examination of a glossary of the terms would show that almost 
every expression of international use has two or more meanings 

and the same material is kmown under several nanes. 

None of the existing classifications gave suffic- 

fent consideration to the thickness and friability of the free Hib 

organic matter, properties which are directly correlated with 

the rate of natural reproduction, i} 
iii 

As a rule, classifications of hummus completely ih 

disrecarded the nature of the underlying mineral substratum. As | 

recent investifations showed, chemically and to a great extent i 

biologically, the humus layers are dependent upon the properties I 

of the mineral soil. a 
i 

Considering the outlined criticisms, and the informa- MW 

tion available at present, a general scheme of forest humus a 

classification 1s outlined below. This classification recognizes {IH 

two broad biological groups (null and mor), eight well-defined and \ i 

silviculturally important types (barren mull, earth mull, duff i 

mall, podzol mull, crust mor, raw mor, infiltrated mor and 1 

rendzina mor), and a number of morphological varieties of secon- | i 

dary practical importance, (crumb mull, grain mull, firm mull, | 

matted mor, fibrous mor, amorphous mor, etc.). The accompanying iil 
tie 
ll
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drawings present schematically the important morphological i 

features of humus types. 
| 
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Schomatic profiles of humus types (1) Barren mull; 

(8) Earth mull; (3) Duff mull; (4) Podzol mull; 

(5) Crust mor; (6) Raw mor; (7) Infiltrated mor. 

Vertical lines indicate incorporated humus, whereas 

solid black indicates raw or free organic matter. 

A. Mull Group or Active Humus Ff {| 

ake Barren Mull is formed under conditions promoting ex- 

tremely Papid decomposition of organic remains, The litter is 

either entirely absent or is represented by a few scattered rem- 

nents of the last year's leaf fall. The mineral soil contains 

only a negligible amount of incorporated humus, which sometimes is 

difficult to detect by ocular examination. The tumic layer does 

not exceed a depth of 2 inches. In spite of the vapid decomposi- 

tion of organic remains, the upper layer of soil may be of very | 

high acidity, approaching pil 4, 

The type is confined chiefly to soils of lateritic 

nature, particularly the yed and yellow forest soils. It also 

occurs in the brownearth region, and in areas adjacent to the i 

prairie. This type is found under stands of both pines and hard- We 

woods, oaks being the principal hardwood species. | 

Hit 

Tho possibilities of natural reproduction are high due wie 

to exposed mineral soil. In spite of the low content of soil ie 

organic matter pine stands on barren mulls may be fairly productivo Hi 

This 1s gencrally true of the lateritic zone where climatic condi- ie 

tions make satisfactory tree growth possible on solls with a | 

ninimum content of base exchange naterial and available nutrients. MM 

i i 
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Figure 35. Characteristic profiles of mull and raw humus types: AL Crumb mull on a slightly pore’ 

thloam; 2, Acid raw humus on «\ podzol sandy loam with ortstein horizon; 3. Alkaline raw humus underla 1 

blimestone bedrock. The monoliths represent sections 20 inches deep. i 
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3. farth Mull is characterized by a dark A, layer with in- 

corporated humus, usually varying in depth from 3"to 3 inches. | 

In some instances the depth of humic layer is even greater. The } 

layer of litter is thin and often interrupted. In many instances ) 

the litter is nearly absent. The reaction of the humic layer We 

ranges from pH 5 to pil 8. : WW 
Wy 

This type occurs in the region of brownearths, grey | 

forest soils and podzolic soils, predominantly under hardwood Wi 

stands. The rate of growth and quality of the stands are extreme- | 

ly variable. The ground cover association is composed of typical q 

mesophytic "mull" plants, such as Mercurialis, Anemone, Hydro- Hi | 

phyllun, Thalictrum, and Dicentra. i 

The conditions for natural reproduction in this type | 

are very favorable. Because of the rapid decomposition of organic i 

remains and the vigor of competing vegetation, thinnings and | 

selective cuttings must be conducted in a very conservative manner. i 

The value of earth mull as a natural fertilizer is low because of } 

the high content of mineral soil. Its inoculating capacity is i 

questionable since the earthworms and bacteria may not survive in 1 

the poorly aerated compost pile or in the acid nursery soil. i 
i 

Depending upon the structure of the A) horizon, the | 

earth mull may be divided into a number of moepholoeteal varie- 

ties, as follows: 

(a) Crumb mull. The humic layer is of a coarse crumby 

structure resulting from the activity of large earthworms. The 

content of organic matter rarely exceeds 20 per cent. This 

variety occurs predominantly on heavy soils with a high ground 

water level. Forest stands are composed chiefly of hardwood I 

species. A high percentage of cull material is common. The ground i 

cover includes several species of ferns, and moisture-loving il 

plants in addition to typical mull vegetation, The reaction of 

the humic layer varies from pH 5.5 to pH 8.0. 

(bo) Grain mull, This variety is characterized by a 

fine grained structure and the absence of large earthworms. The 

content of organic matter may be higher than in crumb mull. The A 

ground cover consists of typical mull plants. Grain mull occurs 

on well drained soils of loam texture, often under stands of a i 

high productivity. The reaction is about pH 6, or higher. i) 

(c) Firm mull. The humic layer is structureless, of Hi 

dense or firm nature and has a low content of organic matter, as i} 

a rule not exceeding 10 per cent. The reaction varies from pH 5.0 Win 

to 6.0. It 4s confined to heavy upland soils. i 

(a) Bor mull. The humic layer is of single-grained WW 

structure and reaches a depth of 8 inches, The content of organic a 

matter usually does not exceed 6 per cent. The reaction varies iil 

from 5.0 to 6.5. The variety is confined to unleached sands, and | 

occurs chiefly under pine and oak stands, . , {| . 

I 
3. Duff Mull. This type is characterized by the presence of i 

a substantTal layer of friable litter and duff, varying in thick~- | | 

ness from 1 to 2% inches. The infiltrated horizon may be structur- i



145- ii 

ed or structureless, The depth of the humic layer seldom exceeds i) | 

8 inches. The reaction of the organic portion usually varies 

from pH 5.0 to 7.0. 

Duff mull occurs predominantly on well drained podzolic | 

and grey forest soils supporting either pure hardwoods or mixed IN 

nardwood-coniferous stands. The conditions for natural regenera- Hh 

tion of the stand are somewhat less favorable than are found on {ih 

the true mull type and selective logging may be carried on with ai 

a somewhat greater intensity. The duff portion as a rule has a | 

high content of nutrients, and can be advantageously used as a |) 

fertilizer or inoculating medium. i 

Duff crumb mull, duff grain mull, duff bor mull and i 

guff firm mull are morphological varieties of this type separated i} 

on the basis of the nature of the A, horizon. With the exception H 

of the duff layer, these varieties are essentially similar to } 

those of the earth mull type. i 

1 

4, Podzol Mull. This type is a peculiar transition be- MH 

tween mull™and Mor forms. The entire absence or slight develop- 
ment of the infiltrated A, layer as encountered in podzol soils, i 

is the outstanding characteristic. The litter and duff layers i 

are of a Gistinctly friable structure and their thickness does } 

not exceed 24 inches. The reaction of organic horizons varies 

from about pH 5.0 to 6.0. This type occurs on podzolized soils 

supporting hardwood-coniferous or pure coniferous stands. The i 

ground cover is largely composed of raw humus plants and several 

species of Liliaceae. 

The duff layer has, as a rule, a very high content of 

available nutrients, and is characterized by the presence of very i} 

active organisms, both fungi and bacteria. It is an ideal fer- il 

tilizer and inoculating medium for most species. 1 

This type is very favorable for natural reproduction of 

conifers, particularly spruce, fir, hemlock and white pine. 

Selective logging should be carried on in a very conservative 

manner, as the rapid decomposition of the duff layer will result | 

in a drastic reduction of soil fertility. The danger of soil 

deterioration is due to the absence of incorporated humus and the | 

exposure of the sterile podzolic layer following the rapid decom- | 

position of the free organic remains, The silvicultural importance \ 

of this type has been overlooked and the type itself usually i 

confused with "raw humus." Wi 
a 

B. Mor Group or Inert Humus i 

as Crust Mor. This type is primarily confined to the Wi 

boreal region of the North American and Surasian continents, par- Wit 

ticularly to barren sandy soils, too poor to support heath shrubs. i 

The organic remains assume the form of a thin, but firm, crust- | 

like layer of lichens, xerophytic mosses and needles. This crust 

has an extremely acid reaction, approaching pH 3.0. Crust mor i 

and its adverse influences upon forest growth are well lmown from Ne 

the descriptions of the "Yag" type of the Russians and the Hi 

"Cladina" type of the Finnish foresters. j 

i
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2. Raw Mor. Duff layer consists of pertly decomposed ij 

renains of vogotation, particularly wood, interwoven by the | 

mycelia of fungi anc often by the roots. It is of a compact or 

tough consistency, ordinarily varying in thickness from 5 to 5 | 

inches, but in places reaching a depth of 1 foot. It rests | 

directly upon leached mineral soil. The reaction varies from i | 

pil B.5 tO 5.5. 
il 

This type is confined to true podzols and occurs pre-~- | | 

dominantly under the dense stands of conifers. The ground cover 

is composed exclusively of acidophilous raw humus plants of i 

saprophytic nature, such as Vaccinium, Lycopodium, Maianthemun, NT | 

Gornus canadensis, and Linneae. 

in 
l 

The raw mor is noted for its unfavorable influence upon i 

natural regeneration. In order to promote the decomposition of i 

the thick mat of organic remains, stands must be opened by heavy i 

selective logging. Sometimes the duff layer is broken up ! 

mechanically. As fertilizing and jnoculating material it is } 

considerably more valuable than earth mull, but is inferior to i 

podzol mull and some varieties of duff mull. i 

A description of the main morphological varieties i 

follows: 

(a) Matted mor: Duff layer appears as a tough, com- 

pacted brown mat of leaves, needles and wood remains approximate - 

ly 4 inches in thickness. It is the most common variety found on 

podzol soils of America and Zurope. 

(b) Amorphous mor: Duff layer is compacted but not 

tough, composed Chiefly of dark brown, nearly black wood remains. 

The lower portion is highly dispersed and has a greasy feel when 

wet. The thickness of duff layer may be as great as 12 inches. il 

This variety occurs in cool regions of high humidity, and is 

associated with very strongly podzolized soils. 

(c) Fibrous mor: Duff layer is of a considerable 

thickness, firmly bound by interwoven roots of heath plants, but 

not compact. Occurs on soils with a ground cover of ype and 

Vaccinium spp. Widely distributed in Scandinavia, and northern 

Russia, chiefly on soils of sandy texture. } 

5. Infiltrated Mor. The thick duff layer is quite similar Wl 

to the dufftayer-or the matted mor. However, it is underlain by | 

an infiltrated A, horizon with 4ncorporated or rather “washed in" | 

humus, which is the distinguishing characteristic of this type. 1 

The tongues of the infiltrated horizon extend to a depth of one i 

foot or more, and often occurs as dark spots. ii 
| 

Infiltrated mor is confined chiefly to podzol soils Ni 

with impeded drainage. The forest cover is composed predominant - i 

ly of mixed hardwood-coniferous stands. The ground cover in- i 

cludes mosses, ferns, sedges anc other water-loving plants. ‘The | 

understory includes a considerably higher amount of tall shrub Nt 

species than is found on the raw mor type. Natural reproduction iN 

proceeds rapidly, but may be easily suppressed by weed species i 

if the stand is cut too heavily. | 
1)
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On wet gley soils of heavy texture, the A), horizon is Wi 

plack, or nearly black, plastic, and of muck-like or sapropel il 

nature (Stebutt). This variety may be referred to as sapropel mor. | 

the plastic saproyel layer has a tendency to ceuent suereert med, | 

therefore, is undesirable as fertilizer. 
i ; 

4. Rendzina Mor. This type is found on exposed limestone Hil 

wtcrops ana calcareous deposits in the podzol Besion, The dark i 

prown duff layer is approximately 4 inches thick and consists of ih 

partly decomposed wood remains. It grades into a nearly black, | 

finely divided humic layer, varying in thickness from 2 to 4 Wit 

inches. The reaction of the duff and humic horizons varies from Wal 

pH 6.5 to pH 8.0. The forest stands are inferior and composed HiT 

chiefly of conifers. Northern white cedar is the predominant I 

species in the United States. The ground cover includes typical | 

saprophytic plants occurring on strongly acid soils. I} 

As the organic layers rest upon highly calcareous strata, | 

their destruction through fire, logging, or erosion converts the | 

land into unproductive barrens. The use of the duff layer as fer- ij 

tilizer is objectionable because of its high content of calcium } 

and magnesium carbonates. 
i 

The lime-bearing substrata of hich mountains develop | 

so-called “Alpine humus" which is closely related to rendzina mor. | 

Figure 36 shows characteristic profiles of mull and raw 

humus types. 
| 

Chemical and Biological Properties of Humus in Relation 

to Its Morphology or Degree of Decomnosition 
I 

Because of differences in i 

degree of decomposition, humus types } 

after are characterized by the specific 

32 / \, proportions of lignin, carbohydrates | 

/ \ proteins, fats, resins, and similar 

0 ‘ / mm groups of constituents. The most 

E oa N / \4 significant fractions of these 

S Me j Pe, groups may be isolated by extractior. I 

b a with water, ether, alcohol, strong | 

& acids and other reagents, and deter- ae 

S16 2 mined quantitatively. The relative II 

E nine nS distribution of these fractions | 

= brings out not only the differences i 

between the types of humus, but alec Wi 

8 a the differences between a certain i 

as Sealamiced humus type and the original residue HW 
from which it was derived. Table 2: jij 

{llustrates proximate chemical com- We 

48 9% 144 192 240 288 position of the three types of fores | 

Hours humus occurring in the podzol belt Hea 

of the Lake States, } 

Figure 36. Relative biologi- Wa | 

cal activity of different humus The rate of organic matter | 

sees as determined by carbon decomposition is broadly correlated | | 

2 oxide evolution: 1, Ill; with the activity of microorganisms iH 

» Alkaline raw humus; 3, Acid 5 manifested by the liberation of a 
Raw humus. (After H. he iH | 
alloway) 

Rane
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garbon dioxide, the consumption of oxygen, the heat of fermentation, | 
or release of soluble nitrogen. A quantitative recording of these | 

processes may serve to indicate the general nature of organic i 

remains. Diagram 56 shows the differences in the evolution of 

carbon dioxide by mull and mor types of humus (Galloway). Table 26 | 

presents the amounts of amuonia and nitrates released during incu- 

nation of old beech leaves from mull and raw humus types (Bornebusch). IN 

It should be noted that natural environment is an extreme- i 

ly important factor in the activity of organisms and, hence, the Hi 

results of biological investigations of humus under optimum labora- i 

tory conditions have but relative significance. In particular, it Hi 

is difficult to judge on the basis of laboratory trials the inocu- } | 

lating value of different humus deposits; the organisms which are i 

very active in a fertile natural soil or in laboratory environment i 

nay rapidly degenerate upon the transplanting into composting I 

nedium or nursery soil. | 

Table 25. Proximate Chemical Composition of Different | 

| Types of Forest Humus | 

(After H. Mi. Galloway and W. &. Patzer) 

ee ee eee Se i 
? Acid raw ; Alkaline raw : Crumb H 
:__ humus: humus __ 3 mull | 

Constituents : Per cent of dry material on 

pera ee er ea on ee BO DEER free basis# 

ither soluble fraction : 3.42: 0.26 : 0.46 
Hot water soluble fraction ; S.e68 3 2.42 : 1.83 

Alcohol soluble fraction : 4.65 . 2.12 : 3.17 

Hemicelluloses : 6.84 ;: 7.82 ; 2.94 

Cellulose ¢ 6.08 :;: Been ; 1.69 

Lignin : 41.51 ; 32,72 + 6,16 

(rude protein : Vee 12.41 : 19.02 

Total accounted for : 78.85 3: 59,96 s 60.27 i 

#Ash contents: Acid raw humus-4,.55; alkaline raw humus-14.46%; 

crumb mull-90,12%. 

Table 26. Liberation of Soluble Nitrogen in lull and Raw li 

Humus Types after Six weeks Incubation i 

(After C. H. Bornebusch) | i 

‘ 3 7 Nitrogen Liberated from 

: : :_ 1 ke. of dry humus Hi 
Nature of humus Reaction: Total : : : MW 

: oN :__NHg 2 NOs 3: Total i 
ee tee Poe (pen cent ee eee | | 

Beech mull; : : : : : 

old leaves : 61 : 1.70 : 0,084 : 1.200 : 1.284 Hh 
: : : : : Wh | 

beech raw humus; : t : ; : | 
old leaves ; 8.6 ¢: 1.07 + O-e52 % 0.020 ¢% 0.272 Wi 

ee _atuaiee e hee ie bec See oe eae eee es Ni 

ia sig i 4 
a | ha
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Nutrient Content and Exchange Properties of Humus iH 1 

The nutrient content of hums is a function of three } i 

variables: type of humus, nature of underlying substratum, and Hi 

composition of forest stand. Mull types having a high volume weight Pees we 

ghow considerably lower concentration of nutrients than mor or raw 

humus types. Heavy soils derived from parent materials rich in Nt } 

minerals, as a rule produce humus with a high content of nutrients, | 

whereas sandy or siliceous soils, produce humus poor in nutrients. Ht 

Light demanding species, particularly pines, tend to accumulate My 

less nutrients in their litter than do tolerant trees, such as Hi 

spruce, maple and basswood. Table 27 includes average values of iH 

different fertility factors for a number of humus types found on HI 

granitic deposits of the Lake States region. Diagram 37 facili- | | 

tates a comparison of the nutrient contents present in various | 

types of humus. Although humus is a factor of great complexity, 

involving physico-chemical, biological and catalytic aspects, & \ 

close correlation was shown to exist between the nutrient content ie 

of humus and the growth of forest seedlings under controlled | 

conditions (Fig. 38), 
| 

Base exchange capacity is closely related to the content | 

of lignin-like substances, and may serve as an indicator of the 

degree of humus decomposition. The base exchange capacity of raw | 

humus ranges between 40 and 100 m.e. per 100 g. ‘The base exchange I 

capacity of mull humus 4s seldom greater than 50 m.ée. per 100 ge | 

because of the high content of mineral matter; however, the ex- i 

change capacity of the organic fraction itself may exceed 

200 mee. per 100 g. 
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Table 27. Fertilizing Value of Organic Remains of Upland Forest | | 

Vegetation, as Determined by Chemical Analysis i 

_ ee eeeeranoorr rer DL 
3 sBase : ’ i sRepl.:Repl. th 

Type of :Reac-:Exch.: tAveail.:Avatl.: Ca: Mg Wa 
organic remains stion :(per :Total N: P : KeO 3 per He } 

Me te eeOONe) : 3 : 100 gn.) Wa 

Sones : pH : m.e.:percentip.p.em.ip.p-m.: m6. m.G. | | 

jack pine duff $6.6: 13.3: 0.872 + 24: °186: 7.52 2.8 a 
Norway pine duff : 5.4 : 29.3: 0.653 : 38 +: 287 : 12.9: 5.2 | 

White pine duff : 5.4 : 47.1: 0.976 : 60 : 483 : 28.2: 5.6 1 

Aspen-birch auff : 5.7 : 39,3: 0.775 : 69 :; 471 : 27.3: 4,8 } } 

Hemlock duff 2 4.8 : 73.2: 1.490: 57 : 432 ; 29.4: 6.5 | 

fardwood-hemlock : : : : $ : : | 

dQuff : 5.4 : 72.5: 1.430 : 148 : 741 : 44.1: 8.7 | 

Hardwood-spruce-fir : : : : : : : | 
auff : 5.5 ; 65.8: 1.290 : 66 : 545 : 38.6: 8.0 } 

Hardwood leaf mull : 6.5 : 90.5: 1.460 : 115 : 660 : 66.6: 9.5 | 

Hardwood grain mull ;: 6.4 : 15.5: 0.227 : 35 : 286 ¢ ll.es 260 

Hardwood crumb mull ;: 5.3 : 27.6: 0.610 : B67 « 896 $16.63 6.5 I 

: $ s : i : $ | 

Average standard errors: pH +.02; B.Ex. 44.4; Tot. N 4#.074; | 

Avail. P 46073 Avail. Np0 +25.15 Repl. Ca #3.4; Repl.Mg 41.0. | 
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Figure 38. Relation of the Base Exchange Capacity and of the I 

Nitrogen, Calcium, Potassium, and Phospnorus Contents of Different ! 

Organic Materials to the Growth of Norway Spruce Seedlings. 

Each unit of the ordinate represents the following values: 

100 mgm. of the dry weight of seedlings; 10 m.e. per 100 gm. of base i 

8xchange capacity; 0.2 per cent of total nitrogen; 0.1 per cent of Pea) 

replaceable calcium; 0.01 per cent of available potash; and 0.002 | ne 

Per cent of available phosphorus. Hi { |
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significance of Humus in Nursery Practice and Reforestation i 

Regardless of the origin or morphological form, humus 

fulfills in the soil four important functions; it improves physi- 

cal properties of the soil, provides nitrogen and other plant food, | 

absorbs minerel salts, and increases the availability of nutrients | 

through its exchange and catalytic effects. 
| 

In no other branch of plant production is a deficiency i 

of humus manifested with such sharpness as it is in forest nur- Mi) 

series. Forest trees, especially conifers, develop in their youth 

ma purely organic layer of forest debris, and thus acquire more } 

or less pronounced saprophytic tendencies, No crop residues are Nh 

left in the soil of the nursery because even the root systems of } 

seedlings are removed. Continuous weeding and cultivation, arti- | 

ficial irrigation, and additions of commercial fertilizers promote | 

bological activity and rapid decomposition of organic matter, | 

tInder these conditions, the maintenance of an adequate supply of | 

umus may require regular additions of organic remains to the soil. 

If fertilizers are applied to a nursery soil having a 

low content of humus, mineral colloids are likely to be insuffic- | 

{ent to prevent the loss of salts by leaching. In times of drought, | 

the moisture content of humus-deficient soils rapidly decreases 

through evaporation, and fertilizers tend to accumulate on the soil 

surface in injuriously high concentrations. 

The statement that "Humus is the spirit of the soil" 

(Knox), may be an exaggeration; yet, it is to a great extent ap- 

plicable to nursery soils. 

Until recently research and reforestation practice have 

been neglecting the role which organic matter plays in the survival } 

and growth of plantations. The indifference may be attributed to | 

comparatively limited experience in the reforestation of old cut- | 

over areas, the complicating co-influence of mineral colloids, oc~- 

currence of organic matter as incorporated humus as well as surface 

Utter, and certain analytical difficulties in the determination of | 

organic matter, which only lately have been removed. 

At the present time reforestation in this country is, in ae 

the main, practiced on cut-over or burned-over lands depleted of | 

organic matter and therefore greatly reduced in absorbing capacity i 

and nutrient content. Under such conditions, organic matter con- \| 

tent of soil is of particular importance in the selection of plant- i 

ing sites or tree species to be planted. iH 

According to the agronomist's saying, "Nitrogen spells Hi 

organic matter." In leached or sandy forest soils, with their Hh 

evolving fertility renewed through the annual leaf fall, the i} 

organic matter appears to be nearly synonymous with the content of HI 

all nutrients. Diagrams 39 and 40 illustrate the relationships ea 

found in cut-over sandy soils of Wisconsin granitic outwash (7-inch | | 

Surface layer). hal 

Organic matter rotains considerable amounts of water and | 

soils rich in humus are likely to be less subject to drought ae 

injury than humus-deficient soils, | 

; heh i
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Tea 
A study of plantations in podzol region has indicated a i I 

pronounced incre: se in the rate of height grovtn of trees due to i 

the higher content of organic matter (Diag. 41). A general ten- 1!) 

dency for the increased survival of seedlings was also observed on i ; 

soils high in humus (Diag. 42). it 

Since the influence of organic matter supploments, with- i 

in certain limits, the effect of mineral colloids, a coordinated i 

consideration of both of these factors should provide a wider 1 

selection of planting sites, and, at the same time, would give hy 

more assurance of success. i 

General observations indicate that the absorbing or base | 

exchange effects of soil organic matter are at least two and one- ] 

half times as great as those of fine soil material, i.e., material 

less than 0.05 nim, in diameter. Hence, as regards these effects, 

jt may be estimated for practical purposes that one per cent of 

organic matter is equivalent to 2.5% of fine soil material. This 

implies that a considerably lower content of mineral colloids is 

adequate for successful planting on soils high in organic matter. | 

Figure 43 presents an example of a scheme of planting possibilities i 

for four coniferous species under Wisconsin climatic conditions and 

for soils not influenced by ground water, The slanted lines re- 
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Figure 43. Planting possibilities of northern conifers in relation ih | 

to soil texture and content of organic matter under Wisconsin con- 

ditions. The lines of species which touch the intersection of ea 

perpendiculars erected from the coordinates, or fall within the hah 

area enclosed by the perpendiculars, indicate that these species | | | } 

are suitable for planting on the soil in question. | ee 
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present the minimum acceptable ranges of fine soil material and 

organic matter for each species. The ordinate and abscissa values 

for any point on a species line give the minimum acceptable values 

of each constituent for that species. Therefore, the lines of 

species which touch the intersection of perpendiculars erected from 

the coordinates, or fall within the area enclosed by the perpendi- 

qulars, indicate that these species are suitable for planting on the 

goil in question. A transparent right triangle will be found 

helpful in using the diagram. 

For example, if the soil analyzes 20% of silt and clay 

and 2.7% of organic matter, then the site is suitable to jack pine, 

red pine, and white pine, but not white spruce. The graphs may 

also be used in a somewhat different manner. Suppose the soil of 

a large outwash tract is known to contain about 10% of silt and 

clay particles; then the sites suitable to red pine should have 

at least 3% of organic matter. 

A study of local plantations is a prerequisite for the 

establishment of standards suitable for other species and climatic 

conditions. . 

Observations in hilly regions have indicated that the 

organic matter content of cut-over soils is usually greater on 

northern than on southern exposures. Thus, the data from soil 

organic matter determinations tend to express the influence of 

temperature, moisture, and other site factors common to various 

topographical aspects. 

The determination of organic matter content may serve 

as an index of soil depletion resulting from grazing, burning, 

removal cf litter, or erosion, and may be very useful in the 

management of woodlot soils. 

Because soil organic matter occurs in the form of surface 

debris as well as humus incorporated to various depths with the 

soil, the samples for analysis should be collected by means of a 

tube which removes a representative cross-section of the entire 

surface soil layer to a definite depth, usually 7 inches. 

Figure 44 presents a few {llustrations of the effect of 

humus upon the growth of trees. 
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PART IV i 

SOIL-FOREST TYPES 

The distribution of vegetation | 
is influenced by climate and 
governed by the soil. | 

G. F. Morozov i 
i 

Introduction | 
Ht 

The following outline includes a mumber of sketches of WA te 
soil-forest associations found in different geographical regions. | 
The areas described were selected from the different parts of the 
world. An attempt was made to cover a sufficiently wide range of 
physiographic conditions. The descriptions were shortened to the 
allowable minimum which would demonstrate the most essential fea- 
tures of the correlation between the environmental factors and 
forest growth. It is assumed that the reader has a sufficient 
mowledge of soils and tree habits to appreciate that a great number 
of soil properties, and characteristics of trees are often implied 
by a single term such as "podzolic loam" or "tolerant conifers." | 

The relationships described for different areas were not 
established upon equivalent amounts of analytical work. Some of j 
the correlations are based upon examinations of thousands of soil 
profiles, numerous chemical analyses, detailed mensuration studies 
and extensive surveys of the ground vegetation. Others were com- 
piled from fragmental information scattered in soil survey bulle- 
tins, botanical reports and silvicultural publications. 

The descriptions of the individual areas were combined 
into several groups, characterized by a comparative similarity of 
conditions. Such arrangement allows one to observe the parallelism 
in the development of geographically distant biocenotic wits, par~ 
ticularly those of the Eurasian and American continents. The 
designation of ecotypes is given in terms of soil morphology, topo- 
graphical features, composition of the main forest stand or charac- 
teristic ground cover vegetation, as different writers considered 
most suitable, 

The specific objectives of this compendium are to show 
the varying effect of soil properties under different climatic con- 
ditions; to demonstrate, on a large scale, the adaptability of tree | 
Species, and thereby to provide a foundation for a better under- 
standing of silvicultural principles. 

Among the broader a ims of this outline, is to illustrate, H} 
ty means of concrete examples, the universal applicability of the iP 
findamental laws governing the distribution and growth of vegetation, AE 
these basic laws form the essentials of not only silvicultural iH 
Practice, but the entire science of plant ecology. Hi 

Neither tundra, desert nor prairie has the multitude of | 
Ufe forms and species, and ability to manifest the effect of | 
Snvironmental factors as does the forest. Two conditions, in j 
Particular, make a forest stand an unexcelled indicator of the | 
wutside influences: first, the development of the three indepen- i 
dent, and yet interrelated, layers of vegetation, composed of net 
trees, shrubs and ground plants; second, the permanent record i \ 

iii |
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of the rate of stand growth provided by the diameter, height and i 
annual rings of the trees. | | 

CHAPTSR XIII 

SUBARCTIC FORESTS i 
HH 

Finno-Scandian Shield 
Mt 

"The long road over the moors, i 
and up into the forest....the road 
through the great Almenning--the ii 
common tracts without an owner; no | 
man's land." 

Knut Hamsun. Growth of the Soil. 

The region described includes the northern-most parts 
of Norway and Finland and the entire Kola peninsula bordered by 
the Arctic Ocean and the White Sea. The total area comprises 
about 150,000 square miles. In general it is an undulating or | 
rolling plateau, not exceeding 500 feet above sea level with a 
number of rivers and with numerous lakes, The climate is strongly 
affected by the warm current of the Gulf Stream, and the Arctic 
dcean remains free of ice and is open for navigation the entire 
year. The mean winter temperature ranges from 10 to 18 degrees F. 
and the mean summer temperature from 46 to 50 degrees F. In 
spite of relatively moderate winter temperature, the climate is 
extremely severe, due to strong winds. The precipitation averages 
about 10 inches per year, being somewhat higher on the shore of 
the ocean and along the southern boundary. The greatest part of 
the precipitation is in the form of snow, in places reaching a 
depth of 15 to 20 feet. In mid-winter there are but a few hours 
of daylight whereas in June the sun does not disappear from the 
sky. 

The Finno-Scandian range is composed of gneiss, granite, 
schists, Giorite, diabase, and gabbro. In places are found 
Volcanic tufa, dolomite, and limestone. In the majority of cases, 
the rocks are covered with a thick layer of glacial deposits. 

The northern part is occupied by tundra or muskeg; the 
southern by taibola or forest. ‘The boundary between these two | 
formations ranges between 66 to 69 degrees north latitude, follow- | 

ey Closely the isothermal line of 56 degrees F. for the month | 
of July. if 

Tundra is a treeless, swampy plain, supporting mosses, i 
Uchens, species of Ledum, Vaccinium, and other heath plants. Ng 
The surface soil is formed by a layer of peat of varying thick- iF 

ness, The mineral substratum remains, in many cases, permanently i 

frozen below a depth of a few inches. ea 
ve 

Along the forest boundary of the tundra occur small | a 

Sroups of dwarfed spruce, with some birch, swamp birch, and crow- | 

berry, Alder and willows are also found along the rivers and ae 

creeks, a 

i | 
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The development of forest stands is strongly influenced | Hi 
by the conditions of climate. Decause cf this, the soils of the i } 
game origin end texture in different latitudes and on different i 
exposures support stands of different composition. Thus, for a 
example, in the proximity of tundra and on exposed sites, stands 1h 
of larch occupy sandy soils which otherwise support stands of a 
scotch pine. In general, the stands of better quality are con- | 
fined to narrow strips along the rivers. Such strips do not ) 
exceed 7 miles in width. The stands of plateaus, as well as the \ 
stends on poorly drained lands, have but low productivity. A i 
brief description of the most important forest types of the range i | 
and adjacent islands is given below. Ni 

WWell-drained Soils I 

1. Pine and birch on granitic rock outcrops. The northern and 
eastern slopes of ante rock outcrops or "sheep-backs" are 
usually bare, whereas the western and southern slopes covered 1h 
with Scotch pine stands. The roots of Scotch pine on such sites 1 
show an amazing ability to penetrate small cracls and gain a In 
foothold on practically barren surfaces. Curiously, the growth | 
of pine on these locations is considerably better than on the | 
coarse sandy soils of the region. With increasing age the pine | 
suffers fron windfall. However, even after the stems are blown 
down they continue to grow, with the branches forming new upright | 
stems. The ground cover consists of lichens and heath plants, 
and the remains of these together with the pine needles form a 
peat-like layer which rests directly upon unvweathered cranite 
and can be easily removed in large sheets. In the understory are 
found Juniperus conmunis and Betula pubescens (var. tortuosa). 
On the exposed tops of outcrops Betula tortuosa takes the place 
of the Scotch pine. In such localities the ground cover is 
characterized by a number of arctic plants. This type is | 
especially common along the shore of the White Sea. 

2. Birch on skeletal soils. The soils of this type are con- 
fined to islands and extreme northern part of the region. They 
consist of boulders of different sizes, largely of granitic 
origin. Severe climatic conditions of these localities ordinarily 
do not allow the growth of either pine or spruce, and birch (B. 
tortuosa) is the only occupant of these sites. ‘The stands are 
dwarfed in form and do not reach more than 3 or 4 feet in height. , 
Nephoma arcticum is the most important species among the | 

lichens, and Vaccinium myrtillus the most important of the woody ie 
plants which form the sparse ground cover. i 

i} | 
5. Pine on podzolic soils. ‘he sandy and sandy loam soils of i 

outwash and pitted outwasn in the interior of the peninsula are i 
occupied predominantly by the stands of Scotch pine. The spruce hee 
is commonly associated with pine on these localities, but remains I | 
88 a suppressed and dwarfed member of the understory. The pro- | | 
ductivity of pine stands in general is low, but it varies some- iy \ 
what, depending on texture of soil and degree of podzolization, On 
The differentiation of pine stands into a number of distinctly ee Hh i} 
Pronounced types takes place only in the southern portion of the | 
Tegion, These latter types belong rather to the temperate zone, | : 
and their description is given in the proper outline. The ground iP } 
Cover is characterized by the presence of lichens, mosses, Ledum ia 
Ralustre, Impetrum nigrum, Calluna vulgaris, Arcostaphylos uva- ne 

Wai | 1| 
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ursi, Vaccinium ulliginosun, V. myrtillus, V. vitis idaea, Lin- I wl 
faea borealis, and Andromeda solerelie: ee a ee je | 

4, Larch on sandy podzols. This soil-forest type occurs only 1 
on exposed sites, in most northern “sub-alpine" areas, beyond ee a 
the region of natural distribution of Scotch pine. The soil is 1 | 
strongly leached and cemented and supports larch stands of infer- i 
jor quality, with an understory of spruce and birch. With age i | 

the larch suffers greatly from heart rot and loses its top foliage. i) 
The ground cover vegetation is closely related to that of pine i 
stands occurring on podzolic sandy soils. i 

5. Mixed coniferous-hardwood stands on slig ely podzot ized i 
loams. The soils of this type are Largely derive rom estone, i 
gypsum, or calcareous shales. The podzelic horizon is only } 
slightly pronounced or may be entirely absent. The leaf litter 
does not accumulate in layers of any great thiclmess. This type 
of soil may be regarded as the most northerly variety of the mull 
type. The stands are composed of larch, spruce, pine, aspen, and ie 
birch, with either spruce or larch predominating. In somo 
instances these soils support a mixture of all the tree species i} 
occurring in the north. These are the most productive stands of 
the entire region, but unfortunately they have only limited dis- 
tribution, being confined to a certain type of soil and to | 
narrow areas along the rivers. | 

The ground cover vegetation includes practically no 
lichens or mosses, except some of Hylocomium species. Among the | 
rather rich ground cover association the following species are 
outstanding: Rubus saxatilis, Lycopodium annotinum, Geranium 
silvaticum, Vicia silvatica, bebe vernus, Oxalis acetoselila, 
Walenthemum bifolium, Errors secunda, bquisetum silvaticum, 
Trientalis europea, ee eris dryopteris, Carex digitata, 
Tuzula pilosa, Catena is epigeios, Deschanpaie orecoee, 
Epilobium and So ago. The shrub story is made up of Salix 
caprea, Sorbus aucuparia, Juniperus communis, Rosa acicularis, 
Rifas idaeus, and Daphne mesereum. : 

Periodically Wet Alluvial Soils 
1. Mixed stands of flood plains. Soils of the lower terraces, i 

subject to overflow, are ee ueety of sandy loam texture and have a I 
considerable percentage of calcareous particles. In the southern 
part of the region and along larger rivers such lands are usually Wy 4) 
Cleared and utilized as meadows. The virgin forest stands are HH 
composed of spruce, pine, larch, birch, aspen, white alder, and Mt 
cherry. Spruce conmonly is the predominant species, Pine is con- Ni 
fined to the drier, sandier islands. The understory is formed by } 
several species of shrubs and shrub-like trees, particularly Hi 
alder, willows, gooseberries, honeysuckles, and spiraea. The "| 
ground cover is characterized by numerous grasses. Stands of this bi 

type are of low density and occur in patches as park-like forma- Wain 

tions, The main reason for the local distribution of forest : | \ 
stands is the destructive action of spring floods. Toward the We 

north this type of forest degenerates into dwarfed stands of Ha 
birch and willows. ae | 

one 

2. Willow stands on stream-bottom deposits. The narrow stream kel 
bottons give rise to half-mineral and half-organic muck-like soils CTR 

LTE a | 
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which remain wet during most of the growing season. The stands on \] i 
teers ce are See of different species of willow, The Hi 
ground cover consists of grasses, , ita 

Poorly Drained Soils 
tf ! 

, 1. Pine on swamp-border sands or sandy prey podzols. These HH 
soils are Of a Coarse sandy texture, strongly leache > and with a i 
close gley horizon. The stands are composed of pine, of less than | 
average productivity, with spruce and birch in the understory. The ih 
ground cover vegetation includes Sphagnum and other mosses as well 
as lichens. Rubus hammaemorus is the most typical species of the 
Peper ces plantas The shrub layer is formed exclusively by li 
swamp D . i 

2. Spruce on loam gley podzols. These soils occupy exten- 
sive flats deficient in drainage. The profile is haves bend ned by 
athick layer of raw humus, a wide leached horizon of loam texture, 
and a mottled gley layer which grades into the permanently frozen 
substratum; the upper layers of soil become free of ice only in 
june. The sparse forest stands are composed of spruce, usually 
associated with birch of sprout origin. Both species are of poor 
form and very slow growth. Ground cover vegetation includes 
Polytrichum, Sphagnum, and other mosses, ferns, horsetail, sedges, 
pereor bo and PIucberrtos, “ the understory are found willows, . 
nountain ash, juniper, and swamp birch. 

3. Pine on peat soils. The peat consists of the remains of 
Sphagnum mosses, sedgés, and heath plants. The stands are composed 

" a ee Scotch pine, The ground association includes species 
of Sphagnum, Ledum palustre, Calluna vulgaris, Empetrum nigrum 
Vaccinium uliginosum, V. vitis idaea, patasacas”netererie ; 
Cassandra Ca yculata, Oxicoccos palustris, Rubus hammaemorus , 
Scirpus and Carex spp. in the understory occurs Betula nana, 

; The subarctic forests preserve their characteristic 
; features in the entire circum=-polar region, including Siberia, 

Alaska, and northern Canada. These forests may not have a far- 
reaching silvicultural or economic importance. Yet, the simplicity 
of the physiographic conditions and the scarcity of species compos- 
ing forest cover place them in the key position of all the studies ! 
of soll-forest relationship. 

A highly instructive picture of the relation between the | 
Composition of forest associations and the rate of forest grow th | 
‘s presented in works of Cajander and his associates embracing the | 
thole of Finland. The results of exhaustive investigations of i 
finnish foresters have been summarized in a series of excellent i 

Papers in English. An attempt to remold these publications in an Han 
abbreviated form would hardly be justifiable (Lit. cit). i 

IH haat 
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Ficure 45 i 

Soil-Forest Types of Finno-Scandian Shield and \ 

Adjacent Islands | 
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CHAPTER XIV i 
f 

FORESTS OF THE PODZOL REGION i | 

A. Upper Volga Basin, Russia ] 

"The stately aspens are whispering high overhead; the ! 
long pendent branches of the birch are barely stirring; a mighty 
oak stands, like a warrior, by the side of a handsome linden." 
1, 8. Turgenieff, Forest and Steppe in "Memoirs of a Sportsman". 

The climate of this part of northern Russia is typical i 
of the Podzol region, ‘The entire area is of glacial origin and is | 
characterized by rolling topograpny with many swamps and lakes. | 
jhe parent material of the soils is either assorted or unassorted 
drift of crystalline rocks. The predominant soils are either of | 
sandy or of loam texture. They are strongly leached, acid, and 
low in soluble salts. Carbonates have been entirely removed from | 
the region of tree root penetration. 

The ecological classification of the forests of this 
area is based chiefly upon the textural and drainage characteris- 
tics of the soil, Ina broad way, two main textural groups are 
recognized, namely sandy soils with a predominance of pine, and 
loam soils with a predominance of spruce, Both of these groups 
in turn are subdivided into well-drained or upland soil-forest 
types and poorly drained, or lowland soil-forest types. 

Pine Types 

Well Drained Sandy Soils 

1, Pine barrens; Pinetum cladinosum ("Yag"). This type 
occupies smaller island-like areas confined to sand dunes or 
sandy strips along rivers. The soil is podzolic or a weakly pod- 
zolized sand having a very low colloidal content and a shallow 
humic horizon. ‘The ground water level is usually at a depth of 
10 or more feet. The stands are composed of Scotch pine of very 
low productivity. The average height at 100 years does not exceed 
00 feet. The stems have poor form and the wood is suitable only 
for distillation. ‘The density of stands ranges from 40 to 60 per 
cent. These sites are subject to severe fires. Burned-over 
sreas come back to Scotch pine, ‘The ground surface has a snow~ ! 
hee appearance due to the presence of different openees on i 
ladonia, chiefly Reindeer moss. Arcostaphy) 19s uva-ursi an 
Vaccinium vitis eae are the only two outstanding associates 

of Cladonia species. | 
i 

®, Pine plains; Pinetum hylocomiosum ("Iioss Yag"). This type | 
{s confined to sandy areteelotatis of old terraces with distinct- aul 
ly podzolized soils. ‘he average density of pine stands is 60 1 
ber cent. Logs have good form and the yields reach 3,500 cubic \ i} 
feet per acre at the age of 100 years. Associate species are | 
Scattered birch and suppressed spruce. Ground cover includes 
Predominantly Hylocomium, other mosses, and species of Vaccinium. | 

| 
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3,. Larch terraces; Pinetum laricetum ("Nia Yag"). This | 
association occurs on fairly fertile, podzolic sandy loams of the ny 
young terraces. The forest is composed of larch with some pine, 
white birch and spruce, The yields of the stands of higher | 

density (SO per cent) reach 4,000 cubic feet at 100 years, ‘ihe } 

shrub layer consists of mountain ash, honeysuckle, and juniper. | | 

Te ground cover vegetation includes chiefly species of 
vaccinium and mosses. 
———— 

} 

; 

4, Pine-spruce on heavier sandy soils; Pinetum oxalidosum 

("Soobor™). This type occupies ts Slopes of sandy loam ridges } 

or transitional areas on which outwash sands cover heavy morainic 
deposits as a more or less thin blanket. The stands are composed ] 
of pine and spruce. The latter seldom exceeds 30 per cent of 
the total stand and largely remains in the understory. The 
pine is of excellent form and high rate of growth for this 
region, reaching a height of 80 feet at 100 years. The ground 
cover is composed of the vegetation of both pine and spruce | 

sites. The representatives of the pine flora include Ilypnun, | 

Hylocomium, Polytrichum, and Vacciniwa m rtillus, whereas e 
spruce flora 1s represented by Oxalis acetosella, Linnaea 
borealis, Trientalis europea, Maianthemum bifolium, Paris quad- 
rifolia, and Orobus vernus. 

, Poorly Drained Sandy Soils 

1, Wet pine plains; Pinetum ledetum ("Kercha Yag"). This type 
is found between closely adjacent rivers on flat plateaus with a 
high water level. ‘The soils are podzolic with a well-developed 

humic horizon and high gley layer. The stands consist of 

almost pure, slow growing pine, and are striking in appearance 

because of the beard-like lichens hanging from the branches. 

The maximum height of mature trees is only 50 feet. The occur- 

rence of sporadic white birch and suppressed spruce offers the 

only variation in the depressing monotony of this type. The 

ground covér is composed of mosses, largely Sphagnun, and 

abundant Ledum palustre. 

2. Pine bogs; Pinetum sphagnetum ("Nur"). The moss peat 
formed ebbacninant ty from species of Sphagnum is extremely acid 

and reaches a depth of 15 feet or more. The pine stands on 
this formation have a very low productivity reaching a height i a 

of only 30 feet in 100 years. The density seldom exceeds 20 | 

per cont. Swamp birch is the only pena ee oreatiee 

composed of Sphagnum, Andromeda polifolia, Cassanara calyculave, 

Expo trum nigrum, Ru as Chamaemorus, vedum palustre, (eeSnee 

= ustris, Eriophorum va inatum, Luzula pilosa, Carex caespitosa, ve 

NMenyanthes ERePeTTnes, and jquisetum Timosum. 

Spruce Types | 

Well Drainecd Loam Soils | t 

1. Light loams of morainic hills and ridges; Picetum vaccin- a yh 
josum cron Ty, On such sites, the well crained, Light loam ait 

Soils of light brown or chocolate color are often underlain by a 

lron-bearing or glauconitic heavy substrata, From 70 to 90 per | Hi 

cent of the stand is made up of spruce; the remainder being white La 
a a 
at
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pirchwith sporadic pine and aspen, The spruce reaches &5 feet ih | 
in height and 15 inches in dianeter at the age of 150 to 200 | 
years. The wood is of excellent quality and is not subject to i 
heart-rot diseases. Juniper and wild rose occur in the under- ~ Bae 
story. Ground cover vegetation is sparse and includes es 
Vaccinium spp., Oxalis, Maianthemum, Trientalis, Polypodiun ] 

aryopteris, Aspidium #ilix mas, with some Tescrediun Cinreae 
orealis, and fabus saxatilis. 

2. Podzolic loams of plateaus; Picetum polytrichosum ("Rovniad") 
The soils of this type are o ght loam texture, rather shallow, | 
strongly podzolized and acid. They are underlain by a heavy clay ‘ 
loam subsoil of morainic origin. At a rather shallow depth the } 
subsoil is water-logsed and exhibits the mottling and poor | 
aeration typical of a gley horizon. These plateaus occupy large 
areas forming a transition between well-drained morainic soils 
and swemps. 

The forest stands are composed of spruce with the | 
sporadic occurrence of single white birches. The stems are 
short with a low form factor and are covered with lichens. The } 
root systems are superficial, the roots being often above the 
ground as .a result of frost and wind. The usual density of the 
stands is 60 per cent. The height and diameter are 55 feet and 
8 inches, respectively, at 150 years. WHalf of the stand is 
usually infested with heart-rot diseases. After fire this type 
becomes waste land and it is conmonly 10 or 15 years before a 
few clumps or brushy birch, aspen, willow and momtain ash begin 
to appear. 

The ground cover is composed of Polytrichum, Eines 
and Sphagnum among which are scattered Iqui gers silvaticum and 
Vaccinium spp. 

Poorly Drained Loam Soils 

1, Alluvial soils of stream valleys; Filipendulatum ("Gog"). 
This type occurs in narrow strips along the shallow rivers and 
creeks. The muck soils of these areas are usually saturated with 
water; nevertheless, the steep gradient of the watercourse is 
responsible for rapid exchange of water and consequent high | 

oxidation. Hence, the stands of these localities do not show ) 
the stagnation of growth common on poorly acrated swamp soils. } 

The high content of nutrients, accumulated during periods of ipa 

inundation, materially contributes to the satisfactory growth } 
of the trees of these sites. 

The forest cover is composed chiefly of the spruce | 

with some birch. These stands provide a considerable amount of Pe 

saw-timber with wide annual rings but rather high specific weight. 

The density of the stands seldom exceeds 60 per cent. en 

The ground cover includes Aconitum septentrionalis, We 

Filipendula Lineela. Circium oleraceum, Angelica silvestris, CS 

fegopodiun podepraris, Urtica dioica, Geranium Robertianum, | 

alictrum aquilecifoliun, Veratrum nigrum, Festuca silvatica, | 

Conarum alustre, ana squisetum stivaticoum, ‘here 1s a luxuriant KP 
Tayer be ereeeis Lip, heneyeuckte, black currant, juniper and hy We 
humerous species of willow, iN , | 
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Because of the good growth of grass on these sites, the 
forest is often cleared to convert the land into meadow. 1 

2. gprs flat; Picetum-Caricetum ("Sogra"). This type occurs 
on level or basin-like low areas Covered with sedge hummocks. 
te ground water is close to the surface and forms pools between 
the hummocks. ‘The soils are strongly podzolized loams covered i 
with a thick layer of raw humus, which grades in places into | 
shallow peat. | 

The forest cover is composed of spruce with some birch 
and alder. Growth is generally poor, and the areas particularly 
deficient in drainage are considered to be entirely unproductive, 

since they support stands of only 20 to 30 per cent density. 
Sedges and mosses are the predominant members of the ground cover. 

Most of the types above described may be found on the 
attached drawings (after A. A. von Kruedener), presenting 
schematically the relation of soils and forest in entire northern | 
Russia. The detailed description of Kruedener's classification 
constitutes an extensive volume and cannot be outlined here be- | 
cause Of limited space. Nevertheless, many essential features 
of correlation can be readily understood from his excellent 
diagrams. 
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Figure 46 i! 

Relation of Soils and Forest in Podzol Region of Russia ' Ale 

(After A. v. Krucdener) | 
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B. Great Lakes Upland, United States | | 

Ht | 

On the shores of Gitche Gumee, | if 
Of the shining Big-Sea-Water... Hee 
From the great lakes of the Northland i j 

From the mountains, moors, and fenlands Rial! | 
Where the heron, the Shuh-shuh-gah, i i 
Feeds among the reeds and rushes. ; 4 

The Song of Hiawatha. 
I 

The Podzol belt of this region includes northern Minnesota, } 

wisconsin and Michigan, and comprises an area of approximately | } 

50,000 square miles. The average annual precipitation is about 30 4 

inches with nearly one-half of the precipitation occurring during | } 

the growing season. In spite of this fact, severe droughts do occur 

in midsummer. The annual snowfall varies from 40-120 or more inches | 

and forms a cover for 100-120 days each year. The humidity of the | 

atmosphere averages 60 per cent or greater with the lowest humidi- 

ties occurring during midsummer. ‘The mean annual temperature 

varies from 35° to 46° F. Extreme seasonal variations are charac- | } 

teristic with temperatures on record, ranging from minus 40° to 1 ; 

100° F. The length of the growing season is about four months and | 

the average temperature during this period is 61° F, According to 

wayr's Classification most of the region is Fagetum (Aceretum) , ij 

bordered by Picetum on the north. 

With relatively little exception the crystalline and 

sedimentary formations are covered with glacial deposits of both 

calcareous and non-calcareous origin. The relief varies from 

extensive, level terraces to rough hills of terminal moraines. 

Throughout the area there occur many rivers, and numerous lakes 

and swamps of glacial origin. 

The forest vegetation of heavy soils is composed of mixed 

hardwood-coniferous stands with a climax type of maple, hemlock, 

yellow birch and their associates. The sandy soils are cominated 

by pines with a climax of white pine, or a mixture of white and red 

pines. Among the pioneer speciés of primary importance are jack 

pine, scrub oaks, aspen, paper birch and pin cherry. The swamp 

forest includes white cedar, black spruce, tamarack, balsam Tin, 

tag alder, black ash, and a number of other moisture-loving hardwoods 

Well Drained Sandy Soils a 

1. Barren Sands (Aeolian sands; Cladonia site). The soil consists 7a 

of recently deposited windblown sand, which may have a slightly | 

developed humic horizon and a thin layer of litter. The content of il 

silt and clay particles is less than 5 per cent. The reaction i 

approaches pH 7. Soils are deficient in nutri ents and subject to | 

drought . id 

The forest stands are of low density and productivity. | | 

They are composed mainly of jack pine and struggling scrub yi Nh 

oaks (wy. ellipsoidalis, q. velutina). No shrubs are present. aT 

The ground cover consists of sporadia Cladonia species and i | Ha 

Xerophytic mosses and grasses. The possibilities for natural WANK 

i } Ha 
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reproduction are negligible. Artificial reforestation on this } Hh 
type is not profitable, but may be necessary to check wind | 

erosion. 
Hi 

The above described type should not be confused with | Fs 

old sand dunes which have been invaded by forests for a long Ma 
period of time and have developed a normal profile, ‘The | 

Ortstein dunes, found along the border of Lake Michigan, are a | 

striking example of this latter type, 

2. Outwash Sands (Mull sands; Arctostaphylos-Ceanothus site). 
Mis type is confined to level or pitted Beets plains of 
recent glaciation. The soil is characterized by a thin layer of 
jitter and a well developed humic horizon extending, in places, | 
as deep as 8 inches from the surface. The layer is underlain by 
yellowish-brown sand or gravelly sand, derived largely from 
granitic rocks. The percentage of silt and clay varies from 7 

to 12 per cent and the reaction from pH 5 to 6.5. The base ex- 

change capacity of the upper soil layer approaches 5 m.e. per 

100 grams. The soil has a fairly high content of all the | 

essential nutrients. Ground water occurs at a depth inaccessible | 

to trees. 

The virgin forest is composed of Norway pine, jack 
pine and some white pine. Both jack pine and Norway pine attain 

afairly high productivity. Following fire or logging, the area 

is invaded by jack pine and scrub oaks. Neither birch nor aspen 

occurs on these soils. The shrub layer consists chiefly of © 

dwarfed hazel, Corylus americana. The ground cover presents an 

example of a very stable floristic associa tion, including New 
Jersey tea, Ceanothus ovatus, bearberry, Arcostaphylos uva-ursi, 

low blueberry, Vaccinium pennsylvanicim, sporadic ground pine, 

steeped tun complanatum, and xcrophytic grasses. Along the 

edges of stands and in openings some sweet fern, lyrica 

asplenifolia may be found. 

This type covers extensive areas and is of great 

importance in commercial reforestation. The level topography 

and freedom from stones allow forest planting at a minimum cost, 

3. Podzolic Sands (Leached sands; Gaultheria-Naianthemun Site). 1 

These ~sands are characterized by the presence of a light grey ; 

leached layer and slightly compacted, but not cemented, brown 

accumulative horizon. Due to the accumulation of colloids in | 

the B horizon, the soil has a fairly high water holding capacity. 

The reaction of the soil is seldom higher than pH 5,5. | 

The virgin stands are composed of white and Norway pine 

of high productivity. Aspen and paper birch dominate the second ihe 

growth stands. Hazel, raspberry, blackberry, and a few other | | 

shrubs occur in considerable quantity. Ground cover includes MET 

Wintergreen, Gaultheria procumbens, dwarf Solomon's seal, hae Hi 

lainathemum canadense, sweot fern, Lyrics asplonifolia, shin | Hh 
et ere rola anericans, trailing arbutus, Epigaca Toaca repens and aaa 

bracken fern, Pteridium latiusculun. i 
, va] 

Leached sands are, on the whole, the inmost productive i iia 

type of sandy soil, They are adapted for planting of both a 

Norway and white pine, the latter species being best suited to ¥ Ni 
ah Wel 
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the moister, more podzolized localities, supporting sore pioneer | | 
species. . iB 

4, Sandy Podzols (Ferruginous, or hardpan sands; Vaccinium- 
Gornus Site). ‘the profile consists of a thick layer of raw i 
humus, or mor, underlain by a strongly leaclied, almost white 
podzol horizon and a reddish-brown, compacted and often cemented | 
accummlative layer, The humic A, horizon is entirely absent. | 
Because of the translocation of mineral, as well as organic 
colloids, the texture of the surface layer is of minor importance. | 
The reaction of soil ranges from pli 4.0 to 5.5, 4 

The virgin forest consists chiefly of white pine with 
some balsam fir. The second growth includes aspen, birch, pin | 
cherry and occasionally red maple, Among the shrubs and 
herbaceous vecetation the following species are common: dogwood, 
bush honeysuckle, fly honeysuckle, high bush cranberry, hazel, | 
cherries, blackberry, blueberry, V. canadensis, low blueberry, 
VY. pennsylvanicum, dwarf Solomon's seal, Maianthemum canadense, | 
bunchberry, Cornus canadensis, wintergreen, Gaultheria procunbens, 
trailing arbutus, Epigaea repens, partridge berry, Mitchella | 
repens, and in places, twin ine. Linnaea borealis, dew berry, 
itis hispidus, club mosses, Lycopodium spp. and mosses, mainly 
Polytrichum and Eypnum species. 

White pine is the only species of commercial value 
which is suitable for planting on these soils. However, even 
planting of this species on cut-over lands is difficult because 
the raw humus layer is burned or decomposed and the properties 
of the mineral soil are unfavorable to tree growth. For these 
reasons it is usually advisable to limit reforestation to the 
encouragement of natural reproduction by means of carefully con- 
cucted thinninss and release cuttings. In carrying on silvi- 
cultural cuttings, a considerable percentage of the area should 
be left to deciduous trees, particularly aspen and soft maple. 
In case planting is desirable for some particular reason, plowing 
should not be attempted as it will expose the toxic hardpan layer. 

5, Wet Sands (Swamp-border sands; iubus Site). Wet sandy soils 
are confined to swamp borders or areas underlain by impervious 
substrata. The morphology of these soils varies considerably, 1 
depending upon their location, and proximity of the water table, 
Fowever, the outstanding characteristic of this type is the water Hn 
logced horizon of gley nature, occurring at a depth of 4 feet or 
less, | 

| 
The forest growth consists of jack, Norway and white 

pines, aspen, birch, red maple and oaks, occurring usually in ie 
mixed stands. Balsam fir is a rather common associate, On some ie 
sites hemlock, tag alder and willows are found. The ground cover | 
is characterized by the presence of mene ee Cornus 1 
Canadensis, dwarf raspberry, Rubus pubescens, dew berry, ‘ubus ne 
hispidus, pidus, species of itibes, and many other shrubs. } | i 

The productivity of stands fluctuates from fair to low, Wit 
Gepending chiefly upon the depth of sufficiently aerated surface r . ; 
layer and content of available nutrients. Artificial reforesta- ean 
tion on this soil is often difficult because of the competition Ne i 
of weed species and the periodic wetness of the soil. Fortunately, iM | 
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nowever, these soils provide fair conditions for the establishment | ihe 
of natural reproduction. i 

Heavy Soils i 
Vi ae 

1. Mull Loams (Weakly podzolized loams: Adiantuin-Osmorhiza- | fi 
Thalictrum Site). These soils are formed on loess-like silt 
loam outwash or on heavy unassorted morainic deposits. The f 

profile consists of a thin layer of litter, a deep humic horizon 
of mull type and a brownish or grayish brown parent material. 
The content of silt and clay exceeds 55 per cent. The reaction t 
of the soil fluctuates betweon pli 5.0 and 7.0. Podzolization } 
occurs only in a very mild form and the plant nutrient content } 
is high. The roots are distributed throughout the soil profile. | 

The virgin forest is composed of sugar maple, basswood, 
white ash, red and white oaks, elm, beech, other hardwoods and 
white pine in some places. Blue beech, hackberry, ironwood, | 

honeysuckle, dogwood, Juneberry, pin cherry, chokecherry, 
highbush cranberry and leatherwood make up the understory. Soil ] 
conditions are very favorable for the natural reproduction of ] 
hardwoods, especially sugar maple, ‘The ground cover is charac- 
terized by a rich association of mesophytic plants, mainly 4 
maidenhair fern, Adiantum pedatum, sweet Cicely, Osmorhiza 
claytoni, meadow rue, Thartetrim dioicum, wild sarsaparilla, 
Aralia nudicaulis, waterlear, Hydrophyliun, and green briar, 
Smilax rotundifolia. 

Because of high productivity, mull soils are extensive- 
ly used for agriculture, and forestry is confined to the rough 
or stony areas. The silviculture is largely limited to selective 
cuttings, conducted in a very careful manner, so as to prevent 
excessively rapid decomposition of organic remains and the 
invasion of light-denanding sprouts. The older forest of this 

type may be gradually converted into mixed hardwood-spruce or 
hardwood white pine stands, by means of thinnings and under- 
plantings. f 

2, Leached Loams (Podzolic loams; Liliaceae Site). The soils 

of this type occupy extensive areas of heavy outwash and 

morainic deposits. The profile consists of a layer of litter, 

about 2 inches thick, a thin humic layer, and a grayish leached * 

loam which grades into a coffee brown accumulative horizon of 

somewhat heavier texture. This is underlain either by unassorted CR 

glacial till or stratified sand and gravel. ‘The soil is a 
transition between a mull loam and a true podzol. 

Te forest cover consists of sugar maple, basswood, en 

elm, yellow birch and hemlock. Pioneer stands are composed of | el 

aspen, paper birch and pin cherry with a reproduction of sugar Wy 

maple, basswood and elms. The shrubs are fairly abundant. The ae 

ground cover is characterized by several members of the lily TI 

sey, such as bellwort, Uvularta Grandifiore, Solomon's seal, Hi I Hi 

orvgona tum ubescens, false Solomon's seal, Smilacina racemosa, aed 

| twisted s ai Streptopus Long pes birthroot, Trillium grandi- Ht 

florum, and avant Solonon's seal, lhaianthemun canadense. he | it 

These soils are well suited for the planting of spruce, i i) ut 
The planting of white pine may not be advisable because of the Wl : HA 
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presence of Ribes species. Careful thinnings are required to | Wu 
free the plantation from the suppression of vigorous hardwood | 

sprouts. In thinnings, better hardwood species should be left | tt 
go that a mixed hardwood-coniferous stand will result. 

| 
3. Loam Podzol (Rusty loams, or hardpan loams; Clintonia- 

lycopodium Site). This type of soil is formed chiefly on un- | 
assorted morainic deposits. A raw humus layer about 4 inches j 
thick is sharply delimited by a leached layer, grading into a 
rusty coffee brown compacted or firmly cemented accumulative | 
horizon. The reaction of the soil is strongly acid. The avail- § 
able nutrients are concentrated in the surface organic layer. i 
The bulk of the roots are found in the upper six inches. | 

| 

The virgin forest is composed of hemlock, yellow birch, | 
and some balsam fir. Sugar maple, red maple and other hardwood 
species occur incidentally. Old stands have no understory of | 
shrubs. Burned or cut-over areas are occupied by aspen, white 
birch, and pin cherry. Ground cover forms a typical association 
of saprophytic or "raw humus" plants, namely Clintonia horealis, | 
dwarf Solomon's seal, Maianthemum canadense, twin flower, | 
Iinnaea borealis, numerous species of club moss, Lycopodium, 
ground hemlock or yew, Taxus canadensis, and in places woo 
sorrel, Oxalis montana. 

These soils are unsuitable for agriculture because of 
their High acidity and low content of available nutrients. 
Artificial reforestation of this type involves difficulties. 
Homlock, which is adapted to this soil, is an extremely tolerant 
and slow growing tree. The other conifers, including spruce, 
are not well suited to this soil and their planting may lead to 
the further development of the hardpan layer, Yellow birch is 
the only valuable deciduous tree which may be considered for 
artificial reforestation; however, little information is avail- 

| able on the planting technique of this species. For this reason 
selective cutting must be practiced wherever possible. The 
natural reproduction of hardwood species, particularly of sugar 

‘ maple, should be protected in cuttings as hardwood litter im- 
proves the quality of humus, decreases the acidity of the soil, 
and furnishes available mineral nutrients. The stands of loam 

: podzols require a fairly heavy selective cutting, in order to 1 
obtain a more rapid decomposition of the raw humus. 

4, Wet Loams (Mottled loans; Fern Site and Moss Site). Poorly ! 

drained sofis of heavy texture include a number of morphological 
varieties, classified on the basis of the depth at which the 
well aerated surface soil grades into a wet, sticky and mottled | 

Cley horizon. ‘The crumb-mull loams, with a deep mottled subsoil, Vy 
and wet loams, with a gley layer near the surface, are the two Md 

i extremes of this broad soil group. | | 
i 

; In spite of the morphological difference, the forest Pals} 
cover of these soils maintains a rather uniform composition, it i 

including largely water-loving hardwoods, such as American eln, aan 
rock elm, red maple, black ash, aspen, birch, mountain ash, and Tih 
conifers, chiefly white spruce, balsam fir, and less commonly, i | 
hemlock and white pine. Sugar maple often makes up the greatest ae 

portion of the stand but it deteriorates on these sites with (di 1 
advanced age. 1 j 
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The shrubs are numerous and their crowth is vigorous. 
Abundance of currant and gooseberry is of a special importance. igh 

Ground cover is characterized by the presence of hydrophytic | | 
species, particularly bedstraw, Gallium spp., horsetail 
Equisetum silvaticun, Jack. tna tieceatn tie tel sake triphy e j i 

fouch-me-not, impations spp., numerous ferns, Onoclea struthiop- | 

teris, 0. sensibiles, Kepttivm spinulosum, Asplenium filix 
Veethe, Accs Tlie meas Osminds cinvanomea, 0. regalia, — He 
Polystichum archostycohoides, and mosses of Polytrichum, Mniun, ke } 

fylocomium, Leucobryum, and sometimes Sphagnum genera. 

The productivity of forest stands varies with the | 

species and degree of soil aeration. As a general rule, conifers i 

better endure the stagnation and produce higher yields than | 

hardwoods. Soils of this type are subject to early and late | 

frosts, which greatly interfere with the success of planting. | 

Also, the competition of shrubs and ground vegetation presents | 

a serious obstacle to artificial reforestation. In many 

instances, therefore, the silvicultural practices are limited { 

to gradual elimination of inferior trees by improvement cuttings 

and underplanting of desirable species, particularly spruce. On 

wetter sites mound planting is necessary. 

Calcareous Soils 

1, Immature Rendzinas. At some locations in the humid belt, 

along the shores of bake Michigan, recent glaciation has exposed 

strata of limestone. The climatic conditions of these localities 

caused only slight weathering of calcareous parent material and 

led to the development of peat-like raw humus, consisting chiefly 

of wood remains and having a reaction from pE 6.7 to pH 8.0. The 

ordinary depth of organic layer on the upland does not exceed 5 

inches, but reaches a depth of a foot in depressions, where it 
may be compared with true woody peat. 

The vegetation of these sites includes white cedar, 

balsam fir, aspen, paper birch and in places even such pronounced 

acidophilous species as hemlock.. The ground cover associations 

consist largely of saprophytic, raw humus plants. The presence 

of juniper in the shrub layer is very characteristic. 

2. Lacustrine clays. lacustrine clays occur as bottom deposits ana 

of receded Lakes and are particularly common in the proximity of { 

the Great Lakes. } 

Soils of this origin have a number of morphological { 

varieties, differing in type of hwms, content of basic material Hae) 

in the upper horizons, degree of leaching and structural features, ay 

The strongly podzolized varieties are characterized by the a 

absence of structural acsregates, a high water-holding capacity, a 

periodic excessive saturation and poor aeration of soil. The . He 

weakly podzolized varieties, on the other hand, are rich in i 

calcareous material and havo a peculiar prismatic structure, which i ia 

provides good aeration throughout the profile. aT 
1 ii H i 

The forest cover of structureless clays is similar to Ue i 

that of loam podzols or gley podzols, consisting chiefly of white ae i 

spruce, balsan fir, and acid tolerant deciduous trees, Sapro- i Ma 

phytic and hydrophytic species of strongly leached and mottled | 4 Hi
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heavy soils are predominant in the ground cover. 
tt 

The structured clays support an association which | | 
could hardly be expected on the soil of this textural class, ae 
nmely, stands with a predominance of Norway and jack pine, and I 
ground cover cCoriion on soils of sandy or sandy loam texture. | 
Auong the herbaceous plants, the presence of strawberry and | 
clover is of particular significance, | 

As may be expected, between the two described extrenes 
there are a number of transitional forms of lacustrine clays { 
supporting mixed hardwocd-coniferous stands, in which white pine 
is often prominent. 1 

The planting of clay soils of all morphological 
varieties presents a difficult problem because of frost heaving, 
and difficulty of eliminating air spaces in the planting hole. | | 

Organic Soils 

1. Muck (Urtice-Gallium Site). Muck soils are formed partly 
by the decomposition of plants in situ, and partly by the 
deposition of both mineral and organic material during inundation. 
The forest cover of muck soils is composed of water-loving hard- 
woods and conifers, taz alder, willow, dogwooc, elder, other 
shrubs, and herbaceous vegetation of nettles, Urtica dioica, 
wood nettle, Laportea canadensis, bed straw Gallium spp., tall 
meadow ruse, oer iret dasicarpum, crasses and sedges. The 
stands have [ittlé merchantable Value, nevortheless the protection 
of forest cover on these soils is essential from the conservation 
standpoint. The stands of this site furnish cover for gane 
and aid in strean protection. 

2. Woody. Peat (Oxalis-Coptis Site). \ioody peat is formed 
under Conditions of excessive moisture where there is a perman- 
ent slow drainage. The upper layer includes partly decomposed 
remains of wood and minor vegetation. The topsoil is strongly 
acid, the mineral substratum often alkaline. Forest cover con- 
tains chiefly white cedar, some balsam fir, spruce, tamarack, 
black ash, red maple anc swamp maple; along the border of this 1 
type is found tag alder. The ground cover includes woodsorrel, 
Oxalis montana, goldthread, Coptis trifolia, dwarf raspberry, H 

Rubus pubescens, dwarf Solomon's seal, lLaianthemum canadense, ht } 

bunchberry, Cornus canadensis, Clintonia, C. borealis, twin- 
flower, Linnaea borealis, ferns, mosses and, sometimes, yew, 
Taxus canadensis. ‘tne commercial value of the forest cover is ; 

in direct proportion to the amount of conifers, particularly to } 
white spruce, balsam fir, and white cedar, TE 

i] 

3. hkioss Peat (Ledun-Chamaedaphne Site). Moss peat is formed Aa 

mder Conditions of excessive moisture and complete stagnation aR 
of water, The upper layer includes slightly decomposec mosses io Hi 

of Sphagnum and Polytrichum genera. The layer of mosses in some ell 
instances is underlain by sedges and other remains of aquatic Nea 

Veretation. The peat is extremely acid, the reaction of the top a iW] 

soll being as low as pi 3,5. ‘The only species of forest trees i ial 

occurring on this site are black spruce and tamarack, They form aia 
either pure or mixed stands. Ground cover consists of Sphagnum AG) 1g} 
end Polytrichum species, leather leaf, Chamaedaphne calyculata, MW | ih
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jabrador tea, Ledum groenlandicum, pale laurel, Kalmia polifolia La H 
tog rosemary, Andromeda glauco tie, twin flower, Linnaea : } 
porealis, creeping snowberry, ogenes hispidula, cranberry a 
faccinium macrocarpon, pitcher plant, Sarracenia pur urea, : i 
fiueberry and other plants common on dry sandy Bin such as ey 
geet fern, wintergreen and reindeer moss. The silviculture is a 
uumited to the cutting of pulp and Christmas trees wherever these ; 
gre available. In logging some healthy older trees are usually } 
left all over the area in order to secure natural reproduction, 
Attempts to increase the growth of black spruce and tamarack by 
neans of artificial drainage have not been successful, 

4, Sedge Peat (Carex Site). This type is confined to marshes 
and quagmires. The peat consists of remains of aquatic vegetation, 
sedges, rushes, and other marsh plants. 
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CHAPTER XV aan 

PRAIRIE FOREST TOR, 

Black Forest of Dnieper Watershed, Southern Russia Wa | 

"It was ever the same boundless, waving, beautiful steppe. 
only at intervals the summits of distant forests shone blue, stretch- } 
ing along the banks of the Dnieper." WN. V. Gogol "Taras Bulba." 

The Black Forest is of particular interest because it 
presents, with remarkable clearness, the picture of the struggle 
between forest and prairie. 

The climatic conditions of this region are characterized 
by the following data. Mean temperature of the coldest month 4 
(January) 18° F, Mean temperature of the hottest month (July) 71°F. 
Average annual precipitation 20 inches. Average relative humidity 
7% per cent. Distribution of precipitation is very irregular. 

The geological substratum is formed by granites and 
meisses of the Pre-Cambrian age, for the most part, covered by 
deposits of the Tertiary and Post-Tertiary periods. The entire | 
formation is capped by a deep layer of loess. Due to the processes 
of erosion, the surface geological formation presents a mottled 
appearance, On upland areas the depth of ground water ranges 
from 50 to 60 feet, 

The genetic properties of the soils, as well as the dis- 
tribution of forest growth, are closely related to the topographic 
features of the area. As a result of this, four distinct topo- 
ecological units are recognized, as follows: plateau prairie- 
forest type, gentle slope forest type, steep slope forest type, 
and cove forest type. (Fig. 50). 

Plateau Prairie-Forest. The soil is a slightly degraded 
thernozem derived from loess. The sporadic forest stands extend 
into the prairie. They are composed chiefly of summer oak, 
4 pedunculata, and have an understory of maple and basswood, 
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The productivity of these stands is extremely low; the dominant j 
height of oak is approximately 60 feet. Ground cover is charac- 1B 

terized by abundant Sisymbrium alliaria, and this association 
js classed as Quercetum sisymbrianum. 

As distance from the prairie increases, desradation of } 
the soil becomes more pronounced and the forest growth improves | 
to such an extent that individual trees reach a height of 80 feet. 

Gentle Slope Forest. The soil is a dark colored suclinok 
characterized by a dark brown color and nut-like structure (Dark 
crey forest soil). The parent loessial material is impoverished 
in carbonates to a depth of about 4 to 44 feet. The principal 
forest stand is composed of oak and ash, with ash making up about 
40 per cent of it. The understory includes chiefly basswood and 
some maple, hornbeam, and elm. The shrub story is formed by 
Acer campestris. The ground cover is composed of Stellaria 
holostea, Sisymbrium alliaria, and Carex spp. Floristically, this 
type 18 classed as Quercetum stellarienun. 

Steep Slope Forest. The slopes of this type are subject to 
gulley erosion and are characterized by an intersected relief, 
The soils are light colored suglinoks having nut-like structure 
(Light grey forest soil). The zone of effervescence occurs at 
a depth of from 34 to 54 feet. Podzolization follows root 
channels and structural cracks to a considerable depth. The 
forest stands are composed chiefly of oak and ash. The latter, 
however, makes up not more than 20 per cent of the total stand. 
The understory includes hornbeam, maple, and basswood. The 
shrub layer consists of hazelnut. Incividual oak trees in these 
stands reach a height of 93 feet. Ground cover consists pre- 
dominantly of Carex pilosa and C. digitata with some Stellaria 
holostea, Asarum europeun, Viola Spp., and Geum urbanum, This | 
type is referred to as Quercetum Caricianun, 

Cove Forest. This type is confined to the nearly flat 
portion or the valley or cove bottoms. These localities receive 
considerable amounts of run-off water. Some of the water from 
melting snow accumulates locally in depressions and remains to 
saturate the soil through a greater part of the growing season. 1 
The soils are strongly leached suglinoks of a light a color, 
having a zone of effervescence at a depth of 7 feet (Podzolic | 

soils). The stands are composed entirely of oak, Q. peduneulata | 

var, tardiflora being the predominant species. This variety 

flowers one or two weeks later than the regular species. The 

understory includes maple, hornbeam, and basswood. Individual 
trees of this type reach as great a height as 140 feet. The j 

Geuns cover consists chiefly of Aogopodiur, podecrarte one to Fl 
esser extent of Mercurialis perennis, Stellaria holostea, | 

Viola spp., Asperula odorata, Polyzonatum officinale, Gardamine i 
Impatiens, and Gipsophyla paniculata. P| 

A ne 

The Black Forest, being located in a treeless, rather i I 

heavily populated region, has for a long time played a very im- myn) 

portant role in the history of the Ukrainian Prairie. In the ME 
Sarly days of the colonization of this region wandering Mongolian i i | 

tribes found refuge in the Black Forest, Later, white outlaws a IN 

from the Great Russian Plain made this area their headquarters | 

and spied from here upon their prey in the surrounding extensive q |
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prairies. Ukrainian Kosaks camped here during their numerous 
marches to and from battle. Finally, a monastery of the Greek- A | 
orthodox order was established upon the grounds of the forest. 

During the course of this manifold history the forest 
has been subjected to several loggings, made partly for firewood i 
and partly for building protection against enomies. A consider- 
able number of stands of sprout origin bear witness to these 
early cuttings. Also, the absence of an understory and the 
presence of weeds in some stands indicate another form of man's 
interference, namely, pasturing. 

Up to 1840 the best materials had been cut selectively 
without regard to any system of cutting. As a result of such 
cuttings, three-story atante were formed with a considerable 
percentage of sprouts. However, on a whole, the regeneration of 
the forest was very satisfactory. In 1840 the forest was placed 
under systematic management. The original management plan for 
the elimina tion of all species of secondary importance and the 
encouragement of the highly merchantable oak and ash by means of | 
selective cutting. This method of management led to the develop- 
nent of two-story stands, and was not found satisfactory. The 
practice of clear cutting and leaving seed trees was recommended, 
This latter method failed conpletely since sprout competition 
eliminated the seed reproduction. From 1863 to 1871 clear cut- 
ting in strips was practiced, using a 500 foot width of cut 
strips. Because of the heavy seed of cak, which prevented its 
dissemination, this practice led to the reproduction of light 
seed species of secondary importance, particularly hornbeam, 
Sprouting of secondary species after clear cutting on such wide 
strips also tended to eliminate the slow-growing seed reproduction 
of oak. Finally, on the drier sites, the oak and ash in the re- 
maining strips began to die from drovght. In 1871 the hornbeam 
occupied so much ground that it w as found desirable to subdivide 
the entire forest into two separate management urits; one with a 
predominance of oak, and the other with a predominance of horn- 
beam. In 1886 the revision of the management found it unwise to 
continue the maintenance of hornbeam as a principal species and 
began a system of clear cutting followed by artificial reforesta- 
tion by planting and seeding of oak. The results of this method 1 
left much to be desired, due again to the competition of sprouts. i 

Thus, for nearly a half century the experiments in | 
; management of the Black Forest brought more disastrous than bene- 

ficial results. Only recently, after all differences in soils 
' aud other growth factors were explained, the management of this i 

forest was placed on a sound basis of careful selective cuttings 
adapted to the ecological requirements of the stands. 1 

| BA 
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CHAPTER XVI i | 

FORESTS OF WHE LACERITIC REGION ie 
Southern Coastal Plain, USA 

"It was a savagely red land, blood-colored after rains, 
prick dust in droughts...the virgin forests, dark and cool even in 
the hottest noons, mysterious, a little sinister, the soughing pines 
seeming to wait with an age-old patience..." I, Mitchell: "Gone 
with the Wina." 7 

The coastal plain is bordered by the Atlantic Ocean and 
the Gulf of Mexico. This great area of marine deposits slopes 
gently oceanward and near the coast is broken by long tidal marshes 
and inlets, reaching far up the shallow estuaries. 

The parent material is made up of clay, sand, and gravel, 
eroded from the Older Appalachians and laid down during the Tertiary } 
and Cretaceous periods. The sea has covered this region and receded 
several times during the formation of the sediments. 

The climate is mild and humid. ‘The season without killing 
frost varies from six months in the north to 12 months in the south. 
The mean annual temperature ranges from 60° F. to 75° F. The annual 
precipitation is 40 to 60 inches and occurs almost entirely in the 
form of rain. The precipitation is rather evenly distributed 
throughout the year, but drought and serious fire hazard sometimes 
occur in the winter. 

The soils are of a lateritic nature, frequently showing 
evidence of superimposed podzolization. They are usually classified 
into "Red" and "Yellow" soils depending on the color of the lateriz- 
ed substratum, and, further, on the basis of textural composition of 

: the surface layer. Neither of these features has an outstanding 
ecological importance as the distribution and the rate of growth of 
vegetation are correlated primarily with the degree of soil leaching,. 
amount of incorporated humus, reaction of soil, content of nutrients, 
especially lime, structure of soil profile, and the depth of the 

ground water table. 

Because of the low elevation above sea level and the fre- 
quent presence of an impervious clay substratum, the occurrence of ! 
poorly drained soils is extensive. 

The dominant forest cover of uplands is made up largely 
of longleaf pine, loblolly pine, slash pine, shortleaf pine, and 
inferior oaks. More fertile soils support sturdy oaks, walnuts, i 
hickories, tulip poplar, sweet gum, ash, beech, and magnolia, 
Sout hern cypress, tupelo gum, red gum, and several other hardwoods a 
fre found on alluvial bottoms. | 

The coastal plain region, because of its size, location 4 
Near the centers of consumption, ease of logging, and generally a an 
Tapid forest growth, is an important timber-producing area, | 

In the following outline, the soil-forest types are ne | 
tesignated according to the expressive folk terminology of the | I 1 
Deep South", as quoted by Hilgard. i | 

si
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Upland Soils 
i 

"Pine Lands" or "Pine Hills." This type occupies extensive areas a 
of rolling or undulating plains with podzolized soils of a lateritic 
substratum. The soil profile is usually composed of a greyish to 
light brown sand or quartzose residue grading into a porous clay. 
fhe soils are acid, have a j.ow content of organic matter and m- 
trients, and are subject to drought. The deficiency of humus is 
partly due to repeated burning. In the opinion of sone local 
foresters only few tracts of this type have escaped forest fire. 

In spite of the low state of soil fertility, the growth 
of pine species is fairly rapid because of the long growing season, 
high temperature, and abundant rainfall; the high light requirements 
of the southern pines, their abundant infestation with mycorrhizal 
fungi, and the low density of stands appear to be other factors 
counteracting the deficiency of nutrients. 

The forest cover consists of longleaf, loblolly, slash, tf ' 
and shortleaf pines; oak species are found in groups or as inter- ! 
spersed associates. On the poorest sites, the forest cover is 
almost entirely formed by either longleaf pine and palmetto, or 
shortleaf pine and struggling oaks; the latter condition is con- 
fined to the northern boundary of the region. 

The poorer sites are characterized by a ground cover of 
Aristida stricta, Stipulicida sitacea, Lupinus perennis and Cladonia 
gilvatica. The ground vegetation of the nore productive sites in- 
cludes “ephrosia virginiana, Phaseolus Spe Cassia nictitans, 
fuhnistera pinnata, Pteris aquilina, Clitoria mariana, Centrosema 
Virginiana, Liatris spicata, Aster and Silphium spp. 

"Table Lands." Wide plateaus with soils of medium heavy loam 
texture constitute a productive type of land from both agricultural 
and forestry viewpoints. The soils are of a yellowish-brown or 
brown color imparted by incorporated humus; they have a moderately 
acid reaction and a fair supply of nutrients. The forest cover 
consists of oaks with a high percentage of hickory. White red, 
black, and Spanish oaks are prominent; post oak and jack oa or pines 
occur rather as an exception. The presence of some mesophytic mem- 4 
bers of the Carolinian flora characterizes the ground cover. 

"Bluff Soils." This name refers to the rolling or hilly deposits | 
of loess adjacent to the Mississippi valley. The loessal silt loams 
are high in lime and other nutrients; they have ideal physical pro- 
perties, and support valuable stands of oaks, black walnut, tulip 
Poplar, ash, and other exacting hardwoods which are ordtnsrily con- 
fined to the rich alluvial bottoms. In places where hardwoods have ni 
been destroyed by fire, loblolly pine and other pine species occur | 

48 pioneers and show a remarkably rapid growth. A 
i] i 

"Limestone Ridges." The ridges or hills in the region of the i : it 
sroded deposits of soft limestone are coversd with deep red loams A 
or silt loams. These mellow unleached soils with incor»vorated humus “| 
have but slightly acid reaction and a high content of available nu- ie i 
‘lents, especially calcium. They bear mixed stands of the better ae 

| %ks, hickory, black walnuts, umbrella tree, and tulip poplar. The Se 
Sround cover corsists of calciphilous species. i i 

i Ce
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The red or reddish brown loams of calcareous substrata, | i 
together ee the loess deposits, form the most productive soils | 
of the region. 1 | 

"Lime Prairies." This name applies in northern Mississippi to ie 
jevel la nds with black clays or clay loams formed on weathered or 
"rotten" cretaceous limestone. These rendzina-like soils are high- 
ly productive agriculturally, but support only sparse growth of | 
trees, namely post oak and jack oak; red cedar, clumps of crab | 
apple, and thickets of Chickasaw plum are found occasionally. ‘The | 
oaks, although sporadically distributed, attain considerable 
dimensions. 

Lowland Soils 

"Flatwoods." Extensive level tracts of poorly drained non- 
calcareous soils form the least productive type of the region, com- | 
parable to the Russian "Kercha Yag." The surface soil layer is 
strongly leached, low in humus and nutrients, and often extremely 
acid; at a shallow depth the surface soil grades into water-logged | 
clay of a grey or mottled appearance. In places, the substratum 
attains characteristics of an ortstein layer of true podzol soils. 
the areas of this type remain under water for a considerable period 
after heavy rains. 

The forest cover is composed of pines and struggling oaks; 
shortleaf pine in the north and longleaf pine in the rest of the 
region are the leading species. The characteristic ground cover 
includes sedges, rushes, orchids, Ctenium aromaticum, Sarracenia 
flava, Dichromena latifolia, Polygala lutea, Calopogon pulchellus, 
Metris lutea, and a number of other swanp plants. 

Near the sea coast flatwoods grade into "pine meadows", 
.aclosely related soil-forest association. 

"Sand Hammocks." In the proximity of the ocean, the impervious 
clay substratum occurs at a greater depth and the surface deposit of 
sand igs well aerated. As the result of this, the stands of longleaf 
pine show a greatly improved growth and a higher percentage of slash 
pine; a few other associates include pond pine, loblolly pine, red \ 
fun, and Ilex and Persea in the understory. ‘The stands are park- 
like and Tave a subtropical appearance imparted by the cabbage 
mulebto, The ground cover includes only incidental intrusions of | 
‘ne swamp vegetation. 

"Shell Mounds." ‘The narrow strip along the sea coast is often 
covered by the calcareous residue of shells. ‘The surface layer of | 
these deposits consists of black or dark grey humus sand having a if 
teh content of lime. ‘The vegetative cover includes live oak, grape } 
Vines, Aralia spinosa, Verbesina, and numerous leguminous plants. aul } 

ae | 
"Coastal Peat." ‘The deposits of peat along the Atlantic coast, NE HR 

called "Pocosine", are eae by dark remains of wood underlain by An Hy 
Sither sand or clay. Where the substratum is sandy, the southern KI 
ite cedar usually occurs as a pure, even-aged type, but is some- a | 

‘ines mixed with pond pine, southern cypress, swamp black gum, and iM | 
Slash pine. On peat underlain by clays, hardwoods make up the SASH 
larger portion of the stand. The associate vegetation includes | | Hi 

Na] 
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ex glabra, Myrica carolinensis, Leucothoe acuminata, Lyonia | 
Dea Baccharis halimifolia, Vaccinium spp., and the anrusey 
grass, Arundinaria tecta. Ee Wil 

Alluvial Sands. Intermittently flooded areas in the flatwoods 4 
country are Commonly occupied by a dense growth of cypress with 7 
some swamp black gum, slash pine, black willow, and swamp ironwood. 
In the southern portion of the region sone sub-tropical hardwoods | 
nay also be found on these sites. Mosses, ferns, orchids, and 
particularly Spanish moss, Tillandsia usneoides, growing on the 
trunks and branches of the trees, are distinctive characteristics 
of this type. 

Heavy Alluvial Soils. These soils vary in texture from silt 
loais to clays. They support a variety of hardwood species, parti- 
cularly southern oaks, hickory, bitter pecan, red gum, willows, 
elms, green and white ash, beech, red maple, tupelo gum, swamp | 
black gum and southern cypress. The stands have a heavy under- ; 
growth of small trees, shrubs and vines, namely: Staphy les 
trifolia, Asimina triloba, Crataegus marshalli, Cephalanthus 
occidentalis, Sabal glabra, Rubus spp., hr ica cerifera, Ilex 
virginica, Smilax spp., Tecoma Pert ina, issus arborea, Psedera 
guinquefolia and vitts spp. The ground cover is characterized by 
the presence of Phlox gTetsioatd, Arisaema triphyllum and Habenaria 
ciliaris. 

Hardwood stands produce high yields of valuable timber on j 
heavy alluvial soils, although the conditions of forest growth vary 
considerably depending upon the distance from the stream, and degree 
of water stagnation. 

"Bayous." The localities under water during the greater part 
of the year are occupied by a nearly pure type of southern cypress. 
Associate species when present are tupelo gum, swamp black gum, 
red maple, water oak and other swamp hardwoods. ‘The wetter the 
site, the higher the percentage of cypress and fewer associated 
species. The stands are very dense and produce fairly high yields 
a timber. Typical minor associates are palmetto, ee hee en 
fururus cernuus, Penthorum sedoides, Lippia lanceolata, Commelina 
urtelia, and Hypericum spp. 

| 

The soil conditions exert in the Coastal Plain region a i} 
striking influence upon the form of trees, as has been pointed out 
by Hilgard. Figure 51 presents morphological varieties of post | 
oak (Q. minor) characteristic of four different soil types. Care- | 
ful obseriattons and especially mensurational stem analyses prove 
that the same effect of soil conditions in a less pronounced degree ane 
is common in other regions. 
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CHAPTER XVIi 
i 

LOUNTAIN FORESTS | 
A. Iser Mountains, Bohemia 

"Rauschender Strom, brausender Wald, 
Starender Fels, mein Aufenthalt..." 

Fr, Schubert, "My Abode." 

The Iser Mountains form a natural boundary separating 

northeastern Bohemia from German Silesia. The silviculturally im- 

portant portion of these mountains belongs to the Picetum region. 

The mean temperature for the growing season is 54° F, and the mean 

annual temperature is as low in places as 40° F. The precipitation 
js 22 inches for the growing season and 56 inches for the entire 

year. ‘The climate is characterized by strong, destructive winds, 
frequent glaze storms, and heavy snowfall. The altitude of the 

nountain range does not exceed 4,000 feet. } 

The geological substratum is composed of gneiss and 
coarse grained, easily weathered granite, locally grading into 

syenite. The forest cover consists predominantly of Norway spruce 

and a sparse ground cover vegetation of acidophilous low shrubs 

and herbs. 

Sod Soils. This type occurs at altitudes from 2,500 to 6,500 
feet and is confined to the well-drained, steeper slopes and ridges. 
The moderately acid, slightly podzolized sod soils of moderate 
depth are interrupted in places by protruding rock outcrops. Spruce 
stands on these sites have an average height of 65 feet and an 

average Gianeter of only 4.8 inches at 100 years. Due to condi- 

tions of climate, soils and prevalence of windfall the stands are 

of low density. 

Ground cover is conposed of Deschampsia flexuosa, 

(alamagrostis arundinacea, and Calamagrostis villosa, which grasses 

form a solid mat, practically eliminating other ground vegetation, 
This type is referred to as "grass type". Due to the competition 
of grasses, the natural regeneration of stands proceeds at a very 

slow rate. The reforestation of this type is possible only by the 4 

destruction of the sod and the planting of vigorous transplants, 

At higher elevations Deschampsia flexuosa crowds out its | 

associates. ‘The average height of the spruce at these altitudes 

{s only 40 feet at 100 years. 

Podzolic Soils. Shallow podzolic soils of granitic origin occur i 

at altitudes from 2,500 to 3,000 feet, being confined largely to | 

moderate slopes. Spruce stands attain high productivity, chiefly ! 

tue to the fortunate position of the ground water level which allows | | 

for a supply ‘of capillary water and sufficient aeration. The me 

average height and diameter at 100 years are 75 feet and 16 inches, | 

respectively. | 

I } 
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Ground cover is composed mainly of Dicranum scovariun AE Polytrichum commune, P, Strictum, & Tee Splendens, i 
Sphagnum Spp., some other mosses, GetcnaereR ete Verrans, 
qeussetes and Deschampsia flexuosa. Oxalis acetosells and 
Vaccinium myrtillus occur sporadically. The grasses do nob | 
form a so1ts cover but are found scatteringly. ‘The site may be | 
called "Moss grass type", 

Although the stands of this type regenerate fairly | 
well naturally, reproduction cuttings should be carried on in 
avery conservative manner, A considerable opening of the i 
stand may result in a rise of the ground water level, decreased 
aeration of soil, and development of Sphagnum mosses. These 
conditions will depress the rate of forest growth and retard 
the process of natural reproduction. The underplanting of 
nature stands, followed by release cuttings, is often a safer 
method of reforestation. 1 

. Podzols. Smaller areas of podzol soils having a deep 

layer of raw humus, are usually formed as a transition between 
swamo and upland forest types. The average heicht of spruce 
stands on these soils at 100 years is 52 feet, The ground cover 
consists predominantly of Vaccinium myrtillus with some 
Vaccinium vitis-idaea. This type is tmown as the "Blueberry 
type”. Stands of advanced age commonly have an understory of 
saplings and seedlings. Natural reproduction is secured most 
successfully by group selection cuttings which encourage the 
decomposition of the raw hurms layer. 

This forest type occupies only a small total area in 
the Iser region. 

Swamp Border Soils. The soil consists predominantly of a 
strongly acid peat-like raw hwaus, underlain by a leached layer 
of weathered granite or gneiss. Soil aeration is poor and the 
temperature is extremely low because of the insulating effect 
of the organic remains and the moss cover. The stands of 
spruce are characterized by shallow root systems and are usually 
uneven-azed, of poor form, and very low productivity. The 
average height and diameter at 100 years are 40 feet and 8 
Inches, respectively. a 

This type is hardly suitable for management on a | 
commercial basis because of low productivity, The incidental 
reforestation is accomplished by planting spruce, with some 
white birch and mountain ash. Best success is obtained by 
planting on mounds with balled stock. The average accomplish- | 
ment of a planter is about 35 seedlings per day. ey 

The ground cover is composed chiefly of Sphefaun and | 
Vaccinium vitis-idaea with some Vaccinium ulicinosum, Vaceiniun i 
oxycoccus, am Calluna wigaris. Polytrichum and Dicranu mosses Hi 
taecetats with Renee ona wind vee extent. This association in 
is referred to as "Foxberry type". While the fexberry ground cover | Hh} 

@ssociatibn ~ . occurs in northern Europe on dry sandy i , 
Soils of morainic or outwash origin, in the Iser loountains it is Hat 
found on the borders of Sphagnum bogs, including those which HA 
have been drained. It appears that the actual dryness of sandy Ha 
Soils corresponds closely to the physiological dryness of the " i HH
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peat layer, and thus conditions are created which are responsible ae 

for the similar development of forest stands and composition of wh | 

the ground cover. | 

| 

Alluvial Sotis. ‘his type is located in stream valleys 
with deeper, well aerated, but sufficiently moist soils. ‘The } 
spruce stands have excellent form and a very high productivity, 
reaching an average height of 100 feet at 100 years. ‘The ground } 

cover is charactsrized by the abundant occurrence of Oxalis 

acetosella and of the mesophytic vegetation. The other condi- 
tions are similar to those of the "Oxalis type" described by 
the various authors. | 
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B.. Southern Rocky Mountains ii 

The Southern Rocky Mountain region covers an area of 
approximately 250,000 square miles, confined chiefly to Colorado, 
New Mexico and Arizona. The entire system is young in geological Beas 
sense end the mountains are steep and sharply dissected. ‘The aie 
ranges tend to be aligned in a north and south direction. Some 
peaks attain an elevation of 14,000 feet, : 

The Southern Rocky Mountains present a striking example 
of parallelism between altitude, clinate, soils and vegetation. 
Progressing upward from the desert soils of low elevations is 
encountered a series of soil groups, including prairie soils, : 
podzolic forest soils, mountain meadow soils, and skeletal barrens, 
Because of the direction of the moisture-bearing winds, the’ 
southern and especially the eastern exposures are much drier and 
support xerophytic vegetation at hicher altitudes. 

The forested portion includes a creat number of types ih 
adapted to different altitudes, soils and exposures. lIowever, 
little information is thus far available on the relation of soil 
and forest vegetation in the entire \lest, except some seneral 
descriptions of broad divisions. Thus, the following outline con- 
tains only a brief descrintion of the principal forest zones of 
the region. : 

Dry Woodland ‘types 

The lowest of the timbér zones with an annual rainfall 
of less than 20 inches is occupied by the Chaparral and Pinon- 4 
Juniper types, occurring on shallow and stony semi-desert soils. 

The Chaparral type is composed mainly of scrub oak 
species, mountain mahocany, Juneberry, and a number of shrubs. 
The trees are brushy and stunted and the stands are open. The 
ground is covered with sage-brush and short grass. This type is 
widely distributed but has little commercial value except as a 
source of fuel. It is important for watershec protection, 

The Pinon-Juniper type consists of several juniper 
species and two species of pinon (Pinus edulis and Pinus nono- 
phylla). At the higher altitudes, dwarf forms of Douglas fir, 
western yellow pine and scrub oaks are found. This type is open i 
in character and is associated with a considerable amount of her- 
baceous vegetation and small woody plants. The stands are usually | 
uwneven-aged, of small size and poor form. The Pinon-Juniper type 
covers a larse area and is a source of fuel, posts and mine timber. | 

| | 

This type borders the dry woodlend zone, occurring at AN 
elevations from 6,000 to approximately ©,000 feet. ! he 

Wan 

The rainfall in this zone fluctuates between 20 and 25 || I} 
inches. The growing season is short and dry. Temperatures of \ Ht} 
110° F. occur quite frequently. The brown or grayish-brown soils Hae a 
are often shallow and stony, very low in organic matter and of Wan tl 
Neutral or alkaline reaction, ‘The surface layers usually are of ey 
Sandy texture grading into heavier L horizons, The forest litter I Hi 
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as a rule is absent. In places piles of dry cones accumulate at i 
the bases of trees. ; Wale 

The stands of lower elevations are composed of pure 
western yellow pine. At higher altitudes a certain portion of | 
the stand is made up of Douglas fir. ‘The stands are open and Ha 

park-like with a ground cover of grazing grass and other herba= A 
ceous vegetation. They resemble somewhat the longleaf forest of } 
the Atlantic Coastal Plain. The trees attain fairly good form i 
and considerable size. After forest fire or logging the area is 
usually reoccupied by the western yellow pine, which acts as both i 
pioneer and climax species, Because of the wide distribution, 
value of wood and accessibility, this type is of high commercial | 
jmportance,. ii 

Douglas Fir Type 

This type occurs above the yellow pine belt at eleva- 
tions from 8,000 to 9,500 feet. Precipitation ranges from 25 to 
30 inches, occurring mostly as snow in winter. Prolonged periods | 
of high temperature and drought occur in the spring and fall. ‘The 
soils are characterized by a rapid decomposition of organic re- 
mains, development of mull humus forms, and absence of pronounced 
podzolization. The water-holding capacity of these soils is 
often very low. 

Douglas fir is usually associated with western yellow 
pine, and limber pine at lower altitudes, and Engelmann spruce 
and white fir in the upper portions of the zone. The dominant 
trees are 3 to 4 feet in diameter and over 100 feet in height. 
Burned-over areas are often invaded by aspen or lodgepole pine, 
which form temporary types. 

Lodgepole Pine Type 

Lodgepole pine has extremely wide ecological amplitude. 
It tolerates great extrenes of temperature, is fairly resistant 
to drought and has moderate nutrient requirements. The altitud- 
inal range of this species extends from the yellow pine zone 
almost to the timber line. At the lower elevations, the distri- 
bution is limited by a rainfall of less than 18 inches. As a 
rule, lodgepole pine forms temporary types, succeeded by either i 

Douglas fir or Engelmann spruce. 

Fire, by opening the cones of lodgepole pine, is | } 

largely responsible for the occurrence of extremely dense, even- | 

aged pioneer stands on large »urned-over areas on a great variety 
of soil types. | 

Spruce-Fir Type \| 

This is the timber line type, extending from an eleva- at 
tion of 9,500 to 11,500 feet, where it grades into the alpine | Ht 

meadows. The annual precipitation averages 50 inches. The FR 

averace crowing season temperature is about 50° F. The length i Nid 

of growing season may be less than three months. Ai 

The shallow and stony soils of mountain podzol type are a 
Covered with a layer of raw humus. The soil profile shows a H Hh 

! Hy 
ib
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podzolized zone up to three inches in thickness and a slightly 
developed horizon of deposition, 

The forest is composed of Engelmann spruce with varying } 
anounts of lodgepole pine, limber pine, bristle-cone pine, Douglas fir, cork-bark fir, and alpine fir. The latter two species 
are the chief associates. The cooler and nore moist sites support a higher percentage of fir species. The forest stands are well 
stocked and uneven aged. The mature trees reach a diameter of 30 inches d.b.h. On level areas along the streams the forest 
cover is usually replaced by mountain meadows. 

As has been pointed out by Shantz and Zon, there is a 
close similarity in the development of forests in the western and 
eastern portions of North America. Figure 55 shows,.in a greatly 
simplified, diagrammatic form, the relative position of the major 
types of forest cover, 

W3STERN FOREST REGION _ : EASTERN FOREST REGION 

luskeg 

dudes 

western Birch- 
Red Cedar beecn-haple 

. Hemlock Hemlock _ 
western ~ “|” ~ ~Bastern 

white Pine White Pine 
Larch Jack Pine, Red Pine 

Oak 
Douglas Pir Seem oe ol Central dardwoods 

Western Yellow Longleaf, Slash, 
Pine —-—-|—-—-—- Loblolly Pine 

Pinon-Juniper 

Sua haokae 

Figure 53. A diagrammatic presentation of the relationship | 
between the major types of forest cover in the western and eastern 
bortions of North America. 
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C. Sheetouhetzy Mountains, Bastern Manchuria Hh 

The forests of Mancnuria are peculiar in many respects } | 
and present considerable interest from the geo-botanical stand- | 
point. Although they are composed entirely of indigenous species, 
there is a close genetical and ecological relationship between the Wa 
forest cover of this area and that of Eurasia and North America, ANE 
Aside from this, the region includes many unusual combinations of 
northern and subtropical flora. An American forester, in parti- 
cular, is likely to detect a remarkable resemblance between some | 
ecological conditions of the Sheetouhetzy Range and those found | 
either on the podzols of the Great Lake region or on the lateritic 
soils of the Atlantic Coastal Plain, 

The climate of Manchuria, as a whole, may be considered 
ag a transition between continental and oceanic types. The out- 
standing characteristics of the region are; cold winters with 
little snow, warm summers with abundant rainfall, high relative 
humidity, low barometric pressure, prevailing western winds in 
winter and eastern winds in summer. The climate of the vicinity 
of the Sheetouhetzy region is characterized by the following average 
data: anmual temperature between 35° and 40° F.; temperature of 
the growing season (May to September) between 51° and 66° F.; the 
lowest temperature 43° F; annual precipitation from 20 to 25 inches; 
relative humidity about 70 per cent. ‘The elevation of the 
Sheetouhetzy area in places approaches 5,000 feet and the climatic 
conditions, of course, vary greatly with altitude and exposure. 

The region is dissected by a number of rivers and smaller 
streams. The geological substratum is composed chiefly of crystal- 
line rocks of granitic nature. 

The podzolic soils of the higher altitudes grade into 
grey forest soils of the lower slopes and young alluvial soils of 
the river valleys. The color of some soils suggests a past 
influence of the laterization process, 

A few quotations from Ivashkevitch's extensive study 
of ue region may help to visualize the actual conditions of 
growth. 

"The flowering season begins in the middle of May when | 
almost all of the trees flower simultaneously. May could be \ 
Called the month of cherries; these trees are then entirely robed | } 
{in white bridal gowns, June is the month of lilac and basswood. 
In the forest, at this time, one's head swims with the intoxi- | 
tating aroma of flowers and the rich spring odors of the warmed- | 
Wpearth, The shortness of the growing season here is fully com- 
Pensated for by abundant precipitation and high temperature. A Cy 
Sunmer day in Manchuria reminds one of the atmosphere of a green- | 
House, Under such conditions everything grows luxuriantly. In | | 
June the grass reaches the height of a man and the forest at this | Hy 
time appears to be a solid green wall, impassable without the 1 Hint 
"lp of an axe, The enormous trunks of Siberian pine and spruce LANNE 

i 
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are entwined to the very top with lianas which, as they drape ah 
downward, are interwoven with the branches of basswood, lilac, ina 
npazel, cherry, locust, jasmine, and the extremely thorny devil's : } 
wood. Among the dark green color of the conifers your eyes are a 
caressed by the lighter foliage of ash, walnut and other decidu- ARS 
ous species. And below, the ground is covered with a bright a 
carpet of flowers and large soft leaves." 

Forest of the Mountains 

1. Coniferous-hardwood type of high elevations. This type 
occurs at altitudes from 2500 to “B58 feet above sea level on 
little weathered stony soils, derived from crystalline rocks. The 
humic horizon varies in thickness from 2 to 5 inches and often 
grades into a somewhat leached horizon underlain by unweathered 
parent material. The stands are composed chiefly of Picea 
ajanensis and Abies nephrolepis mixed with Petula pLotyphyila, 
Acer manshuricum, Tilia manshurica and Ulmus montana. nus 
manshurica occurs sporadically. The stands are abnormally dense, 
but the height of the trees usually does not exceed 60 feet. The 
fir commonly forms a second story. Ground cover consists of 
mosses and Oxalis acetosella. 

2. Coniferous-hardwood slope pipe is adapted to the altitudes 
lower than ©o00 feet, and is ves eveloned on slopes not exceed- 
ing 15° gradient. The soils of loam texture are largely of 
deluvial nature and are somewhat podzolized. The humic Aj hori- 
zon reaches a thickness of 8 inches and is underlain by a little- 
differentiated ApB horizon, characterized by a yellowish-gray 
color. The dominant species cf the forest cover is Picea ajanen- 
sis. This is mixed with broad-leaved species already mentione 
and Pinus manshurica. The stands have a fairly high productivity. 
The understory includes Corylus manshurica, Acer manshuricum and 
Tilia manshurica, The ground cover 1s Characterized by Oxalis 
acetosella, Maianthemum bifolium and Lycopodium spp. 

3. Pine-hardwood slope type. This type is distributed on 
sandy loam soils at elevations under 2500 feet above sea level. 
The residual podzolic soils of the upper portion of the slopes 

usually grade into deluvial, slightly leached and somewhat struc- 

tured soil of the lower situations. Pinus manshurica is the | 

dominant species. Fraxinus manshurica, Juglans manshurica and 

Phellodendron amurense are the most important associates. The 1 

shrub Layer is composed of dense Corylus manshurica. The stands | 

are penetrated by abundant lianas par {cularly Vitis amurensis, j 

Schezandra Chinensis, and Actinidia spp. The ground cover in- 
cludés numerous species, among Which the following are particu- 

larly prominent: Alorophors lilifolia, Paris obovata, Arena 
Schelliana, and Vicia baicalensis. Wh 

Forest of the Valleys ee 

The stands of these types are confined to the wide, open i HI 

valleys with an altitude of less than 2000 feet. The valley | Hi 

forest includes the following types. NAN | 

, 6 ORLA 
l. Coniferous-hardwood valley type. This type occurs on deep, i ta 

well drained, deluvial > deluvia A dark cray Tes at soils of loam texture, | i 1 | 

It is confined to the gentle outward slopes of the valley, and i i 

ni ti
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pradually crades into the slope type of the mountains. A thin UB) 
layer of friable litter of needles and leaves is underlain by a TR 
two inch A, humic horizon of fine crumby structure. The leached, 
A, horizon” is of a very dark gray color and fine grain structure. aa 
tHe soil is very often moist and ground water usually occurs at Si 
a depth of about four feet. The forest association is very com- a ee 
plex and includes pine, spruce, fir and practically all of the 
hardwoods of this region, The outstanding characteristic of this He 
type is the presence of apple, cherry, alder, rock elm, and the 
replacement of Ulmus montana by Ulmus cam estris. The understory | 
is dense and lianas reach their greatest Wevélcrnent, so this 
type may be truly called impassable. The herbaceous vegetation 
is are sla catenin Wee coos Paris Ppouata, Mainthemum bifoliun, 
Convollaria malelis, Polygonatum multiflorum, Filipendula purpurea 
Impatiens noli tangere, Aquilepia oxysepala, ‘halictrum s i . 
Keoni tum SPP es Viola SRB: Angelica aan Ss Solidaro i aurea, 
Dianthus chinensis, Equisetum and Lycopodium acon, tar nee 
edatum and numerous other ferns, “because Sith high percentage 

of hardwood species, the total yields are somewhat lower than in | 
similar types of the mountains. The percentage of cull pine is 
rather high. 

&, River bottom hardwoods. This type is confined to areas 
subject to inundation. Tie deep alluvial soils support chiefly 
elm, walnut, and Phellodendron. Pine and other conifers occur 
sporadically as single specimens. The understory and shrub layer 
are of considerable Censity and Syringa amurensis is prominent. 
The stands seldom reach a bheicht of more than 60 feet and most of 
the trees are infested with heart rot. The sround cover is 
characterized by the presence of ferns and numerous other plants 
conmon on alluvial soils. 

5. Larch type of swamps. This type occurs on Sphagnum bogs. 
The stands are ordinarily composed of 70 per cent of larch, 20 
per cent Siberian spruce and 10 per cent of pine and birch. The 
understory is composed of spruce, birch and suppressed larch. 
The density of the stands seldom exceeds 70 per cent. Virgin 
stands reach a height of 80 feet and the total yields are com- 
paratively high. The ground cover is composed of Sphagnum, 
Eriophorum and Equisetum. The presence of larch in ese stagnant 
bogs of w arm vee eys i8 rather puzzling since this species 
ordinarily occurs on the rocky ridges of Asiatic mountains at 
elevations as high as 5000 feet. Apparently the low temperature \ 
of the Sphasnum peat accounts for the fact that none of the other } 
species can compete with larch on these sites, 

References Ht 

Ivashkevitch, L. A. 1916, Ocherk Lesov Vostochnoi Gormot ‘it 

Manchzhurii. Izest. Imper, Lesn. Inst, 30: 163-232, i Nt 

Wi i i 
aR 

aa 
aa aR 
HHA i 
Bas



193- 

Selected References i i 

jy, Alway, G. J. and P. it. ichiller. 1933. Interrelationships of \ } 
soil and forest cover on Star Island, Minnesota. Soil 
Sci. 36: 281-295. oy 

9, Belyea, H. C. 1922. A suggestion for forest regions and i 
forest types as a basis of management in New York State. 
Jour. Forestry 20: 854-868. 

3, Bray, Vie L. 1930. The development of the vegetation of New 
York state, 2nd ed. New York State College of Forestry, 
Tech. pub. 29. 

4, Burger, H. 1931. Holzarten auf verschiedenen Bodenarten. 
Schweiz. Centralanst. Forstl. Versuchsw. Mitt.16:49-128, ; 

5. Cajander, A. K. 1926. The theory of forest types, Acta 
Forest. Fenn. 351. 

6, Cajander, A. K. 1930. Wesen und Bedeutung der Waldtypen. 
Silva Fennica, 15. 

7 Clements, F. BE. 1909. Plant formations and forest types. 
Proc. Soc. Amer. For. 4: 50-63. | 

8. Dunnewald, T. J. ‘1930. Grass and timber soils distribution | 

in the Big Horn mountains. Jour. Amer. Soc. Agron. 
22; 577-586. 

9, Eneroth, 0. 1951. Om skogstyper och foryngringsforhallanden 
inom lappmarken. Norrlands Skogsvards. Tidskr. } 
36 (II): 113-182 (In Swedish). 

10. Frosterus, b. 1929. Genetisk indelning av de naturliga 
jordmaner i Fennoskandia. Wordiske Jordbrugsforsk. 
Kongres i Helsingfors Juli 1929. Fortry, 19-23. 
(In Swedish). 

ll. Glomne, H. 1928. Preliminary soil investigations in the 
forest tracts of east Norway and the Trondelag dis- 
tricts. (In Norwegian, with English summary). Norske 
Skogforsoksv. Weddel. 3: 1-216. 

12. Greeley, WW. B. 1913. Classification of forest types. Soc. 
Amer, Foresters, Proc..8: 76-78, 

13, Heimburger, Carl C. 1934. Forest type studies in the 
Adirondack region. Cornell Univ. Agric. Exp. Sta. 
Memoir 165. 

14, Hicock, H. We, M. F. Morgan, H. J. Lutz, Henry Bull, and 

H. A. Lunt. 1931, The relation of forest composition 
and rate of growth to certain soil characters. Conn. 

Agr. Exp. Sta. Bul. 530: 677-750. 
lS, Hilgard, E. W. 1914. Soils. Mackiillan Co., New York. 
16. Ilvessalo, Y. 1922, Vegetationsstatistische Untersuchungen “aL 

uber die Valdtypen. Acta forest. fenn. 20. 
17, Ilvessalo, Y. 1923. Hin Beitrag 2ur Frage der Korrelation 

zwischen den Bigenschaften des Bodens und dem Zuwachs 

des Waldbestandes, Acta forgst. fenn. 25. 
18, Kalnins, A. 1929. Haben Studien uber die technischen Eigen- Ne 

schaften der Holzer einen Wert fur die Waldtypenlehre? Wa 
Foerstw. Centbl. 51: 799-800. i} 

19, Kenoyer, Leslie A. 1934. Forest distribution in south- a 

western liichigan as interpreted from the original land rn 

survey (1626-32). Papers itich. Acad. Sci., Arts and HAH 

Letiers 19: 107-111. Wii 
20, Klika, J. 1929. Waldtypen im Kahmen unserer forstwirt- aa 

schaftlichen geobotanischen Forsclmng. Tschekosl. i HH 
Akad. Landvw. Ann. 4 A: 229-284, Ni | 

HA AY 

7 Hi 
biel



194- 

91. Korstian, C. F. 1919. Native vegetation as a criterion of BI} 
site. Plant world 22: 253-261. i MI 

92, Kruedener, A. A. 1927. Waldtypen. Neudanm. 
93, Leiningen, W. Graf zu. 1922. Uber \aldtypen. Centbl. \ 

gesam. Forstw. 48: 154-164, By 
04, Lutz, H. J. 1934. Ecological relations in the pitch pine ia 

plains of southern New Jersey. Yale Univ. School of 
Forestry Bul. 38. 

25. Mayr, H. 1890. Die Waldungen von Nordamerika, 
26. Moore, Barrington. 1913. Definition and use of forest 

types. Soc. Amer. Foresters. Proc. 8: 73-75. 
27. Morozov, G. F. 1928. Die Lehrevom ‘jalde. Neudamm. | 
98. Pearson, G. A. 1920. Factors controlling the distribution 

of forest types. col, 1: 139-159, 298-308, 
29, Plummer, F. G. 1915. Forest types, etc. Soc. Amer. 

Foresters. Proc. 8: 61. 
30. Rubner, K. 1925, Die pflanzengeographischen Grundlagen des 

Waldbaues. Neudamm. | 
31. Rubner, K. 1927. Vialdtypen und Forstwirtschaft. Forstl. 

Wehnschr. Silva 15: 381-387. i 
32. Shantz, H. L., and k. Zon. 1924. Natural vegetation. 

U. S. Dept. Agr., Atlas of American Agriculture, part 1, 
sec. E. 

33. Society of American Foresters. 1923. Classification of 
forest sites. Jour. Forestry 21: 139-147. 

34, Sukachev, V. Ne 1932. Die Untersuchung der \ialdtypen des 
osteuropaischen Flachlandes. Abderhalden's Handb. 
biol. Arbeitsmeth. 11: 6: 191-250. 

35. Tamm, O. 1950. Die Bodentypen und ihre forstliche Bedeutung. 
Internat. Congr. Forest Exp. Sta. Proc. 1929: 449-453, 

36. Tamm, O., and Petrini, S. 1922, I skogstypsfragan. 
Skogsvardsforen. tidskr. 20: 21-28. (In Swedish) 

37, Taylor, R. F. 1933. Site prediction in virgin forests of 
southeastern Alaska. Jour. Forestry 51: 14-18. 

38, Tillotson, C. R. 1913. Physical factors as a basis for 
determining forest types. Soc. Amer. Foresters 
Proc. 8: 94-99. 

39, Toumey, J, Wi. 1928. Foundations of silviculture upon an 
ecological basis. 2d edition revised by C. F. 
Korstian. J, Wiley, New York. 

40, Trenk, F. LB. 1928. Some soil and moisture relationships, 
etc. Ia. Acad. Sci. 32: 133-142; 143-155. | 

41. Veatch, J. 0. 1928. Reconstruction of forest cover based on | 
soil maps. Michigan quarterly Bul, 10: 116-126. / } 

42, ‘ieaver, J. #, and Clements, F. ©. 1938. Plant Hcology, 
New York, 2d ed. i 

43. Westveld, R. H. 1933. The relation of certain soil charac- | | 

teristics to forest growth and composition in the 

northern ha rdwood forest of northern lKiichigan. ih 

Mich. Agr. Ixp, Sta. Tech, bul. 155. Ht 

44, \Wilde, S. A. 1928. Site and soil classification of the ii ity 

forest (0 typologicke tbonitaci lesa). Proc. of the I na 

6th Conger. Czechosl. Nat., Phys., and Hng. Prague Hy Hi 

$: 108 fin Czech). Hea Ta 
45, Wilde, S. A. 1935. Forests of the northern United States WT a 

of America. dited by Prof. Ing. A. Nechleba. (in i 

Czech). Soc. Czechosl, Foresters, CSR. i 4 
46. Zon, R. 1906. Principles involved in determining forest ny Nia) 

types. Soc. Amer. Foresters. Proc. 1: 179-189. i ni 

Tea



195- HB 
PART V el 

al 

ANALYSIS OF FOREST SOILS Te 
i 

Introduction | 
} 

Much has been done in recent times by soil chemists to } | 

simplify and abbreviate the analytical determinations of various 1s] 

soil constituents. In spite of this, soil analysis still remains AG 

a time consuming procedure, too costly to be employed indiscrimin- | 

ately. The obtaining of worthwhile results requires a knowledge 

of analytical technique, certain laboratory skill, and careful | 

collection of reliable samples. Meta 

The skill in laboratory determinations may be acquired, 

in many instances, without a profound theoretical background; 

sampling of soils, especially forest soils, calls for a thorough 

wmderstanding of soil conditions and plant requirements. This is 

one phase of work in which the "savoir fair", or, to translate a 

freely, the "horse sense" of a forester cannot be replaced by any 

written instruction. iH 

In the selection of planting sites, the analysis may 

well be limited to a few of the more important factors such as 

reaction, texture, and content of organic matter; in case the 1 

soil is formed on a uniform geological deposit, for instance, 

outwash sand, five samples per forty acres may give sufficient ; 

information. In the work with nursery soils, it is necessary to 

make a more complete analysis of the basic fertility factors as 

well as the available nutrients; in this type of investigation, as 

many as five samples per acre may be needed to obtain a true pic- 

ture of the soil fertility. 

In dealing with young nursery stock, the analysis may 

be confined to the surface 7-inch layer of soil. In studies of 

soil drainage or soil texture, the analysis of the substrata may 

be of much greater importance than the analysis of the surface 

layers. In most cases, the investigation of forest soils involves 

the analysis of the entire soil profile, i.e. three to five 

separate horizons. 

For some determinations, sampling may be accomplished } 

by means of a tube which removes a representative cross-section of 

the surface layer. In other determinations, samples should be 

taken from the individual soil layers. Sometimes both wethods may | 

be combined, ; } 

The mixing of soil from different parts of the field, so 

Commonly used in agricultural analyses, is rarely permissible in | 

forestry practice. Because of uneven distribution of fertilizer Mi 

Within the same nursery block, the amount of available potash may } 

vary as much as 50 to 400 pounds per acre, The composite sample mit 

from such a block may give an ideal content of about 200 pounds per aay | 

acre, whereas actually potash occurs in the soil in either deficient Hi 

or excessive amounts. ‘The same may be true in regard to all other Wi) 

‘fertility factors. i My 

oil sampling, which lead to the drawing of a 

erroneous Nah a ae of ten made because of the outmoded as- i i ! 

sumption that the. soil is a static and homogenous surface layer. ah 

Actually, the soil is a dynamic and heterogenous sequence of Mi) 

several horizons. fi HH
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i 

Leternination of Soil Texture 
i 

a (Hydrometer }ethoa) i 

han Ada 50 g. of fine-textured soil or 100 g. of sand, \ 
eis based on oven-dry condition, to the dispersing cup. #4111 the | 

: cup With distilled water to about 1$ inches of the top. add 
j to the contents 5 cc. of a solution of sodium silicate = / 

(water glass) having a hydrometer reading of 36, at 67° F., | 
and 5 ml. of saturated and filtered sodium oxalate. It is 
well to allow all soils to soak for about 15 minutes before 

ig: they are dispersed, Start the stirring rotor, and stir the 
P :, contents for 5 minutes for sands and 10 minutes for all 

Ko Hien other soils, 

i Pour and wash the contents into the special cylinder. | 
If 50 g of soil are used, fill the cylinder to the lower 

rark With the hydrometer in it. If 100 g. of soil are used, i 

. fill the cup to the upper mark with the hydrometer in it. 1 

te Take the hydrometer out, place the palm of one hand on the 

mouth of the cylinder, and shae the contents vigorously, i 

af turning the cylinder upside down several tires, Place the 
‘ cylinder quickly on a table end note the time immediately. 

5 At the desired period put the hydrometer itn the suspension 

‘ column, record the reading at the top of the meniscus, and 
take it out. Since there is a tendency for slight amounts 

‘a of soil material to settle on the shoulder of the hydrometer, 
[ it is better not to leave it in continuously for all readings. 

; At every hydrometer reading, the temperature of 

19 de the suspension should be measuret, Great care must be taken, 

; however, not to disturb the suspension colurn too much in 

; putting in and taking out the hydrometer and the thermometer. 

2 ; for every 19 F, above or below 67° #,, apply a temperature 

add correction of 0.2 graduation on the hydrometer. for tempera- 
tures above 67° ¥,, the corresponding amount of correction 

is adde¢ to the hydrometer reading, and for temperatures 
below 67° #., the corresponding amount is subtracted. This 

temperature correction, however, 1s only an aporoyimation, 

/ as it tends to vary sorewhat with extreme concentrations of i 

‘ soil suspensions and also with extreme variations of tem- 

perature. The rost accurate hydrometer readings are taken 

near the terverature of 67° ., Which is the temperature at 
ne which the hydrometer was calibrate in actual soil suspen- 

ne sions, Extreme temperatures such as 100? F, end 50? ¥, | 
me: should be avoided. If posst ble, temneratures should be | 

f : above 672 rather than below, The corrected hydrometer th 

: ' reading is then divided by the dry weight of soil taken 

ad multiplied by 100, the result being the percentage of 

’ mater{al still in suspension. ’ 1 

Some organic soils have a tendency to produce 

froth at the top of the colurn after being Shaken, in which i} 

teed case a correct hydrometer reading is not always possible. | 

AWA ‘ 
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This cifticulty ray be overcome by adding a drop or two of | 
amyl alcohol after shaking. i 

To calculate the amount of combined sand (1.0-9,05 
; mr, in diameter), stilt (9,05-0.005 mm.), md clay (less than 

0.005 mr.) as detemsined by the hydrometer rethod, the pro- | 
‘ cedure is as follows: The corrected hydroreter reading at 

the end of 40 seconds is divided by the amoumt of absolute 
: dry soil taken and is multiplied by 10% The result is per- 

: centage of material still in suspension at the end of 40 ! 
; seconds, This percentage is subtracted from 190, and the 

ied result is the percentage of material that settled out at 
; the end of 40 seconds, which is supposed to represent all 

; the sand in the soil. The corrected hydrometer reading at 
the end of 1 hour ts also dividec by the weight of soil 
sample and multipliea by 100. The result is percentage or 
material still in suspension, or clay (less than 0,005 mm.). 
The percentage of silt is obtained by subtrecting from 100 
percentages of send and clay. | 

By taking hydrometer readings continuously or 
every so often, a complete distribution curve of size 

particles of soil and their respective amounts can be 
; obtained. 

; Bouyoucos, G. J., 19%6. Directions for Making Mechanical 

] Analyses of Sx1.1s by the Hydroreter Method, Sotl 
Science, 42, 225. 1924. A Comparison Between the 

Pipette and the Hydrometer lethod for Making } echanicel 

Analyses of Soil, Sotl Science, 58, 555, 

The Determinetion of Moisture and Air Content 

(Modified Kopecky Method) 

‘ The apparatus for the determination of soil mois-~ 

ture and aeration consists of a steel tube, ground to a 

sharp edge on one end, Sizes in common use are 100, 259, 
: and 1000 cc, The proportion of hetght to dtameter is 235, 

; The tube is provided with fitted covers to prevent damage i 

: to the sample during transportation. Sampling tubes are 

: permanently numberec. 

In taking soil semples, a pit 1s dug vith benches 

, at the levels from which semples ere desires, & bench is | 
dies carefully leveled with a spade, and the sampling tube gent- | 
Oe ly pressed vertically downwards into the soil, avoiding any 7 

" twisting motion. This 1s facilitated by using a larger i 
is cylinder which fits over the sampling tube, The fillea 

Sampling tube ts dug out with a generous block of the sur- | 

rounding soil. The excess is cerefully cut away and the 

‘ surfaces Leveled with a knife. The lids are put in place il 

and fastened on with rubber bands. 

ii



1yg- > i 

In the laboratory, the lids are removed and one is 
replaced by a coarse copper screen. The Sample is weighed 
to an accuracy of 0.1 gram. It is placed in a shallow dish i 
filled with water and allowed to become saturated. Satura- t 
tion takes several hours, and is complete when the surface i 
of the Sample becomes shiny, due to a film of water. The | 

‘ saturated sample is placed on four thicknesses of rough fil- 
; ter paper on a flat glass plate, under a bell jar to prevent 

evaporation. The filter paper is replaced by fresh sheets 
efter the first half hour, after draining twenty*four hours, 
the Sample is again weighed. The soil is removec from the 
sampling tube, pulverized, and drieo at 110-115° G, till con- 
stant weight, cooled in a desiccator, and weighed, 

The difference between the original and ovensdry 
weight of soil gives the actual amount of water present in 
the Soil at the time of sarplineg. The difference between 
wetehts of saturatec and of oven-dry soil gives the arount 
of water the soil retains during twenty-four hours. This | 

i is the absolute, or maximum, water-holding capacity of the 
soil. Both moisture content at the time of sampling and 

absolute water-holding capacity are expressed as volume 
per cent of oven-dry soil. 

In order to determine the air content of a soil, 
it is necessary to determine first its volume weight, 
specific gravity, and porosity. The volune weight of soil 
is its weight per unit volure. Specific sravity is deter- 
mined by a pycnometer. This is a small flask with a tightly 
fitting stopper having a hole in it. Precisely 20 grars of 
oven-dry soil are boiled for three minutes in a porcelain 
dish with 20 to 30 cc. of water. ‘shen cool, the contents of 
the dish sre transferred to the pycnometer, using a funnel, 
a fine stream of water from a wash bottle, and a wire to pre- 
vent clogging the funnel. Enough water is adoed to fill the 
pycnometer, the latter allowed to come to standard tempera- 
ture, stoppered, the overflow of liquid wipea off the outside 

with a plece of filter paner, and the pycnometer weighed, 
: The weight of the pycnometer fillea with water alone is also | 
‘ determined. The weight of the pycnometer filled with water, 

plus the weight of the soil sample, minus the weight of the 
pycnometer filled with soil and water, is equal to the weight 

‘ of water displaced by the sotl. The weight of soil, divided 

/ by the weight of the displaced water, gives the specific | 

gravity. Soil porosity in per cent by volume 1s eoual ta 

the difference between svecific gravity and volume weight, 
; divided by the specific aravity and rultiplie¢ by 100. The | 

eeration of soil is the difference between porosity and sh 
1 moisture content. | 

| 

Ha | 
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Example of the Determination of the Water-holding Capacity of | 

Soil and Soil Aeration 

Sampling tubes 109 cc. being used 

Soil and sampling tube immediately after Sampling... 198.8 a. f 
Samplin& tube... ccrrcsscscsscccssccescoseccesesceece 60.8 
WOLGNY OL SOLU srecsererstenstaverses savessmetoenaremberitcstrme rae tuneiiae =: 148,5 

Saturatec soil and sampling CUD Oyo oe vo as ene COG nS 
Sam PLUN Ge UUs «cree see sree alten ang te ae cin ins aeeret ie 50.5 
Saturated wétcht of Sollit,. io. . seuss scccs ct tsa cles eGo! 

Overediy "BOLL iiss es ues core ter atsrane horeereurt re LabnT 

Moisture content at tire of sampling: 148.5 - 125.1 - 
26,4 g. per 100 cc. sample, or 25.4% by volume, 

Abselute water-holding capacity: 156.2 - 125.1 = 31.1 g 
or 51.1% by volume. 
Percentage of saturations 23.4 * 31.1 x 100 = 75.2%, i 
Volume weight: 125,1 + 100 = 1.251 g. per cc, 

Specific gravity: 

Pycnometer filled with water......cscercerscrovcesery 140.52 
SOUL Sample (OVENMOMV ns css ven ss S04 0 ves rase etnies He OLOO 
Pycnometer filled with water plus weight of sotl.... 160.52 
Pycnometer filled with soil and water. ......eeeceeee 7150.01 
Wereht of "Gleplaced) Waterss. sess bes ods eee 6 ss 7.51 

as Specific gravity: 20.0 > 7.51 = 2.685, Porosity: (2.665 - 
1.251) x 100 © 2.663 = 53.0%. 

Aeration at the time of sampling: 55.0 - 25,4 = 29.6%, 
Absolute air capacity: 55.0 - $1.1 = 21.9%. 

Precautions 

In the case of a gravelly soil, or soil penetrat- 
éd by roots, the sample should be sieved through 2 mm, mesh, 
The volume of gravel and roots is calculatec from their. dry I 
Veights and specific gravity. The volume as well as the 
weight of the gravel and roots is then subtractec from the | 

‘ Saturated and oven-dry weights of the soil sample. | 

Highly colloidal soils expand upon saturation. ‘hy 
In such cases the excess of soil should again be cut away | 

with a knife, ana the weight of the surplus soil considered i 

only in the determination of moisture and aeration at the 
time of sampling. If the excess of soll 1s not removed, a 

negative result for aeration may be obtained. (| 

Determination of physical properties of sotl by 
the described method find their chief application tn work iil 

With forest nursery soils. | 

i
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Kopecky, Jos. "Die physikalische Bigenschaften des Bodens", 
Prag 1914; Burger, Hans, "Physikalische Elgenschaften 
der Wald--und Fretlandboden" bitteilungen schweiz, 
centralbl. f. d. forstl. Versuchswesen, 1922 and 1926; 
Wilde, S, "Untersuchungen des Standorts und die physikelis- 
chen Eigenschaften des Wvaldbodens", Les Prace, 10, 1929. 

Determination of the Notsture Havivalent 

(Bouyoucos Method) 

é Take a small Buechner funnel, 5 cm. in diameter 
end 2g cm. in depth, and fill it with air-dry soil that has 
been passed through a 2 mm, sieve, Compact the soil by gent- 
ly tapping the lower end of the funnel against the table. 
It is important to maintain a uniform depth of soil. The 

. depth used will give a Weicht of 40 to 85 grams, depending 
on the Soil. Plece the filled funnel in a beaer into which i 
weter is poured until it almost reaches the upper surface of 
the soil. after the soil hes been soaked for 24 hours, 

place the funnel on a suction flesk, and apply suction, 
either from a filter pump or from a vacuum pump, for 15 

minutes after all the free or excess Water on the upper 
surface of the soil has disapveared. Cover the soil with 
a tumbler containing a moist cloth to prevent evaporation 
during the time suction is applied. If the soaked soil 
swells above the edges of the funrel, level it off after 
suction has been applied for one rinute by reroving enough 
soil to make the upper surface even with the top of the 
funnel. 

At the end of 15 minutes disconnect the suction 
flask, remove the funnel, and scrape the sotl into a weigh- 

ed receptacle. Weigh the soil before and after drying at 

105° C, to determine the moisture content. The amount of 
water present, expressed in per cent, is the moisture 
equivalent. 

The moisture equivalent is considered one of the 

most accurate indirect methods of determining the wilting I 

coefficient of soils,--that is, the vercentege of water | 

present when plants wilt permanently. The following 

formula was found to express the relationship for a wide 

range of soils: 

Wilting coefficient s Moisture equivalent i 

. Hi 
i 

Briggs and Shantz have also suggested the follow- | 

ing formula for the relation of the moisture equivalent to | 

the moisture holding capacity of soils obtained by the 
Hilgard methods: an 

ij Moisture holding capacity = (Moisture equivalent x l, 57) + 21 I 

Figure 54 illustrates some phases of the physical analysis { 

of sofis,
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Figure 54. Profile trench used in sampling of soil for | 
physical analysis; Kopecky's steel cylinders for determina- 

i tion of moisture, porosity, and aeration of soil; and apparatus ii 
for determination of specific gravity (Adapted from Kopecky). | 

bi
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betermination of Oven-dry Weight 

Since the results of accurate analyses are exprus- 
, ged on the oven-dry basis, it is necessary to determine the 

weight of oven-dry soil. i 

A simple method of determination of oven-dry 
weight according to Gedroiz is as follows: five prams of 
air-dry, 20-mesh soil are weighed in an aluminum container 
of a known wetrht, which ts provided with a tight fitting 
cover, The soil is dried vith cover off for five hours in 
an oven at 105 to 110° C., cooled in a desiccator, then 
tightly covered, and weighed, 

Gedroiz, K. K., 1926. Chemische Bodenansalyse. Berlin. 

CAAPU GR ATA 
CHEVICAL al'ALYSIS : 

(Introductory Notes) 

Distribution of Plant Nutrients in Forest Soil 

A careful examination of a fresh cut of forest 
soil shows that it consists of several layers, varying in 
color and composition. Some are well deonrposed, or weather- 

ed, and contain en abundance of available nutrients, whereas i 

in other layers the chemical compounds are unavailable to 
the trees due to insufficient decomposition or excessive 
saturation with water. finally, some of the soil layers are | 

leached and depleted of plant food, while in others the 

mineral substances have accumulated in excessive quantities. | 
The study of these layers shows that the roots occur in 

abundance only in strata which contain easily soluble or 

available compounds. On the other hand, the layers in which 

leaching, excessive concentration of salts, or reduction } 

processes render nutrients unavailable are practically free } 

2 of feeding roots. 

2 If we mix the soil of different layers together f 
snd analyze this mixture, obviously we shall not obtain a |
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true picture of the distribution of the available plant food, 
or of the highly concentrated, toxic compounds. Therefore, : 
for a reliable analysis of forest soils, the separate soil i 
layers as they occur in nature should be analyzec, : 

\ 

The upper and lower limits of soil layers seldom 
follow a horizontal or straight line; rather, they have an | 
undulating or even a zigzagging contour, Therefore, the t 

; sarples of forest soil taken from a certain depth may not | 
always represent the same layers. It may easily happen 
that one sample, for example, from the depth of 8 inches may | 

include entirely leached material, whereas another sample 

taken nearby from the same depth will include a mixture of 
leached and precipitated material. In such a case the 

analyses will show different amounts of nutrients in the 
samples, while the soil in both cases is actually the sare, | 
For this reason, it 18 necessary in taking soil samples to 
dig a hole, to cleen one of its sides, and to tse the : 
samples with great care from the separate soil layers. | 

In cases where soil material from separate hori- i 
zons differs in volume weight, the total content of nutrients 

4s calculated on the basis of the average thickness of each 

layer and content of its nutrients in per cent or in parts 
per million, ‘ 

Example: A layer of Guff 2 inches in thickness 

contained 120 p.p.m. of available phosphorus, whereas the 

5 inch leyer of mineral sotl underlying the duff contained 
10 p.p.em. of available phosphorus. The weight ner acre of 

a 7 inch layer of a mineral loam soil is 2,000,00@ pounds. i 

Hence, the weight of the 5 inch layer of mineral scil is | 

2,000,000 lbs. x 5 * 7, or about 1,500,000 pounds per acre. 

Consequently, the content of phosphorus in this layor is 

1,500,000 x 10 & 1,900,000, or 15 pounds per acre. The 

weight of the 2 inch duff layer, which is 24 times as light 

as mineral soil, is (2,000,000 x 2) * (7x 2.5), or about 

240,080 pounds per scre. The content of phosphorus in this 

layer is 240,000 x 120 ¢ 1,090,000, or 29 pounds per acre, 

Hence, the total amount of available phosphorus in a soil { 

layer 7 inches deep is 29 + 15 or 44 pounds per acre, or 

per 1,740,000 pounds of soil. This corresponds to i 

44 x 1,000,000 * 1,740,000, or 25 parts per million. This | 

{s the content %f phosphorus which will be found in the top 

7 inches of nursery soil after the analyzed layers have | 

been mixed by plowing and disking. 

Similarly, the content of total nitrogen of the H 

same soil, providing the duff layer analyzed 1.2 per cent 

and the mineral soil 0.02 per cent of total nitrogen, il 

would be 240,000 x 1,2 * 100, or 2880 pounds, and 1,500,000 ‘il 

xX 0.02 + 100, or 500 pounds, which totals $180 pounds per ii 

1,740,090 pounds, or 0.18 per cent. " 
wi
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| 
Methods of Chemical Analysis : 

The analysis of soils is accomplished chiefly by 
four principal modes of procedure, namely, (a) gravimetric 
methods; (b) volumetric methods; (c) colorimetric methods; 
and (d) turbidity methods. | 

Gravimetric rethods include two kinds of deter- 
winations. In one, the un'’mown constituent is precipi- 
tated, purifitec, and weighed. In another a volatile con- 
stituent is driven off and its content is determined as | 
the difference of two weighings of the sample. 

: Volumetric methods, or titration methods, deter- | 
mine the desired constituent by allowing it to react with | 
a measured volume of reagent. 

Colorimetric methods depend upon a comparison i 
of the color of the solution containing the desired con- 
stituent with the color of a standard solution containing 
a known amount of the constituent. ' 

Turbidity methods depend upon a comparison of 
the turbidity of the suspension containing the desired 

‘ constituent with the turbidity of a standard suspension 
containing a known amount of the constituent. 

Gravimetric methods are employed in modem soil | 
analysis only in a few cases, such as in the determination 
of calcium carbonate, loss on ignition, and content of 
total salts. Volumetric methods find application in most 
determinations in soil analysis, particularly in those 
for replaceable bases and total nitrogen. Colorimetric 
methods are chiefly confined to the determinations of 
nitrates, ammonia, and available phosphorus. Turbidity 
methods serve in the rapid determinations of potash and 
calcium. 

The Calculations of Gravimetric Analysis 

' Since the weights of reacting substances are | 

proportionel to their atemic or molecular weights, or to 

simple multiples of these weights, the amount of unknown 

constituent is determined from the following ratio: 

Ax s MxX.Ap | 

P 
! 

where Ax is actual weight of constituent sought, Mx is 

molecular or atomic weight of constituent sought, Ap is i 

actual weight of precipitate, and Mp is molecular weight ii 

of precipitate.
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Thus, the weight of Ca contained in 0.72 g. of i 
CadOz will be: ii 

i 

Ax = 40,07. 0,72 - 0.288 g. \ 
40.07 + 12.0 ¢ 48.0 ~ i 

The sare may be obtained from modified ratio: | 

peUSe 5) Eke, OP) 24050 sxe from Which 0.4 5 ax | 
Cac0z 0.72 100. 07 O05 72 0.72 

and x = 0.4. 0.72 = 0.288 g. | 
The ratio ef the molecular or atomic weight 

sought to the molecular weight of the given substance, 
in our case Ca:CaC0O,, is called a chemical or gravimetric 
factor. Gravimetric factors for the principal compounds i 
are calculated and presented in tabular form in chemical | 
handbooks. The use of gravimetric factor greatly i 
facilitates the calculation of results. tt 

Table 28 | 
Atomic weights of Hlements | 

Element <* Symbol : Atomic :: Element : Symbol =: Atomic 
: 2 Weight 33 : : Weight 

Aluminum 3% Al 3 26.97 ¢: Manganese 3+ Yn s 54.93 
Arsenic 3 As $74.96 %% Mercury 3 He : 200.61 

Barium ; Ba 2137.36 3 Molybdenum: Mo + 96.0 | 
Boron 3 B $10.82 :: Mitrogen 3 N : 14,008 A 
Calcium H Ca 2 40.07 +3 Oxygen 3 0 ¢ 16.000 
Carbon : C 2 12,000 :: Phosphorus: P : 31.02 | 
Chlorine : Cl 3 65.457 $3 Platinum 3 Pt ¢ 195,25 | 
Chromium 3; Cr 2 52.01 3: Potassium 3 L s 39.10 | 
Cobalt 3 Co : 58.94 3: Radium 3 Ra : 225.97 | 
Copper 3 Cu 2 65,57 i: Silicon 3 Si ¢ 28,06 | 
Fluorine 3 F 19.00 3:3: Silver 3 Ag : 107,880 
Hydrogen ;: H 3 1.0078: Sodium : Na 3 22.997 
Iodine 3 I 3126.92 ++ Sulfur 3 Ss + 62.06 | 
Iron : Fe 2 65.84 i: Tin : Sn + 118.70 i 
Lead 3 =Pb 2207.22 3: Titanium ¢ Mi + 47.90 i 
Magnesium : Mg + 24,52 %% Zinc ; an * 65.58 {i 

pete Cr ree ee ' 
Rquivalent Weights and Normal Solutions | 

| 

4 In volumetric analysis the solution of unknown | 
strength is brought into reaction with a solution of accurate- 

ly known concentration. The formation of a precipitate, ! 

: change in color of the solution, or of an added indicator, | 

shows when the reaction is complete, The amount of the | 

‘I 

‘ |
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analyzed constituent ts then calculated from the quantity 

of known normality solution used, 
| 

A one normal solution contains one gram equival- 
ent weight of substance in one liter of solution. The 
term N means a one normal solution, 5M means a solution | 

five times as streng, and 0.1N or N/10 refers to a concen- | 
‘ tration of one-tenth of an equivalent weight per liter. | 

An equivalent weight of a salt as precipitant is 
the molecular weight divided by the valence of the preci- 

pitating ton, Thus, the equivalent weight of AgCl, AgNOz, 
and KCNS is equal to the molecular weight, The equivalent 
weight of BaClg, (NHq)9QQ3, and CaClp is one-half the 
molecular weight. A iftek of one normal CaClo contains 

(40 + 35.5 + 35.5) * 2 = 55.5 grams, and a liter of N/2¢ 
contains 55.5 * 20 s 2.78 grams. 

An equivalent weight of acid is the molecular | 

weight divided by the number of replaceable hydrogen ions; 

an equivalent of base is the mclecular weight divided by i 

the number of replaceable hydroxyl ions. The equivalent 

weight of HCl, HNOg, NHgCH is equal to the molecular weight. 

The equivalent weight of H $04,Ba(PH)o is equal to one-half 
the molecular weight. A iter ef 1N fio80 4 contains 49 grams 

of acid; a liter of N/5 acid contains 9.8 grams. Since the 

specific gravity of concentrated HpS0, is 1.80, it is neces- 

sary to dilute 49:1,80 cr 27.2 ml, to 1 liter to make a 

{ IN sclution of HoS0q. 

The equivalent weight of an oxidant or reductant 

is equal to the molecular weight divided by the change in 

valence of the active constituent. For instance, ferrous i 

salts are oxidized by potassium permanganate in acid 

solution to ferric salts: 

2 KM¥nO4+10 FeS04+8 HgS0q = 2 MnS04+ 5¥ep(S04) stk gS 4+ BH_0 

The same equation may be written fonicallys 

a ynog +5 Fett + aut 2mmtt +5 Pott + 4 Hoe | 

In the above reaction the manganese is reduced from a i) 
valence of plus seven to plus two, a change of five; the 

{fren is oxidized from plus two to plus three, a change of 

one. The equivalent weight of permanganate is therefore 

one-fifth the molecular weight, and the equivalent weight 

of ferrous salt in this case is its molecular weight. A 

tenth normal solution of permanganate contains one-fiftieth 

of the molecular weight in a liter of solution, 1.4., ‘| 

3.161 grams per liter. 
| 

i
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Titration 
In the determination 

of > : 

matter 
is oxidized 

with sulfuric 
we. 

ths beneeiun 
ae 

fate formed 
is decomposed 

by the addition 
of ska 

a { 
hydroxide, 

and the liberated 
NHz is distilled 

nba flask containing 
25 ml, N/14 HpS80q4. Bart of the acid 1s oon- 

. verted 
into 

(NHq4)289%4, 

and ae excess 
of the acid 

is vEkwebe ed with N/14 NaOH, 
using 

methyl 
red as indicator. 

Suppose 
| 

it took a8 mis of N/d4-Meon 
40 biiviacapeusrtnerseduanian 

sit 
the indicator, 

Therefore, 

the amount 
of acid neutralized 

| 
by the NH3 1s equal to 25-15 

510ml. 
Since 1 ml. ef 

N/14 
ammonium 

sulfate 
contains 

0.001 
gm. of nitrogen 

the 
total 

nitrogen 
content 

is equal 
to 0.001 

x 10 = 0.01 
gm 

per soil sample. 
Providing 

5 ams. of soil were used in. 
analysis, 

the content 
of nitrogen 

in the soil is (0,01%5)x 

| 

100 or 0.2 per cent, 
Since 

the surface 
layer 

of soil weighs 
about 

2,090,000 

pounds 
per acre, 

the nitrogen 
content 

is i 

equal to 0.2 per cent of 2,090,000 
or 4,000 powds 

per acre. | 

In determinations 

of carbonates 

8 

biological 

activity 
of soil the CO seeieds 

ee ane od 
product 

of either 
the chemical 

or Etologicel 

reaction 
is 

allowed 
to form 

a carbonate 

salt 
With 

an alkaline 
solution. The excess 

of base 
is then titratec 

with 
the acid, 

and thus 
| 

the content 
of COg determined, 

For example, 
5@ ml. of 

Be(OH)g 
were used for the absorption 

of 00g evolved 
from 

calcareous 

soil 
after 

treatment 

with 
HCl. 

The pink 
color 

cf phenolphthalein 

indicator 

disappeared 

after 
the adaition of 15 ml. of 0.1 N oxalic 

acid. 
according 

to the equation Ba(OH)o 
* OOg = BadOg 

> ee the amount 
of barium 

hydroxide converted 

into barium 
carbonate 

is eaueal 
to 50 - 15 or 

33 ml. One ml. of 0,1 N Ba(OH)o 
reacts 

with 2 > (16 x 2) + 

2x 1,008 
or 0,0022 

C05. Therefore, 

the total 
amount 

of * 

COp evolved 
is equal 

to 0.0022 
x 55 or 0.077 

gm. One eam. 

of G09 corresponds 

to Ca0%z 
> COg = 100 ¢ 44 or 2.27 gms. 

of CaC0z. 
The calcium 

carbonate 

content, 
hence, 

is equal 
to 0.077 

x 2.27 
or 0.165 

gm. If a 5 gm. soil 
samrle 

Was 

used 
in analysis, 

the calcium 
carbonate 

content 
is equal 

to (0.165 
= 5) x 100 or 3.5 ams. per 100 grams 

of soil, 
i 

or 3.5 per cent. 
. 

The calculation 

of voluretric 

analyses 
are con- 

i 

: veniently 

accomplished 

by use of titre. 
The term 

titre 
| 

expresses 
the grams 

of solute 
contained 

in a cubic 
centi- 

} 

meter 
(ml) of solution 

or the weteht 
of any substance 

which 
. i 

Will 
react 

with 
or be equivalent 

to 1 ml. of the solution. 

i 

A solution 
of hydrochloric 

acid 
which 

contains 
3,0 g. of 

pure 
HCl per liter 

has an HOl-titre 

of 0.003, 
The NaOH-titre of this 

sslution 

is found 
from 

the relations 

| 

HCl:NaOH 
= 0.003:x 

or 36,5240.0 

= 0,003:x 
wherefrom 

| 

x = 0,0033 
g,



f 

208- 
i 

In voluretric anslysis the percentage of con- 
stituent sought is calculated as follows: i 

Desired constituent, per cent = 
} 

100 x vol. of titrating sol. x titre of desired constituent 4 
weight of sample \ 

Bable 29 
Value of Solutions of Acids and Bases and Oxidizing | 

and Reducing Agents Used in Soil Analysis 

Gf 18 Ctom OreseL Pee PReept. ste) Apne Man coe SOOM Am IneAn 
Substance ¢ forrule sMolecular: Normal } 
Pan = 3 _i__ Weight 3 Solution 

: ; t(per liter) | 

Acstic Acid * H.CgH305 + 60,032 + 60. 03 i 

Armonium Hydroxide * NHAOQH + 35.048 * 55.05 | 
Calcium Chloride : Calo : 110.98 ; 55.50 

Hydrochloric acid 3; HOl : 6.465 ; 56.47 

Magnesium Carbonate 2 MeCOg > 84,520 3 42.16 

Magnesium Oxide * gO $+ 40.32 # 20.16 

Nitric Acid ; HNO; A oOoe Olen, 65. 02 
Oxalic Acid 3 HgCp%%q ; 90.016 ; 45.01 
Phosphoric Acid 2 HsPO4 ¢ 98.051 : 98.05 

Potassium Hydroxide * KOH * 56.104 © 56.10 
Potassium Oxide ; ¥20 * 94,192 § 47.10 
Sodium Carbonate : NaglOn ; 105.994 ; 53, 00 

Sodium Hydroxide 2 NaOH.12H_O & 49.995 ¢ 40.90 

Sulphuric Acid + HgS04 § 98,080 § 49.04 

Sodium Oxalate ; Nego04 3; 183.99 ; 66.99 
Calcium Oxalate ; Cale%4 , 128.07 ; 64,04 

Copper Sulfate, crystals? CuS0q4.5Hp9 $ 249,71 3 124,85 

Hydrogen Peroxide * Ho0p Osh. oe Ve 
Mercuric Chloride + Hole A Grae ihn: | 

Nitric Acid 3 HNOg t 65.02 "s 21.01 

Potassium Permanganate * KWn04 ‘ 158.08 : 31.61 | 

Selenium di-oxide * Seo ; 111.20 | 27.80 | 

Sodium Hydroxide ; Naor ; 40.01 ; 40.01 

Sodium Oxalate 3 Naglg04 ; 155.99 67.00 | 

Stannous Chloride * SnClg * 189.61 ' 94.81 

Stannous Chloride Cryst., SnClg.2H,0 ; 225.64 |; 112.82 

A 

i
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Preparation of Indicators i 

Brom cresol green: Make a stock solution of 0.01 N 
sodium hydroxide by dissolving 0.58 pe. NaOH.H50 in 1 liter \ 
of distilled water, Ltlute 14.35 ml. of stock solution to | 
250 ml. with distilled water. Weigh out 0.1 g. of brom 
cresol green, place it in an agate mortar and wet with a | 
few drops of the sodium hydroxide solution. Grind vigor- h 
ously until the powder is in solution. Add this to the 
balance of the sodium hydroxide solution, This constitutes 

a 0.04% solution. | 

Brom thyrol blue: This indicator is made up the same 

as is brom cresol green except that 16.0 ml. of the stock 
golution is diluted to 250 ml. 

| Methyl Orenge: Wet 0.02 g. of methyl orange powder with | 

water and grind to a paste in an agate mortar, Dilute to ‘I 

! 200 ml. with distilled water for a 0.01% solution. i 

Phenolphthalein: Dilute 125 ml. of 95% ethyl alcohol ! 

to 250 ml. with distilled water. Dissolve 0.125 g. of 

phenolphthalein in this solution. 

ene 
Methyl/olue - methyl red: Dissolve 0.248 g. of methylene 

blue and 0.575 g. of methyl red in 390 ml. of 95% ethyl 
alcohol. 

Standard Solutions 

For calculating the weight of a salt necessary to 

make one liter of a standard solution of an element, divide 

the molecular weight of the salt by the atomic weight of 

the elerent times the number of atoms of the element present 

in the salt. Multiply this result by 1000 times the part 

per million desired and divide by one million. For example, 

a standard solution containing 20 parts per million (p. p.m.) 

of potassium made from dipotassium phosphate (KgHPO4), is 

prepared by dissolving the following amount of salt in one 

liter of water: 
H 

(39. x 2)*1 +31 + (16 x 4) x 1000 x 20 = 0.0447 gm. | 

(09 x 2) x 1,000,000 
| 

Villiequivalents } 

For calculating the equivalent weight, the atomic | 
weight of the element must be divided by its valence. for 

obtaining the milliequivalent weight (m.e,), the equivalent 
weight must be divided by 1000. In order to get m.e. in i 

the soil sample, the content of the element present in 

grams is divided by its milliequivalent weight. Usually, | 

the m.@, are calculated per 100 gms. of soil by eae | the number of m,e, found by enalyste by the wesght OF tne 
soil sample in grams, and multiplying the result by 100. i 

| 
‘ il
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EXample. Using a 5 am. soil Sample, replace- i 
able Ca has been determined by titration of the oxalate I 
with N/10 KWn04. Twelve ml. of potassium permanganate i 
were use in the titration until the pink color persisted. Q 
One ml. of N/10 Kn04 corresponds to .002 ams. of calcium. | 
Twelve ml., hence, correspond to 12 x .002 = .024 gms. of | 
calcium. Since 1 m.e. Ca is equal to 40 © (2 x 100) = I 
.02 gms., then .024 > .020 = 1.2 me. per 5 ems. of soil, 
or 1,2 x 100 + 5 = 24 me. per 100 gms, 

Milliequivalents express the actual atomic or 
molecular concentration of the elements of compounds 
present in the soil, whereas parts per million or percent- 
age give the content of elements or compounds per unit 
weight. For instance, there may be determined in soil 1 | 
per cent of calcium and 1 per cent of magnesium. Since, ! 
however, the atomic weight of Ca is 40, and the atomic 
weight of Mg is 24, the number of Mg ions is 40 > 24 times ii 
that of Ca ions. Therefore, it is more destrablé to use { 
m.e@. aS a Standard for comparison of replaceable bases, as i 
well as for obtaining a true picture cf the base exchange i 
properties of soil. 

In order to convert milliequivalents inte per 
cent, or into pounds per acre, a similar procecure is 
followed. Suppose the content of calcium in soil is 
3.0 me. per 100 g, and the amount of calcium in pounds 
per acre is desired, Since 1 m.6. of Ca is 0.02 g., the 
total content of calcium is 0.02 x 3.0 or 0.06 ga. per 
100 grams which is 0.06 per cent. Because the weight of 
a 7 inch layer of silt loam is 2,000,009 pounds per acre, | 
the total amount of calcium in this layer 1s 2,000,009 x 

0.06 + 100 or 1,200 pounds per acre, 

Milltequivalent weight is often used in cal- 
culating the results of titration. The percentage of 
the constituent sought follows from the equation: 

Constituent sought = 
sought i 

100 x vol. used in titr, x nom. x milliequiv, wt. of const./ | 
weight of soil sample | 

Suppose in the determinetion of tetsl nitrogen by the Kjeldehl | 

method, 12 ml, of 1/14 N HeS04 were used. ‘hen, the centent of | 

nitrogen is as follows: 

100 x 12 x 1/14 x 0.014 cr .12 per cont | 

more io i 

| 
/ 

iI : 
I
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Table 30 j 

be Solubility of the More Important Inorganic Compounds i 

Used in Soil Analysis 

: : 3___ Solubility in 100 Gm. of 

Name 3 formula 3 Cold Water 3 Hot Water 

ge ; $_ Grams: °C : Grams __: °C 
6 : : 3 3 

Ammonia *NHs 2 89.9 ' °O% 7.4 ¢ 100 

Ammonium : ‘ uJ : 
Acetate SNH4g0pHs% ° 148.0 “4° “oe ¢ --- 

Ammonium =; ; : ; ; 
Chloride ;NH,4C1l ; 29.4 Fu OM eo ; 100 

Calcium 3 3 3 3 3 
Chloride ‘CaClo. HO s 69.5 3 5Os LOZ nO : 30 i 

Calcium 4 ; 4 i ; 
Hydroxide ‘Ca(OH), * 0.185 ° O° 0.077 § 108 

Calcium : 3 : 3 3 
Oxalate 2Calo%, 3 0.00067; 13 ¢; 0.0014 ; 95 

Calcium : u i : 
exide 7080 on OUUGG FP GE! Oy eS 

Copper : 3 3 3 3 
Sulfate : CuSO 4. 5Hp0 4 61,6 : OO; 205.5 : 108 

Hydrochloric’ : ‘ : 4 
. Acia *HO1 + 82.5 #90) 4 06.1 * 60 

Magnesium * : : ; ' 
Carbonate *MgCO. > 0.0106 7 20 2 == Sil ue 

Magnesium 3; : : : 3 

Oxide 2MgO 3 0.000623 20 : Soe }, =e8 
* 3 $ : $ 

Potassium ° > ; ; : i 
Chloride ’KCl ° 27.6 : 0 ; 56.7 7 100 

Sodium Am- + 3 3 : ; 

monium ‘ 3 3 ; ‘ 

PhosphatesNaNH4HPO4. 4H,0% 16.7 : 20 ’ 100.0 $ 

Hydroxide {Nati , 42.0 gp Og 84760 , oe 

Sodium 3 : ; ; : 

Oxalate 2Nag050, 3 oe $320 4 6.53 : 100 

z 3 $ : ‘ } 
Stannous : 3 3 ; : 

Chloride :SnClo $s 83.9 E 0 ; 269.8 ; 15 | 

rr rca eneneerte meas tr rsa can meter ene Renae :
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Buffer Action 

Buffer action refers to the resistance which 
some solutions offer to a change in pH when an acid or 
alkali is added, Por weakly fonized electrolytes the ratio 
of the product of the gram-ion concentrations to the molar 

concentration of the non-ionized electrolyte is a constant. 
The tonic equilibrium for acetic acid is as follows: 

| 
+ e ! 

HY & CoH3 0 -XK i 

Because of this, H tons and CpH<05” ions in an 
solution form undissociated H. CoH 09» antet the ionkinticn 
constant is satisfied, Consequentl#, the addition of 
salts of a weakly ionized acid or base tends to keep the 
concentration of the hydrogen or hydroxyl ions within 
specific limits. Salts which behave in this way are called 
buffers, and their effect is referred to as the common-ion 

effect. Salts of weak acids and weak bases, amphoteric 

substances, and relatively insoluble acids, bases, or salts 

will also act as buffers, The common buffers used in the 

determination of hydrogen ions are acetate, phosphate, 

borate, and citrate salts, 

Dilution 

Because the dilution of concentrated solutions 

is followed by contraction or expansion, in exact analyses 

the calculations must be made on a weight, not on volume 

basis. The following example gives a correct procedure, 

How much water must be added to 100 ml. of con- 

centrated sulfuric acid having a specific gravity 1.8 and 

containing 88.92 per cent of HjSO, in order to make a 

solution of specific gravity 1.08 containing 11.6 per cent 

by weight of HgS0,? 

100 x 1.8 x (88.92 + 100) = (100 x 1.8 # x)x(11.6 > 100) 

160.06 = 20.88 0.116 x 
J 

x = (160.06 - 20.80) > 0.116 = 1200.5 grams or ml. of 
“ water 

All of the problems related to quantitative 

chemical an@élysis are discussed in detail in the litera- 

ture cited. | 
Mngelder, Carl J. 1929. Elerentary Quantitative | 

Analysis. Jonn Wiley & Sons, New York. 
| 

Olsen, J. C. 1920. Quentitative Chemical Analysis. | 

D. Van Nostrand Co., New York. 

Town, G. G., Hall, N. #. and Meloche, Vv. We. 1956. Quan- \ 

titative Chemical Analysis. Hdwards Brothers, Inc., 

Ann Arbor, Michigan. } 

i
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Rapid or Field Methods of Analysis 

These methods are used chiefly in reconnaissance 
studies of forest soils, selection of planting sites, examina- 

tions in regard to improvement cuttings, investigations of 
unproductive or diseased forest stands and seed beds, selec- 

tion of suitable natural fertilizing materials, and other 
problems which must be solved in the field or in a simple 
laboratory located at the nursery office or ranger station. 
Although the procedure of the rapid or field methods has 
peen greatly simplfied, reliable results are likely to be 

obtained enly by a person experienced in this type of work. 
It should be remembered that these methods were not intended 

for the solution of scientific problems, but to provide 
general practical information. 

Recently a number of commercial outfits for the 

determination of pH and available nutrients have been placed 

on the market. These outfits are devised on somewhat dif- 

ferent principles and use varying strengths of extracting 

solutions. Consequently, the results obtained by these 

methods are not always comparable, and each requires special 

interpretation in regard to tree growth. Since the exact 

composition of the reagents used in these commercial out- 

fits is not given, enly methods whose procedures and 

reagents have been fully described in literature are in- 

cluded in the fallowing outline. 

Soil Texture 

(Wilde Method) 

The soil is separated from gravel and other coarse 

material by passing the soil through a 20-mesh steve anto 

: a piece of ordinary paper. A sample of approximately 40 

uf grams of sievec soil is taken with a measuring spoon. 

Special attention should be given to filling the measuring 

spoon completely by packing the soil and then striking off 

just level full with a spatula. The sample is placed in a 

125 ce, flask with a wide neck and approximately 1 gram of 

dispersing agent (sodium oxalate) is added, using a small 

measuring Spoon that is filled level full. The flask is 

filled with water up to the 100 cc. mark. A rubber stepper 

is inserted and the flask is shaken vigorously 60 times by 

hand and then placed on a level surface. After exactly one 

minute, a tube 5.5 inches high end 1 inch in diameter is 
filled with some of the suspension to the 60 cc. mark. A 

small, specially calibrated hydrometer is immediately 

floated in the suspension in the tube, and the reading is 

taken as soon as possible. 

The maximum amount of the fine soil material 

Which canbe read on the scale is 55 per cmt. If a con~ \ 

tent higher than 35 per cent is te be determined, only 

q 

es
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30 cc. of the suspension are transferred to the test tube ‘ 
and dilutec to the 60 cc. mark with water. The test tube is 
vigorously shaken, placed on a level surface, and the hy- 
dremeter is floatec, The reading is multiplied by two to 
give the approximate percentage of fine soil material. for 
more exact determinations in soils containing more than 35 } 
per cent of fine material the measured samples should be 
dispersed in a mortar with a rubber pestle after the addition 
of 30 cc. of water and the dispersing agent. The suspension 
4s rubbed thoroughly for two minutes and transferred care- 
fully to the shaking flask, from whence the procedure is 
the samé as previously outlined. In the majority of cases 
the percentage of fine material higher than 55 per cent has 
no significance in practical field work. 

' Since the temperature and quality of water used in 
analysis affect to a certain extent the hydrometer reading, 
the hydrometer, before analysis, should be placed in the 
test tube with pure water to check whether or not the water 
level and zero mark of the hydrometer correspond, In case 
the zero mark is higher or lower than the water level, the 
difference must be subtracted from or addeu to the final 
reading. The difterence due to temperature and quality of 
water does not exceed two divisions of the hydrometer scale, 

The details of this analysis and the interpre- 
tation of data may be found in the literature cited, 

Anonymeus, 1934, Fitting Trees to the Soil. Cen- 

tral Scientific Company Bulletin No. 7. Wilde, 5. A., 1955, 

The Significance of Soil Texture in Forestry, and its Deter- 

mination by a Rapid field Method, Journal of Forestry, 

Vol. 33, No. 5, p. 503. Cady, J. G., 1936, Comparison of 

the Standard Hydrometer Method with Rapid Field Test for 

Determination of Fine Soil Particles. Technical Notes 

No. 14, Soils Dept., U. W. in cooperation with Wisem sin 

Conservation Department, Madison, Wiscmsin. 

Soil Reaction 
(Truog Method) 

Fill the hole in the test block one-quarter tuey 

of air-dry, pulverized soil. Add 3 or 4 drops of Truog 

triplex indicator and stir vigorously. The amount of in- 

dicator should be just sufficient to form a semi-fluid paste 

with the soil. Scrape the soil into the pottom of the hole 

and level off a smooth surface. Immediately after leveling 

sprinkle the barite powder evenly over the surface. This 
is done by tapping the bottom of the container with the 

rubber cap, held on the index finger. Use just enough 
powder to completely mask the color of the soil.
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Exactly three minutes after application of the 
powder read the reaction by comparing the color with the 
standard scale. Most accurate readings are obtained by slid- 
ing the edge of the chart over the center of the hole while 
facing a window, but not in direct sunlight. 

The indicator should be neutral, and its celor 
should correspond to the color marked 7 on the chart. If the 
indicator is acid or alkaline, it must be adjusted by addi- | 
tion of N/20 HCl or N/20 NaOH. All possible contaminations 
frem acid or alkali in the air, on the hands, or any other } 
sources must be carefully avoided, 

The test is accurate within 0.2 of a pH as deter- | 
mined by comparison with the glass electrode. 

Truog, E., 1935, Instructions for Making the Soil 
Reaction Test. Hellige, Inc., New York. Wilde, S. A., 
1934, Soil Reaction in Relation to Forestry and its Deter- 
mination by Simple Tests. Journal of Forestry, Vol. 32, 
No. 4; 411-418. 

Org. hatter and Total Nitrogen by Ipnition 

Five grams of 20-mesh soil are placed in a weighed 
porcelain crucible provided with a fitted caver and dried to | 

constant weight at 105° GC. in an oven, The soil is ignited 
with the crucible partly open, at first with a low flame 
which is gradually increased until it imparts a dull redness 
te the crucible. A complete ignition requires about 30 
minutes, after which the crucible is cooled in a desiccator, 

f covered, and weighed, If the soil contains carbonates, it 

should be moistened with 5 drops of a saturated selution of 

ammonium carbonate, to restore the 00g driven off frem the | 

( carbonates. After this treatment, the soil is dried in an | 

oven at 150° C. to constant weight. The loss in weight 
divided by 5 and multiplied by 100 gives the percentage ef 

organic matter. The percentage of organic matter divided 

by 45 gives the approximate percentage of tetal nitrogen. 
This method is suitable for soils having less than 9 per 

cent of organic matter. 

Available Nutrients 
(Morgan Methods) 

: Nitrate Nitrogen 

Extracting liquids Distilled water. 

. Testing solution: Dissolve 0.05 gm. of dtphenylamine in 

} 5 ml. of concentrated Hg804. The reagent should not give ! 

a blue color when tested with distillec water. 

i}
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standard solutions: These are prepared by dissolv 2 

sium nitrate in distilled water. Lins eveeian vue oF 

} KNOz is 39 + 14 + (16 x 3) or 101, a solution containing 
; 100 B. p.m of nitrogen is obtained by dissolving 101 x 1000 x 

100 * 14 x 1,000,006 or 0.72 pm. of KN0Os in 1000 ml. of water. 

Ten, 5, 5, 2, andl mil. of this solution diluted to 100 ml. 

Mi: with water will give standard solutions containing 10, 5, 5, 

2, and 1 p.p.m. of nitrate nitrogen, respectively. 

gtandard chart: tor use in the field prepare a hand-celored 
chart using wash crayon BE, Faber “Aquarello" No. 1145. 

Procedure: Weigh or tare with a measuring spoon 2.5 ams. 

nf 2O-mesh soil. Place soil in a vial with 10 ml. of dis- 

tilled water. Shake vigorously 60 times. Filter the sus- 

pension through Munktell's Swedish filter paper No. 5. Trans- 

fer 1 drop of leachate by means of a calibrated medicine 

dropper to a spot plate, add 4 drops of diphenylamine reagent, 

stir the mixture with a glass rod, and after exactly 2 

minutes compare the color produced with a standard color 

chart or standard solutions tested in a similar way. Since 

2.5 gms. of soil were extracted with 10 ml. of water, divide 

the results by 2.5 and multiply by 10 to obtain the nitrate | 

, content of soil in parts per million. In converting to 

pounds per acre also multiply by a conversion factor, which 

ps is 2 in case of silt loam soils and 2.5 in case of sandy 

soils. Kor example, a sandy soil leachate contained 5 p.p.m. 

when compared with the standara solution. Therefore, the 

i soil contains 5 x 10 + 2.5 = 20 p-p.m. or 50 pounds per acre, 

When large amounts of nitrates are present, dilute 1 drop of 

leachate with 4 drops of distilled water, teke 1 drop of 

this dilute solution for testing, and multiply the results 

by five. 

Ammonia Nitrogen 

Extracting solution: acidified 1 N solution of sodium 

: acetate. Dissolve 82 gms. of sodium acetate in 500 ml. of 

distilled water, add 30 ml. of glacial acetic acid, and 

f dilute to 1000 ml. 

Testing solution: Nessler's reagent. Dissolve 5 gms, of 

potassium iodide in 15 ml. of distilled water. Add a 

saturated solution of mercuric chloride until a slight pre- 

cipitate occurs. Add 40 ml. of a 50 per cent selution of 

potassium hydroxide. Dilute to 100 ml. Allow to settle 

for a week, decant, and keep in a prown bottle in a dark 

, place. The reagent should not produce a yellow color when 

tested with extracting solution. 

Standard solutions: A solution containing 100 p.v.m. of 
‘ammonia nitrogen is prepared by dissolving 0.47 gm. of 

(NHq4)980q in 1000 ml. of water, according to the following !
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calculation: 

56 + 32 + 64 x 100A x 199 - 0.47 
2x 14 x 1,000,000 1s 

Twenty-five, 10, 5, 3, 2, and 1 ml. of this selu- 
tion diluted to 100 ml. with distilled water will give 
stendard solutions containing 25, 10, 5, 3, 2, and l p-pem. 
of ammonia nitrogen, respectively. 

Standard chart: A hand-colored chart for use in the field 
js prepared with wash crayons, E, Haber "Aquarello" Nos. 
1127 and 1112. 

Procedure: Weigh or take vith a measuring spoon 2.5 gems. 
of 20-mesh soil. Place soil in a vial with 10 ml. of ex- 

f tracting solution, shake vigorously 60 times and filter. 
Transfer 4 drops of leachate to a spot plate by means of a 
medicine dropper, add 1 drep of Nessler's reagent, and stir 
with a glass rod. After 1 minute compare the resulting 
color with standard chart, or colors produced by testing 
the standard solutions. Since 2.5 gms, of soil were ex- 
tracted with 10 ml. of water, divide the results by 2.5 
and multiply by 10. In converting to pounds per acre also 
multiply by a conversion factor. 

Available Phosphorus 

Extracting solution: Add 5 ml. of concentrated HNO, and 
2ml. of concentrated HCl to 100 ml. of distilled water, 

: mix and dilute to 200 ml. 

Testing solution: Dissolve 5 gms. of ammonium molybdate 
in 50 ml. of distilled vater, filter through phosphorus-free 
Yunktell's Swedish No. 5 filter paper. add filtrate slowly, 
with constant stirring, to a mixture of 100 ml. of distilled 
water, 50 ml. of concentrated HCl, and 25 ml. of HNOz, 
Dilute the solution to 400 rml., and keep in a brown Bettie, 

Testing rod: A red of pure tin, about 4 inches long and 
1/8 inch in diameter is pointed with a pencil sharpener 
or with a knife. 

Stendard solutions: Are prepared by dissolving monopotas- 

sium phosphate in distilled water. Because the molecular 

Weight of KHpPO te 39 + (1 x 2) + 51 ¢ (16 x 4) or 136, 

a standard edlution containing 100 p.p-m. is prepared by 
dissolving 136 x 1000 x 100 * 31 x 1,000,000 or 0.45 gm. 
of monopotassium phosphate in 1000 ml. of water. Selutions 

containing 25, 20, 15, 10, 5, and 2.5 p.v.m, are prepared 
by appropriate dilutions of the concentrated solution. | 

Standard chart: For use in field work, 4 hand ~colored ¢ 

chart 4s prepared with the RB, Faber wash crayon "Aquarello | 

No. 1075, } 

It 
Ht
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procedure: Place 2.5 gms. of 20-resh soil in a vial with 
10 ml. of extracting solution. Shake vigorously 60 tires, 
end filter through phosphorus-free filter paper. Transfer 
2 drops of leachate to a spot plate, add 1 drop of testing 
golution, and stir with tin rod for 50 seconda. Compare 
the color with the standard solutions or the chart. Mul- 

s tiply the results by 4 to obtain p.p.m. in the soil or 
: multiply by eight or ten to obtain pounds per acre, 

Available Potassium 

” mtracting solution: Acidified 1 N solution of sodium 
acetate. 

3 Testing selution: Dissolve 5 gms. of Co(NOz)o and SO ems. 

of NaNOz in 50 ml. of distilled water acidi #1 ed with 2.5 
ml. of glacial acetic acid. Dilute to 100 ml. Let stand 

24 hours and filter. 

: Standard solutions: A standard solution containing 100 

pPepem. of potassium is prepared by dissolving 0.259 gm. 

of potassium nitrate in 1000 ml. of distilled water, five, 

15, 25, and 50 ml, of this solution diluted to 100 ml. 

will produce the solutions containing 5, 15, 25 and 50 p.p.m. 

Standard chart: A t*urbidity chart is prepared by drawing 

sets of lines with India ink, varying in heaviness of rul- 

ing to match the standard turbidities. 

c Procedure: Transfer 5 drops of sodium acetate soil extract 

‘ Into a 50 Xx 10 mm. flat-bottomed test tube. Add 5 drops of 

sodium acetate extracting solution, 1 drop of testing 

reagent, and 8 drops of 95 per cent ethyl alcohol. Shake 

end let stand 2 minutes. Examine turbidity by holding test 

1 tube 1/4 inch above standard chart. Multiply the reading 

by 4 to obtain the results in p.p.m. or by 8 or 10 to 

obtain results in pounds per acre, 

Replaceable Calcium 

Extracting solution: Acidified 1 N solution of sodium 

acetate. 

d Testing solution: Saturated solution of sodium oxalate. 

Standard solutions: These are prepared by disselving 

Galcium acetate in distilled water. Since the molecular 

Weight of Ca( CegHs 0%) 4s equal to 176, a solution contain~- 

ing 1000 y.p.m. Of ef1cium is prepare¢ by dissolving 4.4 

mt gms, of salt in 1000 ml. of water, The dilution of this ! 

solution will give the standard solutions containing 25, 

50, 100, 250,and 500 p.p.m. 

a i 
| 

li 
| 
ih



219- 

red, Standard chart: A turbidity chart is prepared by matchin ! 
ce the turbidities of standard solutions with spots, perneee” 

with black India ink of different dilution. 

i procedure: Transfer by means of a medicine dropper 10 drops 
of sodium acetate soil extract into a 50 x 10 mm. flat- 

; pottomed test tube. Add 1 drop of testing solution. Shake 

gently back and forth and compare turbidity with the stand- 
ard chart. Multiply the reading by 4 and 8 to convert the 
results into p.p.m. and pounds per acre, respectively. 

nit Morgan, M. P. Microchemical Soil Tests; Conn. i 
Agr. Exp. Sta. Bul. 555, 

While this outline was being mimeographed, a new 

publication "The Universal Soil Testing System" by bh. ¥. 
Morgan, Bul, 592, Conn. Agr. EXp. Sta., 1957, was released, 
This bulletin contains several improvements in the tech- 
nique of analysis and valuable information as to the 

- interpretation of analytical results, 

Binlogical Methods for Determination of Available Nutrients 

‘ (After Mehlich, Truog, and Fred) 

— In biological determinations, the growth of lower 
organisms is correlated with the amount of available plant 

: nutrients. In these analyses the soil is supplied with all 

nutrients except the one to be determined, and the growth of 
fungi or bacteria is measured after a definite period. 

n A. Nitrogen 

' Organism: Cunninghamella blakesleans, 

Stock solution: 10 gms. MgSO4.7H90; 0.2 gm. #eSO 4. 7H 0; 

0.2 gm. 2nS04; 100 ml. distilled water, This solution 
can be kept indefinitely. 

Nutrient solution: 5 ml. of stock solution; 25 grams 
Glucose; 2 gms. Ga( HPO4)o3 2 gms. He BPOg) a 2 gms. KCl; 

a 1000 ml. distilled water. This solution must be made for 

each determination. 

i Procedure: Place an 8 ml. scoopful of dry soil in a 

Suitable dish. Add 2 ml. of nutrient selution. Bring 

M the moisture to about 25 per cent saturation, 80 that soil 

particles just stiek together. Wix the soil and solution 

thoroughly with a spatula, and trensfer into two special 

P clay culture dishes, Smooth the surface and press soil i 

slightly below the upper rim. Add 2 ml. of water to a 1h 

test tube containing a culture of Cunninghamella and stir "h 

With a glass red. Take a loopful of this culture suspéen~ 1} 

sion and touch the center of the soil. Place the inoculat- | 

iH
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sie ed dishes in a large pan containing some water and cover with 
: window glass. Incubate at 28° C. At the end of 48 hours 

os measure the diameter of the hyphae, using a caliper. A 
diameter of 50 mm. corresponds to about 50 pounds of available 

: nitrogen per acre. A diameter smaller than 20 mm. indicates 
wy an amount of available nitrogen less than 20 pounds per acre. 
dFa: very slight developments of hyphae indicate a pronounced 

: nitrogen deficiency. 

ae B. Phosphorus 

The procedure for the determination of available 

phosphorus is the same as that described for nitrogen, with 
the exception that in preparing the nutrient solution 2.5 
gms. of NHgNOz must be substituted for the phosphate salts. 

; A diameter of hyphae of 50 mm, corresponds to 70 pounds of 
available phosphorus per acre, A diameter less than 15 mn. 

, corresponds to an amount smaller than 30 pounds per acre. 

‘ C. Potash 

; Organism: Aspergillus niger. 

Nutrient solution: 5 ml. of stock solution used in previous 
fests; 100 gms. glucose; 10 ems. citric acid; 6 gms. (NHg) 550, 3 
1 gm. peptone; 1.5 gms. NHgHpPO, 3 1000 ml. distilled water’ 

Procedure: Place a 2,5 ml. scoopful of soil into a 125 ml. 
Erlenmeyer flask. Add 30 ml. of nutrient solution. Add 
10 ml. of distilled water to a test tube containing a cul- 
ture of Aspergillus, and stir with a glass rod. Add 5 drops 
of this spore suspension to the flask and shake vigorously. 
Stopper with a cotton plug. Incubate at 28° C., and after 
4 days remove the pads, wash, dry, and weigh. A 0.5 gram pad . 

rs corresponds to about 300 pounds of available potash age} 
per acre. A 0.3 gram pad corresponds to about 120 pounds 
of potash. A weight of pad less than 0.2 gm. corresponds to 

‘ an amount of available potash lower than 40 pounds per acre, 
: and indicates a pronounced potash deficiency. 

7 Mehlich, A., Truog, E., Fred, E. B., Soil Sci., 
35: 259-273, 1933; Soil Sci. 3 8: 448-458, 1954; and Jour. 
Am. Soc, of Agron. 27: 826-852, 19355. 
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Figure 55. Culture dish used in biological determinations of il 

available nutrients (From Mehlich et al). ih 
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Organic Matter by Reduction of Chromic Acid 

(Modified Schollenberger's Method) 

; Reagents ; 

he Potassium bichromate solution. Dissolve 9.807 crams of oven-d 
C KeCre07 in 75 ce of water and make up to 100 cc Ark volumetric "e 

1% flask. Keep this solution tightly stoppered to prevent evaporation. 

Sulfuric-phosphoric acid mixture. Add by volume 2 parts of 
concentrated sulfuric acid, C.P. grade, to hos- 
phoric acid U.S.P. grade. ? : oat ety ton eevee 

0.2 N ferrous ammonium sulfate solution. Dissolve 78.44 grans 
of Weeeitee Caeac cae in 500 ce of water containing 20 cc of 
concentrated HeS04, and make up to 1 liter. Keep this solution in 
a tightly stoppered brown bottle. 

Diphenylamine indicator. Dissolve 0.5 gram in 100 cc of con- 
centrated HeS04 and transfer into a 200 ce beaker containing 20 ce 
of water. Store in a tightly stoppered brown bottle. 

Procedure 

The air-dry soil sample is passed through a 20-mesh 
screen. With gravelly soils, the percentage of corase material 
1s determined on a gross balance in the usual manner. A represen- 

. tative portion is ground with mortar and pestle or with a steel 
ie rocker on an extra hard steel plate until all of the particles 
f pass through a 100-mesh screen. A measuring spoon, calibrated to 
: deliver a one-half gram sample, is filled heaping full of the soil. 

After packing the soil with a spatula, the spoon is struck off 
; level full. The sample is transferred to a dry 1 x 6 inch Pyrex 

test tube. One ce of potassium bichromate solution is measured 
with a pipette and transferred to the tube. Fifteen cc of the 
sulfuric-phosphoric acid mixture are added, thoroughly washing 

. down the soil particles. 

The tube is placed for 10 to 15 minutes in a bath of 
8% phosphoric acid heated to 160° C. The contents of the tube 
are agitated occasionally. Ordinarily, a battery of twelve tubes 

; is digested in the same bath. After digestion is complete, the 
tube is removed, allowed to cool for several minutes, and then 
placed in flowing cold water. The cooled contents of the tube are 
poured into a beaker. Four rinsings of the tube with water are 
necessary for complete transfer. The solution in the beaker is 
diluted to 200 cc. Five drops of diphenylamine indicator, and a 
quarter teaspoonful of sodium fluoride powder are added. Then 
0.2.N ferrous ammonium sulfate solution is added slowly from a 
burette with stirring until a clear dark blue color develops. 
Another Grop of the ferrous anmonium sulfate solution is added and 
the contents are vigorously stirred for 30 seconds or more. ) 

This process is continued until the blue color changes Hi 
to green, A blank (without soil) is prepared using the same i 

' mounts of bichromate solution and acid mixture as in the regular 
teat, Titration is made in the usual manner. The difference be- | 
Ween the titration figures of the blank and unknown solution mul- Hi
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tiplied by 0.125 and divided by the weight of the sample in grams 
gives the percentage of organic matter. 

If the soil sample contains more than 2.5% of organic 
matter, @ cc of bichromate solution and 30 cc of acid mixture 
should be used in the digestion. The digested solution should 
then be diluted to 400 cc. Soils having contents of organic mat- 
ter higher than 5% will require still greater amount of reagents, 
and hence greater dilution. Experience will teach the desirable 
amount of acid needed under various conditions. 

Sh If titration is inconvenient, it may be replaced by a 
colorimetric procedure. The cooled, digested solution is diluted 
te 75 cc and allowed to settle. The reduction of chromic ions 
(orange) to the chromous state (green) produces a variation of 
color ranging from bright orange to bluish-green. Comparison of 
the unknown solution with a set of standards, or with a suitable 

as color chart gives the content of organic matter within an accuracy 
of about 0.25%. With certain adjustments, the comparison of 

{ colors may be facilitated by the use of a photoelectric cell. 

j References 

1, Allison, L. EH. Organic soil carbon by reduction of chromic 
acid. Soil Sci., 40: 3511-320. 1935. 

é, Schollenberger, ©. J. Determination of soil organic matter. 
; Soil Sci., 1: 483-486. 1931. 

5, Wilde, S. A. and Patzer, W. E. The role of soil organic 
matter in reforestation. Jr. Amer. Soc. Agron. 
52; No. 8, pp. 551-562. 1940, 

STANDARD METHODS OF ANALYSIS 

The standard methods of chemical analysis require con- 
siderable time and expense. They are used by foresters primarily 
in determinations of nursery soil fertility or in investigations 

' of various research problems. The following outline includes the 
description of analytical procedures for determination of the most 
important available nutrients and associated soil factors. 

Total Nitrogen 

(Standard Kjeldahl Method) 

Reagents 

’ 12/N Commercial sodium hydroxide: Dissolve about 500 g. of 
sodium hydroxide in 1 liter of distilled water. 

: Concentrated sulfuric acid: 

15% Copper sulfate: Dissolve 150 g. of copper sulfate in 1 
Uter of tietitied water. 

N/14 potassium biphthalate: Dissolve exactly 14.5814 g. of | 
wen-dry potasstum biphthelate k.G. in 1 liter of distilled water. i
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2 N/14 Sodium hydroxide: Dissolve 41.428 ¢, of c - iy | golltn gdreatce CoPe Heong) tn iG trveGs Of Gampanatentree. 
and standardize with N/14 potassium biphthalate. 

i ‘ Wat Sulfuric acid: Dilute 20 ml. of concentrated sulfuric ac 
to : Ose, ian distilled water and standardize with N/14 : - 
sodium roxide. : 

Standardization of as sodium hydroxide: Pipette 25 ml. of 
; exactly N/14 potassium biphtalate Puget ge is Seale, Dilute to 

150 ml. with distilled water and add 6 drops of phenolphthalein in- 
dicator. Fill a 50 ml. burette with the sodium hydroxide to be 

’ standardized until the bottom of the meniscus is at the zero mark, 
f Place the beaker of potassium biphthalate solution under the burette 

, and carefully regulate the flow with the stop cock until 1 drop 
tole turns the solution pink. If the bottom of the meniscus is at the 

2% ml. mark the sodium hydroxide 1s exactly N/14. If only 24 ml. 
aR of the sodium hydroxide are needed to neutralize the 25 ml. of 

potassium biphthalate, the hydroxide is too strong and nust be 
diluted, When calculating the water to be added, it must be remem- 
bered that a 50 ml. aliquot was taken from the 10 liters of 

nett leaving 9,950 ml. Thus the amount of water to be added 
sas follows: 

(25 + 24 x 9,950) ~ 9,950 - 398 ml. 

If 26 ml. of hydroxide were necessary to neutralize the 
Cre, potassium biphthalate, the hydroxide is too weak and more must be 

added. Vihen calculating the hydroxide to be added it must be 
remembered that 41.428 g. of sodium hydroxide were used per 10 1. 
ie the amount of the crystalline hydroxide to be added is as 
ollows: 

(26 + 25 x 41.428) + (41.428 x 0.9950) = 1.865 g. 

te Check the normality of the solution by titration and make 
. further adjustments, if necessary. 

Procedure 

Weigh out 10 g. of 100~mesh soil or 1 g. of 20-mesh peat 
or humus. Transfer the sample to an 800 ml. Kjeldahl flask. Add 
10g. of sodium sulfate, 5 ml. of 15% copper sulfate, and 30 ml, of 
Concentrated sulfuric acid. Rotate the flask gently until the con- 
tents are mixed. Digest on the digestion rack. Start with a low 
flame and gradually increase it. Do not allow the flane to touch 
the flask above the liquid or a loss of ammonia will result from 

: decomposition of the ammonium sulfate. Shake the flask at 15 minute 
intervals, The organic matter is destroyed and the digestion is 
Complete when the mixture attains a light gray or a pale straw color, 

This usually takes about 2 hours for mineral soils and about 1 hour 
or less for peat and humus. Cool and add 400 ml. of ammonia-free 
‘ater and shake thoroughly. Add 2 horn spoonfuls of powdered 
Pumice (about 10 g.). Place 30 ml. of N/i4 sulfuric acid into a IH 
800 m1, Erlenmeyer flask. \Wash down the sides of the flask with ie 

ml. of water, Add 3 drops of methylene blue-methyl red indicator. ti 
” Place the receiving tube beneath the surface of the liquid in the 

Erlenmeyer flask. Measure into the Kjeldahl flask 125 ml, of 12/N HH 
Sodium hydroxide. Light the burner and regulate to a low flame, fk
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jttach the Kjeldahl flask to the still and shake thoroughly. In- il 
crease the flame until the contents boil very gently. Collect : avout 200 ml. of distillate. Disconnect the receiving tube and 
tun off the burner, Wash the receiving tube with water from a il 
wash bottle catching the washings in the Erlenmeyer flask. Titrate it the excess acid with N/14 sodium hydroxide, Hach ml. of N/14 sul- 1 furic acid used up represents 1 mg. of nitrogen. Consequently the 
percentage of total nitrogen is calculated as follows: 

; 
. 

. f ml. acid - ml, titration) x 1x 100 — | te (i aC A re eeatton) x 1 x 100 soll sample in mill iarams = percent of total nitrogen 

Run at least one blank for each set of determinations i 

Nitrates | 

di4 Colorimetric Phenoldisulphonic Acid Method | 
| (Harper's Modification) | 

1D It is imperative to determine the nitrates on the fresh He 
field sample because the nitrate content changes upon drying. Make 

_|emoisture determination on a part of the soil sample so that | 
nitrates may be calculated on an oven dry basis. In case of highly | 
colored soil extract that cannot be decolorized by the copper sul- | 
fate copper hydroxide treatment, add 1 teaspoonful Norite (activated | 

_ | bone charcoal) to 100 ml. of supernatant liquid secured as recommend- 
'. | ed for colored extracts and shake 15 or 20 minutes before adding the 

calcium hydroxide and magnesium carbonate to the solution. 

f 4 Reagents | + vat 
| 

Phenoldisulphonic acid: Dissolve 25 g. of pure phenol (carbolic | 
acid) in 150 at of concentrated sulfuric acid. Add 75 ml. of | 
fuming sulfuric acid, mix and heat in a flask by placing the flask | 

; _| 1 boiling water for 2 hours. Store in a brown bottle. 

Dilute ammonium hydroxide: Dilute 1 volume of the strong 
reagent with © volumes of water, 

Wa Copper sulfate: Dissolve 249.71 g. of copper sulfate 
: wystals in @ Titers of distilled water. | 

| H 

Calcium hydroxide C.P. i 

Magnesium carbonate C.P. | 

Standard nitrate solution: Dissolve 0.7215 g. of pure potassium | 
; ‘| trate in water end dilute to 1000 ml. Of this stronger solution | 

: dilute 100 ml. to 1000 ml. This latter solution contains 0.01 mg. 
t Utrogen per ml. and constitutes the standard used to make the 

tolorimetric solution. | se 
| I Standard colorimetric solution: Bvaporate 10 ml. of standard i ; litrate solution to dryness in a porcelain dish on the steam hot | 

- tlate. Treat as in analytical procedure with 3 ml. of phenoldi- 
“phonic acid, 10 to 15 ml. of cold water and dilute ammonium 
hydroxide until yellow color is permanent and solution is slightly il 
Ykaline. Dilute to 100 ml. in a gracuenes cylinder. The solution i 
iv contains 1 p.p.m. of nitrate nitrogen. ill
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: Procedure | 

; Place 50 g. of 20 mesh soil or 10 g. of peat or humus in 
,600 ml. wide neck bottle. Add 245 ml. of distilled water and 

. 5ml. of N/l copper sulfate and shake on a mechanical shaker for 
10 minutes. For soils that are not very acid and do not give a 

, colored extract add 0.5 g. calcium hydroxide and 1 g. magnesium car- 
pnate te the soil suspension and shake for 5 minutes to precipi- 
tate the copper and flocculate the soil. Filter through a dry | 
filter paper discarding the first 20 ml. If the soil is very acid 
o gives a colored extract, allow the soil suspension to settle 
after the initial 10 minute shaking and decant about 150 ml. of the 
supernatant liquid into an empty flask. Add 0.2 g. calcium hydroxide 
ad 0.5 g. magnesium carbonate and shake for 5 minutes. Filter as 
avove after after allowing the flocculated suspension to settle. 
INneither case pipette 10 ml. to an evaporating dish and evaporate 
m the steam hot plate. Use a 25 ml. aliquot if the nitrate content 
{s low. Cool the dish and add rapidly 3 ml. of phenoldisulphonic 
aid with a pipette with a large opering. Rotate the dish at 2 
nnute intervals for 10 minutes. Dilute with 10 ml. of cold distil- 

Qf? led water and stir with a glass rod. Add dilute ammonium hydroxide 
. | mtil red litmus turns blue or until the solution remains perman- 

ently yellow. Transfer the solution to a Nessler tube and dilute 
. | to 50 ml. Hold the tube containing the unlmown solution and an 
' | empty Nessler tube above a white piece of paper which has been 

: folded in the center to resemble the slanting sices of a roof. Pour 
. the contents of the graduate containing the standard solution into 

the empty Nessler tube until the unknown has been matched when look- 
ing down through the vertical columns of liquid. Accurate color 
comparisons cannot be made if the amount of standard needed is less 
than 25 ml. or more than 50 ml. In the first case a larger aliquot 
mst be evaporated. In the second the unknown must be diluted until 

: 2 to 50 ml. of the standard matches 50 ml. of the unimown. Some- 
, times all of the copper is not precipitated which is indicated by a 

blue colered residue after evaporation. In this case add an addi- 
tional 0.5 g. of calcium hydroxide and 1 g. of magnesium carbonate 

e to the suspension or to the supernatant liquid, whichever the case 

i tay warrant. Shake 5 minutes and proceed as before. 

Suppose 50 g. of soil have been extracted with 250 ml. of 
; solution. Then a 10 ml. aliquot represents 10/250 x 50 or 2 g. of 

soll. The following formula will give the nitrate content of the 
soil, 

al, of standard used x concentration of standard = , ym. of 
MY gm. of soil sample 

Nitrate nitrogen. 

Ammonia 

(Harper's Modification) 

Reagents 

10% Potassium chloride: Dissolve 100 g. of potassium chloride | 

: inT liter of distilled water. 

all Magnesium oxide C.P. i)
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n/14 Sulfuric acid: See total nitrogen determination. } 

1/14 Sodium hydroxide: See total nitrogen determination. 

Procedure 

pro Make certain that the laboratory is free of ammonia fumes. 
ae jun at least one blank on each set of determinations. Weigh out 
He 30 g. of 20 mesh soil or 12.5 g. of peat or humus and place the ! 

i sample in a 600 ml. wide neck bottle. Add 500 ml. of a 10% potas- 
sium chloride solution. In case of neutral or alkaline soils use 

o a 20% potassium chloride solution. Shake for 30 minutes in a mechan? 
cal shaker. Allow to settle for 10 minutes and filter. Transfer 
400 ml. of the filtrate to a Kjeldahl flask. Add 1 g. of magnesium 

: oxide. Place 10 ml. of N/14 sulfuric acid in a 300 ml. Erlenmeyer 
flask and add 3 drops of methyl red-methyl blue indicator. Attach 
the receiving tube and place it beneath the surface of the liquid. 
Attach the Kjeldahl flask and light the burner. Gradually increase 
the flame until the mixture is boiling very gently. Catch 200 ml. 
of the distillate, detach the recetving tke ant tunn off the flame. 
Wash the receiving tube with water from the wash bottle and catch 

; the washings in the Erlenmeyer flask. ‘Titrate the contents of the 
, Erlenmeyer with N/14 sodium hydroxide. Each ml. of acid used 
x represents 1 mg. of armonia nitrogen. The following formula will 

give the ammonia nitrogen in the soil sample: 

ml, acid - ml. titration) x 1 x 100 - per cent ammonia nitrogen 

so sample in milligrams 

; Determination of Ammonia by Nesslerization 

, If minute amounts of ammonia are to be determined, Nessler~ 

‘ ae ization is recommended. 

mee Reagents 

Gh Nessler's reagent: Dissolve 62.5 g, of potassium iodide in 
: 260 ml. of distilled water. Make a saturated solution of mercuric 

chloride by dissolving 35 g. of mercuric chloride in 500 ml. of hot 
; water. Allow the mercuric chloride solution to cool. Add slowly 

with stirring the cold nercury solution to 250 ml. of the potassium 
i fodide solution until a slight permanent precipitate is formed. 

; This will require about 400 ml. of the mercury solution. Dissolve 

the red precipitate by adding the remaining 100 ml. of potassium 

ripen fodide solution. Again add mercuric chloride solution drop by drop 

mtil a slight permanent precipitate remains. Dissolve 150 ¢. of 

potassium hydroxide in 250 ml. of water. Add this to the first 

solution and dilute to 1 liter with distilled water. Mix thoroughly 

and allow the solution to stand for several days until the precipi- 
tate has settled, leaving a pale straw-colored solution. This is / 

siphoned or decanted off into another bottle for use. The 2 ml. } 

Portions used for each test must be measured quite carefully, as the 

depth of color produced with a given amount of ammonia depends to a i 
certain extent upon the amount of Nessler's solution used. 

Standard amnionia solution: Dissolve 1.9094 g. of pure dry ammon- i 
tun chloride in ammonia-free water and dilute to 500 ml. One ml. of ' 
this solution will contain 1 mg. of nitrogen as ammonia. Dilute 
110ml, of this stock solution to 1 liter with ammonia-free water. !
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ye ml. of this solution will contain 0.01 mg. nitrogen and is the } 
standard solution. One, 5 and 10 ml. of the standard solution ! 

f diluted to 100 ml. will produce solutions containing 0.1, 0.5, and ) 
1,0 pepem. of ammonia nitrogen respectively. 

Procedure : 

; Dilute the distillate in the Erlenmeyer flask to a con- 
, yenient volume such as 200 ml. Place 2 ml. of Nessler's reagent 
; and 50 ml. of the distillate in a Nessler tube. Allow to stand 

5 minutes and compare with a standard containing 0.1 p.p.m. or as 
mch stronger as the amount of ammonia present warrants. Follow 
the technique outlined in the nitrate determination. Before the 

. +pem. Of ammonia nitrogen can be calculated, the actual number of PeP ’ 
‘ ng. of ammonia nitrogen in the total distillate must be determined 

as follews: 

ye : ml. of st. to match unknownxmg.N. in st.)x total ml.of distillate- 
otal ml. of st. 00) x aliquot of distillate (50 ml.) x 

ry ais ng. of ammonia nitrogen in the total distillate. The p.p.m. of 
a nitrogen in the soil can now be determined by the following formula: 

mg. nitrogen in the distillate x 1,000,000_ 
soil sample in milligrans = pepem. of 

on ammonia nitrogen. 

Determination of Available Phosphorus 

(Truog lethod) 

Reagents 

Ammonium molybdate-sulfuric acid solution: Dissolve 25 g. of 
ammonium molybdate in ml. of distilled water heated to 60° C, 
and filter. Dilute 275 ml. of arsenic and phosphorus-free concen- 

a trated sulfuric acid (approximately 35/N.) to 800 ml. After both 
isa solutions have cooled, add the ammonium molybdate solution slowly, 

gilt OF wth shaking, to the sulfuric acid solution. After the combined 
2tq Solution has cooled to room temperature, dilute with water to exact- 

“| ly 1000 ml. This is approximately a 9.6/N. sulfuric acid solution 
containing 2.5 gm. of ammonium molybdate per 100 ml. 

Stannous chloride solution: Dissalve 25 gm. of stannous chloride 
: in I00 ml. of concentrated hydrochloric acid, warming if necessary 
\ to dissolve. Dilute to 1000 ml. and filter if cloudy. Store in a 

bottle with a siphon or side opening near the bottom, arranged with 
& glass stop cock for delivering the solution in drops. The solu- 

t tion should be protectec from the air by floating a layer of white 
tineral ofl about 10 mm. thick over the surface. Thus protected, 
the solution will give satisfactory results for about 6 months. 1 

Sulfuric acid solution for extraction: Prepare a stock solution | 
; of exactly N/10 sulfuric acid by titrating against standard alkali, Ht 

Dilute convenient volumes of this to 0,002 N and buffer by adding | 
mee 5 ga. of ammonium sulfate or potassium sulfate per liter so as to 
gs Produce a pH of about 3.0 in the final solution.
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ain standard phosphate solution: Dissolve 0.2195 g. of recrystal- 
or mie | ged potassfum-cihydrogen=phosphate and dilute to 1000 i This 

+ ©, | golution contains 50 p.p.m. of phosphorus and serves as the base ! 
stock solution. Prepare a second stock solution by taking 50 ml, 
of the base stock solution and dilute to 500 ml. This second stock : 
olution contains 5 p.p.m. and is used for making the standard solu- 
tion for comparison. To make this standard solution, take 5 ml. of 

See the stock solution, dilute to 96 ml, with distilled water, add 4 ml. 
of the ammonium molybdate-sulfuric acid solution, and mix thoroughly 

“ “i ty shaking in an Erlenmeyer flask. Add 6 drops of stannous chloride 
ais md shake, after which a maxinmm blue color should develop in about 

a lminute. It is now ready for use and contains 0.25 p.p.m. of phos- 
om phorus. For a more dilute standard, use 2 ml. of the stock solu- 

“ « | tion, but the same amounts of reagents, giving a standard which con- 
“IOs tains O.1 p.p.m. of phosphorus. After standing 10 to 12 minutes, 

? the standard starts to fade, and a drop more of stannous chloride | 
; .. | should then be added to bring the full color back which will again | 

“| te permanent for 10 to 12 minutes, 

Extraction and Determination of the Readily 

Available Phosphorus 

Extraction and determination: Place 2 grams of 20-mesh soil and 
. 400 cc. of the 0.002 N “ery acid in a 750 cc. Erlenmeyer flask or 

other suitable flask or ottle and shake for exactly one-half hour. 
If more convenient, use one gram of soil and 200 cc. of 0.002 N | 
: and a smaller container. Filter inmediately through $S.S. 
589 fiter paper, or Munktell's tio. 3 paper. Discard filtrate until 
it comes through perfectly clear. Then place 50 cc. of the clear 
filtrate in a 125 cc. "rlenmeyer flask, add 2 cc. of the ammonium 
nolybdate-sulfuric acid solution, and shake well. Then add 3 drops 
of the stannous chloride solution, shake, and compare with the 

_ | stendard within a few minutes. In making the color comparison with 
ordinary Nessler tubes it is convenient to proceed as follows: 
Place the 52 cc. of unknown in a Nessler tube and the standard in | 
a100-cc, cylinder. Hold the tube with the unknown together with | 

i vie an empty Nessler tube over a white background and pour standard 
. solution from the cylinder into the empty tube until the colors | 

fi match. Then read the cylinder to ascertain the amount of standard 

; required. For accurate comparisons, the intensity of color of the 
standard should not vary by more than about 50% from that of the 
wknown. Also, the strength of the unimown should be adjusted to 
wthin the limits of 0.5 to 0.05 p.p.m. of P. i 

‘ Calculation: shen the comparisons are made as just indicated, 
af the calculation to pounds per acre is very simple. The 50 cc. of 

wknown solution represents 0.25 gram of soil. If the standard 
f tontains 0.25 p.p.m. of phosphorus, and if it took, say, 40 cc. of 

3 standard to match the unknown, the amount of readily available 
Phosphorus in the soil will be equal to ) 

40 x 2.25 (con, of stan.), or 40 pepem. of P. | 
25 Wt. of soil) i i 

Ra The content of phosphorus in fertilizers is given as pentoxide or i 
phosphoric acid (P2035). To convert the P to P20; multiply the i 
tontent of P by 2.3. i
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we Impertant Precautions 

It should be noted that arsenic produces exactly the same 
color 88 phosphorus, and that reagents, filter paper, and glass / 

ao often contain appreciable quantities of arsenic and phosphorus. All ' 
glassware should be thoroughly weathered by treatment with warm | 

' sulfuric acid-dichromate solution for at least 24 hours. Filter 
paper may be tested by tearing up a sheet of it and throwing the | 
shreds into a blank test. To test the chemicals proceed as follows: f 
jdd 4 ml. of the ammonium molybdate-sulfuric acid solution to 96 ml. 
of water and after mixing thoroughly add, with shaking, 6 drops of 

. the stannous chloride solution. Compare in Nessler tubes with pure 
ey water. If the chemicals are free of arsenic and phosphorus, not | 

: nore than the merest trace of blue color is produced. If the stan- 
‘ dard and unknown solutions are not acid enough, the stannous chloride 

Ff will reduce the ammonium molybdate and produce a blue color indepen- 
dently of the presence of phosphates. If the acidity is too high, 
the color due to the presence of phosphates will not be intense 
enough. If the leachate is colored, it must be decolorized by the 
use of Norite which has been leached with the extracting solution 
mtil it no lenger gives a test for P, 

Determination of Readily Available Potash 

: (Volk-Truog Method) 

Reagents 

N/l Ammonium acetate: See calcium determination. 

10% Hydrogen peroxide: See calcium determination. 

Approximately 0.15 N. Acetic acid: Dilute 9 ml. of 99% acetic 
acid to er with distilled water. 

Sodium cobalti-nitrite solution: Dissolve 16 g. of sodium 
cobalti-nitrite (Mallinckrodt's Reagent Grade) in 100 ml. of dis- 
tilled water and filter through an asbestos mat on a Gooch crucible. 
This solution is good for about one week if kept below 702. 6. 

Dilute sulfuric acid: Add 1 volume of concentrated sulfuric 
acid to 4 Volumes of water. Z 

N/20 Potassium permanganate: Dissolve 6.322 g. of potassium 
bermanganage in 4 rears of distilled water. 

¥/20 Sodium oxalate: Dissolve 6.6995 g. of Soerensen's sodium 

oxalate (primary standard) in 2 liters of distilled water. 

Asbestos: Digest the asbestos in 1:10 nitric acid containing 
sufficient permanganate to give a deep purple color. Add more | 

__, | Permenganate if the color disappears. Digest for at least 24 hours, 
"| Until the permanganate color is permanent. Destroy excess perman- 

Senate with oxalic acid, after which the asbestos should be pure i 
Yhite. Wash thoroughly on a Buechner funnel. Make a blank titra- i 

‘ion with standard permanganate on each purified lot of asbestos, i 
and if the titration figure is appreciable, subtract it in the i 
determinations. Asbestos improves with use and may be used repeated~ t 

ly after purification. |



. 230- 

Procedure ; 

Place 50 g. of 20 mesh air-dry soil or 5 g. of peat or | 
pumus and 400 ml. of N. ammonium acetate solution in a 600 ml. 
wide neck bottle. Shake by hand intermittently 5 times, giving 

: the bottle 10 vigorous shakes each time, requiring 5 to 6 minutes } 
for a set of 12 bottles. Filter immediately through a dry filter 
pouring back the first 25 to 50 ml. if cloudy. Evaporate to dry- | 
ness on a steam hot plate at about 60° C. to 65° GC. a 300 ml. 
aliquot of the filtrate in a 600 ml. beaker. For greater speed 

; boil down gently to about 50 ml. and then place on a steam hot ! 
plate. Do not allow the solution to go to dryness at a boiling 

temperature because the non-volatile acetates decompose at that ; 
temperature. 

When dry, wash down the sides of the beaker and evaporate 
again. Add 5 ml. of 10% hydrogen peroxide to destroy the organic 
natter. Evaporate and repeat until the residue is white. Add 2 
drops of phenolphthalein indicator and 10 ml. of water. Add 
enough 10f sodium hydroxide to turn the indicator red. Avoid the 
use of more than .5 ml. of sodium hydroxide. Evaporate to dryness 
to drive off the last traces of ammonia. Cool and add exactly 
2 ml. of approximately 0.15 normal acetic acid. Rub the bottom 
and the sides of the beaker thoroughly with a policeman. Place 
ldrop of the solution on a spot plate and test it for ammonia by 
adding a drop of Nessler's reagent. A brown coloration indicates 
the presence of ammonia. In such a case add a few drops of 10% 
sodium hydroxide and evaporate to dryness. 

Filter the solution through a dry filter into a dry 
beaker. Place a 20 ml. aliquot representing 18 g. of soil or 
3g. of peat of humus, in a beaker and cool to 10° C. or less. 
Add 5 ml. of the cooled cobalti-nitrite solution and rotate the 
beaker. Let stand in the ice box for 3 hours or preferably over- 

: night. Collect the precipitate on a compact asbestos pad in a 
Gooch crucible. Use a rubber stopper at the end of a glass stir- 

: ring rod to compact the asbestos. Rinse the beaker 3 times with 
‘ water cooled to 10° C. or less. Keep the wash bottle in ice while 

using. Pour the rinsings into the Gooch crucible and wash the 
precipitate 3 additional times. Remove the pad with a pointed 

glass rod and place in the original beaker. Cover with water at 
rom temperature. Add 2 or 3 ml. of N/20 potassium permanganate 
and immediately add 5 ml. of dilute sulfuric acid. Continue to 
add permanganate until a pink color is permanent. Stir the mixture j 
vigorously te break up the asbestos. Place the beaker with con- 
tents on a low flame and heat to the boiling point. If the per- 
manganate color begins to disappear, immediately add more per- 

tManganate. An excess must be present to avoid loss of nitrous 
acid. 

While stirring the mixture add from a burette n/20 

fe sodium oxalate until the solution is colorless. Then add about | 
af lml. excess of the sodium oxalate. Let the mixture stand for i 

Several minutes, stirring frequently. Titrate the excess of Ht 

; Sodium oxalate with 1/20 potassium permanganate. Hach mi. OF N/20 i 

permanganate used is the equivalent of 0.6518 mg. of potassium or i 
0.4280 mg. of potash (Ke0). The following formula will give the ul
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i 
N/1 sulfuric acid: Pour 28.5 ml. of concentrated sulfuric acid it 

wrt ml. of water, Do not pour the water into the acid. i 

N/10 potassium permanganate: Dissolve 12.644 g. of potassium i 
permanganate crystals in ters of warm distilled water, Filter i 
in a Gooch crucible with an asbestos mat made up from asbestos i 

prepared as for the potash determination, Let stand for at least | 

48 hours and standardize with N/10 sodium oxalate. Keep in a 
dark bottle. 

y/10 sodium oxalate: Dissolve 13.399 g. sodium i 
liters of distilled water. % ENAOTS a8 | 

109 nydrogen peroxide: Dilute 33 ml. of 30% reagent to 100 ml. ) 
wae illed water. Addl ml. of Beek oct Eyarcchiesss | 
acid to prevent too rapid volatilization. 

Procedure 

Treat the residue from the evaporation with 5 ml. of a 
104 solution of hydrogen peroxide which has been slightly acidi- 
fied with hydrochloric acid. ‘hen the residue turns white the | 
organic matter is destroyed. On peats and humus which often give 
a dark colored leachate, several applications of hydrogen peroxide 
are necessary to destroy completely all of the organic matter. 
Add 10 ml. of concentrated hydrochloric acid and dilute to a volume 
of 300 ml. with water. Add 10 drops of brom cresol green indica- 
tor, followed by the addition of 1 ml. of glacial acetic acid. 
The acetic acid is added as a buffer to stabilize the pll of the 
solution. Add ammonium hydroxide with stirring until the solution 
turns to a green or blue color. Add enough concentrated hydro- 
chloric acid with a pipette to turn the solution yellow. Heat the 
solution to boiling. Add 10 ml. of 2/N oxalic acid. Add slowly 
N/l ammonium hydroxide until the solution turns to a full green 
color which is a pH of 4.6, It should take at least 5 minutes to 
add the last ammonium hydroxide in order to get as large a crystal 

formation as possible. The hydrochloric acid and ammonium hydroxide 
are added in liberal amounts because a large amount of ammonium 
salts (NH,C1) helps keep the magnesium from coming down with the 
calcium. Boil the solution for 2 minutes and digest on the steam 

hot plate until the supernatant liquid becomes clear. Filter off 
the calcium oxalate precipitate on a close textured filter paper 
and wash about 12 times with hot water in order to wash away all f 

surplus oxalates. Pierce the filter paper and wash away the main 

mass ef precipitate into a 400 ml. beaker. Heat 75 ml. of N/1 
sulfuric acid to 70° C. and pour this over the filter paper. 

Dilute to 250 ml. Heat to 70° G. and titrate to a faint pink 

color. Add the filter paper and stir. Continue the titration if 

the pink color disappears. The reaction from the titration is 

as follows: 

2 KMn0, plus 5 Ca0p0, plus 8 HjSO equals KpS0, } 

plus iI 
ii 

2 MnSOq4 plus 5 Cas04 plus 10 COp plus 8 Hp0. i 

HY 

Every ml. of N/10 potassium permanganate used in titration repre- i 

sents 2 me. of calcium. This results from the following figures: i



233- i 

40.07 s molecular weight of calcium. | ae 20.035 = equivalent weight of calcium. t 
2.0035= g. of calcium per liter in an N/10 solution. i 0.002 = g. calcium per ml. in an N/10 solution. 

Therefore each ml. of eat represents 0.002 g. or 2 mg. calcium. i 

For conversion to milliequivalents per 100 g. use the following 
: formula: 

Number of mil. titrated x 100 x normality of solution -m.e./100 g. eS Bt ae Se 

‘ Replaceable Magnesium 

1 Reagents 

N/56 potassium biphthalate: Dissolve 3.647 g. of oven-dry 
potassium bip alate (primary ‘standard grade) in a small quantity 
of water. Pour the resulting solution into a one-liter volumetric 
flask and make to volume with distilled water. 

N/56 sodium hydroxide: Dissolve 10.357 g. sodium hydroxide 
(NaOH. Ho0; reagent grade) in 10 liters of distilled (carbon dioxide 
free) water and standardize with N/56 potassium biphthalate solu- 

: tion, using 5 drops of phenolphthalein indicator. 

‘ wes sulfuric acid: Dilute 5 ml. of concentrated sulfuric acid 
: to iters and standardize with N/56 sodium hydroxide, using 3-4 

: drops of methyl red-methylene blue indicator. 

: : Concentrated ammonium hydroxide. | 

; Dilute ammonium iy dpoxt de: Dilute 100 ml. of concentrated 
ammonium hydroxide to 1 liter with distilled water. 

108 solution of sodium ammonium phosphate: Dissolve 50 g. of 
Bt sodium ammonium phosphate in 500 ml. of distilled water. 

li Procedure 

4 f Add 10 ml. of concentrated nitric acid to the filtrate 
My, from the replaceable calcium determination and evaporate to dry- 

get ness on a hot plate. Make up enough dilute HCl (3 ml. of conc. 
eo HCL per 100 ml. of water), allowing 100 ml. of dilute HCl for each 

eh Saiple. Add 100 ml. of the latter solution to each beaker and 
stir until salts are dissolved. Add concentrated NH40H to make 
the solution just alkaline as indicated by litmus paper and heat 
on hot plate until steaming. Filter through No. 42 \ihatman's or 
8.8. 589 filter paper into a 300 ml. Hrlenmeyer flask. Wash beaker 
and filter paper with N/1 NH,OH. Add slowly to filtrate with a 

Pipette, 20 ml. of 10% sodium anmonium phosphate; stir contents ] 

Vigorously while adding. Then add 10 ml. of concentrated NH4OH ] 
end bring slowly to a boil while stirring. Let stand for 12 hours, 

at which time magnesium will be completely precipitated. Filter 1 
through a 9 cm. 3.5. 589 Blue Ribbon Filter. Wash the flask 4 i 
times and the filter 10 times with dilute ammonium hydroxide. It H 

ot 1s not necessary to remove the precipitate sticking to the flask. i 
Place the filter paper upon a blotting paper or toweling. Dry at \ 

i
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3 a temperature not to exceed 45° C, to eliminate free ammonia. i 
f pry the flask similarly. Return the filter paper and precipitate i| 

to the flask. Add 10 ml. of N/56 sulfuric acid for mineral soils | 
and 20 ml. for organic soils. Let stand for half an hour and shake 1 

at 5 minute intervals. Add 5 drops of brom cresol green indicator. i 
: Rreak up the filter paper with a glass rod. Add 50 ml. of water i 

a and back titrate with N/56 sodium hydroxide until the first dis- i 

; 5; tinct blue color appears. If in doubt as to the proper color, | 

eee dissolve a little pure KHpP0,4 in water, add 5 drops of indicator i 

a to it and take the resulting color as a standard for an end point. i 

Ivery ml. of N/56 sulfuric acid used represents 0.217 mg. magnes- | 
jun. This results from the following figures: 24.32 = molecular } 

weight of magnesium, 12,16 = equivalent weight of magnesiun, 
0.01216 - g. magnesium in 1 ml. normal solution, 0.000217 = g. ) 
nagnesium in 1 ml. of N/56 solution or 0.217 mg. To convert to 

milliequivalents use the following formula: 

ot ml. acid -~ ml, titration x 100 x normality of solution. m.e./100 g. 

: @m. soil sample ‘i 

Determination of Base Exchange Capacity 

Reagents 

ya. calcium chloride: Dissolve 735 g. «f calcium chloride 

(CaClp plus ak in 10 liters of water, Add pow dered calcium 

‘ hydroxide until the pH is up to 7.0. 

Silver nitrate solution: Dissolve about 3 g. of silver nitrate 

in TOO ml. of Gistilled water. Add 3 or 4 drops of con. nitric 

acid, 

: Procedure 

Leach 500 ml. of N/1l calcium chloride at the rate of . 

l drop every 3 seconds through the same soil from which the re- 

placeable bases have been removed. Discard the leachate. Fill 

the flask with water and wash the soil with the petcock wide open. 

Fill the flask again with water and wash at the rate of 15 drops 

per minute until leachate is free of chlorine and, hence, no pre- 

cipitate with silver nitrate is formed when a few drops from the 

filter funnel are tested. Discard washings, Leach again with N/1 / 

anmonium acetate and determine replaceable calcium, as previously | 

: . outlined. Base exchange capacity is calculated from the following 

formula: 

Number of ml. titrated x 100 x normality of solution - m.e./100 g. 4 

( g. of soil sample 

Total Soluble Salts | 
—— 

j 

, 2) 20-mesh soil with 500 ml. of distilled i 
water in grihet Ah eabee sein well and let stand over-night. Fil- I 

ter and wash the residue several times with distilled water. iva- i 

porate filtrate to a small volume on a hot plate. Transfer the } 

Contents to a weighed evaporating dish and evaporate to dryness. i 

Ignite the residue and weigh. Subtract weight of the evaporating 1 

dish and calculate the content of salts in parts per million or ! 

in pounds per acre.
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ANALYSIS OF PLANT TISSUE | 

tog Preparation of the Sample 

: The content of essential nutrients, such as nitrogen, ] 
phosphorus and potash, is ordinarily determined on the entire ; 

seedling. In some instances, however, the leaves, roots, or } 
stems are analyzed separately. The material for analysis is care- | 
fully washed in water. The air-dry tissue is ground in a Wiley | 
mill to 60 to 80 mesh. The moisture content is determined on 
representative samples. 

Determination of Total Nitrogen } 

Weigh 1 g. of the prepared tissue and brush onto a 
filter paper. Fold the filter paper carefully around the sample. 
Place the sample in a Kjeldahl flask and proceed as in the stand- 

‘9 ard Kjeldahl analysis. 

Determination of Total Phosphorus 

Place .2 g. of the sample into a evaporating dish. 

Add 2 ml. of 40% Ma NOs )g «6820 in 95% Ethyl alcohol. Allow te 

stand for fifteen minutes. ight the alcohol and permit it to | 

burn off. Cautiously ignite with a low Bunsen burner until the | 

brown fumes are no longer emitted. Increase the flame and com- 

plete the ignition. 

Dissolve the ash in 10 ml. of 2 N HpS04. Stir well and 
filter through No. 42 Whatman filter paper. fake 5 ml. of the 

filtrate and dilute to 100 ml. in a volumetric flask. Stopper the 

flask and shake. Pipette 5 ml. of the solution into a Nessler 

o tube. Add 25 ml. of water and 3 drops of phenolphthalein indica- 

tor. Neutralize with N/15 NaOH. Proceed as in the Truog method 
: for the determination of available phosphorus. 

Determination of Total Potash 

Place .5 to 1 g. of the ground tissue in a crucible. 

Add 10 ml. of 2 N HeS04. Place on a steam hot plate and evaporate 

to dryness. Drive off the SOpg and SOz fumes under the hood with a 
low Bunsen flame. Place in an electric furnace at a temperature j 

: of 650° GC. for 30 minutes, Take up the ash in 25 ml. of .15 N 

acetic acid. Filter through a No. 42 Whatman filter paper. Place 

: a20 ml. aliquot of the filtrate in a 250 ml. beaker. Proceed as y 

in the Velk-Truog method for the determination of available potash. 

' Determination of Total Calcium and Magnesium 

Place 1 g. of the tissue in a crucible. Heat with a low 
Bunsen flame in the hood until all fumes have been driven off. i 

Increase the flame of the Bunsen burner and ignite for fifteen to H 

twenty minutes, Ceol the crucible and add 20 ml. of 6 N HCl. Stir i 
well and filter through No. 42 Whatman filter paper. Wash the | 

residue three times with water. Proceed as in the determination H 

of replaceable calcium and magnesium. i 

i 

|
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Pate | CHAPTER XX 
8 BIOLOGICAL ANALYSIS OF FOREST SOILS 

The use of biological analysis is largely confined to 
investigations of specific problems. Such studies require an 
extensive knowledge of microbiological methods. A comprehensive 
description of laboratory technique may be found in the attached 

references. This outline is limited to a few more commonly used 

methods. 

Nitrifying Capacity of the Soil 
Incubate about 50 g. of air-dry soil or an equivalent 

} volume of pulverized organic remains in covered tumblers at 
28° C. after the moisture content of material is brought to two- | 

thirds of saturation. <A weekly determination of the nitrates 

by phenoldisulphonic acid method gives a picture of activity of 

nitrifying organisms. If the soil is low in organic matter, 

0.1 g. of ammonium sulfate may be added to the sample before 

incubation. 

. Estimation of Carbon Dioxide Evolved from Soils Hl 

j One hundred grams of soil or an equivalent volume of | 

Weighed humus are placed in a 500 ml. Erlenmeyer flask. The 

moisture content of the sample is brought to two-thirds of : 

saturation and it is incubated for 48 hours at 28° C. After i 

incubation, the flask is connected with an aspiration unit i 

(Fig. 57) including the soda-lime tower (A), tower containing
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Figure 57. Apparatus fcr the estimating of carbon dioxide 
é evolved from a soil (After A. F. Heck). 

; coarse pumice saturated with Hp804 (B), tower with dilute solu- i 
tion of Ba(OH)g (C), flask with soil sample (B), and carbon 
dioxide trap with 0.5 N NaOH (E). Rubber fittings are attached | 
and air drawn through The entire system by means of a water 
vacuum pump. The air current is adjusted by screw clamps to a 

: rate of one bubble per second. 

After a definite period of aspiration the carbon dioxide 
trap is detached. An excess of 2 N BaCl, is added and the solu- 
tion titrated with COo-free 0.5 N ficl, uSing phenolphthalein as 
indicator. 

Suppose COp trap contains 25 ml. of 0.5 N NaOH and the 
red color of indicator ceased after the addition of 22 ml. of 
0.5 N HCl. The amount of NaOH converted into NagC0z by the 
evolved CO, hence, is equal to 25 - 22 23ml. Because 1 ml. 
of 0.5 N NaOH takes up 0.011 gm. COg, the total amount of carbon 

dioxide evolved is equal to 0.011 x 3 » 0.033 gm. per sample. 

In a careful investigation the aspiration 1s continued 

for a number of days until COg evolution is nearly constant. 

In most cases, the biological activity of unknown 

material is compared with a standard sample of a productive | 

nursery soil or an active type of humus. 

Determination of the Number of Microorganisms 

The number of microorganisms in the soil or in composted / 

fertilizers is determined by making a series of dilutions of a 

soil or humus suspension. A definite amount of suspension from i 

each dilution is transferred to petri dishes and nutrient agar is i 

added. After incubation, colonies of bacteria and fungi are i 

counted and the number of microorganisms per gram is calculated. | 

Reagents and equipment. Melt 17 g. of agar in 1,000 ml. of Hi 
naar oy Heating on a water bath or in an autoclave at 100° C. to | 

122° ¢, Add 3 g. of beef extract and 10 g. of peptone and restore
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to volume, if necessary. Heat until everything is in % \ 
Filter through cotton into test tubes or 3 Shy baceheha- Mele? 
with cotton. Autoclave at 15 pounds pressure, 121° to 122° C. 
for 20 minutes (test tubes) to 40 minutes (bottles). Keep agar | 
at or above 45° C. before pouring plates to prevent solidification. 1 

" 
ih 

Petri dishes. Sterilize petri dishes for one hour in a hot- | 
air oven at 160° C. or less preferably, in an autoclave for 20 | 
to 30 minutes at 15 pounds pressure. i 

Pipettes. Sterilize delivery pipettes (calibrated to deliver | 
1.0 and 1.1 ml) by autoclaving pipettes in a metal container for } 
20 to 30 minutes at 15 pounds pressure. 

Six-ounce bottles. Sterilize several 6-oz. bottles in the 
autoclave for ©0 to 30 minutes at 15 pounds pressure. ! 

Sterile distilled water. Autoclave distilled water in exactly | 
100 ml. quantities in cotton-stoppered Erlenmeyer flasks for 30 | 
to 40 minutes at 15 pounds pressure. From 250 to 500 ml will be ! 
needed for the analysis of one soil or compost sample. | 

Procedure. Add 9 ml. of sterile water to sterile bottle No. 1. 
To 6ach of bottles 2 and 3 add 99 ml of sterile water by pouring 
in 100 ml and removing 1 ml with a pipette. Addl g. of air dry 
soil to the bottle containing 9 ml of water to give a dilution of 
1:10. Shake well without splashing the contents to the top of 
the bottle, and transfer 1 ml of the suspension to bottle 2, giv- 

: ing a 1:1000 dilution. Shake, and transfer, with a sterile 
cee pipette, 1 ml. of suspension from bottle 2 to bottle 3 to give 

&1:100,000 dilution; shake the suspension. 

Label duplicate petri dishes with the dilutions to be 
used (1:1000, 1:10,000, 1:100,000, 1:1,000,000, etc.). One petri 
dish is not inoculated and serves as a check on contamination. 
Transfer with sterile pipettes, 1.0 ml of the 1:1000 dilution 
suspension to duplicate dishes labelled "1;1000", Transfer 0.1 

ml of the same suspension to the "1:10,000" dishes. Transfer 
1.0 ml of the 1:100,000 dilution to dishes labelled "1:100,000" 
and 0.1 ml of the same suspension to the "1:1,000,000" dishes. 
Further dilutions can be made if desired. 

Allow the agar to cool to 45° C, Carefully and 

quickly pour 15 to 20 ml of agar into each dish. Replace cover i 

and rotate the dish to mix the agar and water, taking care not 

to spill agar over the inner edge of the dish. Allow the agar 

to solidify, then invert the plates and incubate one week at 

7 30° GC, Count the colonies developed on duplicate plates, pre- 

ferably containing between 50 and 300 colonies per plate. 
i 

Results of determinations are expressed as number of | 

microorganisms per gram of soil or compost by multiplying the t} 

average number of colonies from two plates by the dilution factor. | 

Suppose duplicate plates have 58 and 64 colonies respee- | 

tively on the 1:100,000 dilution plates. The average number is 
61, multiplied by the dilution factor, 100,000, gives a value of | 

6,100,000 microorganisms per gram.
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PART VI 

FOREST SOTLS IN RGLATION TO SILVIGULTURE AND FoRrEST! MANAGEMENT 

"The forest is a peculiar organism of unlimited kindness | nf and benevolence. it makes no demands for its sustenance. It ex- | tends generously the products of its life activity. It provides i 
protection to all beings, offering shade even to the axeman who | 

; destroys it." 
Gautama | 

Introduction 

Forests provide a source of income for millions of } people. In the United States alone, 6 million people get their 
Ay ad daily bread from industries dependent on forest resources (Silcox). 

Forests retard the run-off of water and moderate wind velocity, 
thus helping to control floods and erosion. ‘The forest cover con- 

he serves moisture which becomes the life blood of cultivated crops. 
The forests exert a profound influence upon the physical and mental 
development of nations. The U. S. National Forests in themselves, 
provide each year recreation for more than 30 million people. Ke- 

ae. ing @ source of labor, the forest serves as a buffering agent 
moderating disturbances of economic equilibrium in time of depres- 

P 0 sion, and its significance as a social factor ts immeasurable. The 
forest is truly "man's most wonderful gift of nature" (Morozov). 

: The previous experience and research data leave no doubt 
that utilization of forest resources on sustained yield basis, or 

; their “use without abuse" (Goodman), cannot be realized without 
; due respect of soil and other environmental conditions involved in 

timber production. Specifically, the knowledge of forest soils is 
essential in solution of the following problems of silvicultural 
practice: ’ 

Survey and subdivision of land tracts for the purpose 
of forest management ; 

a Selection of tree species suitable for reforestation, 
: selection of planting sites and suitable planting methods; 

Thinnings and loggings on different soils; 

Diagnosis of detrimental conditions in unproductive or | 
; degenerating forest stands, plantations and nursery beds; ameli- 

oration of forest land through drainage, cultivation, application 
. of fertilizers, and changes in the system of forest management ; 

Classification of forest land according to its produc- 

tivity for the purpose of constructing yield tables, calculating 
the rate of annual cut, determining financial returns on refores= 
tation investment ; appraisal of forest land for purchase, land 

f ; exchange, taxation, and settlement of damage suits. 

Selection of nursery sites anc maintenance of fertility } 
; in nursery soils; | 

fi Control of soil-inhabiting parasitic organisms. 

i



CHAPTEH XXI a } FOREST SOIL SURVZY Bele 

i "Ohne floristische Arbeit-keine {| 
pedologischen Untersuchugen; i 
und vice versa: ohne pedologische- 
keine floristische. Suum cuique." Poy Arthur Feiherr von Kruedener | 

Purpose and Technique of Forest Soil Survey 

in growing agricultural crops much can be done to secure | 
satisfactory conditions of the soil for the crop selected. 
Drainage can be effected, the tilth of the soil modified by cul- 

wnt tivation and additional plant food supplied by fertilizers. In 
the growth of forests, however, such modifications are, as a rule, 

/ impracticable. Thus, the only way to secure a maximum income 
; from the reforestation enterprise, is to plant, or to encourage 

by means of partial cuttings, the snecies which are best adapted 
toa given set of physiographic factors. The information on the 
physiographic conditions, namely, cliniate, topography, ground 
water and soil, is obtained by means of a special study and map- 4 
ping called "Forest Soil Survey.! Because this survey usually 
deals with a whole complex of ecological or site factors, as well 
as the soil, it may be also referred to as "Forest Site Survey" 
or "Forest Land Survey." 

} The survey of forest land constitutes the first and most 
important step in organization of a forest tract for planned 

} management, as it determines the areas suitable for different 
, forms of silviculture and other uses. In many instances, the 

: survey provides a physical basis for subdivision of a forest with 
regard not only to silvicultural practice, but also with regard 
to transportation, logging operations, and fire control, 

In surveying land for forestry purposes, the area is 
traversed back and forth at fixed intervals, which vary from one- 
half to one-eighth of a mile, depending upon the nature of land 
snd intensity of management. The distance is measured by careful 
pacing while the direction is kept by means of a hand compass. 
The variations in soil and other conditions are recorded on the 
oricinal field map and in the notebook together with the remarks 
about specific characteristics of land, vegetation and silvicul- 
tural treatments. In order to locate exact site boundaries, off- 
sets are taken from the traverse line. Offsets are particularly 
Important in the hilly areas or tracts with dense forest growth. 

The details of the mapping technique are discussed in 
the attached references (Beaman, W; Kelloge,C.E.) | 

Use of Soil Survey Reports and Laps Jesued by the 

State and Federal Agencies 

During the past forty years the State and Federal agen- | 
: Cles have aecbariteved BCeoote soil surveys throughout this i 

Country, The results of these surveys, published as bulletins and 
Maps, are of creat assistance in forest soil surveys as well as i 
in the solution of forest management problems,
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\ As it would be expected, in the course of time, the technique of soil surveying has been considerably modified, The intensity and accuracy of mapping have been increased and inter- pretation of soil features placed on a broader scientific basis. | Because of this, the recent soil maps and survoy reports are much | more valuable to foresters than those issued in the earlier period of soil surveying, Yet, even the older maps contain much valuable information and with some additional field work they may be converted into maps of planting sites or naps showing potential possibilities of forest growth. This conversion may require either consolidation or further subdivision of the types orisinally sur- veyed. 

The classifications of the older soil surveys were 
based entirely upon the possibilities of agricultural land utilization, This viewpoint, however, is not always in agreement with the interests of forest management. In many cases, the con- 
ditions of forest growth are essentially the same on a number of 
soil types of different arricultural importance, viz., stony or stoneless soils, loam or silt loam soils, soils of glacial or residual origin, and so forth. On the other hand, soil types of the agricultural classifications nay not be sufficiently uniform 
from an ecological standnoint to savisfy the needs of forestry 
practice. This is particularly true of soils having minor agri- 
cultural value, such as wind blown sands, light sandy outwash 
soils, soils of rough moreinic deposits, poorly drained mineral 
soils and peat soils. ‘Types of this nature, though unproductive 
agriculturally, may show considerable variation in forest growth. 
These variations may be affected by topography, leaching, drainage, 
nature of organic remains, and soil texture. ‘The ecological and 
silvicultural significance of all these factors is discussed in 
the following outlines, 

| 

(a) Topography. In surveying land for agricultural use the 
topography is usually classified into different types, such as 
level, undulating, rolling or rough. In forest land surveys, 
however, it is necessary to consider not the types or forms of 
topography, but its elements such as hilltop, ridge, plateau, 
valley basin, and s lopes of different gradient and exposure. 
This difference in the classification of topographical features is 
likely to cause most of the difficulties when an attempt is made 
to adapt the data of a general soil survey to forestry purposes. a, 
Since the composition of the soil profile varies depending upon 
tts location on top of the hill, on the slope, or in the depression, 
swveys which consider only the general lay of the land, may 
Neglect essential Gifferences in the type of organic matter, de- 
Sree of leaching, content of nutrients, and other important soil 
properties, 

As a concrete example, stony unassorted norainic loans, 
sppear on older soil maps uncer the name "Kennan loam." As re- 
forestation experience has shown, this type may include two silvi- | 
culturelly important phases, namely, strongly leached, often 
Cemented podzol loams with raw humus, and a reaction as low as \ 
PH 4,0 and unleache d, friable loams with imull humus, and a 
reaction approaching pi 7.0. These two phases require different t 
iethods of selective logcins, as well as different species for 
Planting and must be carefully differentiated by means of an 
additional survey. 

!
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Figure 58 illustrates a more complex condition found 
in northern Wisconsin on rough glacial deposits of sandy texture 
(Vilas sandy loam). This example emphasizes the enormous in- 
portance of topographic features in the distribution of forest 
vegetation and, hence, in the selection of planting sites for 
various tree species. 
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Figure 58 

Forest sites encountered on partly assorted glacial 
sandy deposits of recent drift derived from granitic rocks 
(Vilas sandy loam, Langlade County, Wisconsin). 

(a) Stagnant pothole; Black spruce-tamarack (Ledum-Chamaedaphne ) 
site; (b) Swamp-border podzol; Pine-aspen-birch-balsam fir 
(Cornus-Rubus) site; (c) Slightly podzolized denuded sand, 
steep southern exposure; Jack pine-red pine (Myrica-Gaultheria) 
site; (d) Barren gravelly sandy ridge (Cladonia-Arctostaphylos) 
site; (e) Podzolized sandy loam, northern exposure: Red pine- 
white pine (Vaccinium-Gaultheria site; (f) Sandy loam podzol 
with ortstein: White pine-balsam fir (Vaccinium Cornus) site; 
(g) Weakly podzolized humic sand, considerably assorted: Red 

rine (Arctostaphylos-Ceanothus) site. 

When the land attains a mountainovs character, the 
variation in climatic conditions of different aspects may 

greatly over-rule the effect of soil properties. In such 
localities, the survey for forestry purposes requires a 

Specific approach as outlined later under a special heading. 

!
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j (b) Soil Texture. The soil containing less than 12 per cent f of silt ancl’ clay are of minor value for fares. heretics such soils appear in arricultural Classifications as a single type | ant for instance Plainfield sand or Vilas sand. From the standpoint 

of reforestation, however, very snall differences in the content : of fine separates in such sandy soils are of great importance. | ; For instance, in northern regions, the soils containing less | than 5 per cent of silt and clay are not suitable for commercial reforestation; soils having 5 to 10 per cent of fine material are suitable only for planting Kigh light demanding pines, such as | jack pine; sligitly heavier soils are adapted to semi-tolerant 
pines, such as red pine. Thus, in the surveying of light textursa | soils for forestry purposes an especially careful and detailed i textural classification is required, 

: On the other mand, detailed lnowledge of colloidal con- , tent in heavy soils is only of minor significance to the forester. : As far as texture is concerned, such soils are capable of support- ing any type of the upland forest vegetation. In other words, in heavy soils the colloids cease to be a limiting factor, and are of Importance only as far as they influence the physical condi- 
tion of soil, namely structure, internal drainage and aeration. 
For this reason, several textural types of agricultural classi- 
fications, such as loam, silt loam, and aney loam in some instances 
may be regarded as one forest soil type. ~ 

(c) Stoniness. Some of the agricultural surveys distinguish 
; the soil types according to the amount of stones per acre, as ; i stoniness is a hichly important factor in the possibilities of 

acricultural land utilization. In such a classification sone 
wine types may be divided into as many as four sub-types, based upon 

the degree of stoniness. From the stendnoint of silviculture, the 
presence of large stones is of significance because it eliminates 
the possibility of plowing and, hence, should be considered in 
forest soil mapping. At the same time tho detciled classifica- 
tion of stoniness is of little importance to the forester because 
stones do not interfere with the spot planting method, and may 
even be beneficial by providing shade to trees planted on cut- 
over or burned-over land, 

Degree of Accuracy and Cost of Survey 

The survey of land for forestry purposes is confined to 
spcific areas selected for intensive forest managzenent. It 
S3ldom covers an area larger than one township, or 36 square 
titles, and is ordinarily carried on by traversing land at inter- 
vals of one-eighth of a mile. The area mapped as a separate type 
may be as small as two acres. ‘This great intensity is justifiable 
because the character of a plantation or of selectivity logged 
stand can not be changed for many years. Therefore, the surveyor 
of forest land is responsible for the results of a long time 
investment. 

| 

The survey of forest sites is relatively expensive, its 
Cost often running as high as 10 cents per acre, This expense, 
however, is allowable as the planting of trees includes not only 
the cost of seedlings and planting operation, but also the ex- 
Penses on taxes, fire protection, silvicultural care, and compound 
Interest on all this money for a period of 50 or more years. Under 

i
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such circumstances an insufficiently detailed survey, and subse- quent improper planting may result in sreat losses, The minimum 
cost of planting is 7 to 10 dollars per acre. The minimum cost of the total investment is 50 to 40 dollars per acre, Thus, the 
cost of planting one township is nearly a quarter of a million 
dollars, and the total investment may exceed a million dollars. | The cost of a detailed soil survey of one township is about 2,000 \ 
dollars which constitutes but 0.2 per cent of the total invest- 
nent. These figures show clearly that it is advisable to spend | the necessary amount of money on a careful selection of planting | 
sites in order to be sure that the most decisive step in reforos- | 
tation is taken in the right direction, | 

| 
Equipment | 

Below are listed the most important. items of equipment 
required in forest soil surveys. | 

| 
Spades and soil augers, forester's compasses, tally 

comters, fileld-sheet holders with rubber bands or tatum-holders 
aid supply of field sheets, graduated rulers, triangles, paper, 
pencils, pens, erasers, ink, and thumbtacks. 

liyposometer, diameter tape, increment borer, folding 
rule for soil profile measurements, soil testing outfits, bags | 
for soil samples, blotters and herbarium frame for the collection 
of plants. 

An accurate tire pressure cauge, in case a car with 
speedometer is used in surveying the area. 

Plane table with accessories wien there is no base map | 
and an accurate survey of roads is required. | 

The chief of the surveying crew must make sure that all | 
the equipment needed is in sufficient quantity and good order so \ 
as to prevent unnecessary delay of work. 

1 

Correlation of Soils and Forest Growth as a 

Basis for Establishing Soil Tynes 

The greatest fault of the early soil survey classifi- \ 
cations wags the establishment of soil types on the basis of 
theoretical, speculative assumptions instead of observations of 
soils and grow th of plants in nature. As a result of this, in 
many instances "The soil surveyor knew the difference in soil 
Properties when the vegetation did not." To overcome these 
discrepancies, the abstract classifications were gradually subject- 
&. to critical ecological analysis, using as an indicator the 
distribution of natural plant associations, and their rate of } 
frowth. As a result of these studies, there was recently advanced | 
a theory of “ecological equivalents", based upon the fact that | 
the floristic composition of a stand and its rate of growth on a 
Slven site are a complete expression of all the productive forces i 
of that environment. In other words, the condition of vegetation 
Was accepted as the only faultless classificational basis and the 
8011 and other environmental factors were correlated with the dis~- 
tribution and growth of plants. Sinmltaneously, the mere “soil
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classifications were replaced by broader and more elaborate 
ecological "site" classifications, 

: Since the condition of the forest association is the | 
only object of importance to the forester, the ecological | 
relationships form the foundation of the present day surveys for 
forestry purposes. On the basis of these principles the general | 
procedure of the establishnent of types to be surveyed is out- | 

' lined below. 

The soil surveyor selects in nature a sufficient number 
; of sample areas, supporting forest stands of similar composition | 

of trees, shrubs and ground vegetation. These areas are usually | 
selected within the surveyed tract, but in case of cut-over or 
burned-over land may be located in the surrounding territory. The 
outstanding floristic and mensurational characteristics of tho 

; saple areas are recorded. The determination of the average rate 
of growtn, and the identification of the typical plant indicators 
are of particular importance in this phase of the study. A care- 
ful investigation of the soil profile is made at the same time 
tat the mensuration and botanical records were taken. ‘The 
statistical treatment end comparison of all the data obtained, 
outlines the principal ecological units. ‘These may be further 
subdivided in accordance with the needs of reforestation practice, 
For instance, the same silt loam mull soil, supporting a hardwood 
stand with a ground cover of Naidenhair fern, may be divided into 
two types, nenely: level outwash silt loam, allowing for furrow 
planting, anc rough steny morainic silt loam, requiring spot 
planting. 

Invariably, in forest soil surveys, the areas separated 
must have differences of practical sisnificance either in their 
adaptation to tree snecies, rate of stand srowth, possibilities 
of natural reproduction, technique of planting, or methods of 
thinning and logging. 

1 The actual surveying of land is usually influenced by 
the rule of “practical balance" requiring Ren ADA Eon of snail 
areas characterized by great differences, and large areas Ccharac- 
terized by small direareneee, According to this rule, frost 
pockets or potholés 56 acres or less in size may be mapped separate- 

ly in a sand region, while areas of a light sandy loam can be ; 
overlooked unless they attain a size of 8 or more acres. The 
mapping of small but conspicuous areas, such as leather leaf bogs 
or rock outcrops, is often desirable not because of importance 
of the areas theriselves, but because of their value as landmaris. 

Soil types or sites surveyed are designated on the basis 
of location of the representative area of the type, morphological | 

Properties, suitability for certain tree species, or characteristic | 

eek ground cover, 

: Naming soil types after a certain town or locality, such 
as Plainfield sand or Kennan loam, is the easiest way to classily 
& creat var variety of soil types, it eliminates the necessity of | 

Using long descriptive names such as "slightly podzolized sandy — 
loaa over clay", and prevents possible confusion of soil types in
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different pegeone et oat viol provided with a legend of this i “ind canno é interpreted without an accompanying 
qpeonvenient in the field, tect Genate tates oe 

‘Weta ‘ ve me basis 7 eee taces features the soils are : designated as, for example, barren sand, leached sand outwash | 
mull loam, morainic loam podZol, wet loam, mottled loan, structur- ed clay, etc. ‘This Is the most direct and descriptive method, 
end should be used at least on the basic soil map, provided tho 
survey is confined to a limited area. If the area surveyed has a 
great variety of soil types, nomenclature often involves a combina: 
t‘on of textural, genetical, geological and hydrological charac- | 
teristics. | 

Designation of sites according to characteristic tree 
species such as "Jack pine site", "Spruce site", "Lowland hardwood 
site", 1s most useful on the map ensuing pUMeiae possibilities, 
Such a map is usually constructed from the basic soil map by com- 
bining soil types suitable for planting to the same species, ovr 
the samo mixture of species. This system meets with the enthus- 
jastic approval of practical foresters, because of its simplicity 
and directness. However, the presentation of the entire survey in 
terms of planting sites often may not be desirable as there may be 
great differences in productivity and response to management of 
soils suitable for the planting of the same species, or supporting 
stands of the same composition. 

The use of the characteristic ground cover as a basis 1 
for classification such as Vaccinium site, Fern site or Wood- 
sorrel site, is very conveniéiit in surveys o: extensive forest 
tracts supporting virgin or mature forests. Also, the map of 
floristic sites may be very helpful in carrying on the planting, 
thinning and selective logging program in regions with diversi- 

. ; fled topography. In surveying tracts with large areas of cut- 
over land or young second growth stands a purely floristic legend 
may lead to serious misinterpretations and general confusion. 

: In the majority of instances it will be found desirable 
; to present the results of the survey on a map showing soil types 

Classified on the basis of their morphology. This map may be 
, fuother supplemented by the map of ecological sites, based upon 

auaptation ‘of land to certain tree species, or upon characteristic 
ground cover vegetation. In some instances boundaries of sites 
may be superimposed upon the soil mep by using lettering, water 
colors, dotting, cross-hatching, or some other method. 

Soil Survey Report 

The map of forest soil types, or forest sites, must be 
&tcompanied by a report written in clear, carefully worded | 

; i Innguage. This report must contain the following information: | 

(1) General Characteristics of the Area Surveyed. Geograph- 
tc location, variation in altitude and topography, Water basins, 
rivers and creeks, ownership, transportation facilities, local 
Wood-using industry, importance of area in recreation, wild life 

' Management, forest fire hazard, and other data of practical 
Slenificance, 

}
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(2) Climate including data on mean annual, minimum, maxi- 
mum, and growing season temperatures, occurrence of early spring 
and late fall frost; annual and growing season precipitation, 
frequency and curation of drought periods; number of cloudy days 
per growing season, air humidity, precipitation-temperature or 
precipitation-saturation deficit ratios, direction of prevailing 
winds and possibly other data of importance, 

(3) Geology. Nature of surface formations and underlying 
»v rocks; mineralogical origin of parent soil material; processes 

8 of erosion. 

te (4) Vegetation. Record of forest trees, important shrubs 
and characteristic ground cover associations. 

(5) Technique of mapping employed including the statements 
: in regard to meliatittiy oF cent vere Tetenvela at which the land 

f was traversed, size of area recognized as individual type or 
site, general accuracy of survey. 

(6) Soil and site classification giving a brief review of 
soil types or sites recognized, method of soil study, number of 
svil profiles investigated, frequency of borings, designation of 
horizons, use of forest cover and ground vegetation as a guide 
in soil classification. 

(7) Detailed description of types surveyed. Composition of 
soil profile, statement atott nature of organic remains, content 

) of colloids, depth of ground water, moisture of the surface soil 
) layers, aeration, reaction, and available nutrients. Composition 

of main forest stand, understory, shrub layer, and ground vege- 
tation. Approximate rate of growth. Possibilities of natural 
seed reproduction, ability of certain species to sprout, competi- 
tion of weed species. Suitable systems of silvicultural manage- 

i ment; types of thinnings, release cuttings or selective logging, 
Syecies important in soil conservation, game and fish protection, 
reduction of fire hazard, or as seed trees and nurse trees. 
Possibilities of artificial reforestation; species suitable for 
planting and advisable methods of planting. 

It is advisable to attach to the report a schematic 
drawing of representative soil profiles. Such a drawing should 
indicate the minimum and the maximum depth of separate genetical 

. horizons, emphasizing especially the impervious layers of hardpan, 
strata with a high content of carbonates, and water-logged layers 

of gley. 

Figures 59 and 60 present examples of a forest soil map 

and a schematic outline of well-drained soil profiles from the 

podzol region. 

Some examples of Soil Survey reports may be found in | 
the literature cited. 

The Use of Soil Survey Data in Forest Management 

The soil types delineated by the survey usually Cen Oa, 
as the units of forest management, called "compartments" or "lots" 

Depending on circumstances, however, the forester in charge may 

I
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W 8) Sandy podzol; (4) Swamp podzol with hardpan and gley layers; (5) Humus-incorporated morainic loam; | 

Hunus-incorporated outwash loam; (7) Leached morainic loam; (8) Loam podzol with a hardpan layer.
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either combine several soil types, occupying small areas, into 
one compartment, or may subCivide extensive areas of the’ same 
type into a number of compartments. (Jhen a Compartment includes 
a complex of soil types, these are treated as "subcompartments". 
fhe subdivision into subcompartments may also be necessary be~ 
cause of differences in the origin, age, or composition of forest 
cover. 

The compartments are customarily designated by Arabic 
numbers and subcompartments by small letters. Such designation 
helps greatly to keep a permanent orderly record of all the data 
pertinent to the growth and silvicultural treatment of individual 
forest stands. Table 31 gives an example of stand inventory 
comprising a part of the management plan. 

Table 31. Stand Inventory 

Unit: Composition : Composition :Area : Age :Site : Remarks 
:__of soil _: of stand :acres: yrs. :index: 

Ya : Podzolic 70.8 “wh. pine’, : ; ; : ; 
: sandy loam; :Red pine+, : ‘ 3 3 Release 
tlevel outwash:Aspen? 3 17.3: 22 ; 0 : cutting due 

b: -". : Recently : 3 3 To be 
f : burned area : 5,5: -- : -- : planted to 
$ : : : : : red pine in 
3 : 3 : : 3 1941 

ce :Swamp-border :0.7 Wh. pine®, : 5 3 : 
ssandy podzol :Wh. sprucet, 3 3 : : No treatment 

: sba. fir“, i 3 : : until 1950 
: saspen4 $ 6.4? 22 : 650 3 

In the event that the forest tract is composed of 
several large areas having different conditions of physiography 
and forest cover, such areas are treated as independent broad 
management units referred to as "working circles". Usually work- 
ing circles are managed on different rotations and under different 
silvicultural systems. Heavy morainic deposits with hardwood 
stands attaining suitable lumber dimensions at the age of 80 years, 
eid sandy outwash with jack pine available for pulp at 40 years 

lay be given as examples of two working circles. 

Survey and Subdivision of Forest Tracts in the Nountains 

In a country with sharply pronounced relief, especially 

in high mountains, the conditions of exposure and gradient play 

just as important a part in the forest growth as do the properties 

of soil. Because all physical factors of forest growth, including 

Climate, ground water, and soil, are affected by topography, the 
intimate knowledge of its influences is essential for proper 

Subdivision of forest tracts.
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Hill tops, ridges, and similar elevated portions of to ES : ke 2 ) bd. po- 

caphy receive much light and heat; they are exposed to the wind and 
elt available moisture is at a minimum. ‘J.e valleys and basins, on ie contrary, receive a smaller amoumt of light and heat, but an ‘ jmndance of moisture. As a result of this, tho xerophytic forms of 
est cover tend to occupy the elevated localities, whereas tho ophytic anc lygrophytic vegetation is largely confined to depres- 108 « oe and epee ts or kettle-like depressions tend accumulate cold, stagnant air, which is detrimental to vegetation. 
ph result are a depressions, or "frost pockets", bial : ly frost resistant trees, Very often frost pockets are treeless 

; covered with dwarf specimens, " : 

The conditions of light, heat, and moisture are also 
influenced by the exposure of slopes. In general, the exposures to 
considered from an ecological standpoint are: northeastern , 

wrthwestern, southwestern, and soutneastern. The northeastern 
upsure is the darkest and coolest. ‘The southwestern exposure is 

the eee ee most light. ‘he other two exposures 
wcupy intermediate positions. In the majority of cases, the north- 
stem and northwestern slopes retain a greater amount of evailable 
wisture because of the lower temperature, moderato ovaporation, and 

. rtarded molting of snow in the spring. But the moisture content of 
iforent exposures, of course, varies greatly with the direction of 
in-bearing or dry winds. The variation of climatic conditions on 
Bente different exposures becomes more prohounced with increase 

. in gradient. 
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Ks The influence of exposure is often manifested in the dis- 
Rution of tree species. Almost all over the northern hemisphere 
i Pine forests at high elevations tend to occupy the southern slopes, 
n le Spruce and fir stands are found on the northern slopes. Paper 
Meh of satisfactory growth in southern Wisconsin is prevalent on 
Sthern exposures, whereas oaks in northern Wisconsin make the best 
oh on southern exposures. In general, the forest species near 
ing naary of the region in which they occur tend to occupy the 

§ facing that region.
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The growth of forest trees in the spring on northeastern and | jg0 on northwestern exposures starts late; consequently, there is 

ttle danger of injury by the late frosts, and the plantings are more 
jaecess ful. . For obtaining natural reproduction on these exposures a 

y ther heavy thinning of the mother stand is required in order to 
cure sufficient light for young seedlings. on southwestern, and to 
ie extent southeastern exposures, seedlings suffer from late frosts. 
mgrefore, the spring planting and seeding should be done on such 
jnosures As late as possible. The intense evaporation on these sites 
i; often responsible for the lack of moisture and failure of plantings. 

Ja fire hazard is especially great in these localities. In cuttings 
fy natural reproduction, a rather dense canopy of the mother stand 
st be maintained to prevent too rapid decomposition of hums. 

Topography affects the propertios and productivity of soil. 
iter running down a slope carries eroded fine soil material, hunus, 

‘ {dissolved salts which are deposited on the lowor slopes and in 
Jressions. Because of this, three basic land types may bo distin- 
ished: (1) eroded tops of hills and ridges, often dry, low in avail- 
ile matrients and with a relatively poor tree growth; (2) enriched 
liner slopes, usually fairly moist, well aerated, and fertile; 
turacterized by productive forest stands; (3) basins and valleys with 

. igh content of hums and mineral salts, but also often with exces- 
We moisture, insufficient acration, and, hence, little availability 

‘ iimtrients and poor tree growth, 

It has beon found by mensuration studies that the rate of 
.fowth on a complete topographical complex 1s expressed by a curve 

; ich can be correlated with the three main factors of forest growth: 
Wisture, avration, and available nutrients. The poor growth of 
imst occurring on the highest areas is correlated with a low amount 
{moisture and nutrients. As the elevation decreases, the trees, to 
ftertain point, have a tendency to level the relief with their crowns. 
ter reaching the optinam soil conditions, the growth drops abruptly, 
accordance with rapidly decreasing seration (Figure 62). 
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te Ne A "  BPyeure 62, Influence of topography 
ae upon the rate of forest growth 

” With reference to the erosion.and deposition of eroded 
Bete, topography may be classified, according to Passarge, into 

8 principsl types, 

Positive topograrhy, including the portions of relief subject 
jfieston, such as~peakn, ridces, ill tops, hog bucks, and higher : 

‘ 83
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: Neutral toporraphy, including nearly horizontal formation 
: snas plains, terraces, and plateaus; - Se 

‘a Negutive topography, ineluding the portions of relief sub- 
oh bet tO deeceteten of eroded materials, such cs lower Slopes, valleys, 

‘ wyons, and basins. Valleys and canyons have « definite surface 
° ; goff, and show certain re-translocation of deposited matter. Tho 

sins have no surface run-off, and are tho areas of a final deposition, 

; The intensity of erosion, the productivity of forest soils 
jtheir adaptation to silvicultural practice depend upon the steep- 
sof Slope. Accordingly, the topographic features are expressed 
-the following classification: 

Derree of Gradient Type of Topography Type of Slope 

ve 0-5 level or wndulating wane 
5-15 gently rolling gentle 

15-30 rolling moderate 
: 50-45 hilly steep 

45 or more rough precipitous 

The best conditions for silvicultural practice are found on 
wel land and gentle slopes. Moderate slopes are also satisfactory 
mw tree growth, but plowing the land for planting is more expensive, 
wep Slopes are absolute forest lands, and subject to intensive 
sion; selective logging is preferred since artificial reforestation 

: ‘Founters difficulties. Procipitous slopes ars characterized by a 
. Ply destructive run-off and scarcity of fine soil material. Very 

tien commercial forestry cannot be practiced in such localities, 

, . A5° 
Figure 63. Types of Topography , 
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, In the majority On Casey, the topography is responsible for 
je distribution of ground water. The depressions have a high water 

; jvel which permanently Jafluences the soil and forest vegetation. 
fre lower slopes are influenced by the ground water rather periodically 
athor directly or by means of capillerity (Ficure 34, The elevated 
yeas are not influenced by the ground water at all. This relationship, 
jwever, does not always hold true in nature, It is possible to find uo ground water level higher on the elevated plain, than on the 
lower slopcs. This may be caused by the occurrence of rock sub- 
tratum, woathered glacial till, or layers of colloidal shale, Also, ' tho ground water table may be formed in upland relief by the impervious 
daypan layors resulting from translocation of colloidal substances, 
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Figure €.. Influence of external and internal relief upon the 
ground water level and distribution of forest vegetation. 

The distribution of ground water gives rise to the three 
ste (roups of soils: wet organic soils or swamps $ poorly drained, 
“ist mineral soils or swamp-border soils; well drained, dry or 

\ Mehtly moist upland soils, Thosa three groups of solls are 
Moclated with correspondins broad classes of forest cover, 1.0., 
mand forest, swamp-border forest, and swamp forest. Well drainod, 
ath sufficiently moist upland solls show the best productivity; 
‘sufflotently drained, swamp-bordor soils show medium or low Brow 
tivity; wot orgenic soils show very low productivity. An ospecially 
Mr growth of troca is found in basins with stagnant water. The 
"ls of this nature are characterized by lack of oxidation and 
imal at ion of toxic substancos. In some casos, the stagnant water 

ci to a complete substitution of the forest by lower vegetation, 
Mh as luathor leaf, sedges, halophytic plants, ete,
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; } fo eR Oe “ror, the earlicst dazvs of orcanigace rilviculturs in Bur onean ' wintricst 0; ography usuaily served ag a basis for subdividing forust if into compartments, which-aoro the pormansn!, units of forest 

acts P ’ Py ‘ 
| gnagoment . According to old prartios, th: boundaries of compartments qolly colneidod with ridges, cliffs, etroaus, Lake snores, and roads. s jubdivision of this kina, however, @isresarded the uniformity of soil j gi forest vegetation within the compartment and led to unnecessary i cations in forest manacement,. Under the influeice of findings : 

en & i soil scientists and 6cologists, the recent tendency has been to | gidivide the forest areas into conpartments containing ecologically piform topographical features, and Consequently, uniform corditions i jfyrost growth, 

] Figure ¢5¢ives an 6xample of an erroneous, purely mechanical aidiviston of a forsst tract taken fron the standare Suropoan text on fest management by Guttenberg, It is obvious that compartments as 3, 28, and 33 ombrace two redically different site conditions, i.e., ivalley with alluvial coil, supporting moisture-loving species, par- larly alder, and a well-draincd upland soil supporting a mesophytic frost. In compartments 34, 55, 56, and 87 tho forests of hi gh pro- uetivity on lower slopes are thrown together with inferior stands of xdge-tops with shallow, croded soil. Further discrepancies may be fond in compartments 9, 10, 11, and 12, which are. not correlated with : mosuros of the samo ecolosical sir ificance. : 
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Meure 65, Subdivision of the Purkersdorf Forest near Vienna, 1 (Adopted fromm A.V. Guttenberg's Forstbetriebseinrichtung). ! 

' , Subdivision of forests on an ecolopical basis often mects | + ‘ith objections from practical foresters, who point out the inconven- | Hees which may be created in logging operations and road construc- | “M, Their arguments arv based chiefly on the asswaption that the 4 
a. g yee tment boundaries must coinetée with roads and other permanent W , lects, However, for all practical purposes the ecological boundar- ity 

‘he ’ 2 oe d + & 
Ha wf Coupartments can be marked in nature by blazing trees or set- i 68 limited number of posts. In many instances, the boundaries of q powtnen ts wili be sufficiently indicated by differences in . | “Wsraphy as well as b Composition of the forest, and will nesd no \ 
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2 king. Also, quite often it will be found that construction of roads | 
note the ecological boundaries is just as cheap and convenient as 
itherw1Se « Wien the forest stands mature and are cut in different : 
mys, according to conditions of habitat, the differences in the 4 
wrenoerated stands will serve as boundaries. i 

Ficure 66represents a contour map of a forest tract in rol- 
ying topography, illustrating a method of subdivision which sufficient- 
iy prosorves the ecological uniformity of compartments. The roads are 
ingheated by heavy solid lines and the blazed boundaries or trails 
y the broken lines. ’ 
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Figure €6. Subdivision of a forest tract into topograph- 
ically uniform compartnents 
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CHAPTER XXII i 

SOTLS AND TREE PLANTING i 
1 

"Probieren geht ueber Studieren; 
aber erst studieren, dann 
probieren." 

Heinrich layr i 

Reforestation Program | 

The reforestation program in a given region includes the | 
following major steps: the selection of the species suitable for | rlanting, production of the planting stock, selection of planting | sites for each species, and planting proper. | 

Selection of Tree Species 

The species for planting are usually selected by the 
chief administrative officer responsible for the reforestation of 
a large territory, such as a state or a national forest. The ; conditions of climate and soils, resistance to insects and | diseases, and the commercial importance of the species are the | principal points considered in the selection. 4 

In order to facilitate the location of nurseries and 
the proper distribution of stock, extensive regions are some- 
times roughly divided into several areas adapted to certain com- 
bination of tree species or specific type of reforestation. 
Figure 67 gives an example of such broad Givision on the basis of climate and soils. 

The seed of the chosen species is acquired from 
reliable sources and used either for direct seeding or for rais- ing planting stock in nurseries. In the great majority of cases the selection of trees to be planted is confined to native species 
the seed or cuttings of which are collected in the same region, and from areas ecologically similar to the planting sites, 

The planting of species introduced from aborad or from other sections of the same country is hazardous and must be car- ried on with rigid observance of the rules of acclimatization. 
tae wholesale recent destruction of Norway spruce stands of central Europe by Nun moth, spruce beetle, and red-rot has fiven host convincing evidence of the danger involved in the violation | of the site requirements of a species. | 

whereas the danger of the introduction of "foreign" or H "exotic" species is usually emphasized, little consideration is | Siven to the shifting of "native! species within the boundaries 
of a political unit, even though such a translocation sometimes i involves much greater changes in the environnental conditions. i A translocation of white spruce, for example, 200 miles from i} northern to southern \jiscousin may present a much more difficult i problem of .acclimatization than the translocation of Scotch pine Hh from the Danube Valley, 5,000 miles, to central \iisconsin. Thus, at & "foreign species’ in a political sense, may be a "native i Species" in an ecological sense, end vice versa. 

q 

ti



: 259- i 
i itt? tree Planting Arcas ™ 

AG CP 1. Prairie soils: ES 0 LS tree planting is limit- ai ao gles ed to shelterbelts, 
OS a oe game-cover, and eros- | 

Kv ie 6 A ion control. 4 CACY A aan i We ci ONG } g €. S8i1t loams de- 
‘ ae we fe re oO rived from limestone 
Lett Slee hy if a) or Calcareous drift: ENG mh 2) 6 Af White or green ash, 
Hee? Tet, Nels niin ty BY, ihe of American elm, black 7 RR ON aS?” as : ae fe walnut, hickory, and | \ ROS 9 3 L 3 Jd +” ee oak species; red and 
Ss Myers ste eH white cedar. Planting | 
GNA 2% 28 Stes of other conifers is B55. Loe he 3°. gon questionable. | 
IAA ER > TLE 

; Ate SM ON CS Bee 3. Sands and sandy : $s Ro - RR PERG SH loams derived from et is PR oo See » Siliceous rocks: Jack ) 
Ce SEG ORES, Ns 1 pine, red pine and 

tS) POD Sh A See white pine; black 
Bes) Aa ea 2 tecust and cottonwood. 

Ka kes rg wee eS Planting of other de- 
ciduous species should 
be confined to a few 
areas having a heavy 
clay subsoil. The 
planting of spruce is 
inadvisable. 

. Figure 67. Silvicultural Regions of 
Wisconsin 

: 4. Sands and sandy loams derived from granitic rocks: Jack 
pine, red pine, white pine; planting of spruce should be confined 
to the more favorable areas with boulder Clay subsoil and acces- 
sible ground water, 

5. Slightly leached loam soils with mild humus: Northern . hardwoods: rd maple, basswood, American and rock elm, red oak; i ; white pins. Planting of spruce is questionable. | 

6. Strongly leached loam soils with raw humus: White spruce, yellow birch, elm. Other northern hardwoods should be confined i 
to sporadic areas of slightly acid soils. The planting of inter- i ye Spersed sandy soils should be limited to pines. i} 

7. Lacustrine clay: Planting is handicapped by the unfavor- | able physical properties of the soil, heaving, and high content 
: of lime in the subsoil, and should be carefully investigated in | 2 he fach individual case. 

|) 
: ii} 
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Selection of Planting Sites t 

As a rule, the selection of planting sites on organized i 
forest tracts constitutes a part of the forest soil survey which 
covers the entire management unit. Otherwise, areas suitable for 
planting of the available nursery stock are selected periodically 
according to the existing need. The sites for spring and fall i 
planting are usually selected the preceding fall and sunmer, | 
respectively, 

5 The most important factors to be considered in the 
selection of planting sites are briefly summarizec in the follow- | 
ing outline, which may serve as a guide in field work. 

| 

‘ Site factors. Exposure to sun and wind; distribution of preci- | 
pitation, snow cover, winter killing, frost heaving, drought i 
injury and sun scald. Danger of frost injury from the accumula- 
tion of cool air in frost pockets. Position of the area in regard 
to inundation. Uffect of gradient upon soil erosion. 

Soil factors. Height of water table; saturation of soil in 
spring, effectiveness of capillary water in summer. Soil texture 
and structure; moisture content and aeration tn erstical pericds, 
danger of frost heaving, possibility of leaving air pockets in i 
the planting hole. Depth of occurrence of impervious layers, such 
as hardpan, claypan, or rock substratum, and their effect on root 
development; danger of drought and windfall. Amount and kind of 
humus; its effect upon the growth of plantation and possibilities 
of natural reproduction. Reaction of soil. Content of essential 
nutrients, viz. nitrogen, phosphorus, potassium, calcium and 
magnesium. Toxic substances, especially calcium and magnesium 
carbonates and highly concentrated soluble salts. 

Biotic factors. Competition of herbaceous and woody vegeta- 
tion. Danger of injury by rodents, game and Grazing livestock. 
Possibilities of natural reforestation. Sociological relations 
of planted species to native vegetation including trees, shrubs, 
ground cover and lower plant forms, Danger of insect attacks 
and infection by diseases. 

It is obvious, that in addition to ecological condi- 
tions a number of purely economic factors, such as recreational 
value of area, transportation facilities, danger of fire, etc., must be considered in the selection of planting sites. | 

| 
Because the significance of soil factors varies con- | : Siderably under different climatic conditions and with different 

®cological varieties of the samme species, only general sugges- tions can be given in regard to the suitability of soils for i Planting various trees. Table 32 presents the approximate data ; 3 on the depth to ground water level, soil texture, content of 
organic matter, and reaction of soil related to the planting of i S@veral silviculturally important coniferous and hardwood species. | It should be stressed that a success of planting cannot be assur- i ec with the species having only medium or low ability to survive i} on exposed cut-over areas unless such species are planted under 1 Protection of a nurse stand. 

Hy 
i 
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Table 32, Planting Site Requirements of Representative “61- i 
Coniferous and Deciduous Species : 

— ~~ FADLLity :hinimum :linimun: Minima i 
sto sur-:; depth :content:content : i 

Species svive on: to sof silt:of organ-:Range of 
to be planted sexposed:ground :& clay sic matter:suitable | 

tcutover: water : par- :in 7-inch:reaction 
t ce _i areas : table : ticles: layer : | 

a : :> feet tpercent:percent : pi 

; CONIPSRUS VIRGINIANA*: High ;: 4.5 : none ; none :;: 5.5-8,0 
Red cedar ; : ft : : | 

LARIX LARICINA* ’ High ;: 1.6 3 Afey Beso) § 6. e040 
Tamarack : 3 3 : t | 

PICEA GLAUCA : Low Hi 5.0 : OOF: 4.0 3: 4.7-6.8 
White spruce : : : 3 : i 
PICEA Ei.CELSA : Low : 3.0 : OOn y: 4.0 : 4.7-6.3 
Norway spruce 3 : : 3 3 | 
PINUS LARICIO* 7 High 4.5: Omens 2.5 : 6,.8+€.0 | 

" Austrian pine 3 : : ‘ 3 3 | 
PINUS BANKSIANA Soa eile one 4.5 3: os 1.0° : 5.5-6.8 

Jack pine : $ 3 3 : 
PINUS ECHINATA Sieh: 4.5 3 vO gues 1.0 : 4.7-6.8 
Shortleaf pine ; 3 : 3 3 1 
PINUS PALUSTRIS : Hteh + 5.0 : none ; none : 4,.0-6,.8 1 
Longleaf pine : ; 3 $ i 

PINUS PONDEROSA 7 High 4.5 : 1O= 3 1.0 : 5.5-8.0 
We. yellow pine : : : $ 3 
PINUS RESINOSA : Medium: 4.5 3 10°. 3 1-8 3: 5,546.8 

Red pine : 3 : 4 3 
PINUS SILVESTRISs +: High 3: 4.5 : LO 8 1.8 : 4,.0-5.5 

Scotch pine : 3 : : : 
! PINUS STROBUS : Medium: 3.0 : Hey 2.5 3: 4.7-7.3 

White pine 3 3 3 ; : 
THUJA OCCIDENTALIS® : Medium: ae5—3 30 3 4.0 : 4.0-8.0 

White cedar 3 3 3 ; 3 
ACER SACCHARUM : Low : 4.6 3 60 3 4.0 3; 5.5-7.3 
Sugar maple : : 3 : 3 

ALNUS GLUTINOSA+ $ High ao 8 none- + 4.0 : 5.5-7.3 
Eur. Black alder : : : 3 : 

BETULA LUTEA : Medium: 6.0 3 oO" 3 4.0 : 4,7-6.0 
i Yellow birch 3 : : : ¢ 

CARYA OVATA : Medium: 6,0 ? oor 4.0 3: 5.5+8,0 
Shagbark hickory : 3 3 3 : 

FRAXINUS AMBRICANA : Medium: 4.5 : OOmars 4.0 : 5,5-8.90 
White ash : : : $ ; 

” JUGLANS NIGRA : Medium: S60? 00s 4.0 : 5,5-8.0 
‘Black Walnut 2 s ; $ : Hy 

LIRIODENDRON TULIPI- : : : : : | 
sf FERA - Tulip poplar : Medium: 3.0 : comme 4.0 : 5.57.3 
; POPULUS DELTOIDES* : High : 455 % none: 2.5 : 5,5-8.0 } 

Cottonwood : 3 : 3 : i 
KOBINIA PSEUDOACACIA*: High : 4.5: none : none : 5,5-8.0 i 

Black lecust 3 : 3 3 ; 
| TILIA GLABRA : Low : 4.5: Ours: 4.0 : 5,5-7.3 

: American basswood ; 2 : : : i 
f ULMUS AMBRICANA : Medium: 3.0 3 oO 3 4.0 : 5.5-8.0 i] 

American elm 3 ; 3 3 3 | 
* Emergency planting for control of erosion, watershed protection, iN 

and similar purposes. 1 
| 

iM e 
ti



262- j 

The minimum contents of silt and clay particles refer to . 
well-drained upland soils; they may be somewhat high for planting 
on soils with a high ground water table, or in regions influenced i 
by large bodies of water. However, even under such conditions it 
is not advisable to lower the standards without an urgent need, as 
the content of colloids is related not only to the water-holding | 
capacity of soil but also to the content of available nutrients. i 

f of prime importance in the selection of planting sites is to keen 
in mind that the species planted should not only survive on the 
selected site, but also produce high yield of timber justifying 
the planting cost. 5 | 

Ordinarily, the content of available nutrients is cor- | 
related with the content of soil colloids, organic matter, and 
the .pH value of soil, and hence detailed chemical analysis of 
soil in the majority of cases can be omitted in the selection of | 
planting sites. Nevertheless, the chemical composition of soil | 
cannot be completely ignored, as stagnant growth of numerous | 
plantations in Germany and elsewhere was traced to the deficiency 
of certain nutrient elements. | 

In a broad way, chemical composition and the potential 1 
fertility of soils, not greatly altered by the processes of pod- 1 
zolization or laterization, may be estimated on the basis of the i 
origin of the parent soil material, as outlined in Table 33. 

Table 55. Relation of Geological Origin of Soils to Their 
Potential Productivity and Planting Possibilities 

tProbable chemical: ie 
Nature of parent : composition of : 
soil material : soil or : Reforestation possibilities 

: substratum 3 OS TST 

SILICEOUS ROCKS :Low content of :Pines and less exacting 
| Sandstone inutrients, espec-:deciduous pioneer species. 

Quartzite slally phosphate : 
: Siliceous shales :and potash : 
RN 

ACIDIC ROCKS sAdequate content :Conifers and hardwoods with 
Granite tof mutrients with:the exception of pronounced 
Syenite spossible excep- :lime-demanding species. i 
Gneiss ition of line i . 

FERKO-NWAGNES IAN ‘High content of :Hardwoods; Conifers, parti- | 
ROCKS inutrients, espec-:cularly spruce, tend to pro- 

Diorite tially calcium and:duce high yields, but are | 
Diabase smagne sium. soften subject to fungus H 
Basalt : mite} :diseases. A ) 

CALCAREOUS KOCKS High or excessive:Lime-tolerant hardwoods and i 
Lime st one scontent of line; sconifers, viz. oaks, hickory, | 
Dolomite tpossible defic- :walnut, asi; beech, red and | 
Calcareous shales:iency of phosphste:white cedar, Austrian pine. 

sand potash. Planting of the majority of 
; :conifers is questionable. } 

: ' $ : i 

|
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In order to ascertain the presence of an adequate sun- 
ply of essential nutrients in soils proposed for reforestation, 
representative soil samples should be analyzed in the laboratory. | 
such analyses are particularly desirable in regions showing poor k 
growth of native stands or plantations. As a rule, the analysis il 
can be limited to the upper 77-inch layer of soils as its composi- iH 
tion usually reflects the properties of the substratum and is of i 
decisive importance in the initial growth of planted trees. In | 
some instances, however, it may be necessary to analyze the lower ih 
soil layers provided they occur at a depth which can be reached | 
by the roots of seedlings within a few years. The roots of cotton i 
wood or some other deciduous species may reach the nutrient- { 
pearing substratum as deep as 6 or 7 feet during the second grow- | 
ing season after planting. | 

; The available data on the minimun fertility levels | 
recessary for a satisfactory growth of different groups of trees 

are given in Table 34, 

Table 34. Minimum Contents of Essential Nutrients Necessary 
for a Satisfactory Growth of kKepresentative Tree Species | 

in Plantations i 
| 

; Content of nutrients in the ) 
; :__upper 7-inch layer of soil i 

Tree species planted at a ;Total:Avail.:Avail.:Repl.:nepl. i 
spacing 4 by 4 feet or greater :_N : Po05 3: Ko0 : Ca 3 

: % : ibs,/acre :m.e./100 gms. 

Pioneer pines, such as Longleaf: : 2 : 3 
pine, jack pine and Scotch pine; .02 : Tr. : SOR Ay Ge { 

Intolerant coniferous and deci-: : : : $ 
i duous spp., viz. larch, red ‘ : 3 : $ 

pine, wh.pine, birch and alder : .05 : 20 : 50 IVINS) “56 

Tolerant conifers and northern : f $ ‘ t 
hardwoods--e.g. spruce, fir; : : ; : : 
hard maple, basswood tae O™. SO 25) 1 ee ON ave 

: lime-demanding hardwoods; e.g. : 3 3 3 8 
white ash, black ‘walnut and 3 : : 3 3 

‘ hickory $ «lO ¢ SO 8>-L60% sears eee ] 

; It should be noted that the contents of nutrients re- | 
quired by trees in forest plantations are very low in comparison i 
with agricultural or forest nursery standards. ‘This is because | 
trees in plantations derive their nutrients from a much greater i 

a Volume of soil than do field crops or nursery stock. For this H 

reason, the deficiency of nutrients in reforestation practice 
caer occurs as an exception, confined chiefly to the soils derived | 
Lo! from purely siliceous rocks and high-grade limestones, or soils 

depleted by repeated burning and cultivation. 

Ground Cover Vegetation as an Indicator | 

of tat BORE CETOR Possibilities 

The composition of the ground cover vegetation, if cor- i 
rectly interpreted, furnishes ver’? valuable information in rerard | 

i ; i
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to the selection of suitable species in planting or silvicultural 
cuttings. Table 35 presents an exemple of a floristic classifi- 
cation related to the reforestation possibilities in the area of i 
recent glacial drift of northern Wisconsin. As a general rule, | 
floristic classifications have only local significance and should 
be modified on the basis of a careful study of conditions as they 
occur within a given region, t 

Table 55. Ground Cover Vegetation as an Indicator of Reforesta- 
tion Possibilities in Northern \isconsin 

re a “+ Outstanding members : Species to be planted or | 
Type of ground ; of ground cover $ encouraged in selective | 

; cover and soil ; association t and release cuttings 

CLADONIA-NUDUM :Reindeer moss, related:Keforestation is limited | 
(Barren sand) ;lichens, xerophytic sto control of wind ero- | 

tre tea smosses and grasses. ision. Se ere cee | ARCTOSTAPHYLOS: tJack pine; red pine on 
CHANOTHUS sBearberry, New Jersey :more favorable areas. The 

(Humus-incorpor-:tea, low blueberry, ssite is well suited to 
ated sand) :dwarf hazel and willow:artificial reforestation. 1 

Teas :Wintergreen, dwarf 3 1 
GAULTHERIA- tSolomon's seal, blue- :Ked pine; white pine on 1 
NMATANTHEMUM tberries, shin leaf, smore favorable protected 1 

(Leached sand or:trailing arbutus,sweet:areas, latural reproduc- | 
light sandy loam:fern, hazel, raspberry:tion is easily obtainable. 
seiner ancincterttinn AEN DOME 6 iced 

: ‘Natural reproduction is } 
:Large blueberry, bunch:likely to be more success- 

: iberry, wintergreen, iful than planting; the f 
VACCINIUM- :bracken fern, partridgelatter is often handicap- 

CORNUS :berry, twin flower, sped by the occurrence of 
(Sandy podzol) :dew berry, fly honey- :Ortstein or Gley layers. 

ssuckle. svhite pine on more favor- 
Oy ee? : table areas, ie 

= : oe tReforestation is confined 
rea 3 ito rough and stony areas 

ADIANTUM- iMaidenhair fern, sweet:because of the high agri- } 
/ OSMORHIZA- :Cicely, meadow rue, :cultural value of land, 
: THALICTRUM twaterleaf, green brier,:Natural reproduction is 

(Humus-incorpor-:leatherwood; numerous :very vigorous. Hard maple 
ated loam) :shrubs. :basswood, other hard- i 

fete ee : itwoods; spruce. 
?False, true, and dwarf :Spruce; yellow birch and | 

SMILACINA- :Solomon's seal,twisted:elm. This site is well 
POLYGONATUM tstalk, bellwort, tril-:suited to artificial } 

i:lium, sarsaparilla. ireforestation. H 
: cen ~ Planting is often handi- 

: -Clintonia, club mosses,:capped by the occurrence 
CLINTONTA- tpartridge berry, gold :of Ortstein or Gley lay- } 
LYCOPODIUM : thread, bunchberry, :ers and natural reproduc- 

; (Loam podzol) :twin flower, mosses stion of hemlock, balsam i 
‘and ferns; no shrubs. :fir and hardwoods should 
: tbe given preference when- } 
$ sever possible, 
rr | 

1 
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Methods of Planting on Different Soils and Sites 265~- 

As a rule, modern reforestation »ractice devotes much at- 
tention to the selection of species to be »lanted on various sites, i 
put often neglects to ascertain the ecolorical suitability of the 
planting methods used. Actually, the selection of the proper method 
of planting is just as important as the selection of the species to i 
be planted. The following outline gives a review of the common 
planting methods and their adaptation to different conditions of | 
soil and site. 

Lio ao nape ing A slit about 10 inches deep is nade by means 
of a spud or planting bar (Figure 68,1)The roots of the seedling 
are placed in the slit, and the slit is closed by another thrust | 
of the spud and the planter's heel. | 

: This type of planting is the cheapest but not éntirely | 
reliable. During the first season, the roots are forced to feed | 
amd absorb water entirely in one vertical plane. Long roots must 

f be trimmed to a length correspondinz to the denth of the planting 
hole. Air pockets are often left in closed slit allowing the roots 
of seedlings to dry out. 

Satisfactory results are obtained only on sandy stone-free 
Le soils. On soils of heavy texture the riethod is impracticable, par- 

; ticularly because of the difficulty of elininating the air pockets. 

2. Spade plantinre. A wedce shaped portion of soil is removed 
vith the spade (Tigure 2). ‘The roots of the seecling are placed 
against the vertical side of the hole. The wedce of soil is then , 
replaced and thoroughly tariped with the foot. This method is 

; essentially the same as slit plantine. However, it involves less 
; danger of leaving an air pocket at the bottom of the hole and, 

therefore, is somewhat better adapted to soils of heavier texture 
; than the slit method. 

5, Eole planting. The mattock, grub hoe, shovel or spade are 
used to dig a hole slightly larger than the extension of the 
seedling roots (Figure 3). The seedling is held in position with 
the roots well distributed in the hole. ‘The humic soil is placed 

f about the roots and thoroughly firmed with the foot. } 

Hole planting allows better distribution of roots than 
the slit method, and enables the seedlings to utilize larger quan- ] 
tities of moisture and nutrients in the carlier staces of growth. 
this planting is one of the most reliable nethods, being suitable 
toa wide range of sotl and site conditions with the excention of 1 
Very shallow and poorly dreinod soils. It is the only method for 
planting stony or gravelly soils. It allows the mixing of addition- ; al fertile soil and the use of fertilizins materials. | 

4, Mound planting. ‘Tho sod layer is destroyed by snade or mat- tock, “On this exposed spot the humic soil from nearby is made into | 
&mound on top of which the secdling is planted by hand, with the i "oot system spread as imch as possible (Firure 4). Sometimes the | 
hounds are prepared a year or more in advance of planting, and a 4 dibble or a spade is used to make the hole for the seedlincs. A i] 
sPecial planting iron devised by Menning is also used to impress a i tle in the mound, This iron makes three slit-like holes extending i
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radially and being highest in the middle so that the roots may be 
spread laterally Gownward in their natural position and covered | 
yith fertile soil (Figure 5). 

This type of planting is of greatest importance in re- 

, foresting poorly drained soils where the mounds insure a fair cerree 
i of aeration to the seedlincgs and reduce frost heaving. liounds are 

: gonetimes used on heavier, upland soils in order to place the 
seedlings in an elevated position and thus give them a better oppor- 

tunity to compete with weed vegetation. This nethod may be necessar 
in slanting shallow residual soils, particularly those derived from 

' caleareovs rocks. It is advantageously practiced on podzol soils 
méerlain by a hardpan layer. On soils of a light sandy texture 
wind erosion is apt to destroy the mounds and expose the root 
systems. 

5. Planting in furrows. Furrows for tree planting are made with 
a special plow and tractor. The depth of furrows is varied accord- 
ing to site requirenents from 3 to 12 inches. The planting itself 
is accomplished by means of mattock, spade or spud (Figure 6). 

; The chief advantaces of furrowing are: (a) the plow and 
tractor destroy the grass, brush, end other competinz vegetation; 
(b) when furrows follow contour lines they nay retain run-off water 
and thus provide a greater amount of moisture for the seedlings; 

co (c) the plowing may help the seedlings to reach the capillary water 
ina shorter time; (d) on exposed sites, deen furrows protect the 
seedlings from wind and sun. The north-south direction of furrows 

a offer maximum protection seedlings from the sun. In regions where 
desiccating winds occur predominantly from north or south, the 
direction of the furrows should be somewhat inclined to the east 
op west as to avoid the direct passaze of wind along the furrows. 

The most serious Gisadvantaces of furrowing are: (a) The 
plow reroved the surface humus layer of the soil thereby decreasing 
the watcr lholeing capacity and content cf nutrients; (b) on heavier 
solls, and in regions subject to early or late frosts, the water 
accumulated in the furrows may cause frost heaving; (c) plowing may 
expose toxic cr impervious layers, such as hardpan, claypan, cal- 
carcous layers or unweatherec rock substratum. 

Experience has shown that deep furrowing is particularly 
beneficial in increasing the survival of seedlings on extensive 
cut-over areas, exposed to the desiccating effect of wind and sun. | 
Qn sandy soils this increased survival is usually obtained at the 
cost of a soriewhat lower rate of growth of the plantation during | 
its earlier stage of development. Shallow plowing is beneficial 
chiefly on heavy mull and brown forest soils where it destroys the 4 
abundant competing vegetation. Planting in furrows is usually in- 
Precticable on podzols and shallow residual soils, particularly those 
derived from limestone. Also this method is not feasible on stony 
Soils and areas supporting lieavy sprouts. On some of these sites, | 

' &8 well as on protected areas, furrowing may be advantageously re- 
placed by scalping which preserves the fortile hwnic layer. In 

} Some instances, the same results may be obtained by shallow plowing 
Wich destroys brushy vegetation and scalps off the sod, but leaves 
& certain portion of the humic layer undisturbed.
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6, Double furrow Planting. A narrow V-sianed furrow for planting 
4 the secdlings is ade with a special four inch scooter plow. Two | 

proad furrows are turned inward at a distance of about two feet on | 
gach side of the scooter furrow (Fisure 7). The scooter furrow | 
thus forms a catch basin for rain-water and checks the crowth of | 
competing grass. 

This method is used principally on soils supporting a 
heavy cover of strong, fast growing grasses. 

; 7, Planting on turned sod. ‘The seedlings are set on the furrow | 
slice or on Rie turned back sod of scalped spots (Figure 8), The 
purpose of the wethod is to secure the nutrients and moisture of a 1 

double humic layer, to place seedlings in a higher position so as 
to reduce the competition of herbaceous vegetation, and to provide 
better aeration on wet sites. Plowing or scalping is done in the | 
fall preceding the spring planting or even earlier in order that | 

: the furrow slice or soc layer may settle and produce a uniform solid 
: uedium for planting. Geedlinss are planted with the planting bar 

or spud. 

This method is practicable chiefly in underplanting or in | 
reforestation of snall protected cut-over areas. On exposed sites 
the trees are often destroyed by droucht and sun scald. Plantins on | 
turned sod is sometimes used in reforestation of pnodzol areas under- 
lain by an ortstein horizon. In such plantings, the vicge is often 
uade by turning two furrows inward. Similar technique nay be em- 
ployed “in planting wet soils ane drained nests. 

8. Inverted "V" method of plantinz. Tne hole is dug with two 
separate downward strolzes of a baldwin planting hoe or a mattock in 
such a manner that an inverted V-shenec ridce or saddle of soil is 
left across the hole. the rocts of the seedling are spread over this 
ridge. The tree is held with one hand, and sore soil is pulled into 
the hole over the roots and packed tightly with the fist. ‘The re- 
maining soil is then placed in the hole ond firmed with the 
feet (Figure 9). 

the method provides a sreater surface area for contact of 
the roots with the soil. It is dargely suitable to sandy or light 
loam soils which are relatively free from stones and gravel. This \ 
uethod is not applicable to seedlings with a single tap-root. 

9. Cone prancing. The planting hole is made with a spade or grub 
x hoe, A stall conical mound is formed in the bottom of this hole 

Using some of the best soils and the roots of the seedling are spread | 
over its surface with the hand (Figure 10). More of the best soil | 
{s then placed over the roots and packec with the hands. Finally 
all the remaining soil is added and thoroughly firmed. 

: This method of planting accomplishes essentially the sane | 
Purpose as the inverted V method, but the feeding roots are placed t 
ina medium of the richer soil. 

The method is primarily adapted for planting shallow rootod | 
Species such as s 3 a4 2 | 7 8 © spruce, and is suitable for use on any deep well i 
drained soil, | 

tl
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10. Sod cover planting. A block of sod, of abont one square foot 
tn area, is cut loose on turce sides with the spade. This layer is 

: turned back and the seedling is plented in the exposed soil (Figure 
11). ‘he sod layer is then cut through the middle and folded back 
into its original position, The dept of vlenting is regulated by 
the thickness of the sod layer so that the seedling is not tmried 
too deep. This method is used on heavy soils subject to frost 
peaving, especially in planting large sized stock of deciduous 
species sucii as alder, birch and ash. 
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Figure 68 

L, Slit planting; 2, Spade planting; 3. Holu planting; 4. Mound 
Planting; 5. Mound planting using Henning's tool; 6. Furrow , 
Pianting; 7. Double furrow planting; 8. Planting on turned sod; 
9. Inverted V planting; 10, Cone planting; 11. Sod cover planti:..
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Figure 69. Tree planting. Top: Planting in furrows; Center: Scalping and ig Pp P; 8 } 
planting in hole; Bottom: Recently established plantation of jack pine and red i 

pine. | 
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Diagnosis of the Causes Responsible for the Failure or 

Stagnation of Plantations 

Unsatisfactory growth of planted trees may be caused by 
a number of factors, including environmental conditions, origin 
of stock, method of planting, and destructive biotic agents. The 
following outline of the adverse conditions may be of assistance 
in making the diagnosis. 

Atmospheric factors: Strong evaporating winds; winter killing; 
early fall and Late spring frosts; sunscald. 

Physical properties of soil: Dryness of soil; excessive wet- 
ness Of soil and subsequent insufficient aeration; unsatisfactory 
structure of soil due to high content of clay, packing by live- 
stock, cementation by colloids; cracking of soil following 
drouth; frost heaving. F 

Chemical properties of soil: Deficiency of humus or avail- 
able nutrients; presence of toxic substances; unsuitable reaction. 

Miscellaneous influences: Inundation; water and wind erosion; 
forest fire; toxic industrial fumes. 

Origin of planting stock: Seed from an unreliable source; 
stock grown in nursery under radically different conditions of 
climate and soil from those of the planting site. 

Quality of planting stock: Succulent stock grown with excess 
of water; under-developed stock grown in nursery soils deficient 
in nutrients; unbalanced stock grown on nursery sotls with im- 
proper ratio of nutrients; short rooted or flat-rooted stock 
produced by application of fertilizers as top dressings; unharcden- : 
ed stock kept too long under shade frames; stock injured in 
nursery by toxic chemicals; stock infested with parasitic or gan- 
isms, or injured by parasitic insects; stock lacking inoculation 
with mycorrhizal fungi. 

Handling of stock: Mechanical injuries to roots during lift- 
ing of stock; allowing roots to ary out during transportation, 
heeling in or planting; spontaneous heating of baled stock. 

Planting technique: Inadequate preparation of ground; too 
deep plowing sei toxic layers or layers having unfavorable 
physical properties; insufficient scalping; too shallow or too 
deep planting; air spaces in the planting hole; unnatural posi- 
tion of roots. 

Destructive biotic factors: Competing vegetation; rodents; 
Insect pests; parasitic fungi ; erazing. 

If no primary deteriorating factor is revealed in the 
field examination, information must be obtained on the climatic 
Conditions during the past few years, as well as the origin of 
stock and planting technique. The advice of plant pathologist | 
or entomologist should be secured, if necessary. The soil should 
be subjected to analysis in the laboratory only when the careful 
Preliminary study has eliminated the possibility of non-edaphic
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causes of injury or deterioration. No conclusions should be 
reported unless they are underlain by sound evidence. | 
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AMELIORATION OF SOILS AND PLANTING Ol] ADVIRST SITES e71- 

CHAPTER XXIII 

Utilization of Run-off Water | 

In many instances the rate of forest growth may be 
materially increased by interception anc careful distribution of | 

; the run-off water. This is accomplished by a network of shallow | 
Q ditches or furrows, constructed by means of spades or plows. Tho i 

furrows are laid out perpendicularly to the main drainage chan- 
nols with a gradient not exceeding 1 per cent. If the soil is 
easily eroded, the allowable gradient is even smaller. The wator H 

‘ from the drainage channels, as well as from higher portions of 
the slope, is diverted from its course by furrows and is gracual- 
ly absorbed by the soil. Sinple dams of cull logs or poles are 

. constructed in the main drainage channels to facilitate the 
diversion of water into the furrows. 

The system of intercepting ditches may conserve as much 

as 50 per cent of the total precipitation which is ordinarily 
lost in the form of surface run-off. ‘he work of this kind ! 
presents a very useful outlet for employment of permanent forest 
labor in slack seasons. 

a Drainage 

The drainage of wet soils with a thin impervious layer 
ti may be improved by breaking up this layer. ‘This is done either 

by dynamiting or digging holes which facilitate the "sinking" of 
, the excessive water. A special auger with extensions is ad- 

vantageously employed for this purpose. In some cases it may be 
necessary to install a vertical tile wiich cones within 3 feet 

. of the surface of the cround. 

. Strean improverient work, involving the acceleration of 
current, or removal of beaver daris, may matorially improve the 

: drainage of backwater swamps and marshes, 

} Frequently a short outlet ditch may be sufficient to 
penetrate a barrier which is responsible for retention of run-off 

- vater, The drainage of ravines choked with fallen logs may be 
L sasily improved by merely clearing the rubbish from the surface. 

Inexpensive intercepting ditcheb may be installed to keep the 
surface and seevage water from entering potholes. 

, By these methods the drainage of large areas may be 
materially improved with very little expense. As a rule, minor 

so drainage improvements are confined to areas supporting stands or 
plantations of valuable species and are carried on by permanent 
forest labor during slack work periods, 

7 The drainage of large areas, particularly swamps, re- 
quires a thorough investigation of a number of conditions previous 
to the initiation of the drainage project proper. Among these 

i Conditions, the following are of prime importance: (a) potential 
; productivity of soil or peat; (b) practicability and efficiency H 

of proposed drainage system; (c) expected financial return on the i 
investment; (d) effect of drainage anc subsequent lowering of | 

a Ground water table upon the productivity of surrounding upland 1 
stends; (eo) effect of drainage upon the entire water recine of |
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the region, and especially its effect unon agriculture. In 
climates where drougnt presents a serious problem, the two latter f 
conditions usually make extensive crainage projects inadvisable. 

The drainage project involves a thorough study of the { 
subsoil condition and outlet possibilities. The depth and per- | 
meability of the subsoil is examined by means of aurer or post- | 
hole digger. The outlet is investigated with a surveyor's in- 
etrument. It is advisable to use a level even in localities 
yuere @ Liberal fall is apparent in order to plan the outlets } 
most economically. The leveling should be continued sone distanc« 

‘ pelow the proposed outlet to make certain there is no danger of 
> Ree backwater. Specific literature on the subject and a technician 

; experienced in drainage work should be consulted whenever an 
extensive project is contemplated. 

The drainage of wet forested land, as a rule, is ac- 
complished by open ditches and rarely by drain tile, The main 

i objection to the installation of tile is the tendency of tree 
He roots to plug the pines. If the area has no outlet its excessive 

wetness may be decreased by means of a so-called "Swedish drain." 
This consists of e continuous storace ditch which surrovnds the 
basin area anc intercepts the water from the higher portions of 
toposraphy. 

Planting of Drained Peat Soils 

After the drained peat has settled to about two-thirds 
of its original depth, and an invasion of grasses and sedces is 
evident, the soil from the drainase ditches is spread on the sur- 
face of the peat, and the area is burned. The fire is set on the 
windward side of the area so thet it will move rapidly and not 
penetrate deeply. The burnec-over area is then kept in buckwheat 
for about 5 years. In the fall of the sixth year the peat is 
disked, burned once more, and in the spring is planted to trees. 
Depending on the condition of ground water level, the seedlings 
are planted in slits, or on top of the ridge formed by two fur- 
rows turned inward, In some instances, the surface layer of peat 
1: removed by steam shovel before reforestation, and used as fuel 
or fertilizer material. 

The high cost of soil preparation limits the possibility 
of planting to areas of special scenic value or to regions where 
a good market is available. 

Stabilization of Blow Sands 

i "M> a person unfamiliar with moving sand dunes, it is 
hard to realize their macnitude or the grim wave-like action with 
‘which they advanee, burying everything in their path. Examples 
of their destructive action are numerouc. 

f "Qld ceocranhies of Michigan show that a once thriving 
; sawmill town was located at the mouth of the Kalamazoo River near 

‘ the present town of Saugatuck. Singapore was cowpletely buried 
by a sand wave and became Incvm as the Pompeii of America...." 
"In other sections of the state, highways are being covered, har- 
bors are filling up anc resort cottages are threatened with burial 

#2. F, Kroodsma. Jour. of Forestry. 1937. Vol. 35: 4.
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In only a very few instances, can the movement of sand 
dunes be arrested by direct planting of forest trees. As a rule, 
the blow sancs must be at least pertly stabilized prior to plant- 
ing. This may be accomplished by means of wooden stakes cut to 

: an approximate length of 20 inches, and driven into the cround to 
, a depth of 8 inches forming; a series of fonces. The iences are 

arranged in parallel rows or in the form of squares or rhomboids. 
F The distance between the rows varies with the intensity of erosion 

and is determined on the basis of experience. The determination 
of the proper distance between the rows is of extreme importance 
as it regulates the efficiency and cost of control. 

f Spreading of slash, cornstalks, hay, reeds or any other 
ne suitable materials on the windward side may replace the expensive 

construction of fences. The planting of xerophytic grasses in 
clumps or sowing of rye is another method of sand stabilization. 
Hlymus arenarius, Psamma arenaria or Anmophila arenaria, are the 
grass species comuonly used. 

After the sand movement is arrested, the dunes are 
planted to jack pine, scrub pine, pitch pine, Scotch pine, 
western yellow pine, mugho pine, Russian willow, cottonwood, 
black locust or similar drought resistant species. In excoptional- 
ly humid regions, along the shores of the soa or large lakes, more 
exacting species, such as birch, aspen, white poplar and Zuropean 
grey alder may also be planted in the depressions between the 
dunes. 

As experience showed, the control of sand movement is 
test achieved by a combination of several control measures, such 
as spreading of brush, tree planting and seeding of grass. 

Reclamation of Ortstein Barrens 

The extensive areas of so-called “Ortstein barrens" or 
"Heide" supporting exclusively the low shrubs of the heather 
family, aro auleliorated by Ceep cultivation using a steam plow. 
The cultivation is often preceded by burning of the vegetative 
cover, The land is plowed to an approxinate depth of 18 inches 
or deeper and the plowing is repeated in crosswise manner until 
the ha rdpan material, leached soil and raw hunus are thoroughly 

: mixed. Sometimes the hardpan layer is destroyed by dynaniting 
instead of plowing. As a rule, lime or marl is added in a con- 
siderable quantity to decreese the acicity of soil, speed up | 
nitrification, and convert the nutrients concentrated in the 
ortstein layer into available form. After cultivation, the land | 
is fallowed for one or two years, or is seeded to green manure | 
crops, particularly to lupine. | 

Pine and spruce are the chief species used for ro- i 
forestation, the choice beins dependent upon the texture of soil | 
and other conditions. White birch, aspen, oak, blue beech, mugho j 
pine and larch are planted alons with spruce and pine for the 

. purpose of soil improvement. American red mavle, waich crows | 
naturally on podzol soils, may be of sreat value as an associate 
species in this type of reforestation. The seedlings are usually tl 
planted on the top of the ridse formed by two inward turned 
furrow slices.



274— 

Waile the amelioration above dusertbed may be absoluto- 
ly necessary on areas vith a contirnsis ortstein layer, as they 
occur in Holland, Jutland, Northorn Germany or Northern Michigan, 
efforts should be made to avoid such a radical and exponsive 
method. Before the reforestation of an ortstein podzol is at- 
tempted, the composition of the soil profile should be carofully 
investigated over the entire area. Since theo depth of the 
cptstein layor varies considerably from place to placo there maz’ 
bo many arvas which have a sufficiently deep leached layer to 
allow hole planting. Plowing is likely to bo most advantageous 
on areas with a shallow and thin ortstcoin layer which may be 
completcly destroyed by the plow. As oxpertence of the U. 8. 
Forest Service in the Lake States region has shown, the furrow- 
ing of hardpen soils under suitable conditions, resulted in the 
increxsed growth of planted seedlings due to the benefit of the 
additional nutrients from the partly disintegrated ortstein 
material. 

When neither plowing nor direct planting are practi- 
cable, the area should be left to natural reproduction. The 
amélioration of the soil is then carried on over a long period 
of time by means of partial cuttings discouraging the accumla- 
tion of raw humus, and by under-sceding or under-planting of 
soll-improving hardwood species. 

; Reforestation of Limestone Outecrops 

High crodability, the usually shallow laycr of woathor- 
od material, high content of carbonates and severo drought make 
the reforestation of residual celcarcous soils a difficult and 
costly task. 

If the depth of soil allows, the holes for planting 
sre dug with the mattock. On localities with a shallow soil 
layer, additional soil is collected in depressions and placed 
around the planted seedlings in quantity sufficient to cover the 
reots. Only strong seedlings or transplants are used in roforcests- 
tion of theso sitos. Tho cost of planting may be as high as #60 
por acre, 

In the initial reforostation of barren calcarcous soils 
the choice of species is limited mainly to Austrian pine, red 
cedar, black locust and Zuropean grey alder. In some regions, 
certain ecological varieties of Douglas fir, thermophilic pines 
(Crimean, western yellow end southern European pines), white 
cedar, ash and oaks may be also used, 

At the age of 25 years, or later, the initial planta- 
tions are gradually converted into mixed stands including pre- dontinantly lime-loving hardwood species such as beech, ash, oak, 
hickory, walnuts and maple, Thess specios, as a general Puls, 
five the highest financial roturn and greatest assurance of sound 
Qevolopment on calcarsoug soils. The conversion is accomplished 

: clther by underplanting or by underseeding of the initial stands. 
The managoment of the ostablished hardwood stends is carried on 
by vory careful sclective logging which removes exclusively the inferior. specimons.
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Gully Planting 

The choice of species used in planting of gullies and 
surrounding territory is governed by their ability to control 
erosion. Each gully includes three sets of ecological condi- 
tions: bottom, which periodically receives a considerable 
quantity of run-off water; eroded banks with "raw", humusless 
soil; bordering slopes with a normal soil profile, undisturbed 
by crosion. 

The banks and the drier bottoms are planted to black 
locust or other drought resistant trees with moderate nutriont 
requirements and a fibrous, soil-binding root system. In the 
plenting of wet gully bottoms heavy rooted, moisture loving 
trecs, such as cottonwood and willows are uscd, The bordering 
strips are planted to a variety of trcees and shrubs, such as 
Russian olive, buffaloberry, Siberian pea trec, Staghorn sumec, 
Russien mulberry, Osage orange, privet, thornapple, thornless 
honcy locust, highbush cranberry, nannyberry, common lilic and 
wild plum. The sclection of specics depends upon the soil ro- 
action, soil moisture condition, and content of nutricnts. On 
citable soils spruce, pine and cedars aro mixed with deciduous 
species in order to provide game cover in wintor. 

: Because of the low fertility cf the erodod pertion and 
heavy sod on the undisturbed slopes bordering the gully, only 
large and vigorous steck is used. Tho spacing varios from 2 by 2 
to 3 by & fect. In sone instances, forvst planting is supploment- 
od by the secding of ercded banks to timothy, rye, bluograss and 
clover or by laying of sod on more exposed sections. Extonsive 
gullies in an acute state of crosion may require ongineering work 
prior to reforostation, 

Planting in the Prairie Region 

Climatic conditions of the prairie region are charactor- 
ized by low annual precipitation, summer drought, great range in 
temperature éxtremes and frequent strong winds. The soils of the 
region include chernczems, chestnut soils, o variety cf alkali 
soils, and areas cf dune sands. 

The climate, soil and the competition of grass vege- 
tation present a sericus obstacle to tres growth and afforesta- 
tion must be ccnfined to the mest favorable sites. Tho aroas 
which collect snow-drifts, insuring a higher contont of soil 
hoisture, are likoly to bo most suitable for troe planting. On 
such sites the percolating wator lowers the zone of limo onrich- 
ment and docreases the total concentration cf scluble solts. 
Thoso conditions cecur mainly cn northern slopes and in depres- 
sions protected from the dossicating winds. 

As a generel rulo, the survival and growth cf troos tn the prairio region inereases with the sand contunt end docroascs 
With the clay centont of the sceil. This is chicfly due te the 
higher content cf available wator in sandy soils, Tho content 
of available water in hoavy scils is low because of slow absorp- 
tion rato, rapid run-off, retention of light precipitation in 
the Uppor soll layor and a high wilting coefficient. Largo 
cracks developing in heavy soils during drought poricds may alsc handicap tree planting.
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Figure 70. Soil erosion. Top: Gully erosion in southwestern Wisconsin. 
Bottom: Control of erosion by tree planting.
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Alkali soils having a high concentration of soluble salts and soils with a zone of lime enrichnent or hardpan layer a close to the surface should be avoided in tree planting. i 

The afforestation of prairie is often initiated by the i 
planting, in suitable localities, of slirubs and dwarf trees which help to accumulate snow-drifts and thus tend to promote the pro- 
cess Of soil podzolization. After leaching has decreased the pH | 
value of the surface soil, and lowered the zone of lime enrich- ment, the area may be planted to tree species with a greater 
chance of success. 

The tree species which have proven most successful for | 
prairie planting are: green ash, hackberry, American eln, i 
Chinese elm, bur oak, black locust, honey locust, catalpa, osage 
orange, Willows, cottonwood, western yellow pine, Austrian pine, blue spruce, junipers and eastern red cedar. The shrub species 
commonly used include kussian olive, buffaloberry, chokecherry, Siberian peatree, serviceberry, hawthorn, Russian mulberry, | 
Tartarian honeysuckle, nannyberry and lilac. 

Recent evidence indicates that the presence of mycor~ 
rhizae on the roots of planted stock, or an inoculation of seed with mycorrhizae-containing niedia, 1s essential in afforestation of prairie soils. 

The afforestation of prairies is almost exclusively | confined to the establishment of shelterbelts and small woodlots. The areas to be planted are often fallowed to reduce the com- ! 
petition of grasses and increase the content of soil moisture, | 
In some instances, the planted areas are periodically cultivated for the same purpose. 

Use of Field Crops in Reforestation 

In some instances satisfactory results in reforestation of worn out fields were obtained by raising lupine and other green manure Crops previous to tree planting. For this purpose the soil } 1s fertilized broadcast with phosphate and potash. The green | manure crop is seeded in the spring and plowed under the next fall. The following spring the soil is disked and harrowed and | 
seeded or planted to tree species. Sometimes, the plowing under of green manure-crop is omitted in order to save expenses or to ; prevent wind erosion, : 

On soils having a fairly high content of nutrients, Cover crops, chiefly rye and oats, are seeded at a sparse density Mi simultaneously with the tree planting. In the fall the cover crop Hi] 4s cut high with a scythe or mowing machine. Such practice re- H duces competition of weeds and provides sore protection to seed- Hi lings during the first growing season. The harvested grain may Hi! help to defray the cost of planting. ii 

Cultivation of Plantations IF 

The stagnant growth of plantations, caused by the com- i petition of weeds or sod vegetation, can be materially improved iil 
by cultivation. This is accomplished by nieans of a one-horse ' cultivator, special Neumann forest cultivator, disk, or roto- | 

Hae
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tiller. Aside from the control of weeds, the cultivation may i increase the growth of plantations by improving the physical pro- iH perties of soil, Great care must be taken in cultivation to avoid H | injuring the tree roots. i; 

Burning the Forest Floor 4 

Burning is practiced primarily on soils covered with a ( layer of raw humus or supporting abundant growth of competing 
vegetation. While this practice may be desirable in some silvi- i sai cultural operations, it is decidedly detrimental to soil fer- ‘ { tility. Burning destroys organic matter and thus impoverishes i soil in nitrogen. The release of bases and phosphates in the 
form of wood ashes may have a short-lived fertilizing effect } which is terminated by the losses of the salts through leaching, | 

1 Use of Fertilizers | ! 
gant As experiments in Germany and elsewhere have shown, | aly some soils are not sufficiently fertile for the satisfactory 

growth of forest plantations or native stands. Kemarkable im- q provements have been obtained by fertilization with not only | | nitrogen, phosphorus, potassium and Calcium, but with magnesium i : and rare elements as well. At the sane time, numerous failures i of fertilizer treatments were recorded, These failures may be 7 attributed to the following causes: (1) Insufficient knowledge | of soil chemistry, action of fertilizers, and nutrient require- | nents of various tree species; (2) Competition of grass and other yy weed vegetation which may develop vigorously on the fertilized i soil and thus deprive trees of available moisture; (3) Drought i periods which may not only annul the effect of the fertilizer | treatment, but even make such treatment harmful; this is espec- jally true in regard to readily soluble salts and peat having a high hygroscopicity. 

The success of a fertilizer application depends great- ly upon the nutrient requirements of planted trees, state of soil fertility, and the amount of available water throughout the grow- 
ing season. In many cases, pine species having low requirements for nutrients, fail to respond to fertilizer application, espec- jally on coarse sandy soils, regardless of technique employed, i ; On the other hand, hardwoods and spruce, having high nutrient | requirements, often show a rapid and significant response to ‘ft fertilizers, especially on heavy soils depleted in their nutrient | content, 

nh 

As a rule, the deficiency of nutrients in forest soils fi is limited to one or two important elements, and only in rare et eda is there a need for application of a complete rey eeanee, 
fhe kind and the amount of fertilizers needed must be carefull | “s determined by means of Chemical analysis or pot culture tests. ie : Considerable responsTotltte fs involved fn ret Gaentatien of Os fertilizers for plantations or naturally occurring trees, and Such recomendations should not be made without a thorough know- i ledge of soil conditions. 

i 
i The fertilizer can be applied either broadcast prior i to planting in planting holes in borings or slits, as a top i} i dressing, or in solution, 
i 

i
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(a) Broadcast application of fertilizer. The area to be i fertilized is determined by an approximate survey and is divided i into a number of blocks of convenient size for fertilization. i 

i! In the application of soluble fertilizers, such as : muriate of potash, the area is plowed, if necessary, then disked. { The desired amount of salt is distributed with a fertilizer } spreader or by hand and is worked into the soil by harrowing. a 

In the application of less soluble phosphates, the fer- tilizer is apread over the soil surface and plowed under to an approximate depth of 6 inches. The soil is disked, soluble fer- 
tilizers are applied, if necessary, and the area is harrowed, | The fertilizers should be applied about two weeks ahead of plant- | : ing. 

On sandy soils of exposed areas the plowing and disk- | ing may initiate acute wind erosion and, hence, on such areas { the use of some other method of fertilizer application may be necessary. Corn may be planted at suitable spacing as an over- | head crop to reduce wind erosion on such areas, or strips of rye may be seeded in drills to accomplish the sane purpose. Only i moderate success may be expected with application of readily ii soluble fertilizers to sandy soils because of the losses 4 through leaching. 
i 

(b) Application of fertilizers in planting hole. A hole, i 14 inches deep and 2 feet in diameter, or somewhat larger, is # dug. The measured amount of fertilizer is mixed by hand with { about three-fourths of the soil from the hole, somewhat packed, and a wide slit is made with a spade. Into this the roots of tue seedlings are lowered, the slit is filled with unfertilized | soil which is then firmly packed with the hands and feet. This latter unfertilized portion of soil should consist predominantly | of the humic top soil. 
| 

This method 4s limited largely to the application of | organic fertilizers such as leaf-mold, peat, and Composts as practiced in road-side, shelterbelt and landscape plantings. | An application of mineral salts at the time of planting is in- § Convenient and requires an extremely careful handling of the | entire operation. If carried on by an inexperienced, poorly | supervised crew, soluble fertilizers may cause serious root injury. 
| 

(c) Application of fertilizers as a top dressing. Top } dressings are usually applied to Sider trees showing symptoms 
of nutrient deficiency, or to plantations one or two years after { the seedlings are set in the field, 

| 
The amount of fertilizer in pounds per acre needed to | re-establish soil fertility is divided @by-IG y 100. his gives the approximate amount of fertilizer in grams to be applied per each 1H Square foot, The area to be fertilized is determined by the extent fa of the root systems which ordinarily is indicated by the spread i of the crowns. The fertilizing material is measured by means of i & Calibrated scoop and is applied around the tree excluding a a Zone in the immediate proximity of the trunk. To prevent the re- H Noval of the fertilizer by wind or run-off water, the soil may be | 
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| worked slightly with a garden hoe, Readily soluble synthetic i fertilizers, such as ammonium sulfate, Anmophos, Nitrophoska, } and potassium nitrate, are well adapted to this method of i application, 

} 

In some instances, good results have been obtained with applications of one or two-inch top dressings of leaf-mold | and other organic remains. However, the top dressings of organic matter absorb a considerable portion of rainfall which may thus be lost through evaporation, Therefore, a thorough working of | organic remains into the soil by spading or raking is very desir- 
able. In doing this, care must be taken not to injure the roots | tt of the trees, 

| 
} (d) Application of fertilizers in slits or borings. This 

method is used chiefly in the application of SommeeeteL organic 
fertilizers, less soluble phosphates, and briquette or pellet fertilizers, The slits or borings are made around the base of the tree with an auger, a planting bar, or a spade. A measured amount of fertilizer, or a briquette, is placed in the slit and this is closed with a thrust of the heel. ‘The depth and number of slits vary depending upon the age of the tree and its root | extension. Usually, the depth does not exceed 10 inches, and one slit is made for each 10 to 20 square feet of the area. It is important to correlate the distribution of the fertilizer as much as possible with the occurrence of the feeding roots. 

The application of composted fertilizers, compressed | into briquettes, appears to be the safest and the most econoni- 4 cal method of tree fertilization, However, it is likely to pro- } duce results at a somewhat slower rate than the application of fertilizers in solution or ag top dressings of soluble salts, 

(e) Appiication of fertilizers in solution. Treatments with liquid fer zers have been recently introduced by landscape architects. Their use is confined to localities where there is a readily available supply of water, 

, The fertilizer solution is prepared in a barrel or a 1 tank mounted on an automobile chassis, The solution is stirred by hand or by means of installed rotating agitators of a pro- | peller type. The liquid is distributed around the trees using either sprinkling cans or a hose. In some cases, the solution 
of fertilizer is forced into the soil under pressure through a hose with a sharp-pointed nozzle, In application the nozzle is } thrust into the ground and the liquid is allowed to flow for a } certain length of time. The same technique is used in treatment 
of large trees with root growth-promoting substances prior to | transplanting, 

| 
| In soils with a high capacity for fixation of phos- a phates or exchangeable ions, the forcing of solution to the region of root growth may prove to be advantageous. In many soils, how- Hi ever, the pressure method may not have appreciable advantares over | the ordinary application of fertilizers in solution or as top ii Gressings of readily soluble salts. ll 

i 
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THINNING AND SELECTIVE LOGGING ON DIFFERWIT SOILS AND SITES ‘ 

"Followest not the system as a Li 
blind man followeth a wall." a 

From Waldmeister's Instruction by 
Peter the Great of Russia. ; 

The thinning is a partial cutting of a stand of sapling ie 
size or larger, usually conducted as one operation. The chief pur. | ' pose of thinning is to increase the quality and rate of growth cf 
the stand by elimination of superfluous trees. Selective logging é 4s a partial cutting of mature stands, often conducted over a 
longer period of time, The main object of selective logging is to 

Ab obtain natural reproduction of the desirable species. 

In spite of the extensive cyt-over areas in this country, i i the lumberman's ax, if properly used, ig just as important a tool 
of reforestation as the spade or the mattock. Dead snegs, diseas- 
ed trees, and injured trees, which may serve as breeding centers 
for parasitic insects or fungi, are nemoved in all silvicultural 
cuttings. Furthermore, sprouts, suppressed struggling trees, over y 
ceveloped wolf trees, and trees of undesirable species are elim- 
inated insofar as they interfere with the growth of valuable trees 
As a general rule, cuttings should give enough space for the sound 
development of each valuable crop tree; yet an adequately dense 
canopy should be maintained in order to control the growth of 
grass and sprouts, to preserve soil moisture, and to retard the 
loss ef nutrients. The classification of tree species into 
"desirable" and "undesirable" is based usually upon their mer- 
chantability and has only a relative Significance. In numerws 
cases the commercially inferjor species may be of great silvi- ; i 
cultural value; they may improve the soil, protect young seedlings | 
from frost and sunburn, control the growth of weeds, reduce the 
fire hazard, and act as trainers to the crop trees. 

In all cuttings, attempts should be made to protect the 
exposed boundaries of thinned stands by the establishment of wind 
shelter belts. For this purpose the boundary of the stand is 
cleaned of dead material and is carefuily thinned so as to give 
the trees sufficient space to develop a deep crown; the shrubs are 1 
left undisturbed, or are cut close to the ground to encourage | 
Sprouting. In logging care also must be taken to avoid the forma- 
tion of frost pockets by cutting passages for air circulation. 

Of great importance is the fact that the removal of oven | a few trees materially affects the conditions of light, tempera- 
ture, moisture and air movement within the forest stand, Thus) 
by means of proper cuttings the forester can modify the environ+ (it 
ment to suit the requirements of different species, 

The spacing of tree trunks after cutting or thinning may i 
vary from 6 t# as much as 100 feet, depending upon the age of i stand and other conditions. A proper distance of single trees, | however, is determined by the extent of their crowns, and there-+ ' 

if 
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fore, no regular spacing of trunks can be maintained in silvi- | 
cultural cuttings. | 

Although it is difficult to set up definite standards i 
to govern the intensity of selective logcing or thinning, it may i 
be helpful to recognize three degrees of cutting intensity, as 
follows: | 

(1) Light cutting, which preserves an unbroken crown canopy; 

(2) Moderate cutting, which slightly breaks the canopy so 
that each remaining tree has enough space for further 

: development; | 

(3) Heavy cutting, which leaves the distance between the | 
crowns o remaining trees at least as great as the . 
average crown diameter of the stand. | 

Ligot cutie or thinning is practiced: (a) on sites | 
exposed to strong an ry winds where there is a danger of wind- { 
fall and loss of soil moisture through evaporation; tb) on steep 
slopes, in order to prevent rapid run-off and erosion; (c) on hot 
and dry exposures, particularly on southern slopes, in order to | 
preserve the soil moisture and retard the decomposition of humus. 

Moderate cutting or thinning is used most commonly. 
On one hand, this kind of cutting ae materially improve the 
composition of the stand, eliminate the superfluous, competing 
trees, and secure enough light for the crop trees; on the other i 
hand, it should not promote the development of competing vege- 
tation or decrease the soil fertility. | 

Heavy cutting or thinning is practiced: (a) on cool 
and moist exposures, particularly on northern slopes, in order 
to furnish more light for natural reproduction; (b) on heavy 
solls with an abundance of undecomposed organic matter, in order 
to encourage a more rapid decomposition of raw humus; (c) on 
poorly drained, heavy, or organic soils, when it is necessary 

: to eliminate the inferior or diseased trees, 

In carrying on selective logging on different sites and } 
w.th various species, the rate of cuttings is subject to numerous 
uodifications governed by local conditions, particularly by the } 
‘state of advance reproduction. A few examples drawm from actual H 
conditions will illustrate different procedures employed in } 
silvicultural operations, y Ht 

(1) Thinning and reproduction cutting of Jack or Scotch pine 
on sandy soils. These stands are usually thinned at the age of 
20 To 36 years. The thinning is carried on with a general } 
tendency to reduce the canopy in the vertical rather than in i 
the horizontal direction. ‘This is done by eliminating the ; 
Suppressed trees of the understory, while carefully maintaining i 
the continuity of the canopy formed by the dominant trees. Such 
treatment of the stand allows the maximum precipitation to reach if 
the ground, but protects the soil from direct rays of the sun, 
thereby retarding the decomposition of organic remains, | 

On sands of the humid podzol region, light demanding \ 
Pines reproduce best on southern exposures, where light is | 

at



i 
5 | 

\) ay c\ c™ Oe aN Vay es ESN an | i JN RD CLM I ) if WANK i ) K yuh Nye i 

Pies i Bro Liane ry rye DY Ma. I 
PAN ey GME Cea Gal I «| HV iggy) el 

el I ALTE PLE aus | 
dathinned Stand 

SF ie RE gee eee ween es RE ayy * 
wt i Nd B | a ve) Tes ae i )) 4 yang In aD 
OPE RA oe ae | fees at sheave faviaa 
ero) bbe Met etude: Ladue atelai alse ailes| cake tlh elehate | lace) | core ee el ee eee 

Lg hp Cutting 

O, = ct a in 4 ) O ¢ X ry Cy 

vu mtd 0 ie { J st 7 eae Ve y G Vandy | i? jo (ae) : ; fe eee 
ie ele] topics J tiemcinpors| oa at 
See oa 8) sah el anes hee 

Heawy Gi tting 

Lagramiuhe Slustrotiva of ch ferent 

PIF NENG: ef cuTting 

Wid 4 f AAA Aa tata ty) altars Mints g ddd dddaa Feltag Oirwchieu 
Te RTE TE EP Tere Phy) PoP (petty Agee ae iidlbelel dich ust Cac yes re 

adda dda dalad a a \ NE aH 4e 7 a gets | satis Ty Longe ga on oe | 
| 

ae amet A , ae a x af A ; | el at led fi} | 
—— site | ak pains sis cavatdnedcamarre COTM i Tite: an 4 aes Re ee D i 

@leure 71 } 

{belt er- tn cod 3trip system, ohious ng progress 

chew thine i 
at | 

| 
Hi 

il



288- i 

abundant. Consequently, selective logcing must proceed gradually 4 
in a northerly direction. This method is particularly suitable Wi 

on sands with a hich ground water level. On sands of the brow- i 
earth or grey forest soils regions, however, the southern a 
exposures may be too hot and dry even for the drought resistant | 
pines and, hence, the logging must proceed in the opposite i 
direction, i.e. from north to south. ‘he observation of the HW 
natural reproduction on different exposures, as it occurs in a i 
given region, will usually indicate the correct direction of 
regeneration cuttings. i 

1 

(2) Conversion cutting of deciduous species on sandy soils. | 
The deciducus svecies occurring on sandy soils include Evertee 
struggling oaks, paper birch and aspen. Because of the low con- j 
tent of moisture and nutrients of sandy soils, none of these i 
species produce a sufficiently high yield and quality of timber 
to justify thinnings or regeneration cuttings. Consequently, thie 
principal aim of silviculture under these conditions is to convert 
the deciduous stands into pine forest. This is accomplished by | 
partial cutting and wnderplanting. Since the pines are light 
demanding species, and since on light sandy soil there is no 
danger of vigorous competing vegetation, the stands may be thin- | 
ned quite heavily, leaving only enough of the best trees to 
furnish the necessary protection from frost and sunscald, 

(3) Selective logging of hardwoods on mull loams. Undegraded 
or slightly leached om soils With well decomposed organic 
remains make an ideal seed bed,and natural reproduction on such 1 
soils is easily obtainable. However, a heavy cutting on these j 
soils may lead to the invasion of light demanding weeds and | 
sprouts which suppress the seed reproduction. Also, a heavy cut- 
ting may greatly hasten the decomposition of humus and cause a 
loss of nutrients, especially nitrogen. For these reasons, the 
hardwood stands on mull loans are logged gradually and very care- 
fully. In the majority of cases, the older trees are removed 
only in places where it is necessary to release the advance 
reproduction. Thus, the operation may extend over a period of 
20 to 40 years. ‘The control of the composition of the future 
stand is achieved partly by the elimination of the inferior old | 
trees, and partly by not releasing the undesirable reproduction. 

The geological origin of soil and its content of | 
nutrients often play a decisive role in determining the ultimate 
composition of the stand. For instance, in oak-besch-maple | 
stands on a fertile soil derived from trap rocks, oak grows more | 
rapidly than beech and maple which remain as a suppressed under- 
story. Therefore, a special effort should be made in cuttings to 
protect beech and maple, if it is desirable to maintain a mixture 
of all three species. On the other hand, in cutting stands of 
the same composition on soils derived from siliceous rocks or } 
Calcareous shales, it is necessary to retard the reproduction of i 
beech as much as possible, for it will suppress the other species, 
particularly oak. The oak may thus be entirely eliminated, since i 
it cannot exist under a dense beech canopy. yy 

(4) Regeneration cuttings of spruce and hemlock on podzol 
loams, ZF Eetee Layer of matted raw humus as a rule prevents, or 
at least retards, the reproduction of even the saprophytic coni- | 
fers. In order to promote the biological activity of soil it 

|
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organisms and decomposition of organic remains, the amount of 
light and heat should be increased by a rather heavy cutting. | 
In planning such cuttings, however, a great deal of skill and " 
caution is required, Spruce and hemlock reproduction is liable | 
to suffer injury from frost and sunscald if suddenly released, : | 
In addition, these two species, on strongly leached and cemented 
podzol soils, cGevelop extremely shallow root systems and are il 
subject to windfall. For these reasons a heavy selective cut- qi 

ting, over a large area is dangerous and, instead, the group 
selection method, or one of its modifications, is usually employed 

In the group selection method, the old trees are removed | 
in small patches where some reproduction is already present. Tl.c 
first trees are felled in a fan-like formation away from the re- 
production. Dragging these trees in removal tends to break up i 
the raw humus layer and encourage additional natural reproduction. 
In five or more years the cutting area is enlarged by a second 
concentric cut, or a cut extended in a direction which offers the 
best protection to natural reproduction. Similar cuts are made | 
at intervals of several years depending upon the condition of 
young growth, until the entire block is regenerated. 

(5) Improvement cuttings and selective logeing of mixed stands 
on poorly apaihes beayy soils. Improvenent and reproduction cut- 
tings o ardwood-coniferous stands on heavy soils with a high j 
ground water level present one of the most difficult silvicultural | 

{ problems. As a rule, such soils support a high percentage of 
: inferior deciduous species which are often infected with heart } 
‘Bos rot. Consequently, the condition of the stand usually calls for 4 

aheavy cutting which may appear justifiable particularly in view 
of the slow deconiposition of organic remains. ilowever, heavy j 
cutting on such sites may promote a vigorous growth of competing 

i vegetation and inferior hardwood sprouts. Also a heavy logging ! 
may raise the ground water level and increase the soil moisture 

‘ to an undesirable extent. This may be partly due to the larger 
anount of precipitation reaching the ground and partly to the 
decreased evaporating capacity of the forest stand. As a result, | 
heavy cuttings may encourage the invasion of mosses, particularly 

i Sphagnum, and may lead to the development of a swamp condition. 
The more moist and cool the climate, the greater is the danger 
of such a conversion and, hence, gley podzolic soils deserve 

ho especially careful handling. 

<0 Observations of the vegetation and humus on cut-over | 
" lands and on patches where windfall has occurred, usually serve f 
we as an invaluable guide to the establishment of a proper rate of 

4 cutting. 

‘ (6) te shelter-wood strip cuttings of spruce-fir stands. j 
, This method was originated in Davaria, an nar vee be applicable 1 | 

bi in other regions. Nevertheless, it represents an example of | 
: Sllvicultural cuttings taking into account a great number of | 

i environmental factors, nauely, wind, rainfall, frost, snow, dew 
} and exposure to the sun. In Bavarian forests, the northwestern 

®xposure is most favorable for securing natural reproduction of 
Spruce and fir, The chief benefits of this exposure are as | 

stadt follows: complete protection fron mid-day sun; free admission | 
i of the frequent, light ‘western rains, which benefit shallow j 

Tooted spruce and fir; formation of dew; protection from the dry i 

q
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eastern winds; the accurmlation of snow, which retards early | 
growth of secdlings, reduces deer danaso and provides moisture 
in the spring. ‘ q 

j 

The northern exposure is slightly less favorable than 
the northwestern exposure, while the northeastern aspect follovs | 

next in order of desiravility. The western exposure is favorable i 

tn some instances but receives the full afternoon sun. The | 

vastern and southern exposures are cecidedly unfavorable. 
| 

Because of this, the strip fellings commonly proceed | 
from northwest to southeast. On sites where strong western wincs | 
prevail the cuttings are made from north to south. In hilly 

. country the direction of cutting is altered somewhat according 
to the influence of dessicating sun and wind. At the higher 
elevations and in northern latitudes the protection from sun mey | 
be harmful due to excessive dampness and a rank weed growth. | 
Under such conditions, best results may be obtained by cutting 
from south to north, | 

The regeneration cuts are made in the form of narrow 

strips leid out with nearly mathematical exactness and extending | 
in an east-west or other predetermined direction. The first | 
felling is made during & good seed year as a clear cut strip, 
10 to 20 feet wide, along the north side of the timber block. i 
At tho same time a rereneration cut, about 50 feet in width, is 
made to the south of this strip. ‘This cut removes avout one-third 
of the canopy, and allows the penetration of light and heat, 
encouraging the crowth of reproduction. A release cut is made | 
after reproduction is established. The intensity of the second 
cut depends upon the species being regenerated and the condition 
of advance reproduction. The final cut removes all tho remaining 
trees, and is made when the young growth no longer needs protec- 
tion, 

The cutting proceeds progressively on a number of 
individual strips until the entire area is regenerated. The side 
nrotection of natural reproduction is obtained by the arrangement 
of cutting in a step-like fashion as indicated on the attached 
Clagrams, 

Wagner's sys tem with various modifications may be | 
successfully applied to other tree species. 

(7) Bberhard's reproduction cuttings of coniferous stands in | 
mountain resions. In mountains or in hilly country, highly | 
satisfactory results haye been obtained by the wedge cutting | 
system, originated in Yurtteuberg Black Forest. In this method, 
the logging begins on the side of the block away from prevailing 
wind, The initial cuts are made at suitable distances and time | 
intervals in the form of narrow wedges with the apex pointed down- | 
hill. The logs are dragced toward the base of the slope where 
a road is constructed for their removal. ‘The regeneration of i 
the stance is achieved by progressive shelterwood strip cuts. The q 
{Initial cuts begin in the conter of the strip and extend outwards | 

in both directions. | 

The principal aims of the system are: to minimize the | 

danger of windfall; to obtain a longer regeneration front, and i 

i
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to protect reproduction from the damage in log skidding as well 

’ as frou the adverse influences of the environment. On dry 

locations the position of wedges should be chosen so as to 

minimize the exposure of reproduction to direct sunlight. 

In carrying ovt the reproduction cutting, frequent 

light thinnings are made to encourage the regeneration of 

a‘ tolerant species. The regeneration of the stand may be encourag- 

ei by increasing the intensity of thinnings and by reworking the 

raw humus layer. 01d trees are removed as soon as regeneration 

js established. On sites where downward drainage of air occurs, 

the point of the wedge must be opened out, making a clear lane 

from top to bottom through which descending winds may pass. 

. The details of the technique of cuttings may be found 

; in the attached references, 

The few above outlined examples are but a small frac- 

tion of all the possibilities which may be encountered in 

silvicultural cuttings on different soils and sites. In fact, 

the multitude of conditions resulting from the combination of 

different tree species with soil, ground water, exposure and 
gradient, make it utterly impossible to prescribe cuttings in 

terms of standard recipes and formulas. Silvicultural cuttings 

are truly an art, but an art based on science, With a few 

exceptions, the cutting of each individual stand presents a 

problem of its own, the solution of which depends greatly upon 

the "Savior faire" of the forester. These are the reasons why 

the marking of trees for cutting in all well managed forests 

of Europe is traditionally done by the most experienced forester, 

often even by the "Herr Forstmeister" himself, 
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CHAP? aR XXV 293- 
Problems of Forest Economics lelated to the Productivity 

of Forest Soil 

A knowledge of the productivity of forest soil is essen- 

tial in the solution of the following problems in forest economics: 
construction of yicld tables; relative advisability of growing 
either agricultural or forest crops on a specific type of soil; 
determination of annual cut; calculation of expected financial 
return on an investment in reforestation or drainage; evaluation 
of forest land for purchase, exchange or taxation; appraisale: 
of damages to land productivity. 

the Preparation of Yield Tables 

Yield tables give the volume of tinbor per acre in 
cabic or board feet at various ages, usually at ten year intervals 
As a rule, they include information on total number of trees, 
total basal areca, average diameter, and average height of the 
stand. This data is indispensible in the solution of many pro- 
blems of forest management. 
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Since lends vary in fertility, they produce different 
yields of timber at a definite are. The productivo capacity of 
the land ts referred to as "sito quality." As there is a fairly 
Close correlation between the height growth of a stand and total 
Production of timbor (Figure 74) the sites are usually classified 
on the basis of the average height of tho dominant trees at a 
Certain ago, such as 50 or 100 years. Tims, a stand of white 
Pine of a high productivity, charactorized by an averoge hoight
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of 70 feet at 50 years, is referre* to as ao stand of site index 
70. The approximate yields of a normally stockcd stand of this 
site would renge from &,000 cubic fect at JO years to 14,000 
cubic feet at 100 yoars. 

It has been 4 common practice in the past to determine 
the yiclds on tho most and the least productivo sites by actual 
moasuromont of timber. The yiclds thus detormined were related 
to age and expressed graphically. The yields of timber for 
intermediate sites were arrived at by drawing additional curves, 
equally spaeed between the curves for the maximum and minirum 
productivity (Fig.75 and 74), As recent investigations showed, 
the actual production of timber on different soils does not cor- 
respond to these artificial sites established by empirical inter- 
polation. Consequently, the general tendency of modern practice 

‘ is to measure the grow th of representative stands on land types 
characterized by definite topography, soil profile, ground water 
level (Fig.”7), and, quite often, typical ground cover vegetation. 
(Fig.78 od 79), 
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Fig. 75, Sito indox curvos Pig. 76. Normal yiold table 
for slash pinot for slash pine 

* Date takon from Misc. Publ. No. 50, U. S. Dopartuent of 
Agriculturo, 1929, 

In the construction of yiold tables, a number of sample 
plats are solected to obtain statistically sound average data for 
oll types and a sufficient range of ages. The size of the indi- 
Vilual plats varies from 1/8 to l acre. On cach plat the 
Clametere of 211 trees are measured with a caliper or a diameter 
tape, heights of trees are determined with a hypsometor in suf- 
ficient number to construct the height-diameter curve, and age is 

. determined by boring several treos or making stump counts. This 
information is usually supplemented by a number of complete stom 
analysos, The data obteincd are treated statistically and abnormal 
Plots are rejected. The site quality index and corresponding
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Pig. 77, Yiold tables for Norway spruce of mountain 
regions by A. v. Guttenborg 

: Site 1. "Rxcellont." Deep humic loans on calcaroous 
substrata in protected localities ond at altitudes less than 
1,060 meteors above soa level. Sito 2. "Good." Fairly 
moist sandy loans underlain by sedimcntary rocks or schists 

at elevations less than 1,200 m. Site &. "Fair." Shallow 
Sandy loams on schists end shallow humic soiis on linostono, 
at clevations from 1,000 to 1,400 m.; doop moist soils of 

higher olevations. Sito 4, "Poor." Shallow stony soils 
or wot soils undorlsin by schists; shallow dry dolomitic 
Soils of southern cxposures at olevations from 1,400 to 
1,600 m.3; bottcr soils of tho highor altitudes. Sito 5, 
"Vory poor." Exposcd arcas of high altitudos, chicfly 
from 1,600 to 1,800 m.
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yields for each soil type for ten year intervals are thon prosent- 
5@ in tabular form or in the form of diagrams as illustrated by 

the attached figures. 
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Fig. 78, Site index curves Fig. 79, Yield table for Scotch 
for Scotch pine on differ- pine on different floristic 
ent floristic sites of sites of Finland. 
Finland. 

Legend: C1T - Cladonis type; CT - Calluna type; VP - Vacciniwi 
type; MT - Kyrtillus type. (Adapted from Y. Ilvessalo, 
Methods for preparing yicld tables, Silva Fennica, 
Be Lens 

To convert cubic meters per hectere to cubic fect 

per acre multiply by factor 4.36. 

With the aid of these yicld tables, the volumes of 
growing stands are arrived at by determining the age of the stand 
and average height of the dominant trees on representative sample 
plots. Tho site indox of the stand is found by referring to the 
site index graph (Fig.80), and the yields for this site index are 
interpolated from the yiold table. 

Since the volumcs of timber shown by yicld tables cor~ | 
respond to fully stocked stands, the volume of undor-stocked 1 
stands are computed by multiplying the normal volume by a reduc- 
tion factor. This reduction factor is obtained cither by 
ocular estimato, or by tho moasuroment of the basal area or 
the stand, | 

| 

t
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' Fig. 80. Site index graph for second growth white pine, 

Wisconsin. If the height of an average dominant tree is 
90 feet at the age of 75 years, the site index of the stand 
will be 65. (Adapted from S. R. Gevorkiantz and R. Zon, 
Second Growth white pine in Wisconsin. Res. Bull. 98; Wis. 
Agr. Expt. Sta. 1930) 

In case the circumstances do not pormit the determina- 
tion of age and height in the fisld, the site quality may be 
established on the basis of soil examination or identification of 
ground cover association. While this method is applicable to the 
estimate of timber volume on extensive areas, it is less reliable 
in appraisal of individual smaller tracts because of the proba- 
bility of a greater deviation from the mean, 

The direct examination of soil is the only method of 
establishing the site quality of cut-over lands. 

In numerous instances, it is possible to adapt available 
empirically constructed yield tables to the ecological basis by 
mensuration studies of representative sample plats on well 
defined types of soil. In case the volumes of timber on different 
soll types do not correspond closely with those given in the 
available yield tables, it is necessary to make the suitable | 
Interpolation on the basis of stem analyses. 

It is relatively easy to construct yield tables for 
even-aged pure stands, particularly those of coniferous species, } 

: but several complications are involved in dealing with uneven- 
aged ond mixed stands. Consequently, the prediction of yislds 
for these stunds are subject to considerable error. The technique } 
of.yield table construction is described in detail in the 

Specific monsuration literature. 

{
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Determination of Annuel Cut 

The determination of the annual cut under sustained 
yield management requires a knowledge of the actual volume of 1 
timber, as well as the volume and annual increment of the 

normally stocked forest tract. If tho management unit includes 

oxtensive areas of cut-over land to be reforested and areas sup- 
porting young growth, it is not possible to detormine the future 
growing stock by direct measurement of the trees. In such 

i cases, the expected normal volume and increment of the manage: ent 
mit must be calculated on the basis of site quality as inferred 
by the soll survey and the local yield tables, After the actual 
growing stock is determined by mensuration studies and tho normal 
volume as woll as normal incroment calculated, the rate of annual 
cut is established on the basis of regulation formulas, as 
illustrated below; 

AC - NI. AV 
nV 

where AC - actual annual cut, NI - normal annual increment of tho 
entire management unit, NV - normal volume of timber, AV - actual 
volume of timber. 

Example: A forest tract of 10,000 acros supports a 
total volume oF 120,000 m.b.f.; the normal volume and normal 
facrement for the same tract are 200,000 and 5,000 m.b.f., 
respectively. The annual cut would be 

AC = 54008 - 120,000 or 5,000 m.b.f. 
& ’ O 

Calculation of Expected Financial Return on 

Roforestation Investment 

Before planting an area to a certain tree species, it 
is a dvisable to ascertain the expenses involved, the potontial 
yields at various ages and the expected return on the investment. 
The expenses include value of land (L), cost of planting (C), 
and cost of protection, silvicultural care, and taxes or carrying 
charges (0). 

The total cost including compound interest on the 
capital invosted at accepted rate (p) up to the age when the 
plantation becomes morchantable (n) is then compared with the 
stumpage value of the plantation (V) as inferred from yiold } 
tables and estimated market prices according to the following 
formula: 

V = Lil.op™-1) $+ C.l.op + o(l.op".1) 
Q.op 

i Wxample: ‘The value of land is $2.00, cost of planting 
#10.00 carrying Charges 25¢ per acre, the rate of interest is 
4 per cont, and the rotation is 40 years. The cost of producticn 
or minimum stumpage value at the end of tho rotation will be: 

V = $2,00(1.0440.2) 4 $10.00 . 1,0440 4 ,25(1,0440.1) or 
97.604848,004%23.50 or approximately (380.00. we
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In case the soil in question is a well drained morainic 

joa, the expected yield of Norway spruce according to ylela 

tables will be about 40 cords per acre. Consequently the nininun 

stwapace value of a cord will be 30.00 + 40 or }2,.00 which . 

figure is low enough to promise a roasonable profit. If however, 

the soil is outwash sandy loam producing at 40 years only 16 corcs 

per acre, the minimum stuispage value of a cord would be SO + 16 cr 

"5,00 which figure indicates a possibility of losing money on 

the investment. 

It must be borne in mind that the calcula tions on the 

pasis of present cost of wood anc the present value of money are 

only approximate. Even during a 40 year rotation period the 

stumpage value of the wood may be greatly modified by changes in 

the technique of wood utilization, transportation facilities and 
conditions of the domestic and international wood market. 

The Ivalvation of Land 

A detailed soil survey is a necessary prerequisite to 

the lend appraisal. The survey should take into consideration 

all of the factors important in forest production, such as topo- 

craphy, morphology of soil profile, srovnd water level, amount 

of humus, soil reaction and content of available nutrients. 

After the survey is completed, a study of current land 

prices is made. ‘The land of a certain soil type, most advantace- 

ously located with respect to transportation facilities and ‘ 

markets, is considered to have the maximmi value for this parti- 

cular soll type. ‘the price of land of similar soil type located 

less favorably is cormuted by meens of fractional coefficients, 

decreasing in proportion to the Gistance from market and passabil- 

ity of roads. ‘he establishment of the reducing coefficients 

requires a creat deal of general experience in evaluation of land, 

as well as the lmowledge of local conditions. 

Example: A tract of well crained cutwash sandy loam 

; situated on a state highway 5 miles from a pulp mill can be pur- 

chased for |36.00 an acre. A tract of similar soil located on a 

second class road-50 niles fro the market center can be purchased 

for 31.50 per acre. ‘herefore, the reducing coefficient of such 

land is 0.25. Accordingly, the coefficient of similar land, 

located on county trunk road 25 milee from the market center will 

be, by approximate intcrpolation, 0.7 end the price of land ‘4.20. 

: The value of some particuler tracts of the same soil 

type may also be depreciated because of fire damage, depletion by 

farming, abundant weod growth, overgrazing and other acverse q 

conditions. 

In some instances, the relative value of forest land (1) 
13 estimated by the capitalization of a vermanent periodic income | 

represented by net nrofit from tho gale of timber crops (Y) as | 

follows : | 

i eo | 
i Dome el 

where p is rate of interest and n ase of stand. |
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Example: The value of stunting timbe. at 40 years is 

“60.00 per acre an, total expenses for the porioa at compound 

interest are (60.00. Hence, the net income is \,20.00 per acre 

and the valve of the land with interest at 4% is 

Ls: 120s 90. of {5,20 per acre 

Osean cu 

If the area to be appraised is cut-oveor land, the 

expected yield of timber is cetermined by consulting yield tables 

for the species best suited to the soil. ‘he value of land (L) 
ig then estimated by subtracting the cost of planting (C) anda 
reising (e) timber, from the expected total income (V) at the 

age of maximun merchantability, as follows: 

Ds Nee ey Coon) meme 
i l.eop™-1 Lop 1 6.0D 

gxemple: The yield of loblolly pine at the age of 60 

years is 25 m.b.f., the stuupace price 16.00 per li., cost of 

planting {35.00 and annual expenses 20¢ per acre with accepted 

interest rate of 4 per cent. The valve of Jand is as follows: 

Les SCOR 6.000, 1.0400 - .20 or approximately {10.00 
1.04001 1.0460-T 0.04 

The calculations outlined give some idea of the land 

from a forestry point of view. ‘The figuros obtained in this way 

mey serve as a theoretical basis for the evaluation of land in 

acquisition, exchange or taxation. However, it must be appre- 

ciated that the actual value of land may be strongly influenced 

by a number of factors other than soil productivity or the 

profit expected from the stumpage value. Among these factors 

the following are of prime importance: danger of fire and ex- 

tent of fire protection measures, danger of injury by climatic 

factors and attacks by insects and fungi, stability of wood 

using industries, possibilities of future market cevelopments 
and the individual interest of the purchaser, 

Appraisal of Damage to the Productivity of Forest Land 

Forest soils as well as forest stands may be damaged 

by a number of destructive agents, such as forest fire, danuaing 

of streans, drainace, Cisposal of waste products, toxic indus- 

trial fumes and grazing. ‘here it can be shown that a certain 

; person or a corsoration is responsible for the alteration of 

‘ conditions, the owner of the damaged forest tract is entitied 

to a fair remuneration. 

The appraisal of Gamage to the crowinz stock is accon- 

plished accordins to the established principles of forest finances, 

The remuneration for the destruction of a mature stand anounts to 

the stumpase value of the destroyed timber. In the case of non- 

merchantable reproduction or plantations the allowable damages 

consist of the cost of planting or reforestation plus the compound 

interest on this investment computed from the time of initiation 

of tho stand to the time of destruction.
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In order to establish a basis for the evaluation of 
damages to the productivity of the soil, which will hold in a 

court of law, the facts must be supportcu by the de.t= of soil | 

analysis and competent profile descriptions of both the damaged 
and the normal soils. The damage must be also substantiated by 

evidence based on mensuration studies from adjacent localities 
or on the data of authoritative literature. If yield tables are 
available, they may be used as an index of the decreased produc- 

tion due to soil deterioration. 

The extent of the damage is usually established 
empirically on the basis of current prices of the normal and 
deterioratea soil. Otherwise, tic amount of remuneration (D) is 
calculated as the difforence betwsen the discounted stumpase price 
of the expected yields of timber for the orizinal site (V) and 
deteriorated site (V1), i.e., 

D = peut ore_ gat 
Leop®-i = Tvop™-1 

The species most suitable to the soil and the age of 
the maximum merchantability are assumed in this calculation. 
Ordinarily, the cost of planting and the carrying charges are the 
same on the normal and damaged sites, and, hence, the two values 
cancel out. 

Example; A well drained mull loan soil supported a 
white pine stand of site 70 capable of producing 63,000 b.f. per 
acre at 70 years. This soil has deteriorated, due to the erection 
of a dam anc subsequent change in ground water level, to a cley 
loam capable of supporting a white pine stand of site index 60, 
and a potential production of 52,000 b.f. at the same age. If 
the local stumpare value is {7.50 per m.b.f. and accepted interest 
rate 4%, the damases are as follows: 

D = 65 x 7,50 - 52 x 7.59 - 342.50 - {27,00- ..5.50 per acre. 

: If cost of planting is higher on the damaged site, addi- 
tional claim may be brought in, 

The question of damages to soil productivity cones to 
attention particularly in the case of cut-over lands or young 
plantations. 
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PART VII 

t MANAGELENT OF FOREST NURSERY SOILS 

"The soil lies on the twilight of life, a connecting link 
between the living and non-living, between material animated by 
vital forces and material subject to physical forces." 

Curtis F. Marbut 

Introduction 

In the early days of reforestation planting was ac- 
complished by broadcasting seeds on cut-over areas. However, the 

seedlings produced in this manner were seldom sufficiently vigor- 

ous to withstand frost, drought, sunscald, and the competition of 

grasses and shrubs. Birds and rodents were also often responsible 
for the failure of direct seedings. This led to the practice of 
raising seedlings in forest nurseries, i.e. protected areas with 

; fertile soil, and sometimes with artificial irrigation (Fig. 81). 

The seedlings remain in the nursery for one or more 
years, during which period they are supposed to attain the 
necessary vigor to succeed in the environmental conditions of the 
planting site. The characteris’ics which seedlings acquire in 

the period of their early development in the nursery are often 

transmitted to plantations. If the planting stock is grown in 

an unsuitable environment, if it is under-developed or over- 

developed, injured by chenicals or infested with parasitic 

organisms, one of two results may be expected. Hither the seed- 

lings will die immediately after being transplanted, or--what is 

even more unfortunate--they may struggle on for a number of years 

and finally be destroyed by fungi or insects. Such struggling 
plantations are the greatest danger in artificial reforestation, 
for they provide the breeding areas from which parasites may . 
invade the sound forest stands throughout the region, 

The aim of nursery soil management should be to provide 
vigorous and disease-free planting stock to reforestation agen- 
cies, and thus to reduce to a minimum the failure of plantations 
or their eventual deterioration. This objective is attained by 
fulfilling the following requirements: 

(a) Waintenance of adequate moisture and aeration of 

nursery soil by careful watering, cultivation, and 

addition of organic matter; 

(b) Maintenance of a proper amount and ratio of avail- 

able nutrients by the addition of fertilizers and 

absorbing colloids, and by inoculations of the soil 
with beneficial organisms; 

(c) Control of s oil parasites by application of acidi- 

fying agents, fungicides, insecticides, and other 

suitable means.
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Among the problems of forestry, few are as difficult 
as the management of nursery soils, particularly those in per- 
manent nurseries. In order to succeed in growing seedlings 
year after year on the same area, it is necessary to apply 

oe regularly considerable amounts of commercial fertilizers as well 

aes as toxic substances for the control of parasites. All of these 

4 chemicals enter into numerous reactions with the soil constit- 
vents, and cause a partial or complete destruction of the 
parasitic as ‘well as the desirable organisms. It is evident, 

therefore, that under these conditions the productive capacity 

of a soil may be inaintained only if all of the intricate 
chemical and biological reactions and inter-relationships are 

thoroughly understood and properly adjusted. 

ao The problems of nursery soil management are often 

ci complicated by requests for stock of definite size and shape 

suitable for reforestation of various sites and by different 

ve methods. In the majority of cases such requests are justified 

ra and can be satisfied through modifications of the rate and 
ahh manner of distribution of fertilizing materials. In adjust- 
bed ments of this kind, however, extreme care should be taken to 

preserve the proper ratio of nutrients, the disturbance of which 

d would lead to the production of unbalanced stock, lacking in 

Ae vigor. Also, a great deal of reservation should be exercised 

2 in regard to the amount of comercial fertilizers used, because 

asa f heavy applications may result in chemical injury of the stock, 

| oh or in production of over-develoned, so-called "forced" seed- 

2% lings which are likely to be destroyed by the unfavorable 

i influences of the new environment after transplanting. 

ie The expense involved in purchasing and applying dis- 
Sek infectants and fertilizers in some nurseries amounts to several 

nee hundred dollars per acre. This expense, however, is well jus- 

‘oa tified considering the high value of the product. One acre of 

peat a forest nursery produces more than 1,000,000 two-year old 

aa seedlings. The minimum cost of two-year old seedlings, accord- 

‘aa ing to present price lists of private companies, is ‘v4.00 per 

thousand. ‘Thus, the gross income from one acre of nursery soil 

om in two years amounts to at least ‘4,000, and the gross income 

: of a nursery, forty acres in size, may easily reach 4p100 , O00 

ac per year. 

te One acre of a forest nursery produces enough seed- 

lings to reforest one thousand acres, and consequently, the 

care given to a forest nursery of average size may decide the 

future of forest stands worth millions of dollars. 

. CHAPTER XXVI 

SELECTION OF FORIST NURSURY SITES 

; A forest management unit in European countries seldom 

exceeds 10,000 acres. With a common rotation of 80 years, the 
area to be reforested annually under management on a sustained 

yield basis is, therefore, 125 acres. The planting of this area | 

requires about 250,000 seedlings, i.e. an amount of planting
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stock which can be produced annually in a nursery less than one 

acre in size. This amount of planting stock can be successfully 
raised in a temporary nursery located on a recently cut-over 
area and maitvatnee as long as the natural soil fertility is 
not exhausted. 

The practice of temporary nurseries has many advan- 
tages, but it is not applicable at all to a large-scale American 
reforestation program. The need of this country for hundreds 
of millions of seedlings calls for the employment of mechanized 
mass-production methods and equipment, the full utilization of 
which is possible only in well organized permanent nurseries 
managed by highly trained personnel. 

The establishment of a modern permanent nursery re- 
quires a considerable investment for grading, fencing, over- 
head watering system, office building, garages, and other ; 
equipment. Therefore a mursery once established cannot be moved 
to another place without the loss of many thousands of dollars. 
On the other hand, a poorly selected nursery handicaps reforesta- 
tion because of the high production cost of seedlings or because 
of inferior planting stock. 

A person who is appointed to select the nursery site 
sheuld bear in mind that he is responsible, or may be held 
responsible, for the difficulties which may arise in raising 
stock, For this reason, it is well worthwhile to invite for 
advice and criticism experienced nurserynen and specialists in 
forestry, soils, plant pathology, etc. A written statement by 
these specialists is always more valuable than suggestions or 
opinions made by word of mouth. 

The factors which should be considered in selecting 
the nursery site are outlined below. 

(A) Physiographic factors: 

(1) Climate. The localities of extreme temperatures, 
as well as those having late spring and early fall frosts, should 
be avoided. Often, the most suitable conditions are found in the 
proximity of large lakes and other bodies of water. ‘The growing 
season and other climatic conditions of the nursery site should 
correspond with that of the region to be reforested. 

(2) ZOpoRraphy A level area is most desirable in the 

majority of casés. On the heavier soils a gentle slope may be 
beneficial because of the better surface drainage. The slopes 
of a larger gradient are subject to erosion or "washing off" of 
seed beds. The depressions, even slight ones, suffer from a q 

periodic excess of water as well as from "heaving" of seedlings. 

Slopes of moderate gradient may be terraced, Small rough areas 
and depressions may be leveled by grading. However, both ter- 

“a racing and grading are not very desirable because they may expose 
the less productive subsoil and require additional expense, 
Narrow valleys and canyons should be avoided because of the 
Scarcity of direct sunlight and danger of frost.
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(3) Exposure. The area should be pretected from wind to 

ng prevent injury to the seedlings by blowing sand, and by excessive 

prapora tion during the snowless fall and winter periods, The action 

soon fof Wind may be reduced to some extent by planting shelter-belts or 

yind-breaks of rapid growing trees and shrubs or corn, sunflower and 

‘ inila? plants. In hilly or mountainous country, the northern ex-~ 

psure 18 usually preferable because of less danger of early frost. 

the relief of the area end arrangement of the protective cover should 

slow for the drainage of the cool air so as to avoid a “frost 

pocket” condition. 

+ een (4) Inundation, Whether or not the area is subject to 

hte qver-flow should be investigated. 

' dip) Soil factors: 

ee thee, (1) Soil profile. The soil of recently cleared land with 

wee preserved forest litter 18 more desirable than a Similar soil of cul- 

pitas tivated, burned-over, or sodded areas. The soil should be at least 

. o* four feet deep and rather uniform throughout the profile. A well 

... ») J|develeped dark humic leyer commonly is a desirable feature. An eX- 

fog sessively developed humic layer containing somewhat peaty material 

itt i» Yindieates a deficiency of drainage, and hence, an undesirable condi- 

tion. An intensely colored subsoil layer usually indicates the 

presence of toxic substances and the soil should be carefully inves- 

sduuin [tigated by chemical or greenhouse tests. The soil profile must not 

secu [include any of the following formations: 

othe (a) Subseil layers high in colloids, and especially impervious 

Posie “claypan" layers. 

fin, (b) Iron concretions, or cemented "hardpan" layers as found 

in Podzol soils. 

t (c) Rusty or greenish mottlings common in Gley soils. 

&. (d) Deposits of calcareous material common in Rendzina soils. 

The undesirable properties of the lower soil layers will 

" become especially pronounced in case the surface soil is removed 

+: [for leveling. 

+) RAM (2) Ground water. The ground water should be not less 

cus: |than five feet from the surface se that there may not be danger of 

excessive moisture in the spring. 

Seep | (3) Texture of soil. Sandy loam or loamy sand soil, 

np containing from 15 to 25 per cent of silt and clay particles, is 

referable. Lighter soils may be improved by the addition of organie 

o8 matter or, in some cases, clay. Soils high in colloids are undesir- 

ena, able because of difficulty in cultivation, weeding, control of 

ites perasites, adjustment of reaction, etc. In cooler regions highly 

: ve colloidal soiis remain frozen late in the spring and in removing the 

us seedlings for planting the roots are seriously injured. Also, on 

a: Navy soils the seedlirgs often suffer from “heaving” or “freezing 

ie ms", The irprovement of these soils by the addition of sand or 

720% tharcyal is seldem practicable,
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(4) Stoniness. Special attention should be given to the 
mount ef gravel and stones imbeddec in‘ the upper one and one-half 

‘lfoot layer, since these materials will interfere greatly with culti- 
+. <}yation. 

Lo (5) Reaction of soil, The optimum reaction for most 
. |gpecies is between pH 5.0 and 6.0. Soils of a lower pH have a low 

» .Jgntent of available nutrients and some toxic agents; soils of a 
.~ 7°, [pigher pH encourage the invasion of fungous diseases. The reaction 
s [may De corrected to a certain extent by the application of chemicals 

gnd organic matter. An increase in acidity may be produced by the 
spplication of acid solutions, ammonium sulfate, sulfur, or other 

+s Tgeidi fying agents. A decrease in acidity may be attained by the 
addition of alkalizing materials such as lime and wood ashes. This, 

-|howaver, is often objectionable because it encourages the invasion 
of damping-off organisms. Consequently, the improvement of the 
strongly acid soils may be more successfully accomplished through 
the fixation of the toxic substances by means of mineral or organic 

_ + Tfertilizers. In general, alkaline soils present a much more diffi- 
-. “Tqult problem than the strongly acid soils, 

. (6) Organic matter. It is preferable to have at least 
~*. [5 per cent of organic matter in the upper 6 inch soil layer. 

oie (7) Plant food material. A desirable minimum content 
= [of nutrients in the upper soil layer is as follows; total nitro- 

go! | gen O.1 per cent; available nitrogen (nitrates and ammonia) about 
1 per cent of the total nitrogen; available phosphoric acid ( P20.) 
100 pounds per acre; available potash (%90) 150 pounds per acre; 
ital replaceable bases 5 to 4 milliequivalents per 100 gms. if the 
base exchange Capacity of soil is about 10 m.e. per 100 gms. The 
amount of nutrients, however, varies greatly with the soil and 
climate and can be adjusted by the addition of fertilizers, 

(8) Toxic agents. The soil should not contain a high 
sontent of total soluble salts, a high content of carbonates, fer- 
teus iron, active aluminum, or other toxic substances, If the area 
has been used before as a forest or commercial nursery or for rais- | 
ing truck ereps, it is desirable to determine the content of arsenise 

“ Which might have been introduced by treatments for insect parasites. 

(9) Peat deposits. In most regions, the productivity of 
a permanent nursery sooner or later will become aependent upon the 

. | supply of organic matter which is used for the improvement of the 
; physical condition of soil and as a source of nitrogen, carrier of 

fertilizers, and as a buffering naterial after treatment with acid 
solutions. Therefore, it is important that some suitable deposits 

° [Of aci@ peat, free from parasites ana of a high base exchange capacity 
ny) (80 milliequivalents per 100 gms., or higher), are located within a 
,' | Teasonable distance from the nursery, 

- 1(C) Biotic factors: 

; (1) Useful organisms. The upper soil layer should contain 
baa a sufficient number of nitrogen fixing, ammonifying, nitrifying, and 
7 cellulose-decomposing organisms, as is ordinarily the case with any 

: fairly recently cut-over area. If the biological activity of the 
soll, for some reason or other, is unsatisfactory, it may be increas-
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“Jed by the generous application of duff of leaf-mold from productive 
ato forest stands. Such stands should be located within a reasonable f fo ]distance from the nursery sn that the transportation cost is not 

axceedingly high, 

tae (2) Parasitic organisms. The possible occurrence of para- 
“}tom[sitic fungi and insects should be investigated’ in the field and by 
‘tonot,[greenhouse tests. The heavy infection of soil with parasites is 
wet yfespecLally common on abandoned fields. 
SH Mey 
nd: fine (5) Weeds. If possible, the areas containing persistent 
¥2 +‘, Jweeds of the region should be avoided, 
PE Nba 
‘va 1(D) Eoonemic factors: 

abel (1) Location. The nursery should be located as near as 
, «| possible to the center of the planting region so that the transpor- 
| oeTtation cost is low. 

te (2) Size of the area. There should be sufficient area 
te produce the seedlings and transplants required for planting. The 

is [possible expansion of the reforestation program should also be con- 
sidered and the eventual enlargement of the nursery insured by the 
purchase of sufficient land at the start. 

ran (3) Water supply. The source of water for irrigation 
| [should be carefully examined, the pumphouse located, and the length 

“s< Jand ccst of water pipes calculated. Also, a source of drin'ting water 
vg Post be established, and the expenses connected with its supply es- 

timated, 

wie (4) Roads. Special consideration should be given to the 
condition of the roads in the spring in order that there may be no 
delay in delivering the seedlings during the planting season. 

it (5) Source of power and telephone connection. It is very 
4 | desirable that power and telephone lines be in near proximity to the 

: } [nursery site. . 

tf (6) Supervision. Since the most efficient management 
of a nursery demands the presence ef the nursery superintendent and 

« « | dls assistants almost constantly, conditions should allow the pos- 
you | sibility of permanently locating these officers and their families 
sy [in the vicinity. The housing, accessibility to a populated center, 

." [and distance to a school are of primary importance, 

“a: (7) Labor. The availability of labor and distance to 
s* | a@ settlement should be considered. 

voir 

(8) Public relationship. Sites accessible to the public, 
x especially those located on highways, are preferable, & well-managed
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forest nursery may well serve for education and recreation of 
ei the general public. 

aa Preparation of the Ground 

If the area selected for a nursery site supports a 
‘ forest stand, it is important to make an exact plan of the loca- 

tion of seed beds, roads and buildings before clearing. This 
must be done in order to preserve in proper places strips of 
trees and shrubs which would serve as windbreaks or hedges. 

After the timber is logged, the slash is either removed 
and allowed to decay in compost heaps, or it is burned in small 
piles and the .ashes carefully distributed over the area. The 
stumps are pulled with a tractor and used for fuel; stump holes 
are filled with the soil. The dry season is best suited for 

a pulling the stumps as the soil is easily separated from the roots, 
; The cleared land is plowed, disked and harrowed, or rototilled, 

and the seed beds are prepared. The cultivation or rototilling 
of the soil is particularly urgent on sites infested with white 

' grubs or weeds. 

Areas of irregular topography must be graded or terrac- 
: ed using a scraper-tractor unit. In grading, the fertile top- 

soil is moved to one side, the sterile subsoil is leveled and 
the topsoil is then distributed uniformly over the surface. A 

: contour map, or series of level traverses are essential for the 
' calculation of the cut and fill and the efficient grading or 

; terracing of any extensive area. Utmost care must be taken to 
a grade to a uniform level or slightly sloping surface. Even 

slight depressions are likely to accumulate water and cause 
either frost heaving or stagnant growth of stock due to lack of 

: aeration. In soils with less pervious substratum provision 
; should be made for establishing tile drainage, 

Under conditions of nursery practice, soils of all 
textural classes are subject to erosion, and, hence, slopes with 
gradient exceeding five degrees, should be rigidly avoided. 
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CHAPTER XXVII 

REGULATION OF MOISTURE CONTUNT IN FOREST NURSDRY SOILS 

Advantages and Disadvantages of Artificial Irrigation : 

; Under proper management, artificial watering facilita- 
tes the preservation of stock during periods of prolonged drought 
and makes possible the maintenance of an adequate and uniform 
soil moisture content. However, the artificial irrigation system 
may adversely affect the quality of nursery stock if unnecessarily 
high amounts of water are applied. 

Excessive watering leads to an anaerobic condition, 
; leaches or renders unavailable plant nutrients, and may encourage 

vfs the development of fungous diseases. Besides these direct 
‘ detrimental effects, excessive watering may be harmful indirect- 
ie ly by devel»yping succulent seedlings with a low resistance to 
si drought and frost. 

ye Rate of Watering 

Most practical foresters believe that it is better to 
% lose a few of the weaker specimens in the nursery than to bring 

ty up the stock on excessive moisture and have large-scale failures 
4 in the field following transplanting. However, as recent ob- 
2 servations show, even nurserymen who intend to minimize water- 

a ing, apply considerably more water than seedlings need. This 

¥ fact is strikingly illustrated by comparing the amounts of water 

ov used in nurseries with and without artificial irrigation. 

, In order to get some idea as to the amounts of water 

4 being applied, it is very helpful to record the quantity of water 

“ used and to relate this quantity to the average monthly rainfall. 
For this purpose the nursery should be equipped with a number of 

rain gauges, properly placed, both inside and outside of the 

“ region of artificial irrigation. 

, In a conservative watering, the amount of water added 

to the soil each month should not greatly exceed the average 

monthly rainfall. <A survey of this problem showed that in some 

¢ nurseries, four to five times as much water as the average pre- 

“ cipitation for the same period was added during the two dry 

months. Thus, in some instances, artificial irrigation has 

translocated the nursery from the prairie-border region of the 

central United States to an extremely humid condition as found 

's on the Pacific Coast. 

_ In fine-textured nursery soils, the establishment of 

a proper rate of watering may be materially facilitated by an 

\ analysis of the physical properties of the soil. A knowledge 

of soil aeration is particularly important since it is a funetion 

of two variable factors, the degree of water saturation and soil 

porosity. Consequently, soil aeration data have the same general 

significance for all soil types. As long as watering does not 

lower the aeration of soil below 20 per cent by volume for any 

considerable length of time, there is no danger of denitrifica- 

tion and other reduction processes. This means that satisfactory
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conditions for the growth of trees, on soils having a porosity 

of 50 per cent may be maintained with as much as SO per cent of 

water in the soil. On the other hand, with soils having a 

porosity of 40 per cent, only about 20 per cent of water in the 

soil is allowable for satisfactory growth of seedlings. The 

aeration of coarse sandy soils practically never drops to an 

undesirable level. 

Vet In dry seasons it is advisable to dig into the soil 

a periodically to about one foot depth in order to ascertain either 

by laboratory methods or ocular estimation the penetration of soil 

fe moisture and probability of drought. Studies following the severe 

drought of 1936 showed that the failure or survival of unwatered 

seedlings was directly correlated with the depth of root pene- 

tration. Table 36 presents some observations on the relation be- 

vt tween drought resistance of seedlings and the length of root 

sf systems. In this particular case the drought injury was cor- 

ie) related with root length within each class of stock, but not 

" with the top-root ratios. 

Table 36. Average Top-Root Measurements of Survived and 

Drought-Killed Seedlings on Unwatered Nursery Plats} 

July, 1936 (After Hl. M1. Galloway) 

eee eninndatndahelleceeme 

if ; Survived ; Drought -killed 

i Class of : . : : ; ‘ 

‘ stock : Top : Root : T/R : Top : Root .i /R 

i : inches : Ratio 3 Tnches : Ratio 

ti 2-0 Jack pine : 8.07: 8.02 ; 1:01 : 4.64: 5.99 ¢ «78 

2-0 Red pine : 5,535 3 6.64 : 683: 3,90 ; 5.04 : 477 

: 3-0 Red pine : 10.24; 11.73 ; 687 s: 5.38 : 8640 : 464 

Rea 3 sere tl ete 3 3 3 

i To aid in the maintenance of a proper water supply, 

several moisture-recording instruments have been devised. 

The tensiometer type (Heath) of instrument consists of 

a porous olay vessel filled with distilled water and attached to 

a mercury manometer. When a soil is saturated it shows no at- 

traction for water and hence no pull is exerted on the mercury 

column. As the soil becomes drier, water from the clay tube or 

jar is drawn out into the soll, and the vacuum created raises the 

mercury in the manometer column. This rise is related to the 

soil moisture content and is measured in convenient units of the 

manometer scale (Fig. 82). 

In calibration, the instrument is placed ina saturated 

soil which is allowed to dry out until it reaches the wilting 

point. Throughout this period, the soil moisture is accurately 

determined on a number of samples, and a curve of soil moisture 

in terms of manometer units is thus constructed. 

In nursery use the porous vessel should be placed in 

the eritical region as determined by maximun root penetration, 

‘ i.e. about 5 inches for one year old seedlings and about 10
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“ Figure 82. Types of soil moisture meters: (A) Heath's 
‘ hygrometer adapted for use in forest nurseries; (B) Heck's 
: modification; (C) Modification by the Lake States Forest 
3} Experiment Station.
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inches for older stock. It is advisable to mount the manometer 
in a wooden box with hinged cover. 

Electrometrical methods are based either on thermal or 
electric conductivity of soil at different contents of moisture. 

The electrothermal method (Shaw and Baver) determines, 
by means of a Wheatstone bridge, the fluctuating resistance of 
a thin copper wire wound on a glass rod and buried in the soil 
at a desirable depth. The greater the soil moisture content, 
the faster is the heat absorption; in turn, the greater is the 
conductivity of the copper wire, and hence the lower is the 
micro-ammeter reading. The relationship between the content of 
moisture and conductivity is somewhat different in soils of 
various textural classes, and the instrument must be calibrated 
on the basis of the empirical moisture determinations. 

In the electrical resistance method (Bouyoucos), the 
mvisture content of soil is related to the conductivity or 
resistance of a standard gypsum block buried in the soil at a 
desirable depth. The moisture content of the block varies 
greatly with the soil moisture. Since the dielectric constant 
of plaster of Paris is proportional to its moisture content, a 
measure of conductivity of the block by means of \Wheatstone 
bridge is a measure of soil moisture. 

Recently an inexpensive instrument of a nykrometer 
type has been placed on the market. This instrument records the 
moisture by expansion or contraction of a fiber sensitive to 
soil humidity. 

While some difficulties are encountered in the use of 
moisture-recording instruments, they are likely to prove of 
considerable value to nursery practice. The chief advantage of 
these instruments is their ability to record the changes in 
moisture content of a soil in situ without disturbing the soil 
structure and natural flow of soil water. 

Time and Manner of Watering 

Ordinarily, light frequent sprinkling is not as effec- 
tive as prolonged application of water at longer intervals. The 
light sprinklings wet only the upper one or two inches of soil 
and a large amount of water is immediately lost through evapora- . 
tion from the soil surface. ‘This is especially true when water- 
ing is done during hours of high temperature. However, frequent 
sprinklings should sometimes be used on very young, short-rooted 
seedlings. Also, only a limited amount of water may be applied 
at a time on heavy soils when there is danger of denitrification. 
A certain amount of care is needed in watering soils of low 
colloidal content which have been treated with soluble commercial 
fertilizers since excessive watering may deprive the upper soil 
layer of nutrients. A careful periodic examination of the 
development of root systems and penetration of water on a given 
soil type is essential to the establishment of a proper rate of 
watering. 

There has been a long, unsettled argunent as to the 
effects of water applied on hot days under direct sunshine. While
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many practical foresters claim that this practice is harmful to 
seedlings, several scientists deny the validity of this belief. 

: Watering on days of scalding temperature decreases the 
air and soil temperature and often prevents the destruction of 
stock by heat. At the same time this practice is not economical 

om since rapid evaporation prevents the penetration of water to a 
greater soil depth. The most efficient conservation of water is 

4 reached when it is applied late in the evening. Such practice 
Se allows percolation of water to a depth of 8 or 9 inches. Thus, 

neha when temperature becomes high in the middle of the day, the water 
a is protected from evaporation by a soil layer of considerable 
a thickness. ‘The application of water in the early morning, 1.0. 

from 3 to 5 a.m. is almost as efficient as evening watering. As 
—n observations showed, in nurseries where water was applied during 
i the evening and early morning hours, including the nurseries with- 
. out an overhead system, no losses of stock occurred in the 

extreme drought of 1936, In the same season, stock watered dur- 
ing the daytime was seriously damaged in several nurseries pro- 
vided with an overhead system. 

ee Watering in the daytime is decidedly harmful when the 
ei nursery is forced to use a supply of hard water. Because of 

Pee rapid evaporation, the accumulation on the soil surface of a 
= crust of calcium and magnesium carbonates results. Although such 

ans a crust may not reach a depth of more than 1/8 inch, it sometimes 
one causes the deterioration of stock, One-year old seedlings are 

particularly susceptible to injury of this kind. 

ial As a protection against frost injury, the operation of 
# the overhead system may become urgent during late spring and 

ait early fall nights when the temperature drops suddenly toward the 
freezing point. 
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CHAPTER XXVIII 

i COMMERC TAL FERTILIZERS 

"I take it upon me to say, that.‘to be a good husbandman, it is 
. necessary to be a good chymist. Chymistry will teach him the best 

oy way to prepare nourishment for his respective crops, and, in the 
i most wonderful manner will expose the hidden things of nature to 
§ ey op” 8 . 

iho. eee Dr. A. Hunter, "Georgical Essays" Bd. 1777. 

ae Irrespective of the original productivity of the soil 
a. selected for a forest nursery, in the course of time the content 

4 of nutrients and organic matter will be depleted because of leach- | 
ae ing, activity of micro-organisms and nutrition of the seedlings. 
oo The fertility of soil may be reestablished in a safe and natural 
es manner by the application of litter and duff, or humus from pro- 
sar ductive forest stands, These materials, however, are seldom 

es available in large quantities and their procurement is very cost- 
bean ly. In order to bring the nutrient content of a depleted sandy 
ae nursery soil to its original state it may be necessary to apply 

ee as much as 50 tons of forest duff. Therefore, natural fertilizing 
materials, as a rule, must be replaced by commercial fertilizers 

ee applied either broadcast, in the form of compost, or in solution. 

a The use of fertilizers requires a knowledge of their 
es chemical composition, their reactions with the soil, and their 
Pe effects upon the development of seedlings and soil organisms. 
1 Indiscriminate application of fertilizers may cause chemical 

os injury to the roots of seedlings, encourage diseases, and lead 
to the production of unbalanced nursery stock, lacking in vigor. 

ote The following outline contains a description of the more 
te important commercial fertilizers with respect to their suitability 
as to nursery practice, 

A. Organic Nitrogen Fertilizers 

This group of fertilizers includes dried blood, tankage, . 
activated sewage sludge, castor meal, and similar materials con- 

: taining from 5 to 10 per cent of ammonia nitrogen. Although these 
ape fertilizers are widely used in nursery practice, none of them are 

entirely satisfactory. The chief objections are, the high price, 
: encouragement of parasitic organisms, and danger of chemical 

injury of seedlings. The chemical injury occurs under a condi- 
; tion of high temperature and abundant moisture which may lead to 

a sudden release of ammonia. 

ti B. Mineral Nitrogen Fertilizers 

; (1) Nitrate of Soda, or "Chile saltpeter", NaNoz, occurs 
as a natural deposit in South America. It is also produced in 

‘ quantities in Virginia and Europe from synthetic nitric acid, 
a synthetic ammonia, sodium hydroxide, and sodium carbonate. The 
3 refined salt contains about 16 per cent of nitrogen. 

Sodium nitrate is soluble in water and readily avail- 
able to plants. In regions not subject to late frosts, it has 
special value as an early spring fertilizer since it furnished 
the nitrogen to seedlings at a time when the nitrifying organisms 
are not active.
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so, 1t may be virtually necessary on strongly acid soils, disinfect 
soils, soils high in raw organic matter, as well as on soils wher 

gland hardwoods or other nitrophilous species are grown. 

Continuea applications of sodium nitrate may lead te a 
eerease Of soil acidity because of assimilation of nitrate ion by 

ine plants ana accumulation of sodium in the form of the carbonate, 
mis may be schematically represented by the following equation: 

; 2 NaNOg + H90 + C8g = 2 HNOg + NayCO., 

Actually the sodium nitrate probably reacts with the 
a ixchangeable ion te form the sodium exchange which eventually reacts 

A, {th water and carson dioxide, as follows: 

ve NaNO, # Bex s Na.x ¢ B.NOxz 

| 2Na.x # HO ¢ CO, ——-—- 2 H.x f+ NapCO;, 

Lg The accumulation of sodium carbonate is detrimental to the 
od wedlings of a majority of species, partially because of a decrease of 
is widity, and partially because of the cirect toxicity of the sodium 
a ‘nw Therefore, the application of sodium nitrate should be limited | ; 
4 |, cases when nitrate nitrogen is an urgent necessity. Sincs severe 

lmping-off is a usual result of nitrate fertilization, nitrates should 
lot be applied on séed beds. Adverse soil conditions resulting frem 

2 the excessive application of sodium nitrate may be correctec by the 
3, iolication of acia fertilizers, particularly amronium Sulfate, 

f Because nitrate nitrogen appears as an acic radical and 
‘ forms no insoluble compounds, it cannot be absorbed or fixed in the 

wil and 1s easily lost through leaching. For this reason, nitrate 
fertilizers are usually applied in a liquid form, The comron rate of 

: pplication varies from 100 te 200 pounds per acre at a time. Large 
I mounts should not be applied particularly on pure sandy soils or on 

poorly aerated heavy soils. In the former case, the excess of nitrates 
Mill be leached away without producing much beneficial effect, while 
in the latter case, the nitrates will be reauced into undesirable 
frms. After the application #f nitrates the treated beds shoula be 
Watered rather conservatively so as to prevent leaching of the fer- 

ilizer and to avoid anaerobic conditions which would lead to 
lnitrification. 

The fertilizer should be obtainea from a reliable source, 
‘ince imperfectly purified salts may contain toxic potassium chlorate 

[Kcl04). “Aarcadian” nitrate of soda is a synthetic Arerican product 
of guaranteed analysis, which may be especially recémmended, 

(2) Calcium Nitrate or "Norwegian Saltpeter", Ca(NO3)o, is 
Weduced frem lime water and synthetic nitric oxide, This feftilizer 
tntains about 16 per cent of nitrogen and is readily soluble in water, 
It could be used to advantage on strongly acid nursery soils deficient 
In galetum. However, it is highly deliquescent and expensive, In 
ther respects it 1s similar to nitrate of soda, 

(3) Ammonium Sulfate, (NH) 2894, is a by-product of coke or 

tool distfillation. It is also manufactured from ammonia, calcium 

wlfate and carbon dioxide, It contains about 20 per cent of nitregen, 
The salt is easily seluble in water and, under favorable conditions,



af Suhhs anwonte Ls quickly convert. into the nitrate form by nit.ifyir.. 

"s sioteria. This rues the »itrogen in ammonium sulfate available to 

ihe plants almost as readily as that in nitrate fertilizers. A gre:t 

mer of the coniferous species have ability to utilize ammonia nit.o- 

: n Withot its conversion to the nitrate form. Because the ammonia 

0am , energetically absorbed by the soil colloids, and usec by plants, 3 

‘st she sulfate Lon accumulates and produces an acid reaction according 

“Yb the equation: 

(NH4)9804 + 2 Hex > 2 NHg.x + Hp804 

' In most cases an acid reaction is beneficial to the seed- 

_ dings, and hence, armonium sulfate is, in general, a much more desir- 

le commercial nitrogen fertilizer than sodium or calcium nitrate. 

mis 1s particularly true when coniferous stock is grown. The acici- 

cation of a soil through the application of ammonium sulfate serves 

ina measure to control parasitic organisms. An especially valuable 

property of ammonia fertilizers is that the ammonia goes into the soil 

xchange compound where it may be retained for a long period. 

‘EL bea Although ammonium sulfete contains more nitrogen per unit 

‘' ‘t tron the nitrate fertilizers, 4t is more slowly available, less toxic 

. way be applied at a rate as high as 500 pounds per acre. In sce 

"| Jases Lt is beneficial to combine sulfate of ammonia with nitrate of 

sis wda in a ratio, determined by soil conditions ana composi tion of 

at 4 sock. Because amronia is liberated by al<alies, ammonium sulfate 

ov * Tnould not be mixed with lime, potassium carbonate, wood ashes, er 

'"! Olimilar basic materials before application. 

ae (4) Ammonium Nitrate, NH4NO,, is manufactured synthetically 

, © 'Ifrom nitrogen of the air. The pure’salt contains 65 per cent of 

.,, nitrogen of which 7 per cent is in the form of ammonia and 28 per cent 

“*"“‘He in the form of nitrate. This highly concentrated, double salt fer- 

tilizer may be of special value in liquid treatments. However, it is 

‘Thygroscopic and expensive. Qne hundrea rounds per acre at a time is 

‘lp high application of ammonium nitrate. 

i 4 (5) Ammonium Sulfate-Nitrate, "Leunasalpeter" or "Montansal- 

; peter", (NH4)9S04.NH4NOz, is a double salt manufactured synthetically 

in Germany me containing 26 per cent of nitrogen. About one-fourth 

: of the nitrogen is present in the nitrate form and three-fourths in 

: the ammonia form. It may be considered as a mixture of about 165 

pounds of ammonium sulfate with 100 pounds of ammonium nitrate. It 

Its considerably less hygroscopic than ammonium nitrate and is a very 

. |popular fertilizer in Central Kurope. 

UR (6) Calcium Cyanamid, CaCNg, is manufactured from calcium 

carbide through which nitrogen gas is forced at a high temperature. 

., [It contains from 20 to 25 per cent of nitrogen, and breaks down in 

finioee the soil into ammonia and nitrates, accerding to the following 

Be equations: [ 

he CaCNy + © Hg0 = Cac0, + 2 NHy 

Rigo PES Og me  WROye or) 

7 4 As by-products of these changes, there are formed some 

Ete texic cempounds, md the fertilizer cannet be applied shortly before 

: seeding or planting nursery stock. For this reason, calcium cyan anfd 

fs little desirable for use in nursery practice.
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i 
C. Phosphate sertilizers Fi 

: bi 
‘ (1) Rock Phosphate, Cat .5 Ca;(P®4)9, occurs as apatite or FH 
_Besphorite rock. It contains about 70 per cent.gf tri-calcium phos- 4 

_Igte. This is soluble in streng mineral acids and is not airectly 
 Igllable to the seedlings. In time, however, the water and earbon : 

oxide of the soil may convert the tri-calcium phosphate injle fi 

gilable mono-calcium phosphete, as follows: " | 

; Cas(POq)o + 4 COg + 4 HpO = CaHg(PQ4)o + 2 Ca( HOR.) . | 

: This process is very slow, especially in slightly aeid [) 
{1s and in soils with little organic matter. Fine grinding in- | 

‘. beases somewhat the availability of phosphorus. Nevertheless, even 5 

_+ Inely ground rock phosphates are slow acting fertilizer and are used | 

‘ r the permanent improvement of soils rather than for an immediate | 

ply of phosphorus. In some exceptional cases, when the organic 1 | 

tter of compost is treate® with mineral acid, rock phosphate may be 

lvantageously added in a large quantity to the compost. Also, the 

nok phosphate may be used beneficially ‘hen strongly acid peat is | 

ited in large quantities on nursery soils, as well as when the s* | | 

“oeated with sulfur. Inoculation of soil with sulfur oxidizing i 

ceria, or an addition of duff of a raw humus nature, may speed up | 
» siderably the release of the available phosphorus. | 

Some rock phosphates may be texic te forest seedlings ! 

“ause of their relatively high fluorine content, 4 
i} 

: (2) Superphosphate, ( CaHg( P04) » is essentially mono-calcium 

‘+ Iiosghate and is manufactured from rock phosphates treated with sul- i 

ic acid, as follows; i 
i) 

"9 Cas(P@4)o + 2 HpS0q t 4 HpO = CaHg(PO4)o F 2 CaS@4.2H20 ‘ | 

In the manufacturing process, besides the water soluble | 

no-calcium phosphate CaH4( P@4)9, ammonium citrate soluble @i -calcium i | 

. fosphate CagHo(P04)o, a8 welt as inesluble tri-calcium photghete 

Ws(P@4)o, are obtainec, The commercial superphesphate contains frem Mh | 

{ to $0 per cent of available phosphoric acid (P2905), partly in a 

im of mone-calcium and partly in a form gf di-calcium phosphate, My 

20 per cent superphosphate is the most common phosphate fertilizer 4 

’ Thforest nurseries. Its rate of application varies from 100 t@ 590 Fy 

id even more pounds per acre. | 

In case the nursery soil is strongly acid and does net i 
mtain a sufficient amount of active calcium, the superphosphate may | 

# converted into inseluble ferric phosphate or aluminum phosphate, t 

‘ {ch 48 not available to the seedlings. This process is called Hl 

' Thosphate fixation” and it may be preventec by the addition of lime | 

!wood ashes. On the other hand, in slightly acia or alkaline soils, \, 

he superphosphate may be converted bac to unavailable tri-calcium | 

fosphate, This may be counteractec by the addition of anmonium i 

fate and other acid-forming materials. The presence of ser® gypsum, qk | 

Y calcium sulfate, 18 beneficial to the plants as a source ef calcium i 

d sulfur. St 

Hh 

Sometimes the superphosvhate is referrec to as "acid phos- | 

mate. The association of Oficial agricuitural Chemists, however, i 

is rocommended that the term acid phosphate be discontinued, iW
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(3) Double Superphosphate or "Treble Superphosphate", known , 

j1so unuer the trade name Multiphos', contains from 40 to 50 per cent 

Wf available phosphoric acid (P505). :It is prspared by treating phos- i 

nate rock with phosphoric acid instead of with sulfuric acid, as 

1 Ipllows ¢ 

ee Cag(PO4)o ¢ 4 H,PO4 = 5 CaHg( P64) 

ie Thus, the double superphosphate may be regaraec as ordinary 

. mperphosphate from which the gypsum has been removed, 

By Double superphosphate is varticularly suitable for use on 

ursery soils well supplied with calcium, anc when large Quantities of 

phosphate are needec. A sinrle application of this fertilizer may be 

‘‘'Is high as 5€0 pounds per acre, assuming that the fertilizer 1s 

_ “ “thoroughly werked into the soil. 

| | (4) Bone Phosphate. ones contain about 50 per cent of tri- 

-}elcium phosphate, and about 4 per cent of nitrogen. Bone phosphate 

“ ‘hy a rather favorite source of phosphorus in greenhouse and commercial 

“w*T- sortes, chiefly because it provides some extra nitrogen and becau3e 

' + Tt -»oduces no toxic effect upon the plants when applied in large 

+ atyantities. However, it is an expensive fertilizer which cannot com- 

; wie in forest nursery practice vith the other forms of phosphate. 

au (5) Basic Slag, (Ca)..Pp205.8i0, i8 a by-product of the steel 
industry. It contains about 80 per cent of phosphoric acid, a large 

joount of calcium, and some amount of iron, aluminum, sulfur, ana | 

vie giliea. The phosphorus is readily availeble to the seedlings and does 

‘ot revert to an insoluble form, It is as active as superphosphate 

} md may be of special value on strongly acid nursery soils. On the 

‘a: lless acid soils, the superphosphate is usually preferable. Basic slag 

“lis largely a German fertilizer, and is on the market in the United 

States only to a limited extent. 

The application of phosphate fertilizers in forest nur- 

series accomplishes triple purpose: it supplies the readily available 

‘i phosphorus, it corrects the deficiency of calcium, and it counteracts 

the effect of the toxic agents, particularly aluminum. For this 

pa reason, the phosphate fertilizers are often applied to nursery soils i 

lin quantities considerably higher than those needed for the correction 

4 if deficient phesphorus. Also, the soils having a high fixation 

: #Jhapaci ty may call for a systematic addition of large amounts of phos~ 

.' “Dhetes, Hortunately, the phosphoric acid is only slightly fonized and 

wxerts considerably less toxic effect upon the seedlings as compared 

With ether acid radicals, particularly with chlorine and nitrate tons. } 

le to this fact, in some nursery seils, as large amounts of 20 per 

-* ‘Teent superphosphate as 1090 pounds per acre aid not produce an 

, adverse effect upon the secdlings. | 

4 D., Potash Fertilizers 
ev 

| 

ce (1) Murtate of Potash, or Potassium Chloride, KCl, is manu- \ 

* factured by purifying the natural patash deposits of Germany and France, 

It contains nearly 50 per cent of petash (K20), is soluble in water, | 

and is for the most part readily available to seedlings. In the seil \ 

{t splits up into potassium and chlorine ions. The former are absorbad i 

by the colloidal fraction of the soil and utilized by the plants, pro- i 

dably in the form of carbonate; the latter form hydrochloric acid. iH 

- tithis"may be schematically presenteo as follows: H 

we 

hii
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KCl + Hx ————» Kex + HCl 

: 2 Ker =} Hg C0 ——— M2005 (2 Hex | 

The lihersatea hydrochloric acid is partly employed’ in 
’ snverting calcium phosphates into available form, and is partly 

ieached. In larger quantities chlorine ton is hirhnly toxic te the: 
forest seedlings, and where large amounts of potash are naaded, potas-~ 

* -- |stur sulfate should be used instead of murtate ot potash. Because 
potassium salts are easily washed from the soil in the absence ef base 
exchange matertal, the need for large and repeated applications of ; js[potash fertilizer is to be expected on Sandy soils poor in clay and 

. Jorganic matter, 

a The rate of application of murtate of’ potash varies 
ordinarily from 100 to 250 pounds per acre at a time. In purchasing 
xtash fertilizers one should be sure that the salt azes not centain 

‘+ “Ticrax which 1s injurious to the plants. | 
* 

: (2) Sulfate of Potash, k,$04, is made by treating muriate cf 
awash With sulfuric acid or 1a ehesfum sulfate. It contains about 
) s3r cent of potash (Kg0). It way be usea in somewhat larger 
waatities than muriate of potash without injury to the roots of the 
sedlings. In other respects it is similar to murtate or potash. ‘Hh 

aaa (3) Crude potash salts. The crude sources of' potash are ‘ 
* Tkainit, sylvinite, and carnallite. Kainit is a mineral cempound of Fi 
oi.Jmriate #f potash ana sulfate of magnesia with some sodium chloride 

‘< “‘lnd other impurities. It contains from 12 to 16 per cent of potash. 
“|Very often under this name is sold a mixture of carnallite and 

vv laylvinite with some rock salt. Sylvinite is essentially a mixture of 
‘}potassium and sodium chlorides, containing about 16 per cent of 

' i}potash, Carnallite is a double compound of muriate of potash and 
tagnesium chloride with some sodium chloride. It contains about 
{per cent of potash. 

g a The chemical cemposition of crude potash salts varies 
.. [ereatly according to the mine from which they come. Materials from 
’ tome deposits may be highly toxic to seedlings, especially when ap- 
-. [plied in consicerable quantities. Total destruction of the nursery } > ¢]itock has been reported due to the application of large amounts of 
sirude potash fertilizers, The toxicity is directly related to the 

rs: ajentent of chlorides, especially those of sodium. 

Vadkle There is little information available as te the suit- 
~.a/bllity of crude potash fertilizers for use in forest nurseries. 
'fiwever, on poorly buffered sandy soils crude potash fertilizers, 

‘,w then usec in moderate amounts, may have some advantage over the } 
jturified materials because of their slower solubility. 

E. Combined rertilizers } 

! This group of fertilizers includes largely synthetic pre- Hi 
; tuets containing two or three essential nutrients. Combined fertili- 

‘ers find their sreatest use in forest nursery practice as liquid hk 
- . flertilizers, The most importent fertilizers of this kind, which are | ' | [udtable for nursery practice, are briefly discussed belew. i 

‘ 
‘ i 

Nt
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ae Mono-Ammonium Phosphate, Ni4HoP%4, is made by treating pure 

phosphoric acia with ammonia and evrpornting the solution. It contains 

ypout 11 per cent of nitrogen end 48 per cent of phosphoric acia, it 

is 801d under the trade neme “Ammo-Phos". : 

ea . Di-Ammonium Phosphate, (NHa)gHPO,, is essentially a mixture 

‘|of mono-ammonium phosphate with ammonium sulfate in the proportion of 

- Tpout 809 pounds of crude ammonium phosphate with 1200 pounds of am- 

" «onium sulfate. The comercial product contains about 16 per cent of 

a aitromen and 20 per cent of phosphoric acid. It is called "Liammono- 

: “Ppnos . 

‘ 3. Leunaphes 18 a concentrated fertilizer made in Germany 

from di-ammonium phosphate and ammonium sulfate. It eontains about 

10 per cent of nitrogen and 20 per cent of available phosphoric acid. 

‘ sbout 90 per cent of the latter is water soluble. Except for the 

. |oncentration of nutrients, this fertilizer is similar to Ammo-Phos, 

. 4, Nitrophoska is a trade nare for a group of highly concen- 

: trated synthetic fertilizers wanufactured in Germany, These are made 

y bringing into contact, usually in solutions, diammonium phosphate, 

i ymmonium nitrats, and potash salts, and then precipitating the result- 

ting salt cut. The four grades of Nitrophoska, available on the 

o |merican market, are as follows: 

Fe No. 1. N-15 per cent; P20,- 53 per cent; Ko@- 15 per cent, 

“|ten per cent of tateal nitragen is in the form of nitrate, while 90 

' Iyer cent is in the form of ammonia. Phosphoric acid is derived from 

i-ammonium phosphate. Potash is derivec fror muriate. 

uy No. 2. N - 16.5 per cent; P9005 - 16.5 per cent; ~~ - 21.5 

‘Iyer cent. Thirty per cent of the nitrogen is in the form of nitrate 

|while 70 per cent is in the form of ammonia. Phosphoric acid is 

‘derived from Gi-ammonium phosphate aad potash frem the muriate. 

; No. 3. N - 15.5 per cent; Po05 - 16.5 per cent; Kg0 - 

_ [19 per cent. Twenty-nine per cent of the nitrogen is in the form of 

“liitrate and 71 per cent is in the form of amronia. The phosphoric 

‘Hlacid is derived from di-armonium phosphate and the potash from 

‘jpotessium sulfate. 

: No. 4. WN - 15 per cent; P20, - 11 per cent; 7 - 26.5 

*lper cent. Thirty-five per cent of the nitrogen is in the form of 

nitrate while 65 per cent is in the form of ammonia. The phosphoric 

acid is derived from Gi-ammonium phosphate and potash from the 

nuriate. 

5. Potassium Nitrate, KNO3, occurs in natural deposits and | 

' lis manufactured from nitrate of soda and muriate of potash. It cen- 

tains about 135 per cent of nitrogen and 45 per cent of potash. Al- 

thou-h this salt is relatively little used in general fertilizer 

vractice, it is well adapted for use in forest nurseries. 
} 

ay 6. Potassium Ammonium-Nitrate is manufactured in Germany and hi 

Tis known also unaer the trade name TKali-aAmnon-Salpeter", It contains \ 

" Vabout 27 per cent of potash and 16 per cent of nitrogen, one-half cof 
¢ ’ \ i
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jproperties of ammonium nitrate. It is well adapted for use in 

rest nurseriés, 

i All of the combined fertilizers find their we in forest 

_.jursery practice primarily in a liquid form. 

F, Lime 

ey Lime, or different forms of calcium and magnesium oxide, 

» Jencourage greatly the development of damping-off and other root ret 

a: /iiseases. For this reason the use of lime in forest nurseries ‘s, as 

' “t; general rule, avoided, especially when coniferous stock is grown. 

In some exceptional cases, however, an application of lime becomes 

imperative, either for the correction of acidity, for increasing the 

watlability of phosphates, for counteracting the toxicity of accumu- 

. '}ieted aluminum, or for improvement of the physical condition of the 

wil. The use of lime is confined primarily to nurseries raising 

_o|nrdwood species. Even in these cases the application of lime should 

ye very conservative. The deficiency of calcium and magnesium can be 

nore safely correctec by the use of 20 per cent superphosphate 

mono-calcium phosphate), magnesium sulfate, or leaf mold high in 

exchengeable bases. 

The term “lime” is used in general to aesignate a number 

of cempounds including the oxides, hyGroaides, or carbonates of cal- ! 

cium and magnesium, viz. burned lime or quick lime, air slaked lime, 

mater slaked or hydratec lime, waste lime or by-product lime, marl, 

. |ground shell lime, and ground limestone. With few exceptions, ferest 

{ nurseries use no ether forms of lime except ground limestone. This 

is obtained by grinding calcitic or dolomitic rock, It is officially 

agreed that 75 per cent or more of the ground material should pass 

100-mesh sieve, and should contain calcium and magnesium carbonates 

... Jquivalent te not less than 45 per cent of calcium exide, or mixed 

‘Joxides of calcium and magnesium. 

The rate of application of ground limestone on forest 

nursery soils may be as high as 5 tons per acre. Such a high appli- 

cation may be necessary on soils of rather heavy texture and having 

Ja reaetion of about pH 4.0. On less acid and lighter soils the 

amount of lime is decreased proportionally. The general tendency in | 

- \}lime applic_ation on nursery soils should be to apply just enough lime 

to bring the sail reaction to a pH of 4,8 when growing conifers and 

up te a pH of 5.5 or 6,0 when growing hardwoods. 

| 
ate It is highly desirable that lime be applied as far ahead 

it of seeding or transplanting as possible. When ground limestone is 

/ - Inot available and burned or slaked lime must be used, the rate of 

application should be reduced tq one-third. Transplanting or seed- } 

ing immediately after an application of burned or slaked lime will 

-: |result in chemical injury of the stock. The use of these latter 

; forms of lime should be avoided as much as possible, 

i 

| 
if 
i
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CHAPTER AXIX 

PREPARATION AND USE OF COMPOSTED FERTILIZERS 

: "Paking everything into consideration, 
Indore compost has about three times 
the value of ordinary manure.” ; 

A. Howard and Y, D. Wad, "The 
Viaste Products of Agriculture", 

General Characteristics of Compost 

The term "compost" refers to a complete fertilizer made 
of peat, forest litter or duff, commercial mineral fertilizers, 

: soil, and other available materials. All of these ingredients 
are mixed in a pile or special pit, and the organic matter is 
allowed to partly decompose and absorb the mineral salts during 

a the storage period, By this procedure is obtained a safe and 
highly nutritive fertilizer which remains effective for a long 

: period. 

F, E. Weiss, University of Manchester, gives an in- 
teresting outline of the first experiments with compost. At some 
time early in the nineteenth century, an anonymous landed pro- 
prietor in Scotland found himself in difficulty when faced with 
the problem of disposal of peat moss obtained from the construc- 

. tion of a small artificial lake. Being of a shrewd and practical 
turn of mind, he tried a variety of experiments with a view of 
converting peat into manure. The experiments were undertaken in 

i a truly scientific spirit, and in a period of six or seven years 
highly satisfactory results were achieved. "Peat", as the 
Scotchman tells us, "when taken out of a bog is certainly not 

' manure. If dried, it becomes fuel, and so remains if kept dry. 
But if exposed to the vicissitudes of the atmosphere in our 
climate, it becomes in the course of years, a sort of vegetable 

inh mould, and, if mixed with the soil, raises good crops of } 
potatoes and other vegetables." 

In the first experiments the author tried the effect of 
ee mixing the peat with lime, but the mixture used as a top dressing 

did no good for several years. He next mixed the peat with various 
forms of decaying vegetable and animal matter, and found that the | 

ee putrefaction of these substances was communicated to the peat, 
setting up fermentation activity indicated by the rise in tem- } 

mre perature, and resulting in the production of a rich, very effective h 
compost. Ten tons of the first successful compost he produced were 

ie made up from peat, shavings of timber, and the carcass of a horse. | 

i 

i
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In 1815 the experimenter has recommended, in a pamphlet i 
to farmers, the stratification of peat with stable manure in 
alternate six-inch layers, using a proportion of seven cartloads 
of stable manure to twenty-one cartloads of peat. After the com- 
post thus made up has undergone a period of putrefaction, the lumps | 
of peat were found to be broken up, and when used weight for weight, | 
compost proved to be quite as good as farmyard manure. 

For a long time after the discovery of the composting 
process, the compost was looked upon only as a source pf plant 
nutrients, and with the development of the fertilizer industry the 
importance of opmpost was temporarily decreased. Within the last | 
two or three decades, however, studies of the biological and base 
exchange properties of soil have brought an entirely new light upen 
the importance of composted fertilizers. It is new realized that 
the chief benefit of compost does not lie in the content of 
nutrients released from peat, but in the inoculating and absorbing | 
properties of the fermented organic matter. Both of these latter 
properties attain particular significance in the fertilization of 
forest nursery soils because the forest seedlings seldom feed on 
pure mineral salts in free solution, and because their sound 
development is intimately relatec to the useful soil organisms. 

The main advantages of the composted fertilizers may be 
summarized as follows: (a) compost provides nutrients in the form A 
of humates; they are readily available to the seedlings and do not 
cause chemical injury to the roots as do salts in free solution; 
(b) compost serves as an absorbent or a carrier of commercial 
fertilizers, and prevents their loss throuzh leaching; (c) compost 
is the culture medium for numerous useful soil organisms which are 
intreduced into the compost by the addition of duff or forest 
litter from productive forest stands; (d) compost provides all the 
essential plant nutrients, including rare elements, which may be 
of great importance in tree growth; (¢) compost provides catalytic 
agents and, perhaps, some substances of unknown chemical and 
physical structure which are referrec to as “auximones." These 
substances presumably perform the same functions in plant nutrition 
that the vitamins and hormones perform in animal nutrition; (f) com- 
post facilitates a better distribution of fertilizer by disking 
or rototilling than can be achieved with mineral salts alone; 
(g) compost improves not only the chemical and biological proper-~ 
ties of the soil but alse its physical properties, such as water \ 
holding capacity, structure, and aeration. 

Although compost may be stratified in a heap or in any | 

natural depression, it has been found more economical to construct | 

a special rit made of wood or concrete or a combination of these | 

materials, The simplest form of pit is made by digring a | 

rectangular hole in the ground and reinforcing the sides with Hi 

planks and poles. More expensive types are constructed with the 
WW 
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i 
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bottom ana framework of concrete. The most psrranent pits are 
built entirely of concrete, except for removable wooden gates, i 

A variety of structural designs are possible in the | 
construction of permanent compost pits. In all of the conerste 
structures it is advisable to make the bottom of the pit somewhet 
channeled and inclined at about 5° gradient in order to allow for 
drainage of the percolating water. This water, saturated with 
fertilizers, is drained into a cistern or barrel by means of an 
iron ptpe imbedded in concrete. The liquid thus collected is 
sprinkled again over the compost. At least one wall of the 
structure should be removable to facilitate the loading and 
unlosding of compost. This wall is made of boards keyed into 
the cencrete. 

Sometimes the compost pit is providec with a roof to 
prevent excessive saturation, leaching of fertilizers, and summer 
dessication. A roof will not only protect the compost, but will 
provide an emergency storage space for fertilizers and other 
materials. If the construction of a root is not financially 
possible, a one-foot surface layer of peat will furnish sufficient | 
protection to the compost. il 

If possible, the pit should be cut into a slope of 
considerable gradient, If so locatec, gravity will assist in 
both loading and unloading the pit. When locating a compost 
pit it is necessary to have in mina the extra space which will 
be needed for the piling of peat snd duff, and for the operation | 
of the shredding machine. 

The dimensions of a compost pit vary according to the 
number of acres to be fertilized annually and according to the 
rate of compost application per acre. Ata fairly high rate 
of application, such as one cubic foat, or approximately one 
bushel, per 50 souare fest, an area of one acre will require 

870 cubic feet of compost. In case the area to be fertilized 
is five acres, the pit should have ea volume of about 4500 cubic ! 
feet. Pits made to the dimensions of 100 x 15 x & feet, or { 
50 x 20 x 43 feet, would satisfy this recuirement, 

Under ordinary conditions it is necessary to retain 
the compost in the pit for a period of two years so as to 
obtain a material of high quality. or this reason it is 
convenient te construct two pits, or one pit having two | 
compartments, so that each year one can be emptied and refilled. 

i 

i
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In seme nurseries dealing with strongly acid and decay resistant 

peat it has been founo desirable to keep compost for a three- 
year period, and, consequently, to construct pits having three 

compartments. > 

The following figure illustrates several types of 
pits used in forest nurseries. 
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J Figure 83 4 | 

Types of Ocmpost Pits. (1) Wooden pit with concrete } 

floer, censtructed above the ground, Wisconsin Central State 

Nursery. (2) Concrete pit with removable end wall, constructed 

on a side hill. U.S. Rhinelander Nursery. (5) Three cempartment 

pit of concrete framework and removable woo¢en end walls. U,. §, 

Manistiaue Nursery. (4) Ywo compartrent concrete pit with'a reof 

and removable wocden walls, Wisconsin Northern State nursery, 

. 

; ! 
Cotaining end Preparing Organic Materials | 

‘ The peat is dug either by hand or by neans of a dragline 

or steam shovel. If wet, it ts left to ary out at the place of ) 

excavation, so that a minimum amount of water is transported, The 1 

digging of peat, for that reascen, should be done in the driest 

period of the year, if possible. The dry peat is trensported to 

the nursery and shredded by means of a shredding machine run by a 

gasoline motor. The shredding machine {is usually attached to the 

drive shaft or rear wheel of an old automobile, The machine best } 

adapted for shredding peat 4g manufactured by fred Franke & Co., ; 

Loutsville, Kentucky, end is sold at a cost of about $150, ¥.0.B. | 

In some cases the shredding of peat is accomplished by hand, This | 

{4s a slow procedure and may be practiced only in small nurseries,
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A thorough examination of the peat, to the depth of 

possible excavation, is necessary when considering peat for use 

in forest nurseries. Lecause morphological types of peat show a 

wide variation in chemical composition, the selection of satis- 

; factory material may be made only with the aid of chemical analy- 

sis. Three chemical properties of peat, namely, reaction, total 

ms nitrogen content and base exchange capacity are of particular 
importance in the selection of peat. 

j Peat having a reaction of pH 5.5 or less was found to 

be most desirable for forest nurseries, particularly those rais- 

ing coniferous stock. Peat of a reaction from pil 5.5 to 7.0 may 

be satisfactory for hardwood or transplant nurseries, but is 

undesirable for nurseries raising coniferous seedlings because of 

the danger of damping-off and other root diseases. Peat having 

a reaction higher than pH 7.0 is unsatisfactory for the majority 

of nurseries because of the danger of diseases and toxicity of 

carbonates. Peat having a total nitrogen content of less than 

one per cent is considered as an unsatisfactory source of nitro- 

gen, Peat having a total nitrogen content of 2%, or higher, is 

rated as a very satisfactory nitrogen-bearing material. As far 

as possible, the material with a high carbon-nitrogen ratio 

should be avoided. 

A base exchange capacity of peat of 70 m.e, per 100 

grams appears to be the allowable minimun, while a capacity of 

100 m.e. is quite satisfactory. 

The use of colloidal or macerated peat in forest 

nurseries is not advisable since such materials tend to cement 

the soil particles. 

The duff used for inoculation of compost is raked from 

the forest floor and packed into burlap sacks. It is transport- 

ed either in these sacks or piled loosely in a truck, which is 

provided with canvas sidewalls. Since the removal of duff is 

rather detrimental to the productivity of the stand, it is not 

advisable to collect this material from large continuous areas. 

If possible, the collecting of duff should be confined to ditches, 

pits, roadside depressions, and to other localities where organ- 

ic remains are accumulated in considerable quantities, The inten- 

tion in collecting duff should be to take as little mineral soil 

as possible, since it has a lower value than pure organic matter. 

Well-rotted logs and slash debris may also be included as a por- 

tion of the duff material. 

In the majority of cases tt will be found desirable to 

examine forest debris by laboratory methods, or at least to 

secure the advice of a person familiar with soll conditions. If 

this is not possible, a few simple rules will assist in the selec- 

tion of reliable material. (1) the duff should be secured from a 

productive upland forest stand, if possible, of tolerant species; 

(2) organic remains developed on soils of calcareous or siliceous 

origin should be avoided; (3) the duff should be of suitable 

reaction, which may be easily determined by a rapid field test; 

(4) the duff should have a thickness of at least 1$ inches. The 

duffs which throughout the area maintain a thickness greater than 

3 inches should be investigated as to their inoculating value and 

content of nutrients; (5) the duffs from mixed stands, particular-
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ly from hardwood-coniferous stands, are usually superior to the 
duffs from pure stands, 

The higher the proportion of duff or hunus, the better 
compost is likely to be obtained. However, the nature of inocu- 
lating debris must be closely correlated with the reaction and 
other properties of composted organic remains. The use of true 
mull types may be satisfactory for the inoculation of slightly 
acid peats with a low carbon-nitrogen ratio, but not for inocu- 
lation of raw strongly acid peats in which the exacting mull 
population of bacteria, earthworms and insects rapidly degenerates. 
On the other hand, resistant to acidity fungi of raw hunus forms 
may not find suitable conditions in peat of nearly neutral reac- 
tion. On the whole, the intermediate humus forms between the true 
mull and raw humus are the most desirable for inoculation purposes 
as they carry an abundance of active organisms having a high 
"acclimatization capacity" or ability to survive under a wide 
range of conditions. 

In some instances, the inoculating humus or duff is 
partly or entirely replaced by manure. Such substitution is not 
very desirable because manure way encourage the development of 
parasitic organisms and may infest nursery soil with obnoxious 
weeds. The detrimental effects of manure may to some extent be 
reduced by prolonged composting. 

Stratification of the Compost 

A l-inch layer of shredded peat is placed on the bot- 
tom of the compost Bits On top of this eka is broadcast a mix- 
ture of commercial fertilizers. ‘he fertilizers are covered with 
a 1/8 to 1/4 inch Layer of inoculating duff, which is followed by 
a layer of soil, if this is used. ‘The materials are eee 
with water to make them thoroughly moist. On top of t duff or 
orn is piled another l-inch layer of peat, followed by the fer- 
tilizers and duff, as previously described. ‘his is repeated un- 
til the pit is filled. 

The amount of fertilizers to be sppeted to separate 
geyere of the compost is calculated from the total amount of fer- 
tilizers used pee acre, and from the amount of compost “pple per 
100 square feet of sead bed. es es that a soil needs 250 pounds 
of armonium sulfate, 400 pounds o pupprpporen hee and 150 pounds 
of muriate of potash per acre, and that the ntention is to apply 
one cubic foot of sees. per 100 square feet of seed bed. Since 
one acre is about 40,000 square feet, the total amount of compost 
needed per acre is 400 cubic feet. Conseouently, the entire amount 
of commercial fertilizer needed per acre should be distributed in 

‘ 400 cubic feet of compost materials. If the compost pit is 48 
feet long and 20 feet wide, one-inch layer will hold 80 cubic 
feet of Compost (48 x 20 x 1/12). ‘hus, a five-inch layer of 
material will be sufficient to fertilize one acre of seed beds. 
This means that one-fifth of the total acre application of fer- 
tilizer must be broadcast over 6 onerinch layer of organic matter, 
This application, then, would be 50 pounds of ammonium sulfate, 
80 pounds of superphosphate, and 50 pounds of muriate of potash. 

For a more exact calculation of the amount of each 

fertilizer (f) to be broadcast over a one-inch layer of organic 

material, the following formula may be applied: 

f eee 
Te x 466 x 0
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Where F is the amount of any one fertilizer to be applied 

per acre; L is the length of the pit; W is the width of the pit; 

¢ is the amount of compost in cubic feet to be applied per 100 

square fuet of seed bed. 

According to this the amount of ammonium sulfate to be 

applied in the above case would he: 

F = £50 x 43 x £0 = 46 pounds 
TeX Boor ee 

In place of stratification some nursery men feed the 

shredding machine by means of a conveyor, supplying peat, duff, 

mineral fertilizers, and clay in desirable proportions. The pro- 

per amounts of peat, duff, and comercial fertilizers are applied 

to the conveyor by means of shovels and scoop cups of known 

volume. It appears that the materials ars mixed in this way just 

as effectively, or perhaps even better, than in stratification. 

For maximum efficiency the shredding machine should be 

placed on the very edge or rim of the pit, so that the shredded 

material is @ischarged directly into the cavity. 

The compost should be kept moist and reworked at least 

once, but better several tines, during the year. Insufficient 

moisture inhibits the action of organisms and slows down the 

process of composting. On the other hand, excessive saturation 

with water produces anaerobic conditions which retard the biologi- 

cal processes and cause unfavorable changes in the chemical com- 

position of the compost. Therefore, the maintenance of a proper 

water content and aeration in the compost 1s of primary impor- 

tance. ‘the com.ost attains its best quality when it becomes a 

uniform mass, so that the separute constituents cen no longer be 

recognized. 

Concentration of Fertilizers in Compost 

In small nurseries as well as in nurseries with fertile 

soils an application of compost may correct both the deficiency 

of mineral nutrients and of organic matter. In large nurseries 

with soils low 4n organic matter, it 1s more economical to correct 

the deficiency of organic matter vr direct application of peat. 

This makes it possible to reauce the quantity of peat used in 

composting to the very minimum amount necessary as a carrier of 

fertilizers and inoculating medium. Such practice leads to the 

use of highly concentrated composted fertilizers carrying as much 

as 50 pounds of mineral salts per cubic y:.rcds or less of organic 

matter. A concentration higher than 30 pounds of salts per cubic 

yard, however, is likely to be toxic to microorganisms. 

Although concentrated compost offers a financial saving, 

it may cause chemical injury to the roots of the seedling. Fer 

this reason, utmost care should be taken in distributing the con- 

centrated compost fertilizer to 4 minimum depth of seven inches.
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Before application, concentrated campost may be mixed with raw peat 
in proportions such as 1:1, 1:2, or 1:5, depending upon the 
deficiency of sotl organic matter. This mixing or "diluting", or 
compost with peat 1s usually cone by forcing bothnatertals through 
the shredding machine in the Gesirable proportion. 

Rate of Application of Compost 

The minimum convenient application of compostea fertilizer 
i3 about one bushel per 100 square feet. Under exceptional condi- 
tions, however, as little as one-half bushel may be applied per 
100 square feet, assuming that the compost is thoroughly mixed 
with raw organic matter. 

Since different seedling species require difrerent 
amounts of fertilizers, it is necessary to make applications of 
varying amounts of compost. The standard rate of application is 
established for the predominatinz conditions of the nursery soil 
and for species of average requirements, for instance, in a 
nursery raising jack pine, Norway pine, and Norway spruce, the 

average rate of application may be one bushel per 100 sauare feet. 
For jacic pine it may be necessary to apply only one-half bushel 

of compost, While on Norway spruce it may be nécessary to apply 

two bushels. The soil contitions may also essentially modify the 

standard rate of application, and, on poorer blocks of the nursery, 

even jack pine may reauire an application of one bushel, or even 

more, per 190 square feet. 

The compost contains nutrients in a fixea ratio which is 

; established to meet the predominant requirements of soil.: This 

ratio, however, may not be entirely satisfactory for the sections 

of nursery which have an unbalancs¢ ratio of nutrients. Under 

such conditions it is necessary to approach the desirable ratio 

by application of compost, and to correct the remaining nutri ent 

defictencies by the later application of liquio fertilizers. The 

requirements of different species may also cell for additional 

corrections in the ratio of nutrients provided by compost, In the 

majority of cases available nitrogen is the factor which needs 

additional correction. 

” Distribution of Compost in the Soil 

Poor distribution of composted fertilizer in sotl may 

lead, in places, to chemical injury of the roots. A shallow 

application of compost, aside from the denver of chemical injury, 

leads to a production of seeclings with superficial root systems. 

This materially decreases the resistance of stock to drought. 

Adequate develepment of root systens is achieved by the distribution 

; of compost to a depth of about 8 inches.
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Unfortunately, harrowing, disking, and spading seldom 

distribute cempost in the soil to a depth greater than four inches. 

For this reason, in many instances the satisfactory solution of 

this problem may be met either by alternate disking and plowing 

or by the use of recently devised machines of Rototiller type. 

Both of these methods are briefly outlined below. 

The fallowed land or land supporting green manure crops 

is plowee to an eight-inch depth. This exposes comparatively 

sterile subsoil. About three-fifths of the total application of 

compost 1s brosdcast over the area and worked into the soil by a 

thorough disking to a depth of about four inches. This fertilized 

layer is turned under by a second plowing to a Gepth of about eight 

inches. The remaining two-fifths of compost is broadcast, disked 

and harrowed. In case the green :anure hes been plowed previously, 

the first plowing should be omitted. 

Rototiller is only recently finuing its first use tn 

forsast nursery practice, but promises to replace in time the plow, 

disk, and harrow, In rototilling, the sharp-pointed tines are 

revolved like picks through the soil by a small motor, Each sharp 

point breaks its way through a small amount of soil instead of 

shearing out large chunks as Go the shovel, plow, and disk. This 

revolving action helps to propel the machine and allows thorough 

mixing of compost fertilizer to a aepth of eight, or even more, 

inches. 

-, Gompost Facilitates the Maintenance of Permanent Labor 

in Forest Nurseries 

The success of a large forest nursery depends greatly 

upon the number of men permanently employed. Only such men have 

the necessary experience to perform the more responsible operations 

and occasionally help in supervision. The main objection to the 

maintenance of permanent men is the seasonal character of nursery 

work. Yet, experience in some nurseries shows that the permanent ; 

workers may be occupied curing the winter months with carpentry 

work, repairing tools, fences, seed bed frames, etc. The hauling 

of natural fertilizing materials and the preparation of compost 

provide enother important outlet for such emergency laber. The 

eash savings on commercial fertilizers and the greater income from 

the stock will repay, with interest, the money invested in the 

preparation of cempost.
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CHAPTER XXX 

THE USE OF LIQUID FERTILIZERS 
The Place of Liquid Fertilizers in Nursery Practice 

Ordinarily fertilizers are applied broadcast prior to 
seeding or transplanting. These fertilizers should provide 
enough nutrients for the entire two or three year period of 

seedling growth. If, for some reason, this has not been done, 
the treatment of nursery stock with fertilizers in liquid form 
is likely to become urgent. In some cases, even the fertilized 

soils may develop unexpected deficiencies and require an appli- 

cation of fertilizers in solution during the first or second 

year following seeding or transplanting. These deficiencies may 

result from a number of conditions, such as heavy rains, unex- 

pectedly high germination of seed, and losses of nutrients 

through biologic or chemical fixation. 

Choice of Fertilizers for Liquid treatments 

Because of high toxicity of salts in solution, parti- 
cular care should be exercised in the selection of fertilizers 
for use in liquid treatments. 

Available nitrogen compounds are readily soluble and 

are often lost from the soil through leaching. For this reason, 

only a few very fertile nursery soils can produce stock without 

the periodic eddition of nitrogen in liquid form. The need for 

liquid nitrogen treatments may become especially urgent when the 

stock is grown under crowded conditions, Also, after the appli- 

cation of large amounts of raw organic matter, the consumption 

of the available nitrogen by microorganisms may cause nitrogen 

starvation of the seedlings. 

A deficiency of nitrogen may be corrected by the appli- 

cation of 16% nitrate of soda, 20% anmonium sulfate, 35% anmon- 

jum nitrate (7% NHg3 28% NOz), 26% double ammonium sulfate- 

nitrate, or combined nitrogen-phosphate and nitrogen-potash fer- | 

tilizers. ‘he choice of either ammonium or nitrate fertilizer 

depends upon the reaction and biological activity of the soil, 

as well as upon the species grown. Under average conditions, 

it is advisable to supply about one-third of the available nitro- 

gen in the form of nitrates, and two-thirds in the form cf 

ammonia. In many cases, however, a high pH of the soil requires 

an application of acid-forming ammonia sulfate alone. On the 

other hand, strongly acid or disinfected soils deficient in 

nitrifying microorganisms may require an application of nitrate 

fortilizer. As a rule, the conifers readily utilize amnonia 

nitrogen, whereas hardwoods show a somewhat better response to 

nitrates. 

_ 
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A single application of nitrate of soda and ammonium 
sulfate usually varies from 100 to $00 pounds of salt per acre. 4 
Ammonium nitrate is used at the rate of 50 to 200 pounds per acre. | 

A need for the application of large amounts of phosphate } 
fertilizers in liquid form may occur on soils having a high phos- | 
phate fixation capacity, i.e, a tendency to form insoluble iron, 
aluminun, or calcium phosphates. On soils treated with aluminum | 
sulfate, heavy applications of phosphates may be needed to 
counteract the toxicity of accumulated active aluminum. 

Most of the phosphate fertilizers are not readily | 
soluble in water and require prolonged stirring to bring them | 
into solution. However, nursery soils are seldom deficient in | 
phosphorus without being deficient in the other two essential | 
nutrients. For this reason, the deficiency of phosphorus is 
usually corrected by readily soluble combinec fertilizers, such 
as Ammo-phos (11-48-0), Leuna-phos (20-20-0) or Nitrophoska 
(15-15-19 or 15-11-26). 

The application of combined phosphate fertilizers 
varies greatly, depending upon the concentration of the ingred- 
fents, but seldom exceed 400 pounds of salt per acre. | 

The potash fertilizer in liquid form is applied chiefly 
on sandy soils poor in clay and organic matter. Even fertilized i] 
soils of this nature may become deficient in potash after a period I 
of one year because of the high solubility and rapid leaching of 

potash in the absence of base exchange material. Since potash 
salts promote the hardening of seedlings or their resistance t»9 
frost, the timely application of this fertilizer may be of 

especial value in dealing with highly succulent stock grown on 

soils rich in nitrogen. 

Petash in liquid form may be supplied either as 50% 
potassium sulfate or 50% potassium chloride. The former is pre- 
ferable because of the lesser toxicity of the sulfate ion as 

compared to the chloride ion. Potassium nitrate or "Potnit" 

(16-0-44) and potassium-armmonium nitrate (16-0-27) are more ex- 
pensive but valuable sources of potash on soils deficient in 

available nitrogen. Muriate or sulfate of potash may be applied | 

at the rate of 100 to 300 pounds per acre at a time, A single | 

application of potassium nitrate, may be as high as 400 pounds 

per acre. 

In the majority of cases, the fertilizer for liquid 

treatments is prepared by mixing the individual salts in a pro- 

nortion to satisfy the requirements of the seedlings on a given 

soil. The combination of ammonium phosphate, potassium nitrate, 

and ammonium sulfate gives about the wost desirable fertilizer for 

the average nursery soils. The main advantages of this combina- 

tion are: a slight acidification of soil, high solubility of all 

ingredients, and an absence of undesirable residues. 

Concentration of Fertilizer Solution and Kate of Application | 

She amount of total fertilizer salts applied at one | 

time in the form of solution should not exceed 600 pounds per 

acre, whereas the concentration of applied sclution should not
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i exceed 20,000 parts per million, The application of 600 pounds per acre of highly concentrated fertilizer under adverse climatic conditions may produce a marked depressing effect upon the } seedlings (Fig. 84). 

} A suitable solution is made by dissolving one pound of I] the salt, or a mixture of salts, in 8 gallons of water; 8,28; and 16 quarts of this solution applied per 12 by 4 foot seedbed or per 50 square feet correspond to 200, 300 and 400 pounds of fertilizer per acre, respectively, 
| 

The toxicity of a fertilizer solution depends upon both ii Concentration of solution and relative degree of ionization of i the salts, \When the fertilizer mixture contains largely phos- | phate and small amounts of chlerides and nitrates, a greater con- | centration of solution can be used, such as one pound of salt to i 6 gallons of water. On the other hand, when the mixture contains i chiefly chlorides and nitrates, the degree of dilution should be } increased and a desirable concentration of solution may be as if low as one pound in 12 gallons of water or approximately 10,000 Pepem. Sulfates occupy an intermedia te position, being somewhat ! less toxic than chlorides and nitrates, 

The following example illustrates the method of mixing | the fertilizers in proper amounts. 

Suppose the analysis of a strongly acid soil crowing | coniferous seedlings showed a need for about 40 pounds of avail- i able nitrogen, to be provided partly as ammonia and partly as | nitrates, 50 pounds of phosphoric acid, and 100 pounds of potash 1 per acre, These amounts of nutrients may be had by using 100 | pounds of aruonium phosphate (11-48-0) and 200 pounds of potas- I} sium nitrate (13-0-44), which combination will give 37 pounds of | nitrogen, 48 pounds of phosphoric acid, and 88 pounds of potash | per acre, or roughly per 40,000 square feet. If fertilizers are i} dissolved in 48 gallons of water and the rate of application is i 6 gallons per 100 square fest, the following amounts of each \} salt should be used in the preparation of solution: i 

Ammonium phosphate: 100x100x48 or2 pounds 
40, O00x6 I 

Petassium nitrate: 200x100x48 or 4 pounds | 
40, OOOx6 a 

As a general rule, the application of a balanced liquid | fertilizer, including all three essential nutrients, gives much i 
better results than the application of Single ingredients. Espec- H| | 
tally, in the correction of nitrogen deficiency it 1s advisable it 
to supplement nitrate or armonia with some amounts of both phos- i 
phate and potash even on soils having a fairly high content of ii 
these two nutrients. The balanced solutions prevent possible i 
discrepancies in nutrition which may result due to the higher I 
availability of dissolved salts as compared with nutrients present | 

* soil in the form of minerals or replaceable ions. 1 

it Distribution of Porttlizer Solution || 

In the treatments of smaller areas 50 gallon barrels Hy 
are convez:iontly used for dissolving the salts and the iiquid is a 
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Figure 84. Effects of various rates of application of 20% ammonium sul- | i 

fate (1 part), 11-48 ammonium phosphate (2 parts) and 50% potassium chloride | 
(1 part) in solution on 2-year old red pine seedlings: (1) Check; (2) 200 pounds | 
per acre; (3) 400 pounds per acre; (4) 600 pounds per acre. The depressing ef- q 
fect of the heavy treatment was in part due to unusually high temperatures dur- | 
ing the period following application of the fertilizer. ) 
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distributed with 12 quart cans, one can per 4 by 12 foot bed. ! The amount of liquid in a 50 gallon barrel will thus suffice for a treatment of 800 square feet, The salts are added to the barrel | by using measuring scoops cut from tin cans to the proper size, : corresponding to the weights of individual fertilizers used, . 

Because the application by hand is slow and costly, small tanks or barrels mounted on wheels were used in some nur- series, However, this type of equipment fails to maintain a constant concentration of applied solution and does not supply the liquid at a sufficiently uniform rate, 

In nurseries of a considerable size, the problem is satisfactorily solved by the use of a special sprayer or tank of 200 to 300 gallon Capacity, mounted on one-and-half ton truck and provided with a pressure pump and a rotating agitator it (Brener). The agitator facilitates the dissolving of chemicals, and prevents the formation of precipitate, while the pressure pump assures a uniform discharge of the liquid. The liquid is j distributed through two horizontal spraying pipes with 1/16 inch ii nozzles. One of these pipes is mounted in a permanent position if and the other on a long swinging rod to make possible the treat. i ment of beds adjacent to an overhead system line (Fig. 85). ’ 
Hi The sprayer is run in low gear following the paths ; between seed beds, with pressure pump working, and the liquid is ; Sprayed over two rows of seed bed. ‘The nozzles are arranged in i. such a position that the spray is delivered chiefly in between | the rows of seedlings, thus minimizing the danger of "burning" : the stock by chemicals and decreasing the amount of subsequent watering necessary for washing the chemicals off the leaves. The proper distribution of liquid is achieved by regulation of pres- sure, speed of the truck and, if necessary, size of nozzles, | Ordinary rate of application is fixed to deliver 1 gallon per if every 100 square fest traversed, At this rate it is necessary / to make 4 trips to apply the required 2 gallons of solution for i a 4 by 12 standard seed bed, Therefore, the capacity of the tank ih suffices to treat one hundred standard seed beds or about 5,000 | square feet, The relatively slow discharge of the liquid with \ 1/16 inch nozzles is believed to be desirable as the repeated j spraying covers the area more completely. { 

According to experience in the Wisconsin State Central | forest nursery, the efficiency of such a Sprayer, considering re- | filling of the tank, is 400 standard seed beds per hour or about ' 4 acres per day. 

In some instances the solution of fertilizers is forced i through the Skinner overhead system. In this method a stock solu- i tion 1s prepared in a large contained by dissolving the amount of Ae salts needed for the area te be irrigated. The stock solution is } then fed gradually into the system at a sufficiently slow rate to prevent the undesirably high concentration of the applied solu- } tion. The chief objection to this method ig the difficulty in ii obtaining a uniform distribution of liquid over the seed beds. it Another disadvantage of this method is that the use of salts may ih plug or corrode the pipes of the watering system. ii 

i 
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Time of Application 

In the spring the fertilizers are most efficient, and should be applied as soon as the danger of the last killing frost ; is over, If necessary, the application of liquid fertilizers may be made in two or even three portions applied at two or three week intervals. The last application should be made at least six or seven weeks before the first killing frost, so as to give seedlings a chance to harden, 

| The application of liquid fertilizer should be made in the early morning, évening, or on a Cloudy day. ‘the treated beds should be washed thoroughly with water immediately after treatment. 

In the majority of cases, liquid fertilizers are ap- plied to 2-year old stock. Nutrient deficiencies in l-year beds are often difficult to detect from appearance of the seedlings | and fertilizer application to tender young stock requires a great deal of caution, Nevertheless, in many instances a light appli- cation of liquid fertilizers on 1-0 stock may be more beneficial than heavy applications on 2-0 stock. The seedlings treated dur- ing their first year of growth may be allowed considerable time 4 for hardening, whereas the seedlings unreasonably forced during ie the second year, to meet planting specifications, are likely to be succulent and not adapted to adverse field conditions, if under-nourished 2-0 stock 1s far behind in its development, it is advisable to extend its recovery throvghout another growing season, i.e. until the seedlings are 3 years old. An application of liquid fertilizers on transplants is confined to rare instances. The timely and appropriate applications of liquid fertilizers must be assured through periodic analyses of soil and careful observations of nursery stock. Frequent ana lyses are especially urgent in nurseries with poorly buffered sandy soils which are subject to great fluctuations in the level of their fertility. 

Liquid Humate Fertilizers / 

"Liquid humate" is a term.coined recently by nursery- men for a suspension of humus obtained by treating forest litter | or duff with a fertilizer solution. Although this term is not } strictly scientific, it is expressive and sufficiently aecurate to serve the needs of practice. } 

Liquid humate includes essential nutrients, accessory | foods and useful microorganisms. \ihen prepared from suitable | types of duff it has a remarkable beneficial effect upon the } Growth of forest seedlings. Humate Suspension not only in- / creases the rate of seedling growth but also the resistance of | the stock to unfavorable environmental influences. Of special practical significance is a unique reviving effect of liquid ai humates upon stunted, weakened, chemically burned, and even | mechanically injured seedlings. This effect to a great extent is due to the presence in humates of vitamin and hormone sub- | stances, 
| 

i In preparation of humate for nursery use, enough duff j or leaf mold is placed in a barrel or a tank to occupy one-half volume of the container, The required amount of mineral fer- 
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tilizers is added, and the barrel is filled with water from a hose attached to the water system, While the water 1s being i added, the mixture is stirred constantly and vigorously. After standing for several hours, the mixture is stirred again to bring fine humus particles into Suspension. Then the suspension is siphoned into watering cans and applied to the seed beds in the manner usually followed in applying liquid fertilizers. After : application, the soil is thoroughly soaked with water, using the hose or the overhead system. When fertilizer is applied on a | large area, a battery of 12 or more barrels is employed to speed up the treatment. In order to shorten the carrying distance, the barrels are moved, as necessary, from one block of the nursery to another. 

Fresh duff should be used, if possible, every time the barrel is emptied. ‘The organic residue absorbs a considerable ie amount of fertilizers, and should be stored in a pit or other i convenient place where the salts will not be lost through leach- i ing. Such residues are utilized as an ingredient of compost or for the direct fertilization of seed beds. In the latter case the saturated duff should be thoroughly worked into the soil, hi since a local accumulation of concentrated material may be i detrimental to seedlings. 

i 
Preparation of liquid humates requires readily soluble, | high grade synthetic fertilizers, such as ammonium sulphate, t ammonium nitrate, potassium nitrate, anmonium phosphate, potas-~ ‘ sium sulphate, and 15.5-16.5-19,0 nitrophoska. The concentration iF of salts should not exceed £0,000 parts per million, which is ; about 10 pounds of total salts per 50 gallons of water, ‘The | amount of each fertilizer to use in the preparation of liquid humate, as well as the rate of application of the suspension yy depend upon the content of nutrients present in the soil and nature of nursery stock, 

A formula suitable to an average sandy soil raising | pine species, may be given as an example: 1% pounds of 11-48-0 } ammonium phosphate, 3 pounds of 15-0-44 potassium nitrate, and 
2 pounds of 20 per cent armuonium sulfate added to 50 gallons of 
suspension and applied at a rate of 6 gallons per 100 square feet, | 

Because of the buffering action of humus, the danger of f chemical injury of seedlings in application of liquid humates is i greatly reduced. Yet, if circumstances permit, it is advisable | to make repeated applications of fertilizer, thus avoiding the 
strongly concentrated suspensions. | 

The following materials should be avoided in prepara- | tion of liquid humates: alkaline or nearly alkaline duffs, be- i} 
cause of the excess of calcium and the danger of encouraging root- ik 
rot diseases; duffs and litter of pioneer species, such as jack Th 
pine, pitch pine, and scrub oaks, because of a low exchange 
capacity and a low content of nutrients; peat, muck, and perhaps | 
some types of raw humus, because of their lack of useful organisms, 
low content of nutrients, and a too high exchange capacity. The | 
most suitable sources of humus are acid duffs derived from produc - i 
tive mixed hardwood-coniferous stands of tolerant species, 

| 
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Some nursery men have used the sanie organic residues for three or more extractions with fairly satisfactory results, If such repeated treatments are practiced, it must be realized i that after the first extraction the organic matter will be nearly | saturated with bases and armonia, and, therefore, a much higher proportion of the fertilizers will come through in the solution, \ Consequently, in preparation of suspension the content of salts f must be proportionally decreased. : 
The application of liquid humates is a very expensive | treatment and should be limited primarily to the stock seriously upset by malnutrition or injured by Chemical, climatic, or biotic agents. On the other hand, liquid humate treatment is the most i efficient means of stock recovery available at present to the if nursery manager. 

| 
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i CHAPTER XXXI | 
GREEN NANURTS | 

) Selection of Crops Suitable for Nursery Purposes | 

The practice of raising transitional crops of rapidly- V growing species is used in forest nurseries for a triple purpose: ie to enrich soil in organic matter and nutrients by plowing under | the succulent tissue of procn-manure Srope i to prevent the loss | 
of soluble salts by leaching y incorporating them into the tissue WW 
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Figure 85. Preparation and application of fertilizers in forest 
nurseries: (a) Shredding of peat and duff for compost; (b) Concrete j 
pit provided with conveyor to facilitate the stratification of compost; 
(c) Distribution of fertilizer by rototiller; (d) Application of liquid i 
fertilizer by means of thé Wisconsin multiple-use sprayer. . 
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of catch f£rops; to protect exposed sot] from erosion and weeds | by Cover Crops. Both cover and catch crop are usually used ag i green-manure, 

} 
Whenever the conditions permit, green-manuring is ac- | complished with leguminous plants which enrich goil in nitrogen, Various species of lupine, soybeans, and cowpeas are commonly used, Satisfactory results have also been reported with @ number | of other leguminous crops, particularly vetch, beans, clover, serradella, Lathyrus cl menum, and Medicago lupulina, [If high cost of seed or soil aeratEy do not favor matetne Legume bsORE they may be replaced by less exacting non-legumes. The choice | of these latter Crops is largely limited to rye, oats, and buck- i wheat, 

The selection of suitable green-manure crops is usually dictated by local Conditions, but in general preference is given | to rapidly-growing Species having abundant and succulent tops. In most nursery soils the pH value confines the selection of Crops to soybeans, yellow lupine, and non-legumes, 

Advantages and Short-Comings of Green-Manuring 

The use of green-manures has a strong appeal to a nurseryman. This method of soil fertility maintenance does not involve particular difficulties or danger of burning the stock, ; However, among many beneficial effects that have been attributed | to green-manuring only few are undisputable under conditions of nursery soils. 

Green-manuring improves physical properties of the / soil, especially its structure and water-holding Capacity. It } exerts a conserving influence on the soil nutrients, and, in case of legume crops, augments the supply of nitrogen. ‘The liberation of carbon dioxide and organic acids by decomposing tissues are said to increase the availability of nutrients, such as phosphorus, potassium and calciun, 
; 

On the other hand, the gains in organic matter and base exchange capacity due to green-manuring are too small to satisfy ) requirements of most nursery soils. At best, on sandy soils with artificial irrigation green-manure crops may help to maintain the level of these basic fertility factors. Consequently, the prac- j tice of periodic rotations of nursery. blocks with green-manure / as a transitional crop is seldom justified, 
i 

The toxicity of green-manure crops to the seediings, i danger of white grub infestation, and encouragement of damping- i off disease appear to be greatly exaggerated. In most instances Hi i these 111 effects are brought about by untimely seeding or plow- lif i ing under of soiling crops, or seeding of nursery stock. The iy high carbon-nitrogen ratio of non-legume crops is likely to be the condition responsible for inhibited growth of seedlings under unskilled management. ; 

Catch Crops 
1a 

As recent studies have indicated, green-manures attain i their greatest importance in forest nursery practice serving as / "catch crops" for Commercial fertilizers (Cady; Brener and Wilde). I" 
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A Comparison of available nutrients determined by analysis with growth data and the results of plant tissue analyses has shown that a considerable fraction of applied conmercial fertilizers is temporarily fixed by green-manure crops as difficultly soluble organic compounds. ‘These Conipounds, however, become gradually available in the course of plant tissue decomposition and benefit the growth of forest seedlings or transplants. From the stand- j point of nursery stock production, this conversion of mineral fertilizers into slowly acting and less dangerous organic com-~- pounds is just as important as the reduction of fertilizer losses through leaching. 

i 

In localities where peat is not available, a catch crop is about the safest and most suitable method of fertiliza- | tion, Under average conditions, 200 to 300 pounds of 20 per cent 1 superphosphate and 100 to 200 pounds of 50 per cent muriate of } potash per acre may be suggested as suitable applications ahead of seeding legume crops. In raising non-legumes, these fertili- zers should be supplemented with 100 to 200 pounds per acre of ammonium sulfate. The state of available nutrients in soil, however, may considerably modify the amount of fertilizers re- | quired, 
, 

Tables 37 and 38 illustrate the effect of non-legume ereen-manure upon the state of fertility of a sandy nursery soil | and the development of white ash seedlings. Table 39 presents data on the development of red pine in sand cultures with and without green manure. 
; 

The most serious objection to the use of catch crops is the loss of one @rowing season, 

Table 37, Effect of buckwheat Green-lianure upon the Fertility of a Sandy Nursery Soil as Determined by Chemical Analysis. Fer- i tilized Plats Receive 2,000 Pounds of a 44-10 Mixture per Acre. | Fertility of Soil One Year after Application of Fertilizer and Green Manuring. (Central State Forest Nursery at \jisconsin 
Rapids, \iisconsin) 

3 3 Base $s Ore 3 ‘Available ?Replace- 
sReac-; exchange + ganic :Totalip.o. ; Ke0 * able Treatments :tion : capacity :matter: N : okie iat COR 
: pH im.@./100 gi per cent ; Ths /acrs im.e./100 ge 

Untreated : : : : ; : : 
soil + 5.46: 4.73 $3.28 : ,063:43.5:112.4: 2.08 

Fertilizer : : : ' : : : i alone : 5.52: 4.67 $ 3.21 : .060:60.7:139.0: 2.45 i 

Green manure: 4 : : 3 : : ! alone $ 6,243 5,27 $5.47 : .067:52,.0:110.4; 1.87 

Fertilizer ; 3 : : : : 2 
and green : t : ; : : : a manure 3 ; 3 : ; 3 : ill combined US: 5.39 ¢ 5.59 : ,070:77.6:154.6: 2.15 : : 3 : $ i ; " 
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Table 38. Effect of Buckwheat Green Manure "Catch Crop" upon the Content of Nutrients in the Tissue of t One-Year Old White Ash Seedlings 

| 
Melght GF 00, “spatses ; | san average: N 3; P20, 3 Kp0 : Cad | Treatments s seedling : ss: ct : | peace ES dee io sel ee penmcent | 

Check $0004 vt 2678p 10080 bor - Ope a ote ce : : : : : Fertilizer alone 3 1.43 21.77: 0.41 : 0.92 : 0.98 
Green manure alone 1 1.17 11.98: 0.40 + O06@ ) ¢.86 | 3 : ; : : | Fertilizer and green ; : : : : manure combined 3 2.02 : 1.84: 0.43 : 1.22: 0.98 3 ean 3 3 

Table 39, Effect of Non-legume Green-i,anure upon the Development and Chemical Composition of Red Pine d Transplants Grown fer Five Months in quartz 
Sand Cultures 

of AVORERS Eve age 
iwelght of :Root-:Ave.:size of: Analysis of tissue Treatment ; trans- ; top :stem: buds 3 per cent : plants :ratio:dia.: 3 3 ; i grams : a Se tit tN se Ons Ko0 wea So : : flag aeet eg te tar einer nea aera Sand treated ; : 3 3 : : 3 with 1,000 3 8 3 3 : 3 : lbs. of 4-6-10; 3 3 : 3 : : 1 fertilizer 3; 3 3 3 : : 3 per acre : 4.57 : 0.69: 2.1:.5.8 +¢ 0.80:; 0.39 : 0.45 

Sand treated ; : t 3 $ Hare : | with 1,000 : : ' 3 : : 3 lbs. 4-6-10 ; ; t : 3 : fertilizer 3 3 : 3 $ : : per acre and : 3 ; 3 : : 2 | green-manure : B.45° 5% 0.772 850% 20.0 3 1,987; 0.67 : 0.69 | 3 3 $ ‘ : 3 3 i} 

Cover Crops 
iH 

Hii When conditions require a temporary decrease in the ih production of nursery stock, the fallowed area should be kept hy under a cover crop or be used as farming land for raising corn, | potatoes, or other agricultural products. Such practice helps | to protect the soil from water and especially wind erosion, ex- i cessive oxidation, leaching, and infestation with obnoxious ; weeds. ‘The beneficial effect of cover Crops is unquestionable. j 
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| Seeding and Turning Under Soiling Crops i 

As a general rule, green-manure crops are seeded in the | spring shortly after the nursery stock 1s lifted. In the years ' when a large flight of June beetles is expected, seeding must be | delayed until the egg-laying period is nearly over. | 
The success of green-manuring with legumes depends A greatly upon careful inoculation of seed with the proper culture j of nodule bacteria. Some nursery soils have been inoculated by: i broadcasting surface sotl from a field which previously support- ed a productive stand of legumes. One hundred pounds of soil is sufficient to inoculate one acre of nursery according to Tillot- | son. ‘This method, however, is not as reliable as seéd inocula- ij tion, 

| 
The plowing under is done before the crop matures or the tops lose their succulent Character. Allowing green-manure | to mature may infest nursery beds with an undesirable volunteer | crop; this is especially true in raising buckwheat. The decom- | position of the hardened tissues with their high carbon-nitrogen i ratio may bring about a shortage of available nitrogen. if 

In plowing under green-manures, the furrow slice should j not be thrown entirely over, but rather against and on the ad- jacent furrow-slice. In this way of plowing the green manure is | distributed evenly throughout the whole layer of surface soil. Deep plowing, however, 1s recomended in nurseries which do not use artificial methods of damping-off control. 

The turned under green-manure is left to decompose | until the plant remains do not interfere with the preparation | of seed beds. Forest seed is planted in fall of the same year | or in the following spring. In some instances two crops of | ereén-nanure are raised during the same growing season, or i green-manure crop is followed by a catch crop of non-legumes, | usually rye. The second crop is plowed under two or three weeks before the preparation of seed beds. If cover crop is left over winter, at least two weeks should elapse in the spring between plowing under green-manure and planting of forest seeds or seedlings; otherwise germinating seeds and young plants may be injured by toxid by-products of plant tissue decomposition. | 
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} CHAPTER XXXII | 
i ADJUSTWENT OF NURSERY sorL FERTILITY 

Phe Problem of Fertility Maintenance in Nursery Soils | 
Although the relation of the chemical composition of il soil to tree growth was a subject of many investigations in the iH course of the past hundred years, little reliable information has iH been obtained (zu-Leiningen). In most of the earlier experinents Hi a number of important conditions were overlooked or misinterpret- HH ed, The chemical analysis of soils was performed by the use of i strong solutions which extracted not only easily soluble or 4 available nutrients, but also difficultly soluble Compounds un- if available to plants. No regard was paid to the distritution of Ni nutrients in different soil horizons, The reactions between the i j nutrient salts, colloids, and other soil constituents were not ii i Considered. ‘The studies dealt largely with specific constituents | j and disregarded the influence of numerous other chemical and | i biological factors. The production of dry matter alone was a studied in fertilizer trials, but the anatomical and physiological il Cevelopnent of the seedlings was ignored. Particular attention i was given to the encouragement of luxuriant vegetative growth, im ; but not to the development of vigorous seedlings resistant to q 

i 
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547~ | diseases and unfavorable conditions of environment. In many | 
. instances, one-sided fertilization ana disruption of nutrient balance led to the deterioration of nursery stock or to the eventual failure of plantations, 

| 4 As a result of this, until recently there has been no 
agreement among the leaders in silviculture on the problems of | 
nursery soil fertility and the use of fertilizers, Even in | 
Germany, the country with the oldest stlvicultural practice, the ik 
importance of nursery soil fertilization has only been fully re- | 
Cognized during the past few years. A quotation from Dengler's | 
modern text on silviculture (p. 420) may help to visualize the \ 
confusion which existed in German nursery practice: "The earlier, often expressed idea that the planting stock for poorer sites im 
should not be encouraged by fertilization led so far that the | 

: Commercial nurseries were offering stunted seedlings as being \ 
especially well suited for reforestation of the poorer soils," j 

In a great weasure, the opposition to the use of fer- | 
tilizers in forest nurseries had developed due to a number of i 
misconceptions introduced by the early students of silviculture, especially the theories which discounted the importance of nu- Hil 
trients for the growth of forest plantations and nursery stock, i 
These ideas were based on the misinterpreted observations of H 

‘ some productive forest stands growing on soils with an apparent - i 
ly low content of nutrients, 

il 
| 

The trees of older stands, growing in a wide spacing, are able to utilize nutrients from an enormous volume of soil; they store plant food in their leaves, and return it to the soil | 
as leaf litter, In this way, a forest stand with its revolving fertility not only maintains an adequate supply of nutrients, i 
but over a long period may convert barren wastes into productive land. Nursery stock, on the other hand, is grown at a ereat | 
density; its roots seldom penetrate below a 10-inch depth; no ii 
crop residues are left in the soil of the nursery because even the root systenis are removed. As recent investigations have | 

| shown, the maintenance of a satisfactory fertility level in | 
| nursery soils often requires applications of fertilizers at much higher rates than is common in farming practice. 

j 
Fertility Standards | 

Before the technique of soil analysis had been per- q 
| fected, there was only one way to study the relation of plant ii 
| growth to the content of soil nutrients, i.e. by empirical H greenhouse or Sample plat trials. Such purely inductive method if 
| proved to be of little value in studying the vartable and i mutually interrelated factors of nursery soil fertility. More- ) over, the increase in the size and weight of seedlings, used as i & criterion of the fertilizers! influence in empirical trials, | | is not a measure of the quality of planting since the stock iM vigor may be lowered by an unsatisfactory root-top ratio, suce iq Culent tissue, and inferior physiological makeup. For this q reason, the entire experimental technique based on Witscherlichts i concept of "optimum!" growth is not applicable to the study of | nursery problems. As a rule, stock having the maximum dry weight | is too expensive to raise and difticult to plant, it 

| 
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548- | 
| The study of the complex problem of nursery soils fer- tility would have made Slow progress had not Hilgard shown a | short cut to its solution. In his text on soils, this scientist | 

‘ warned against "futile attempts to deduce practically useful re- | sults from the chemical analysis of soils jong cultivated, without | first studying the less complex phenomena 6 en soils." As the key to the solution of fertility problemus gard advocated | the investigation of soils under various types of native vegeta- tion which he Considered to be the concrete expression of all i productivity factors. ‘the success of such a deductive approach i was made especially possible by the recent progress in analytical i determinations of soil reaction, exchange properties, and avail- I able nutrients. 
| 

Following Hilgard's line of reasoning, several thousand | s0il-horizon Samples were collected under productive stands of i representative tree species throughout the Lake State region, | These samples were analyzed for pH value, base exchange Capacity, I total nitrogen, nitrates, ammonia, available phosphorus, avail- | able potassium, and replaceable bases using standard procedures | of the Wisconsin Experiment Station. ‘The analysis of soil was 4 not extended beyond a depth of 8 inches since the soil at i Greater depths does not affect the nutrition of young seedlings i ' in the nursery. The average fertility of the 8-inch Surface i layer was arrived at by Considering the thiclness, volume weight, 4 and chemical composition of the separate soil horizons, viz. iB litter, duff, humic layer, and leached layer, 
il 

The mean values obtained by statistical treatment of | the results of analyses are given in Table 40. 
| 

| Table 40. Standards of Nursery Soil Fertility for Several Representative Tree Species 

i 3 : Base: sApproxi-: :Replace- j : ‘exchange :Total: mate : Available: able | Species iReac-:capacity: WN :level of: ; 3 3 | ition : M.E./ : per :avail. N:Poos: Ke0.: Ca 3; M i ——i__pH_: 100 g. : cent: pounds per acre :M.EV7I00 g, i : 3 3 3 : ‘ : 3 ¥ Jack Pine +66)" 610 1 O30) Ro} doo eee 0.5 | 
Red Pine Gye 1 8g he gd oe, een 3.0: 1.0 q | Scotch Pines ; : : : : ; : : if 

| Weta Pine. "1 6.4 §" 1000 ; ad: ge 7) aa} epee” 5.0: 1,5 il : ; : : ; ies : i White Spruce : 5,2; 15.0 : .25: 45 *100 : 250 : 6.0: 2.0 ] | Norway Spruce: 3 3 : 3 3 3 : iq 3 3 3 3 : : 3 : WW Yellow Birch : 5.3 ; 12,0 : .16: 35 + 60 : 175 : 5.03 1.5 i : 3 : 3 ; : : 3 1 i) j Hard liaple, $5.8; 14.0 : .20: 45 #150 3: 275 : 8.5: 2,5 | Amer. Elm, : : : : : : t : a Basswood 3 : : ; : : : ; a : : 3 : : : : 3 i White Ash $s 6.2: 16.0 3: .2£2; 55 $185 : 300 311.0: 3.0 | | t : : 3 : 3 : : il Te rere natant eran iH “Standards extended on the basis of practical nursery experience, i i 
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These values, representing the average fertility levels of natural seed beds of different Species, may well serve as standards in the management of nursery soils. Such fertility levels appear to give the closest approach to the physiological optimum of growth conditions; they provide not only the amowmt of nutrients, which may be somewhat variable, but the constant ratio of various constituents which is of great importance in the | balanced nutrition of seedlings. The results thus far obtained show that the nitrogen-phos phorus pentoxide-potash ratio of | available nutrients approach 1-2-5 for all conifers and yellow | birch, and 1-3-5 for the remainder of hardwoods studies. ™xper- dence in nurseries and greenhouse has repeatedly demonstrated | that natural fertility standards prevent both the starvation of | nursery stock and the unreasonably rapid growth or abnormal one- sided development. 

i 
While the present list of tree species investigated | is far from complete, it may be safely extended to a number of | other species either on the basis of practical nursery exper- lence, or on the basis of Similarities in the natural condi- tions of growth. Both nursery experience and typological inves- | tigations of European students have incicated that the standards established for red pine and white spruce may be applied to } Scotch pine and Norway spruce, 

] 
General Directions for Adjustment of Soil Conditions 

Reaction. The adjustment of the pli value of soil has receiy- . ed considerable attention in both agricultural and phytopatho- logical literature, and only a few specific points need to be eriphasized. The acidification of soil may be acconiplished by the application of acid organic remains, sulfur, alwainum sul- fate, or acid-forming fertilizers, such as ammonium sulfate, The need for a decrease of acidity very seldom occurs in nursery practice, being usually limited to blocks with hardwood stock, i It may be accomplished by the application of lime, wood ashes, | organic remains high in bases, and alkali-forming fertilizers, | | such as sodium nitrate, 
| 

Both decrease and increase in acidity are accomplished on the basis of soil analysis and calculation of the amount of i material needed, or on the basis of empirical trials. Utmost | | care should be exercised in the adjustment of the pH value of MH | soil since the tntroduction of acidifying or alkali-forming Wh | agents may be toxic to seedlings (Al, He) or may encourage the i | Gevelopnent of danping-off and root-rot fungi (Cacoz), i 

HME Base-exchange capacity. The correction of the base exchange ii capacity, as a rule, ls achieved through an addition oforganic ih remains, particularly peat. Suppose the exchange Capacity of a ih | nursery soil is 7 m.e. per 100 grams, the desired capacity is i ae 10 m.e., and the available peat has a capacity of 120 m.e, per i at 100 g. Assuming the furrow-slice of soil weighs 2,400,000 ] pounds, the following amount of peat must be applied to correct i the deficiency; 
it ' 

{| 
21400, 000 X (20 = 7) or 60,000 pounds, or 50 tons of air~ | 

| Gry peat per acre. This corresponds roughly to 120 cubic yards tf of peat, or 20 large truckloads. " i 
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When there is a suitable deposit of clay in the proxi- mity of the nursery, it may be used instead of peat. In case the | base exchunge capacity of available clay is 40 m.e. per 100 g., | the following amount will be necessary to correct the deficiency of 3 m.e. in 2,400,000 pounds of soil, 

i 2,400,000 x 3 i.e. 180,000 pounds or approximately 90 cubie i 
yards, | 

| The chief advantage of' using clay instead of peat is | that the clay will remain in the soil indefinitely, while peat i) will decompose in time. However, clays of hich exchange capacity | and suitable reaction are of rare occurrence, 
; 

fotal nitrogen. The acjustment of the base exchanre Capacit i by application of organic remains usually brings the sorbens of i total nitrogen to a desirable level. If not, the content of | total nitrogen is increased by the addition of suitable peat lH or dutt; 
i 

Suppose the total nitrogen content of the nursery soil i is 0.07 per cent and the desired content is 0.12 per cent. ‘The i | deficiency of 0.05 per cent in 2,400,000 pounds of the surface if soil is 2,400,000 x 0.0005 or 1,200 pounds of nitrogen. If the y peat to be applied analyzes 2.5 per cent of total nitrogen, the ft! necessary amount of peat is 

at 1,200 x 100 « &.5 or 48,000 pounds, or about 100 cubic yards per acre, 

Available nitrogen, Under favorable conditions, the activity | | of microorganisms provides a sufficient amount of available nitrogen by converting protein compounds into nitrates and i | ammonia. The usual content of nitrate and anmonia nitrogen to- i | gether in a nursery soil amounts to about 1 per cent of the total if | nitrogen 1.e., about 40 pounds per acre, if the nursery soil con- tains 0.2 per cent of total nitrogen. Under such well-balanced | | conditions there is no need to apply available nitrogen in the | form of commercial fertilizers, 
| | 

| In many instances, however, the amount of available ii | nitrogen released by soil organisms may not be sufficient for it | seedling growth. This may be due to crowded seed beds, presence | of raw organic matter high in carbon, or a soil unfavorable for | microbiological activity. ‘the latter condition particularly may i be expected in nursery soils which have been disinfected with ! | toxic substances. In such cases, the content of available nitro- i gen should be increased by application of ammonia or nitrate Hi fertilizers. 
Wh | 
in | There is at hand no simple procedure for the deter- iy | mination of the exact amount of mineral nitrogen fertilizer to i apply, since this depends upon a great variety of factors. fFor- ij tunately, deficiency of nitrogen is readily manifested by dis- i coloration of foliage, and consequently, the application of i | nitrogen fertilizers is usually dictated by the appearance of it | the stock. A good rule to follow in nitrogen fertilization is qi 

to apply too little rather than too much of the salt. A defic- fh tency may be corrected by a second application. An excess Me 

Ul
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produces planting stock lacking in vigor. The periodic deter- mination of nitrates and ammonia in nursery beds may be of help in determining the amount of nitrogen fertilizer needed, Also, | the determination of nitrifying Capacity of soil by chemical i tests, or total available nitrogen by biolorical tests, may assist in arriving at the proper pate of application of avail- able nitrogen, 

| 
! As analyses of virgin soils and nursery experience indicated, the state of available nutrients should approach the | ratio of 1-2-5 or 1-3-5, if vigorous, well-balanced stock is to be produced, This means that in soil with 100 pounds of avail- | able phosphorus pentoxide and 250 pounds of available potash, | the maximum single application of nitrogen fertilizer should not | exceed 50 pounds of elemental nitrogen, or 250 pounds of 20 per i cent ammonium sulfate, or an equivalent amount of any other nitrogen fertilizer. An application higher than 60 pounds of | elemental nitrogen would seldom be Justified, 

i 
Available phosphorus. ‘the deficiency of available phosphorus | is corrected Br oper ieecton of phosphate fertilizer, If a soil analyzes 50 pounds per acre of available phosphorus pentoxide (P20s) and the desired content is 80 pounds, the deficiency of t 50 pounds may be Supplied by an addition of about 100 pounds of | 45 per cent treble superphosphate or 250 pounds of 20 per cent ti superphosphate. Higher amounts of phosphate fertilizers than | those demanded by nutrient requirements of seedlings may be i needed on soils with a high phosphate fixation Capacity on soils ij treated with toxic substances, or on soils deficient in calcium. 4 If the analysis is reported in terms of elemental phosphorhs (P) if the results must be multiplied by 2.3 to give the amount of | phosphorus pentoxide (P205). 

‘ 
Available potash. Deficiency of available potash is corrected \ by a method similar to that for phosphorus. For instance, if the i soll content of available potash (Kg0) 1s 100 pounds and the re- quired amount is 200 pounds per acre, the deficiency of 100 pounds is taken care of by the addition of 200 pounds of 50 per | cent muriate of potash or sulfate of potash, 

i 
MUA | Replaceable bases. Deficiency of calcium anda magnesium is | | seldom experienced in nursery solls. If the content of bases is i too low it may be gradually built up by the addition of organic i‘ remains high in bases. Organic materials with a high base content I | are not necessarily alkaline in reaction, and hence not dangerous i in nursery use, Also, the application of low-grade phosphate ui | fertilizers and magnesium salts may contribute to the correction Ng of deficiencies. 

i | 
Behaviour of Fertilizers in Soil and Soll Improvement Program iH 

Ordinarily, soil improvement involves a period of | several years, and follows a definitely outlined program. Few \ nurseries may be improved by means of a single application of il absorbing and fertilizing materials. The time element is par- i | ticularly important when a nursery soil has a low content of 1 | exchange material and total nitrogen, or a considerable devia- (INE tion of pH value from the desired state. LEven the cerrection Hi) | of potassium and phosphorus deficiency may require a period of i
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several years. This is because the problem of nutrient require- ments of seedlings cannot be solved by mere addition of fertili- zers, but only through complex physico-chemical and biological processes. The grow th of seedlings in a soil containing un- absorbed fertilizer salts is different from the growth in a medium in which the salts have become incorporated into organic matter by reans of chemical and biological reactions. In the first case, the nutrient medium is characterized by equal amounts of cations and anions, great periodic changes in concentration of soil solution, due to fluctuations of soil moisture, and a number of other conditions which are not favorable to the normal nutrition of forest trees. In the second case, most of the nu- trients are present as Complex organic compounds, and the absorb- ed cations predominate in the soil since the anions are largely 6liminated by leaching. It is evident, therefore, that the soil- building process is Completed only when peat and mineral fer- tilizers have undergone a certain period of "composting" and have become incorporated with the soil through microbiological activity and exchange reactions. 

In outlining a soil improvement program it is important to keep two conditions in mind. The first, is the undesirability : of introducing large quantities of raw organic remains and mineral fertilizers, because such introduction may bring about a deficiency of available nitrogen and a toxicity of soil solu- tion due to a high concentration of salts. In order to avoid this condition it is necessary to prolong the soil improvement program over a number of years, On the other hand, undue delay in attaining full productive Capacity of the nursery soil is also undesirable. It will result in financial losses caused by waste of unabsorbed fertilizers, and it may lead to the produc- tion of under-developed stock. The length of time needed for the soil-building program depends on a number of factors, such as present condition of soil in relation to the desired state, species of trees being grown, and availability of funds. Exper- ience has shown that most soils, including those of sandy texture, can be brought into a fully productive state in the course of three 2-year rotations. 
| 

| It is important in the adjustnent of fertility and the | management of nursery soils to keep in mind the relationship 
i that exists between the total soil fertility, the fraction of | | nutrients in the soil solution, and the content of nutrients 

actually required by seedlings during their l- or 2-year period | of growth, 

The amount of nutrients which is necessary for actual i annual metabolism of forest seedlings constitutes, as a rule, i | but a small fraction of the total avatlable supply of this } 
nutrient present in a productive nursery soil. For example, the i 
amount of calcium annually taken up by the growth of even calci- } | philous hardwood seedlings is less than 1 williequivalent per ! 100 gm., or 400 pounds per acre. Nevertheless, a productive 
hardwood nursery soil must contain at least 5 milliequivalents 
per 100 ng. of replaceable calcium, or 2,000 pounds per acre, 

i The presence of this high amount is vital because calcium fulfills i | numerous functions in soll besides that of a plant nutrient; it ii | promotes aggregation, regulates reaction, counteracts the toxicity l 
| of other ions, and stimulates the activity of micro-organisms. i 

oi 
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In nursery solls, exposed to rainfall and artificial irrigation, the nutrients in solution are subject to frequent changes, During a period of abundant rainfall, the readily soluble salts are leached away and the soil igs saturated with nearly pure water. After the rains have stopped, additional nutrients are gradually released into the soil solution, by hydrolysis and the activity of microorganisns, from the more soluble minerals, exchenge material, and organic Compounds, i.e., from the storehouses of the plant nutrients. The higher the reserve supply of nutrients, the more stable is the level of the readily available fraction, and the greater is the assurance of an uninterrupted and balanced nutrition of seedlings. 

If, in spite of all precautions, prolonged rainfall, severe leaching, or intensive feeding of densely planted stock decrease greatly the content of certain available nutrients, the deficiency must be corrected by the application of liquid fertilizers. Careful observations of stock and periodic soil analyses should serve to prevent any serious disruption of the normal nutrient balance, 

Adjusted Soil Fertility 28 a Prerequisite to the Success 

of New Developments in Plant Nutrition 

In recent years, the science of plant nutrition has been broadened by a number of remarkable achievenents: Nearly dead plants were revived by colloidal Suspensions of certain metals; the growth of roots on twigs of conifers was promoted by the use of hormones; high yields were produced in soilless cultures; many improvements were obtained through the use of vitamins and rare elements, and inoculations with nitrogen-fixing bacteria, mycorrhizal fungi, and earthworm cultures. Unfortunate- ly, not all of the new developments enjoy as yet a full succesg under actual nursery conditions. To a great extent this is be- Cause the applications of new treatments are not always preceded by a careful adjustment of related soil fertility factors. It is obvious that no vitamins, hormones, or colloids can improve the growth of stock if the soil is deficient in phosphates, | potash, or any other nutrient, 
j 

| | Effect of Nursery Soil Fertilization upon Survival and 

Growth of Seedlings in the Field 
| In farming or gardening the results of fertilizer appli- 1 cations are judged on the basis of general development of plants i) | or weight of the crop produced, In nursery practice the success | of fertilization is measured by the survival and the rate of growth 4 | of seedlings after they are transplanted in the field. | 

; | The information accumulated during the past decade has ! shown conclusively that the under-developed or "starving" seed- i lings, grown on nursery soils depleted in nutrients, do not pro- duce satisfactory planting stock. On the other hand, the vigor | of planting stock may be upset by either ap plication of fertili- i | zers in injurtously high concentrations, or by unbalanced treat- i | ments which produce physiological and anatomical abnormalities | | of seedlings. 
| 
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Tables 41, 42, and 43 present some results obtained under field conditions with variously fertilizea nursery stock, 

Table 41. Effect of 15-30-15 Nitrophoska Applied in Solution and | Hardwood -Hemlock-Nitrophoska Liquid Hunate upon Survival of | £-O Red Pine Seedlings (Adapted from Technical Notes of the Lake States Forest Experiment Station, No. 162, 1940), 

= aaa : Green: 
+ Classification of; weight ; Field Nursery treatment ; nursery stock# : of ave.: Survival :Plant-: sBxcel-3: 2-0 : First? Second . i_able :Good: lent s:seedling: ear 3 year > Pet. : Pete pet. 3 Grams ¢ bet. 3 bets 

None b 1004 Ba. as eps 71.6 : 54.7 
200 Ibe. nitrophoske : 76 1:18) 10 : 2.99 | Ree | 62.2 
400 Ibs. nitrophoska : 94 : 48: 24 :; 2,73 | a0.4 : 58.9 : 
800 lbs. nitrophoska : 94 :54: 36 : 3,14 : 12.4: 57.7 i 200 lbs. liquid numate: 68 : 6: 6 : 1.77 | 90,9! 57.1 i $ : $ 8 : 8 1 400 lbs. liquid humate: @6 £ec 4 18 + 8.465 + Wecen.s 65.1 
800 lbs. liquid humate: 92 3:40; 22 : 2,37 0 U6 a Bees : 2 3 : 3 3 

Table 42. kffect of Complete N-P-K Fertilizer and Acid Peat Ap- | plied Broadcast upon Survival of 1-0 Jack Pine Seedlings. (Adapted from Technical Notes of the Lake States Forest Experiment Station, No. 162, 1940). 

is 
; : 
: Classification of: Nursery treatment per acre *__nursery stock* : Field 
:Plant-: tExcel-: Survival 
t able ;:Good: lent : Hi cate ny : Pct. sPot.: pet. 3 Pet. | 

| No treatment 2 60° 3 18 bo-oy Clegg 
| 400 lbs. 20% Am. Sulfate, 600 Lbs. OF} : | 20% superphosphate, 160 lbs. 50% ; : : : id potash +08 3 82 4 Ieila, Pepe i | 

: 3 ‘ 3 i | Ditto, plus 20 tons of peat : 3 ; ‘ i] (oven-dry basis) t 100) S06 pela oy 77.0 i | 
3 3 3 : ae 

| 

Ni 
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I) i * In classifying nursery stock, trees 4/64 inch caliper and over i are considered plantable; those 5/64 inch and over are good; li those 6/64 inch and over are excellent. | 
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Table 43. Survival and Height Growth of 2-Year ola Jack Pine Raised on beds of an Average Fertility and Those Treated With a High Rate Application of Complete Fertilizer. Results Recorded 3 Years After Planting Seedlings in the Field. (Adapted from Wilde, \Wittenkamp, Stone and 

Galloway) 

a 3 : 
‘___Unfertilized stock : Fertilized stock Plat ; es : : : c —__ i Survival : Height =: Survival : Hei ght | : Per cent: Inches Per cent tastes : : : : | A : 73 $ 24.9 ' 91 : 57.0 | 

B 83 : 22.7: 87 tO. 
O +: 92 : 80,0. 3 89 i 26.6 
D4 63 : 2.0 + 86 : 28.0 : : : 3 i Average; io : 23.4 ; 88.3 : 29.4 f 3 : _ bi : 

Average increase in survival: 883.5-77.8 2 10.5 per cent. f Average increase in height growth: 29.4-23.4 = 6.0 inches. i 
| 
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CONTROL OF PARASITIC OKGANISMS IN SOILS OF FOREST NURSERIES | 

"It is not the pathogenic microbes, 
but the state of the infested 
organisms that counts." i 

Claude Bernard 

i Introduction | 
| Records of over one hundred years of forest nursery practice include but very few cases in which seedlings on recent- I ly cleared land were attacked by parasitic organisms. This sug- | gests that in many instances the invasion of the nursery by para- sites is simply a manifestation of exhausted soil fertility, un- Hh skilled fertilization, inadequate or excessive watering, and other I unforseen eventualities, Therefore, cureful management of the i nursery soil appears to be the first requirement in protection of i] nursery stock from diseases and insects, 
i 
i | If preventative measures fail and parasites invade the nursery, all possible efforts should be made to suppress them by 1 | means of disinfection treatments. In carrying out these treat- i ments it should be kept in mind that the welfare of the seedlings i is just as important as the destruction of the parasites. Usual- i ly, measures of control destroy not only the parasitic organisms i) but also the useful population of the soil, Very often such | measures materially decrease available plant food and leave toxic | residues. For these reasons, the re-establishment of the ruined il fertility, through application of “antitoxins", fertilizers, and it inoculating materials, forms an essential seqvel of the disin- Hi | fection treatments, 

‘hi 

The phytopathological literature of today includes ilk | numerous methods for the control of soil parasites. Unfortunate- i ly, in devising various treatments sufficient consideration has i not always been given to the effect of Cisinfectants on the forest seedlings under different soll conditions and in the ii presence of various fertilizers, As a consequence, the applica- | tion of such treatments without a thorough examination of soil i | may either not eliminate the parasites, or may produce a condi- i | tion fatal to nursery stock. Reaction of soil, content of col- i, | lolds, organic matter, amount of carbonates and exchangeable ii bases, mineralogical origin of soil, and composition of soil solu- f tion are anong the important factors which modify the kind, ik quantity, and concentration of the chenicals used in the control fl | of parasites, 
il 

Hf 

| 
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The most common and most dangerous parasites of the | nursery soil are the danping-off fungi, which cause the destruc- tion of seedlings in the early period of growth (chiefly species | of Fusariun, Rhizoctonia, and Pythium). There is evidence that the destructive activity of these fungi 1s supported by mites (Arachnida) and eel-worns or nematodes (Rhabditigs spp.) which have been found in large numbers within the roots of injured live seedlings. Less Conspicuous, but perhaps not less important are i the fungi which cause the root rot of older seedlings (Fusarium, Phytophthora, etc.), Among the insect parasites the white grub (Phyllophaga) and root weevil (Brachyrhinus) should especially be mentioned, 

| 
The following outline includes a brief review of the methods of parasite control Commonly used in nursery practice, | The chief purpose of this outline is to give a Cross-section of | various approaches to the problem, and hence, it includes methods iI of dubious value in forest nursery practice, 

| 
i Surface Firing 
i 

The burning of brush, wood, or straw is the oldest and it nost primitive method of soil sterilization, Twenty centuries } ago Virgil in his Georpics said, "Often you will find it well to H burn the garnered field and set the flimsy straw a-cockling in ih the flames. Whether perchance the land in this wise finds scme I unknown force, or that every fault thereby is purified by fire I | and all the useless humours purged.....! 
if 

| Until recently, surface firing has been widely used in | agricultural and horticultural practice as a means of damping-off Hi control, but has been almost abandoned because of the scarcity of ° i wood, Although in some trials surface firing proved to be satis- | factory in forest nurseries, no conclusive results have been re- li ported. Since wood ashes and the decreased ead followin i burning may encourage the developuent of survived cuping-off i fungi, this method requires a careful investigation of its i reliability under loca conditions before it is used on a large ii scale. The chief advantare of surface firing in forestry prac- i tice is that it requires no cash outlay, since the slash from Hi thinnings is usually available and the treatment may be done by il a few men permanently employed in the nursery. 
H\ 

The brush or other combustible material is burned over i dry, spaded seedbeds for two or more hours, depending on condi- id | tions. ‘Wood ashes are removed as far as possible, and the re- ii mainder is thoroughly mixed with the soil. The soil after treat- Ht! nent is abundantly watered for several days to leach out the il excessive potash, which may injure the cerminating seedlings, | As the burning destroys useful organisms and nitrogen compounds, it soil after sterilization must be treated with acid peat, leaf ij litter, and commercial fertilizers. In the majority of cases, | the need for the latter will be limited to ammonium sulfate. il 

Steaming of Seed Beds i 
wa Vihnile sterilization by steam may be found practicable i under special conditions, there have been but few experiences i with this method in forest nursery practice. The destruction of | 

i Tin
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| weed seeds appears to be a decided advantage of steaming in coms | parison with other methods of soil disinfection, 

| In one method, steam is applied by means of a get of 14 inch perforated pipes, with the holes one foot apart and not larger than + inch in diameter. With a medium boiler Capacity of 50 horse-power, the Plpes should be about 30 feet long and not more than 7 in number, The pipes are buried at a depth of 8 inches in a level position and about 16 inches apart, being | connected with a £-inch cross-head by means of 7 connections, | Before steaming, the soil is leveled and covered with canvas or sacking to check the escape of steam. Potatoes are placed in | the soil near the surface ana the treatment is Completed when they are well cooked. The cost of treatment depends upon the | size of the area treated, availability of men permanently em- | ployed, and availability of second-hand material to be used, 
| Another method of sterilization by steam is the use of | an inverted pan. A galvanized iron pen 4 x 12 feet and 6 inches deep, with sharp edges, 1s inverted over the spaded seedbed. The | pan is pressed one or two inches into the soil, thus forming a Compartment into which the steam is rm for 20 to 40 minutes from | a boiler having 100 pounds pressure. A pressure less than 100 | pounds introduces an excessive amount of water into the soil and | may result in puddling. The pressure under the pan is seldom greater than 1 or 2 pounds, A one-inch steam hose is used to Connect the pan with the boiler. A traction engine, such as is | used for threshing, may be conveniently used to furnish the steam, Sandy soils require a shorter time for sterilization than heavy soils. 

| Sterilization of the soil by steam lowers the fer- tility, because of the destruction of some useful organisms, breaking down of soil Colloids, and excessive accumulation of i | soluble salts, including toxic ammonium carbonate and manganese. ; Consequently, the sterilized s0i1 shoulda be thoroughly soalced or "washed" with water, treated with peat and commercial fertilizers, and re-inoculated by a generous application of leaf mold. 

Quite often in steam treatments some portions of the | soil are left unsterilized because of insufficient pressure or too wide a space between the pipes. In such cases, the surviving | parasites within a short time after treatment invade the treated areas with increased intensity. This may be due to the destruce tion of the hyper-parasites in the treated areas. For this fh reason, steaming requires very careful attention under the direc- | tion of a skilled person. 
| 

Sulfuric Acid 1 
A dilute solution of sulfuric acid is about the cheapest | | and most commonly used means for the control of damping-off | disease. However, this method is primarily adapted to non- 4 calcareous soils of sandy texture. " 

The dilute solution is prepared in a barrel or other i large container by the addition of concentration commercial acid | to water with constant stirring, \ater must never be poured into | the acid as this may cause an explosion. The solution is trans- 

| 
t
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| ferred from the barre] by means of a hose or spigot into watering 

| cans and sprinkled uniformly on top of the seeded nursery beds, | A fertilizer Sprayer may be successfully employed in treatment | of larger areas. As soon as the acid has soaked into the soil, | the soil is thoroughly watered and is kept in a fairly moist con- 
| dition throughout the period of fermination and early growth of | seedlings, Allowing the soil to Cry out will result’ in the high Concentration of acid and chemical injury to the seedlings. The success of disinfection depends cEreatly upon a correct estima- | tion of the suitable Concentration of applied solution and the | rate of its application, 

Although plant pathologists have long emphasized the importance of adequate dilution of acid used in control of damp- | ing-off organisms, nurserymen have often .applied acia on the | basis of ounces per square foot, disregarding strength and volume of solution. ‘he concentration of applied solution, ranged in | different nurseries from 0.5 to 12.5 per cent by volume, whereas the rate of application varied from 3 quarts to 24 gallons per hundred square feet, 

The treatments with strong solutions in small quanti- ties were based on the assumption that the acid ig diluted by } water applied later on, However, on soils having even a small | amount of base exchange or absorbing material, the bulk of the H-ions is instantly fixed at the points of their first contact i 
| with the soil; these ions can be released only slowly by hydroly- i) Sis and replacement with bases and do not undergo immediate dis- | persion either horizontally or vertically. Consequently such | treatments are likely to result either in incomplete control of | parasites or in chemical injury to the seedlings. On the other ih hand, treatments with weak solutions in larger quantities eliminate i only hyperparasites and competing organisms and not the damping- i off fungi. Such treatments also lead to saturation of soil to y én unnecessarily great depth and subsequent greater deterioration i of fertility. As a result, the treatments with weak solutions | may increase the virulence of the disease and cause the starva- i tion of surviving seedlings, Thus, any considerable deviation i | from the desirable optimum of either Concentration or rate of } application of solution causes unsatisfactory results, as outlin- ed in the following summary: 

iy 
(a) Too strong Concentration: chemical injury of seedlings; | 

a (b) Too weak concentration: increase in virulence of disease 1 due to destruction of hyperparasites; | 
ail (c) Too small volume of solution; partial control of para- } sites due to patchy distribution and insufficient pene- Bi tration of the liquid; 
| 
i (d) Too large volume of solution: deterioration of soil | fertility to an unnecessarily great depth, i 
i The work in Wisconsin nurseries, located on non- | calcareous sandy soils, showed that the adequate quantity of i solution, needed to saturate the surface soil layer containing i the seed, ranges from 6 to 7 gallons per 100 square feet. These HI observations were confined to solls derived from granitic and Hy
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other crystalline rocks, characterized by an exchange Capacity of 

| 5 to 8 nlilli-equivalents per 100 grams and an Original reaction 
of pH 5.0 to PH 6.5, On soils having a higher content of col- loids or bases a greater amount of Solution may be needed, Or- 

| dinarily, 12 gallons per 100 Square feet is the maximum amount 
| of solution to be applied. If this amount is not sufficient, 
| the soil should be thoroughly investigated as to its suitability 

for acid treatments. 

Observations over a number of years have indicated that 
2 per cent# is the maximum concentration of sulfuric acid re- quired in the control of damping-off fungi on non-calcareous sandy soils. This Concentration is usually not injurious on such i 
soils when applied in the fall at the rate of 7 gallons per 100 Square feet, In some nurseries the Concentration of solution in 
the fall treatments may possibly be reduced to 1.5 per cent. The 
use of the same amount of 2 per cent solution in spring treatments 
involves danger of chemical injury. A1.5 to 1.2 per cent solu- 
tion appears, therefore, to be safer for the treatment of spring sown beds. A further decrease of Concentration ts not advisable 
because of the low disinfecting efficiency of weak solutions, 

1) 
The excess of a cid should be removed from treated seed } 

beds by periodic watering so that the reaction of the soil ap- i 
proaches a pH of 5.0 at the time of germination. The speed with i 
which the acidity of treated soil decreases depends upon its fi 
mineralogical Composition and colloidal Content. ‘The affinity of i 
Some soils for acid is so great that watering will not raise the \ 
reaction to a value higher than pH 3.0 before the seedlings | 
germinate, and the seedlings may suffer from chemical injury or | 
malnutrition. Other solls have such a small affinity toward acid i 
or such a high neutralizing Capacity that watering will nullify i 
the effect of acidification, thus making possible the reinvasion ! 
of the surface soi] by parasites fron the deeper untreated layers, 

The results of laboratory treatments of various soils | 
indicate that granitic sand tends to maintain a sufficiently acid i 
reaction after many washings (Fig. 86). Siliceous sand is inert } 
to acid treatment and rapidly recovers its original neutral re- | 
action. For this reason soils of this nature should be watered very carefully after application of acid, especially when they are i 
treated in the fall, Calcareous sanc reaches neutral reaction iM 
after the first washing, and after three more washings attains i the original alkaline reaction of pll 8.0. Thig condition indi- | cates that the use of sulphuric acid for the control of damping - " 
off in calcareous soils is jmpracticable, and that some other i chemicals, such ag formaldehyde, should be employed. ‘The treat- : ment of soils of different Colloidal content derived from [ granitic rocks shows tha t the decrease of acidity after washing is inversely proportional to the Colloidal content of thege soils. f The decrease in acidity of a fine sandy loam 1s so slow that. the | acid treatment of such soils may exert an adverse influence on i the seedlings. This may be particularly true in regard to spring l treatnents, 

i SR etree teteneenenewnerenpayeesmgaecetneee 

[| “The expression "per cent of solution" refers to a solution | prepared by diluting a certain number of ec. of concentrated | Ccmmerclal acid in 100 ec, of water, 
|
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| Figure 86. Effect of washings upon different soil materials | treated with 2 to 100 solution of sulfuric acid, (1) Calcareous sand; (2) Siliceous sand; (3) Granitic sand; (4) Granitic sandy | loam; (5) Granitic fine sandy loam. 

| The effect of organic matter upon acidification of soil was found.to be similar to that of mineral Colloids, except that | organic matter has a much higher absorbing Capacity per unit of | weight. 

| Most soils are Composed of varying amounts of quartz, | alumino-silicate minerals, calcareous particles, coarse and fine material, and organic matter, Because of this Complexity, the | behavior of soils toward acid can be more easily established by | the experimental treatment than through a consideration of the different Constituents, The following procedure may be employed. | 
. | 5 One hundred grams of a 20-mesh sample are placed in a | 400 cc. beaker, saturated with 50 cc. of 2 per cent sulphuric acid and allowed to stand for 2 hours. The contents of the | beaker are filtered on a Buechner funnel. The soil is transferred to a beaker and stirred thoroughly for 1 minute with 200 cc, of distilled water, using a rubber policeman. The suspension and the coarse soil are filtered again on a Buechner funnel and al- | lowed to dry in a steam or electric oven a t 60° G, Upon drying, | the soil is thoroughly mixed and the pH is determined electro- ' 

q il
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| metrically on a 10 éram sample. The process ig repeated on the | remaining soil, and after each washing and drying the pH is | taken as before. Four or five washings are usually sufficient to construct a curve representing the behavior of soil, : 

| The fertility of soil decreased by acid treatments | should be re-established by liquid fertilizers applied six weeks | after germination, or in the spring of the next growing season, 
| Nitric acid 
| Nitric acid provides some available nitrogen, and has | Considerably less corrosive effect on soil than sulfuric acid, | but is less than half as efficient in killing fungi as the latter, | A sufficiently strong concentration for the control of parasites ranges from 3 to 5 per cent, With this concentration the cost | is nearly ten times as mach ag that of sulfuric acid, and, therefore, nitric acid may be used only on small areas, 

Formaldehyde 
| 

: Formaldehyde treatments are likely to be best adapted } | for use on soils of heavy texture and soils of neutral or alkaline | reaction. The concentration of formaldehyde solution varies from i | 1:100 to 4:100 of 37 per cent conmercial formaldehyde in water, 4 The concentration most Commonly used is 2:100 or 0.75 per cent. i 
| The solution is applied at the rate of about 6 gallons { per 50 square feet at least one week ahead of seeding. Under unfavorable conditions a period of two weeks may be needed for | evaporation of the formaldehyde. ‘The covering of the treated | soil with o1l-treated paper to prevent the escape of the fumes does not increase the effectiveness of the treatment. It is important that soil disinfected with formaldehyde be disturbed | as little as possible at the time of seeding, and especially | should not be contaminated by applications of untreated soil as a top dressing. 

; , 
The greatest drawback in the use of formaldehyde is | the difficulty in establishing the proper length of time which must elapse between treatment and seeding. Too short a period results in chemical injury to germinating seedlings, whereas too H long a period may decrease the effectiveness of formaldehyde and may result in more severe damping-off than on untreated areas, | The delay of Spring seeding interferes seriously with the nur- sery program and decreases the length of growing season. Another decided disadvantage of formaldehyde is its low efficiency in i Control of weeds. The cost of formaldehyde may be prohibitive i when the area in need of treatment is of considerable size, i 

| The use of paraformaldeliyde in dust form has been sug- gested but needs thorough trial in forest nurseries under dif- i ferent conditions before it can be reconnended, 

Carbon Disulfide fmulsion 

Carbon disulfide is used for tho control of animal f parasites and insects, particularly Japanese beetle larvae, but i does not control the fungous Aiseases unless it is combined with ut
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| formaldehyde. ‘The emulsion is prepared from water, rosin-fish | oll soap, carbon disulfide, and other substances. These con- stituents are agitated in special mixers, The stock solution obtained is diluted with water, Commercial 37 per cent formalde- hyde is added to thig emulsion in case the control of fungous parasites is desired. The emulsion is applied by means of pails or hose. The composition of the emulsion and its rate of appli- | cation varies with conditions and satisfactory disinfection re- quires the supervision of an expert, 

| Pure carbon disulfide is highly inflammable and ex- | plosive, Prolonged exposure to the gas causes dizziness, The cost of treatments is very high. Carbon disulfide does not | satisfactorily control white grubs which ware the most destruc- | tive pests in forest hurseries, All of these limitations make | the use of carbon disulfide in forest nurseries seldom Justified, 

Chlor-picrin 

Chlor-picrin is a heavy liquid, made by interaction of bleaching powder end pleric acid, which gives off a suffocating | vapor. It destroys eelworms and insect parasites, but no infopr- | mation is available ag to its value in control of damping-off fungi. 

In treating nursery beds, holes are made from 5 to 6 | inches deep, and 14 inches apart. Approximately 2,5 ml. or | 1/12 oz. of liquid is inserted into the hole by means of Special pipette. The hole is immediately closed by pinching the soil together with a thrust of the heel. The entire bed then 1s covered with oil-treated paper, which is tucked down on the edges of the bed to a depth of 5 to 4 inches, After three days the paper is removed, and the bed prepared for seeding. Treat- ment is extremely dangerous to Growing nursery stock, 

Sulfur Powder 

| Sulfur powder has been applied extensively in forest nurseries as a means of damping-off control, but has not always proven to be wholly efficient. Nevertheless, sulfur in moderate quantity is desirable on all nursery soils which are less acid than pH 6.0. It acts as a preventative against damping-off fungi by acidifying the soil, and also acts as a fertilizer both direct- ly and by rendering available other soil nutrients. ‘The usual rate of application varies from 100 to 300 pounds per acre de- pending upon the reaction and texture of the soil. ven this light application must be made well ahead of seeding, as the intermediate products formed in sulfur oxidatfon are sxtvcneie toxic to plants. A thorough distribution of sulfur powder in the 8 or Stack layer of soil is essential, 

An addition of sulfur nay be advantageously supplement- ed by a generous application of duff of raw humus nature which i will increase the number of sulfur oxidizing bacteria and speed i up the oxidation process. The sulfur most commonly used in forest nurseries is the grade, of which 90 per cent will pass through an 80-mesh sieve. 
i 
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Aluminum Sulphate 

Recently this salt has been used extensively for acidi- fication of soil and damping-off Control. It has proven to be only partly efficient as a fungicide, even when the rate of ap- plication on sandy soil was as high as 500 pounds per acre, In 
| order to attain more thorough control of the damping-off disease, 
| Some recommendations call for applications ranging from 1200 to 
| S000 pounds per acre. \ihile such applications may be justi- fiable on highly calcareous soils, they are harmful in the great 

| majority of forest nurseries because of the high toxicity of the 
| aluriinum ion. The application of as high as £,000 or 3 000 

| pounds per acre of even nutrient salts, not to mention toxic Compounds, is likely to bring about chemical injury of the | nursery stock. The repeated application of aluminum sulphate at the biannual rate of 400 pounds per acre on poorly buffered 
| sandy soil led to a general deterioration of the stock in several forest nurseries, 

| It appears, therefore, that aluminum Sulphate may be 
| used only in moderate quantities, purely a s a preventative measure for deep acidification of soils, especially those of heavy texture. Care should be taken in these treatments to distribute the chemical in the soil to a minimum depth of 8 inches. The amount necessary for acidification of a particular soil is usually found by treating small amounts of soil with | different quantities of aluminun sulphate and measuring the | resulting pH values. 

vhe toxicity of the accumulated aluminum tons may be counteracted by applications of low-grade phosphate fertilizer or organic matter high in exchangeable bases, 

dead Arsenate 
Lead arsenate powder is applied for poisoning white @rubs. ‘The efficiency of thig chemical in reducing the injury | is questionable, since there have been reported instances when the seed beds were destroyed in spite of heavy applications of | the insecticide. In a larger quantity and especially on strong- ly acid soils lead arsenate is extrenely toxic, causing either immediate death of the seedlings or serious injury to the roots, which later beconie subject to the attack of Fusarium and other fungi. The application of 200 pounds per acre ona sandy loam soil of a moderately acid reaction seems to be the naximum that can be usec, 

Attempts were made in some nurseries to dip the roots | of seedlings into a semi-fluid mixture of Clay and an arsenic compound. Such treatments, however, interfere with the nutri- | tion of the seedlings and lead to tho production of inferior planting stock. Direct spearing with a board studded with knitting needles and rototilling are used now in the ma jority | of nurseries in preference to poison, A three-field rotation i system may be of help in reducing grub injury if green manure is planted after the egg-laying season of the beetles. 

I 
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| Organic Remains 

A number of observations in Greenhouse and on extensive | areas of several nurseries have indicated that addition of acid | peat and raw humus has a tendency to reduce fungus diseases. This | effect of organic remains may be attributed to a variety of con- ditions, viz. increase of soil acidity (Fig. 87), buffering action preventing the injury of roots by salts in solution, and supply of plant food in the form of humates which may increase the strength of root tissue of germinating seedlings and thus decrease their | susceptibility to disease. Moreover, application of suitable organic remains may increase the number of hyperparasites and | other organisms responsible directly or indirectly for reduction | of parasites. Numerous other conditions related to organic matter | may be expected to play an important part in the reduction of | parasitic organisms. 
| 
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Figure 87. Effect of application of peat of different pH value to soil infested with damping-off fungi. 

The disease-controlling effect of organic remains is usually gradual and somewhat irregular; it cannot be well demon- strated by a brief greenhouse or sample plat study as may be the effect of strong disinfecting solutions. Nevertheless, in the 
course of several years suitable organic remains appear to produce a lasting control of fungous Giseases. At lcast the observations in many forest nurseries of the Lake States region made during the last ten years, lead to this conclusion.
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| Other leans of Parasitic Control 
Glacial acetic acid, pyrolisneous acid, phosphoric | acid, organic and inorganic mercury conpounds, zinc salts, copper sulfate, Bordeaux mixture, and numerous other compounds have been | proposed for the control of soil-inhabiting parasites, However, | none of these has found extensive use in forest nurseries because | of low efficiency, high cost, or corrosive effect upon the soil, Treatment of seed beds with bolling water has been tried, but | the results were not satisfactory. ‘The addition of charcoal has | been advocated as a means of damping-off control, but there is little information available in regard to this method. 

Some foresters avoid disinfecting the soil by absndon- ing the nursery and selecting a new site as soon as the parasites become troublesome, This practice, however, may not always be successful, unless the new nursery is located on recently cleared land. Quite often soils which have been cleared for some time, Including soils of acid reaction, are infested with Pythiun, Rhizoctonia, and other parasites. 

Preventative Measures 

It must be realized that the elimination of parasitic organisms through disinfection of soil with toxic chemicals or other unnatural drastic treatments is harmful to seedlings. In many instances, the control of parasites by artificial means is bought at the price of deterioration of the nursery stock, and the situation is simply a case of the cure being worse than the disease, Fortunately, the disease itself, or its degree of virulence, is usually a direct function of the environment and the condition of the infested plants. lillions of psople lost their lives from tuberculosis until physiologists discovered that not drugs but rest and abundant nutrition will defeat the tubercle bacilli. 

This, and numerous other examples from modern medical practice, strongly suggest that the success of the forester's fight against nursery pests ray lie less in the search for more efficient means of soil disinfection than in proper adjustment of the ecological conditions, balance of nutrition, and biologi- cal relationships. In the light of these new conceptions the preventative measures acquire a particular significance. The saying that "an ounce of prevention is worth a pound of cure" may be literally applicable to forest nursery practice. 

The most important measures preventing the development of parasites may be briefly summarized as follows: 

le Complete elimination, or very careful use of materials which encourage the development of parasitic organisms, namely, alkaline or nearly neutral organic remains, lime, wood ashes, and commercial fertilizers decreasing the acidity of soil, such as nitrate of soda and calcium cyanamide, 

2. liaintenance of an acid reaction of nursery soil by careful applications of suitable acidifying agents, especially 
acid peat,
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3. Maintenance of an adequate and balanced Supply of avail- able nutrients and organic matter through addition of suitable fertilizers and organic remains, 

4. Regular additions of suitable duff and litten in order to assure an abundance of useful organisms, as well as a supply of available nutrients for their sustenance, 

5. Restriction of the use of unbuffered fertilizers or any other unbuffered soluble salts, 

6. Maintenance of an adequate content of soil moisture and an adequate degree of soil aeration by carefully regulated artificial watering, 

Te Protection of seedlings from extremes of climate by shading, windbreaks, mulching, watering, and other means, 

8. Rotation, careful use of green manure crops, sparse : seeding. Fall seeding, if possible, or at least early spring seeding. 

9. Periodic examinations of nursery stock and nursery soll and inmediate eradication of parasites ag soon as they appear. Weed control and other forms of sanitation, 
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APPENDIX 
Selected Review Questions 

The purpose of the following selected questions is merely to aid in a crystallization of the subject matter, It should not be assumed that the ability to answer these questions assures one of the knowledge of the entire course, 

PART I: GENESIS OF FOREST SOILS 

1. Enumerate some of the more important contributions to soil science made by foresters, 

2. Nane outstanding students of forest soils. 

5. Outline development of the subject of forest soils in ! Central European countries, Russia, Scandinavia, and the United States. 

| 4. Name a few outstanding works on forest soils that appeared ! in the nineteenth century. 
| 

5. Describe the part played by forest soils and the lnowledge of their management in general program of land utilization, \ conservation, and social development. 
i 

6. Compare a silvicultural definition of forest soil with the concepts introduced by agronomists, geologists, and i pedologists. 

Mi 7, Outline the Composition of a forest soil including physical, ‘ chemical, and biological characteristics. 

8. Discuss the concepts of "embryonic" and "mature" forest I solls; "zonal" and "intra-zonal" forest soils. | 
9. Outline major divisions of the subject of forest soils. i 

| 10. Classify parent material of soils on the basis of its | origin and composition, 
1 

i} ll. Explain the meaning of the following expressions: mantle rock, bed rock, inherited soil, and talus. i 
12. Outline the principal characteristics of various types of | morainic deposits and soils formed upon them, 

ie 1S, Discuss fluvio-glecial ait. 
| 
i 14. Describe briefly lacustrine deposits, marine deposits, \ alluvial deposits, and deluvial deposits. I). 

i 15. Outline the characteristics of aeolian deposits and soils | originating from them. 

16. Name the main types of curlose deposits. i 
i . 17. Describe the Composition and appearance of a few of the more 4 important soil-forming minerals. "i
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18. Name the more important rocks of igneous, sedimentary and metamorphic origin. 

19. Describe the Composition of the important members of one of the following groups of rocks: (ay Granitic rocks; (b) ferro-magnesian rocks; (siliceous rocks, (d) calcareous rocks, 
20. What are the principal compounds constituting 80il-forming organic remains? 

| 
21. Explain the meaning of the term "weathering" and Bive some of the chemical reactions typical of weathering processes, 
22. State the approximate composition of the weathering material indicating primary and secondary minerals and the soluble | products. 

| 
25. What are the principal stages in biological weathering? 
£4, Outline the course of "mineralization" of organic remains and nanie the important end-products of this process, i 

i 25. Describe three principal types of weathering taking place | under different climatic conditions. 

il 26. Is laterization a geological or a soil-forming process? i What are the principal processes of the profile development Hi of forest soils? 
i 

27. Describe briefly three processes of forest soils development , i viz. melanization, podzolization, and gleization, 
j 

iy 28. Discuss the principal horizons of forest soils and indicate i their designation according to one of the generally accept- | ed methods. 
| f £9. Outline the distribution of Zonal forest soils in relation to climatic factors. Give a Graphical or a tabular scheme. a 

| 50. Outline principal morphological and chemical features of the q profiles of the four zonal groups of forest soils. 4 
a 61. Present in a tabular form climatic conditions, vegetation, i) and profile cha racteristics of the four zonal groups of ie forest soils. 
| 

52. Discuss the influence of topographical features upon the | development of forest soils, 
| 

5S. Discuss the influence of parent material upon the a development of forest soils. 
iW 

54, Discuss the influence of vegetation upon the development | of forest soils. 
Hi 
a PARC Il: SHE GRYAT SOIL GROUPS OF VHE WORLD | 

1. What significance has zonal groups of soils in silviculture? |
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&. State the conditions of development of podzol soils, their distribution, and profile characteristics, 

6. What are the properties of the morphological varieties of solls belonging to the podzolic group? Indicate the pre- dominant forest cover of these soils, and discuss their productivity from silvicultural and agricultural viewpoints, 
4. What difficulties may be encountered in reforestation of fully-developed podzols? 

: 
5. State the origin and conditions of development of Brood or prairie-forest soils, their profile cha racteristics and | predominant forest cover, 

6. Compare the fertility of podzol and &rood soils from silvi- Cultural and agronomical viewpoints. 

7. What difficulties may be encountered in reforestation of | prairie-forest soils? 

8. State the conditions of development of melanized or humus- incorporated soils, their morphological features and pre- | dominant forest cover, 

9. Discuss the meaning of the term "Brownearth" and its | shortcomings. 

10. State the conditions of development of lateritic soils, their distribution and morphological features, 

il. Outline morphological varieties of soils belonging to the ; lateritic group; state their predominant forest cover and productivity, 

12. What difficulties may be encountered in reforestation of lateritic soils? 

13. Outline the principles of the vertical zonality of soils and the outstanding characteristics of soils of high | mountains, 

| 
14. Classify soils of high mountains stating their morphologi- cal features, physical and chemical Composition, and pre- { dominant forest cover. 

4] 
15. Name the major groups of intra-zonal soils. | 

i] 16. State the origin and evolution of rendzina soils consider- i ing morphological features, chemical composition, and vege- i tation, 
i 

17. Discuss the conditions of development of gley soils and i their morphological features, 
| 

18, Classify gley soils from an ecological or silvicultural i standpoint. 
4
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19. State the predominant forest vegetation, productivity, and silvicultural adaptation of different morphological varieties of gley soils, 

20. Classify organic or moor soils on the basis of their origin and composition, 

21. Explain the meaning of the following terms: "quagmire", "sapropel", and "marl", 

22. What are the morphological characteristics of high moor soils and their predominant forest cover, 

25. Outline morphological characteristics of the principal varieties of low moor soils, their predominant forest cover, productivity, and adaptation. 

24. Compare the content of organic matter and nutrients, C/N ratio, base exchange capacity, and reaction of the more important types of peat. ; 

25, Discuss the properties and forest cover of the more important types of immature or embryonic forest soils, 

26. Give an outline of soil-forest provinces of the United States. 
27, Give an outline of soil-forest provinces of Eurasia, 

28, hat are the main characteristics of tundra soils, heath soils, moumtain meadow soils and skeletal soils? 

29. Discuss briefly the origin and properties of chernozem soils, prairie soils and savanna soils, 

30. Discuss briefly the origin and properties of alkali soils | stating the principal morphological varieties of these soils and their evolution, 

PART III: SOIL AS A MEDIUM FOR TREE GROWTH 

1. Outline the geographic, biological and sociological re- | lationships upon which modern silviculture is based. Discuss 1 the following concepts: "biocenose", "life zones" and "biological equilibrium". 
"I 

2. Discuss the relationship that exists between the light re- | quirements of trees and their adaptation to soil. Name a few of the more important light -demanding and shade-tolerant {| Species of forest trees, 
! 

5. Classify forest trees according to their temperature require~ ments and relation to soil, 
1 

4. Into which three Groups, based on moisture requirements, are i forest trees divided? 
! 

5. Illustrate the relationship of soil and forest vegetation by a few examples of folk terminology. 

Ht
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6. Discuss obvious and concealed relationships of forest and soils. 

7. Explain the role played in the natural distribution of forest vegetation by ecological amplitude of tree Species, compe- tition, moss action of the forest, and occidental disturbances, 
8. Discuss the local and the general succession of forest vege- tation. Indicate the importance of forest succession in silvicultural practice. 

9. Outline the dynamic principles of soll fertility. Compare the potential and the actual productivity of forest soils, 3 
10. How would you proceed to establish a correlation between the canposition of soil and the rate of forest growth? 
11. Explain the meaning of "goi1 skeleton" and "soil protoplasm", 
12, Discuss the relation of tree growth to textural Composition of soil under conditions of virgin forest and cut-over lands, 
13. Discuss planting possibilities of various coniferous and deciduous tree species in relation to soil texture under different climatic conditions, 

14. How would you proceed in sampling a soil for textural analyses? 

15. Outline the Significance of soil texture in silvicultural cuttings. 

16, Discuss the Significance of soil texture in nursery prac- tice; indicate the advantages and shortcomings of light and heavy soils. Give an approximate optimum content of silt and clay particles in nursery soils, 

17. Define soil structure and discuss its significance in forest growth and reforestation practice; name the more important types of soil structure, 

18. Give approximate data on porosity, and contents of water and air ordinarily fowmd in forest soils of sandy, loamy and Clay texture, 

19. Discuss gravitational, Capillary and hygroscopic forms of soil water. 

20. Discuss the meaning of the following terms: "ground water table", "capillatum", and "dead horizon of dryness", 
21. Outline the influence of ground water upon the properties of soil and growth of forest vegetation. 

£2, Discuss the nature of aotdi ty and alkalinity of the soil solution and the meaning of ‘ont, 

23. Outline the influence of soil reaction upon the Gistribution and the growth of forest trees.
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24, What 1s the Significance of soil reaction in the selection of planting sites? 

25. Why may the planting of trees fail on Soils of a straegly acid or alkaline reaction? 

26. How does soil reaction affect the growth of forest seed- lings in nurseries? 

27. What influence does nitrogen exert upon the growth of trees? State approximate contents of total and available nitrogen in the A, horizon of an outwash sandy soil supporting a mature stand of red pine. 

28. How does phosphorus affect the growth of trees? What are approximate contents of available phosphorus in the Ay layer of a weakly podzolized loam Supporting hardwoods and in a lateritic clay supporting longleaf pine? 

29. How does potassium influence the growth and vigor of forest trees? Give a range of available potassium found in virgin forest soils, 

50. State briefly the function of the following nutrient elements: calcium, magnesium, sulfur, and tron, 

Sl. What are the minor elements essential to the growth of j trees? Discuss their functions, 
| 

52. Discuss availability of nutrients and nutrient balance in rela tion to the growth of forest trees. 
| 

55. \ihich properties of nursery seedlings would you consider in the evaluation of their vigor? 

54, Enumerate the most important toxic agents occurring in - forest coils and give methods for counteracting their effects, 

55. \hat are the principles of exchange reactions? Discuss | the "replacing power" of different ions and "the law of } mass action", 
| 

36. Give a few typical exchange reactions taking place in soils of forest nurseries. 
{ 

57, Outline the significance of the base exchange material in 1] management of nursery soils, 
| 

i 38. Compare the exchange capacity of the mineral and organic i] fractions in a virgin pine soil of sandy texture. | 
69. Into what two broad Groups determined by the mode of nutri- | tion are bacteria divided? How may silvicultural treatment | of sands or management of nursery soils affect the balance | : of soil microorganisms? 

| 

40. What are the principal stages in the decomposition of protein E Compounds? \ihat is the importance of microorganisms in | nitrogen transformations? 
i
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41. Discuss nitrogen fixation in forest soils, 

42. How does the decomposition of carbohydrates proceed in forest soils and composts? 

45. What 1s the function of sulfur and iron bacteria in forest soils? 

44, Name the more important genera of fungi occurring in forest soils and discuss their effects upon the soil and tree growth, 
45, What are mycorrhizae? State the part which mycorrhizae presumably play in growth of trees and distribution of the forest, 

46. Describe the morphological features of Actinomycetes and state the function of these organisms in forest soils, 
47. Classify the algal flora of the soil and outline its part in soil development, 

48, What are the important effects of soil protozoa? 

49, Describe nematodes, name a few more important genera, and state the role which these Organisms play in soils and growth of forest trees, 

50. Discuss the importance of earthworns in soils; what is their effect on the growth of forest vegetation? 

51. What beneficial and adverse influences upon the forest are exerted by different groups of insects? 

52. Discuss the meaning of the following terms: "forest humus", "litter", "duff", and "leaf mold", 

55. Describe the two principalmorphological @roups of forest humus and explain their mode of development. 

54. Discuss mull and mor humus in regard to their effects upon the fertility of soil, growth of trees, and silvicultural management. 

55. Enunerate the principal types of humus belonging to the mull group. 

56. Enumerate the principal types of humus belonging to the mor group, 

57. Outline the principles of biological and chemical analysis of humus, 

58. Discuss the nutrient content, reaction, and base exchange : Capacity of humus in relation to its origin and morphologi- cal features, 

59. What beneficial and adverse effects upon the growth of forest seedlings in nurseries and in natural stands have different 
types of humus?
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60. What significance has soil arganic matter in hursery practice and reforestation? 

61. Outline the relation of soil organic matter to nitrogen, phosphorus and replaceable bases in forest soils, 

62. Give approximate minimum contents of organic matter in the Y-inch surface soil required for successful growth of several important conifers and hardwoods. 

PART IV: SOIL-FOREST TYPES 

1. Why is the study of forest vegetation of major importance in the development of ecology? 

2. Describe several outstanding eco-types of Sub-Arctic forest. 
5, Outline the principles of the soil-forest relationship established by Morozov and Kruedener, 

. 
4. What are the principles of the soil-forest relationship established by Cajander,. 

5. Review the ideas on the soil-forest relationship introduced by Hilgard, 

6. Compare the riost important soil-forest types of northern Russia with those of the Lake States region of America, 

7. Give a general scheme of the soil-forest relationship 
existing in the prairie-forest region. 

8. Describe the principal soil-forest units of the southern Coastal Plain of the U.S.A. 

9. Give a general scheme of the soil-forest relationship 
observed in the mountains. 

10. Compare the predominant ground cover vegetation of podzolic sandy soils in the Old and the New Worlds. 

ll. Compare the predominant ground cover vegetation of podzolized 
loams in northern United States and northern Europe. 

12. Name tree species occurring on Sphagnum moss peat in the United Stated, Finland, and Manchuria, 

15. Draw a parallel between the najor forest types of the 
western and the eastern portions of the United States, 

14. Describe the principal forest types of the southern Rocky 
Mountains and state their relation to the soil. 

15. Could you apply the knowledge of soil-forest types of the 
Carpathian hiountains to the Adirondack region?
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PAR? V: ANALYSIS OF FOREST? SOILS 

1. Discuss the technique of soil Satipling, 

2. Outline the procedure for the determination of soil texture using the hydrometer method, 

S. Outline the procedure for the determination of the water and air contents of the soil using steel cylinders. 

4. Describe a method for the determination of the noisture equivalent of soils, 

5, Discuss the relationship between the wilting coefficient and moisture equivalent. 

6. What significance has the composition of the soil profile in the chemical analyses of soils? 

7. Give an outline of the different methods of chemical analysis of soils. 

8. Discuss equivalent weights and normal solutions. 

9. State the principles of titration and the main types of reactions upon which it is based, 

10. How would you proceed in the preparation of standard solu- tions? Give a concrete example, 

11. Outline the procedure for calculating milliequivalents of replaceable ions. Give a Concrete example, 

12. \What advantages has the presentation of replaceable bases in terms of milliequivalents instead of pounds per acre? 

15. Discuss the meaning of the tern "buffer", 

14. Vihat complications may arise in diluting concentrated 
solutions? 

15. Indicate rapid tests for determination of soil texture, soil reaction, and the content of soil organic matter, 

16. Indicate rapid methods for the determination of availa ble nutrients and replaceable bases, 

17. Outline the procedure for the determination of available nutrients using lower organisms. 

18, \ihat are the principles involved in the determination of total nitrogen by means of the Kjeldahl method? 

19, Outline a procedure for the determination of nitrates in 
soils. 

20. Discuss the determination of ammonia in soils, 

21. State the procedure for the determination of available phos- 
phorus by the Truog method.
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22. Discuss the determination of available potash using the Volk-Truog method. 

23. State the principles involved in the determination of base exchange capacity and replaceable bases in soils, 

24. Outline the technique of plant tissue analysis. 

25. How would you determine the nitrifying capacity of the so11? 
26. Discuss the method for the determination of carbon dioxide evolved from soils, 

' 8%. State the procedure for the determination of the number of Organisms in soils and composts. 

PART VI: FOREST SOILS IN RELATION 0 SILVICULT URE 

AND FOREST MANAGEMENT 

1. In which phases of forestry practice is it essential to have a knowledge of forest soils? 

2. State the purpose and technique of the forest soil survey, 

5. Discuss the use of soil survey reports and maps prepared by the state and federal agencies in reforestation practices, 

4. State the degree of accuracy and the cost of forest soil survey. 

5. How would you approach the delineation of soil types in surveying forest soils? 

6. HElaborate on the problem of nomenclature used in surveys of forest soils. 

7. Give an outline of a report on a forest soil survey. 

8. How are the soil survey data usod in forest management ? 

9. What specific conditions are of prime importance in survey- ing forest soils in mountain regions? 

10. Discuss the ecological importance of topographic factors. 

11. How would you Classify topography on the basis of gradient and exposure? 

12. Review different methods of forest subdivision, 

15. Discuss the relation of topography to ground water table, 

14, What are the major phases constituting the reforestation 
program? 

15. Which properties of tree species should be given a con- 
sideration in their selection for planting?
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16. Discuss the problem of acclimatization and the establishment of silvicuiturally homogenous regions, 

17. Hnumerate the more important factors to be Considered in the selection of planting sites, 

18. Outline planting possibilities of several important tree in species in relation to ground water level, pH value, soil texture, and content of soil organic matter. Give due con- sideration to the climatic conditions of the region in which the reforestation is to be carried on, 

19. Discuss the relation of the geological origin of soils to * ! their productivity and planting possibilities, 

20. Discuss planting possibilities of various tree species in relation to the content of soil nutrients. 

E 21. Review the importance of Ground cover vegetation as an in- dicator of planting possibilities, Give some concrete : examples, 

22. Which methods of planting would you use in reforestation of well drained sandy soils? 

23. Vihich method of planting would you recommend for reforesta- tion of soils having a close ground water table or hardpan | layer? 

24. On which soils is the use of slit planting method prohibi- tive? On which soils is momt planting prohibitive? 

25. State the advantages and shortcomings of the furrowing, a 

; 26. Discuss planting on top of the furrow slice. 

27. \ihat are the advantages and shortcomings of the inverted V i and cone methods of tree planting. 

28. Enumerate the more important factors which must ‘be con- 
sidered in making a diagnosis of the causes responsible i for the failure or stagnant growth of plantations. 

£9, How would you reduce the losses of water by run-off? 

SO. Outline methods of artificial drainage applicable to 
forestry practice. 

$1. How would you proceed in planting trees on peat soils? 

52, Outline the technique for stabilization of aeolian sands, 

55. Describe the procedure for reclamation of ortstein soils. 

34, Discuss the method of gully planting. 

moe 55. Discuss tree planting in prairie regions. 

56, How are field crops used in reforestation practice?
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ji 57. State the advantages and disadvantages of cultivation of yal forest plantations. 

‘ 38. What are the effects of burning forest floor? 

59. Discuss the use of fertilizers in reforestation. 

40. Give an outline of various methods of fertilizer application used in forestry and landscape practices, 

41. Define thinning and selective logging; state their respec- 
tive purposes, 

42. Outline the general principles of silvicultural cuttings; 
discuss cuttings of different intensities. 

45. Discuss selective logging of different species on upland 
sandy soils, 

44. Compare the technique of selective logging on humus- 
incorporated and on podzol soils. 

, 45, Discuss the problem of selective logging on soils with a high ground water level. 

46. Describe the principles of Wagner's shelter-wood strip 
cuttings. 

47. Describe the technique of Eberhardt's production cuttings. 

. 48, Outline different methods of preparation of yield tables; 
discuss the use of yield tables in forestry. 

49, How would you determine the annual cut under the sustained ; yield management. 

50. How would you calculate the expected financial return on a 
reforestation investment? 

51. Outline the principles of land evaluation, 

52. Discuss the problem of appraising the damages to the pro- 
ductivity of forest land. 

PART VII: MANAGEMENT OF FOREST NURSSRY SOILS 

1. What are the different phases involved in the mana gement 
of nursery soils? 

2. Enumerate the important factors to be considered in the 
selection of a nursery site. 

5. How would you proceed in the preparation of ground for 
nursery beds? 

. 4. Discuss the regulation of moisture content in soils of 
‘ forest nurseries. 

5. Give a brief description of different types of soil 
: moisture meters,
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6. Discuss time and manner of watering. 

7 7. State the advantages and shortcomings of the various mineral and organic nitrogen fertilizers in relation to their use in forest nurseries, 

8. Discuss the suitability of the various phosphate fertilizers for use in forest nurseries. 

9. Discuss the suitability of the various potash fertilizers , for use in nursery soils. 

10. List the common combined fertilizers and state their k importance in the management of nursery soils, 

11. Discuss the use of lime in forest nurseries. 

12, What are composted fertilizers and what are their chief advantages? 
: 

15. How would you proceed in the construction of a compost pit for a large size forest nursery? 

i 14. Discuss the suitability of organic materials for use in the preparation of fertilizer composts. 

15, How would you calculate the amounts of commercial fertilizers to be used in the preparation of a compost? 

16. Discuss the effect of salt concentration upon the quality i and cost of fertilizer composts. 

17. Discuss the rate of compost application and the problem of the maintenance of a proper content of nutrients in the solls raising stock of different species and age classes. 

18. How would you distribute a composted fertilizer in the soil? 

19. Under what circumstances should liquid fertilizers be : applied? 

ele 20. Which fertilizers would you use for liquid treatments? 

21, State the suitable concentration of liquid fertilizers in 
parts per million or in pounds per 100 gallons of water, 
what are the common rates of application? 

£2. How would you calculate the amount of different fertilizers 
for liquid treatments? 

23. Outline the technique of application of fertilizers in 
solution. 

24, Discuss the application of liquid fertilizers in relation 
to the time of the year and kinds of nursery stock, 

25. What are liquid humate fertilizers and what are their 
chief advantages?



383- 
i 26. How would you prepare and apply liquid humates? 

27. Outline the benefits and shortcomings of green manuring, 

| 28, Wha t is the effect of catch crops? 

29. Discuss the seeding and turning under of green manure crops. 

50. Discuss the problem of fertility maintenance in soils of : forest nurseries. 

S1. What are the different approaches in establishing standards 1 for the naintenance of fertility in nursery soils? 

52. How would you adjust the pH value of a nursery soil? | 

55. Outline the adjustment of the base exchange capacity of . nursery soils. 

54, Discuss the correction of deficiency of the total and | available nitrogen. 

55. How would you correct the deficiency of phosphorus, 
potassium, and other replaceable bases in a nursery soil? 

56. Discuss the major steps in a soil improvement program. 

57. Outline the relationship that exists between the total soil fertility, the fraction of nutrients in the soil solution, 
and the content of nutrients required by seedlings during their annual growth, 

58. Discuss the importance of the adjusted fertility for a 
successful inoculation of the soll, use of growth-promoting 
substances, and development of rapidly-growing hybrid 
varieties. 

; 59, How does nursery soil fertilization affect the survival and 
the rate of growth of seedlings in the field? 

40. Name the most important parasites inhabiting nursery soils. 

41. Outline the emtrol of parasites by surface firing and 
steaming of seed beds stating the dangers involved in the 
use of these methods, 

42. Discuss the disinfecting efficiency of acid applied in dif- 
ferent concentrations and at different rates of solution. 

45, Which soil factors are likely to modify the effect of 
acid treatment, 

44, \ihat acids other than sulfuric can be vsed in soil treatments? . 

45. Outline the method of damping-off control by the use of 
formaldehyde. 

46, What methods are used for the control of animal and insect 
parasites inhabiting forest soils?
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47, Outline the use of the carbon disulfide emulsion. 

48. How does chlor-picrin affect the Composition of soil, soil organisms, and growing stock? 

hi 49. ‘hat is the affect of lead arsenate upon the chemical ” properties of soil? 

50. Discuss the acidification of soil by the use of sulfur and ‘aluminum sulfate. 

51. How would you reduce the toxic effect of aluminum sulfate? 
52. Name some of the recently introduced fungicides and insecticides. 

53. What affects may an application of organic remains have - upon the parasitic soil organisms? 

54, State the principles of the biological method of parasite control, 

55. VWhat agents are instrumental in the transmission of ) diseases? 

56. List measures for the prevention of diseases in nursery soils. 

57, Discuss the problem of parasite control in relation to the maintenance of soil fertility. 
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