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A Study Of:

SOIL STRUCTURE IN RED RIVER SOIT ASSOCIITES

£ A
— - T e e et et et it e e

And Of:

MODIFICATION UNDER CULTURE

I. INTRODUCTION:

In the naturally fertile soils of the semi-arid
regions of North America, especially those of clay and sandy
texture, the physical properties are highly significant and
have a profound effect upon the productive capacity of the soil.

Favorszble soil structure is essential in the mainten=-
ance of soil productivity. Under a system of intensive culti-
vation deterioration of soil structure occurs. In the Red River
Valley the maintenance of desirable structural characteristics
is essential if maximum crop yields are to be obtained.

A natural degradation process similar to the classsical
"solonchak~-solonetz-solod" series occurs in the Red River Valleye.
Structure in the "solonetz" of Europe and North America has been
correlated with the existing physical and chemicasl econditions.
The morphological conditions characteristic of "solonetz" as
typified by European investigators are known to exist in the
"valley".

Under arable culture, deterioration of soil tilth has
become g problem throughout much of the Red River Valley. In the
alkalinized and degresded alkalinized phases of the Morris Soil
associate, dispersion of the colloidal material of the soil appar-
ently occurs. A massive struetural condition has been developed,

under which plough draft is doubled (8) and the soil made imperv-

ious to water. Both natur=l degradstion processes 2nd cultural

practices have been involved in the formgtion of undesirgble

- ] -



physical properties in the heavy textured valley soils.

The investigation of this problem herein presented
has been along three lines.

(1) A study of the physical end chemicsl properties
of virgin soils exhibiting both favorable a2nd unfavorable st}uct-
ursl conditions.

(2) A study of the chemical and physical modifications
in the soil resulting from cultural practices.

(3) An investigation of methods of physical amelior-

ation.



I1. QUTLINE OF EAGTORS AFFECTING SOIL STRUCTURE
Definition

So0il structure is usuzlly defined =s the arrangement
of soil particles. The word "particle" refers to any unit which
is part of the soil make up, irrespective of its being a primary
(s2nd, silt or elay fraction) or a secondary (floceulstion) part-
jele. The term"soil structure" consequently implies an arrgnge-
ment of primary and secondary particles into a struectural pattern.

Structural arrsngement as seen in a soil by the naked
eye of an observer is generally considered the macro-structure of
g soil. The macro-structure is however dependent upon the arrange-
ment of micro-structures within the dimensions of a single macro-
structural unit. This micro-structure markedly influences the
meecro-structure.

Genesis of Soil Structure

Baver (4) gives an excellent review of the genesis of soil
strueture. A summary of this work is presented here.

Most of the present dﬁy theories of aggregation are based
on the phenomena of flocculation in dilute suspension. However,
floceulation and stable aggregate formation are noct synonymous.
Floccules are formed when the zeta potential is lowered suffic-
iently to allow flocculation. Stable aggregate formation re-
quires that the primary particles be so held together that they
do not disperse in water. A cementation or binding together of
the flocculated particles is necessary in aggregate formation.
Flocculation may be a necessary step in the aggregate process dut
it is not aggregation itself.

The nature of the base exchange complex has long been

recognized as being associated with structursl conditions of the



soil. The replacement of the sodium in alkali soils by calcium
and the resulting favourable physical properties exemplify cation
effects on physical properties. Permeadility studies also show
distinctly different effects of cations. TLutz (37) reported H}
Ca) K> Na in producing permeability im a collcidal clay membrane.

Factors affecting cementation in aggregate formation
include cohesion between colloidal clay particles, the cohesive
effect of organic matter, and the presence of irreversible iron
colloids. The so0il colloidal material may be divided into at
least three main groups a2s far as cementation effect is concerned.
They areg (1) clay particles themselves

(2) irreversible or slowly reversidble inorganic
colloids

(3) organic colloids.
As the percentage of clay increases in 2 soil, the degree of cor-
relation between organic matter and aggregation decreases. 1In
the study of a large group of soils, elay and organic matter
were found to be equally significant in csusing grenulation. 1In
so called "lateritic" soils the irreversible iron colloids and
possibly irreversible colloids of alumina zre mainly responsible
for cementation.

Certain physical processes are associsted with the
formation of soil structure. Rupture is caused in 2 massive soil
complex when unequal strains arise. The action of 21ternzste wet-
ting and drying is two-fold, first, unequal strains due to expan-

sion and contraction a2rise; second, virtual explosions may occur

when the pressure of the entrapped z2ir in a2 wetted soil clod

exceeds the degree of cohesion of the soil particles. Conditions



of unequal stress also may be caused by freezing 2nd thawing of
a soil. An optimum amount of moisture is necessary to achieve.
maximum effectiveness of this 2etion. If the soil is excessively
wet this process, in combination with spring rainfall, may csuse
dispersion. These effects on aggregation are more or less temp-
orarye.

Sod erops promote soil granulation. Several theories
have been advanced in explanation, such as;=-

(a) Roots create pressures when growing in a ¢lod, thus
forming granules.

(b)) Chesnges in moisture content caused by the uptake of
water by the roots, result in unequal stress, and
cause granulatione.

(e) Root secretions may have some cementing or ecosgulst-
ing effect upon soil particles.

(d) Decomposition of roots by micro-organisms produces
sticky decomposition products.

The action of roots in granulation is zccepted as being ss
important as any other factor in producing stable aggregation.

Summarizing, it would appear that aggregate formation
in soils depends upon:

(a) the presence of primary particles that are suffic-
iently small in size

(p) the coagulation or floceulaticn of these partiecles and

(e) thecementation of the coagulated material into stable
aggregates.
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Ellis and Caldwell (20) in NManitoba 2nd Rost =2nd Maehl (51) in
Minnesota have suggested it is the magnesium cation which is
responsible for the dispersion of these soils. Rost and Assoc-
iates, Ellis and Caldwell (20) a2nd Mitchell a2nd Riecken (42)
concurred in the finding that if magnesium is not the dominant
ion in the exchange complex of the & horizon of Red River solon-
etz, it becomes dominant with increasing depth. These solon-
etzic soils have been termed "magnesium solonetz" by Ellis and
Caldwell (20) on the basis that the term "solonetz" referred
only to the structure of these so0il a2nd did not eorrespond to
the elassical idea that "solonetz" is synonymous with sodium
soil.

The characteristic strueture of these solcrnetzic
soil types appears to be clearly connected with their physical
and chemical properties. 4. J. de Sigmond (15) describes the
impermeability of the solonetz soil to be due to the closing of
the soil pores which takes place when the colloids swell. A
deflocoulated condition exists which causes the soil to become
hard and to crack deeply on drying. He notes that these con-
ditions are most apparent in leached alkali soils. 1In the Red
River soil association, physical conditions similar to those
described by de Sigmond have been reported by Saldwell (11).

Glinka (26) elassified the Russian "Salzboden" into
two groups on morphological differences alones= soils with
structure, solonetz soils; soils without structure,saline soils.
4. J. de Sigmond (15) observed that alkali soils offer the best
illustration of the c¢lose connection between the physical pro-

rerties of a soil and the chemical composition of the ebsorbing

complex.



A review of the literature on alkslinization present in soils
of the Red River Association indicates the following:~-

l. Three stages of development exist which represent stéps
in solodization.

2. The sodium content of soils is not high enough for the
alkali soils to be classified as "sodium solonetz".

3. The exchangeable magnesium cation is the factor respons-
ible for the solonetziec structure in the alkali soils
of the Red River Association.

B. MORPHOLOGICATL DESCRIPTIONS OF RED RIVER VALLEY SOIL TVPES
STUDIED.

The Red River Valley is 2 vast lacustrine clay plain
stretehing from Stony Mountain in Manitoba southward into the
states of North Dakota =nd Minnesota. This ares was formerly the
central basin of glacial Lake Agassiz. It is drzined by the Red
River flowing northward and emotying into Lake Winnipeg.

A reconnaisance soil survey of the valley was conducted
by the co-operative efforts of Dominion and Provincial Soil Spec-
jalists with Professor J. H. Ellis of the Soils Department, Uni-
versity of Manitoba, in charge. The soils occurting in the Red
River Valley area were classified according to the Nikiforoff
system of soil elsssification (19), those developed on the lac-
ustrine sediments were classified 2s the Red River Soil Assoc-
iation.

The morphological descriotions of the dominant assoc-

iates in this association are as follows;

Red River Phytomorphic Assogciote -~ Red River Clay;
Horizon Depth:

*
0=13" —==u== Colors- Black (10YR 2/1), (54).
Textures=- Clay.
Structurey- Moderately granular, may appe=ar
weakly coarse columnar when dry
#Literature reference. because of shrinkage ¢T2CKS.



13-18"

18-24"

2ane

Consistences-

Intrusions
and
Concretionss=-

Rezctiong=-

Color:=-

Texture: =

Structures:~-

Consistences=

Intrusions: -
Reaction:=-
Colors-
Textures=
Structure:-

Consistence:=

Regactions=-
0010rg;
Texture ;=
Structure:-
Consistence;-

Intrusions

and
Concretions: -

Regctiong -

Pirm when dry, slightly
stieky and moderately
plastic when moiste.

The horizon is highly
interspersed with grass
roots.

Neutral to slightly
alkaline.

Between very dark grey
(2.5 Y 3/0) and dark grey
brown (2.5 ¥ 3/2).

Clay.

Weakly medium ceolumnar
structure which breaks
down to granular aggreg-
ates under moderate
pressure.

Hard when dry; moderately
sticky and very plastie
when moist. 7 ,
With dark tongued intrusions from abnve.
Alkeline, effervesces ‘
slightly.

Dark grey brown to greyish brown (2.5 Y 4/2]).
Claye.
Amorphous.

Extremely hard when drys very sticky and
very plastic when moist.

Alkaline, effervesces strongly.
Greyish brown (2.5 Y 5/2).
Clay.

Amorphous.

Extremely hard when dry; very sticky and
very plastie when moist,

Small cealcium carbonate concretions are
present.

Alkxaline, effervesces strongly.



Geological Parent

Material:- Lacustrine clay.

Topography:=- Smooth level terrain with less than
0.5 percent slope. A1 (44)

Drainage:= Well drained.

Stones- None.

Native Veget-
ation:=- Andropogon Spp., Agropyron SPDe,
Poa spp., golden rod, sunflower,
yarrow, veteh, rose, etc.

Red River Hgdromorghic stociate--Osborne 013;;

Horizon Depnth ,

ND=4.5" Colorg= Yery dark grey,(10YR 3/1)
Textures= Clay. |
Structure;- Moderately granular.

Consistences= Hard when dry; moderately
plastic and moderately
sticky when moist.

Intrusions and s
Concretions:-= The horizon is highly inter
spersed with grass rootse.

Reaction: - Slightly alkaline.

4,5-13" Color:- Dark grey brown (2.5Y 4/2)
to greyish brown (2.5Y 5/2),

Texture:=- Clay.
Structure:=- Amorphous.

Consistence:- Very hard when dry; very sticky and very
plastiec when moist.

Intrusions and :
Concretions:- ©Calcium carbonate concretions, iron stains
and a few gypsum crystals are found in the

horizon.
Reactiobg- Alkaline, effervesces freely.
13" ¢ Color:- Greyish brown (2.5Y 4/2).
Texture: - Clay



Structures -
Consistence:=
Intrusions and
Coneretionss=-
Regction.:=-
Geological
Parent

Mgterigl:-

Topography: -

Draingge:=-
Stoneg=-

Native
Vegetations =

Amorphous.

Very hard when dry; very sticky and
very plastiec when moist,.

Iron stains and caleium carbonate

concretions presente.

Alkaline, effervesces stronglye.

Lacustrine clay.

Smooth, basin like. Depressional
terrain with 0 slope. Ao.

Poorly dresined.
Nonee.

8wale and tall prairie grasses,
golden rod, 2sters, plantain, etec.

Red River g§10morghic ggggciatee—morris Clay
(alkalinized phase]).

===

Horizon Depth

0o-1lo"

17-23"

Colors=-
Texturegsg=-

Structures=-

Consistence:=

Intrusions and
Concretions;=-

Reaction: =

Colors -

Texture,-

Structure,-

Very dark grey (10 YR 3/1).

Clay

Strongly coarsely
granular,

Very hard when dry:
very sticky and very
plastic when moist.

The horizon is highly
interspersed with grass|
roots. Material from
this horizon is tongued
into underlying horizont

Neutral.

Dark grey brown
(2.5 Y 3/0)

Clay.

Very coarsely columnar,
(elodlixe),

- 1] =



23"%

Consistence;=

Reactions=-

Colors=-
Textures=-
Structures-
Consistence; -
Intrusions and
Concretionsgs=
Reactiong=
Geological
Parent

Materigl:=

Topography: -

Drainage:=-
Stones=

Native
Vegetation:=

Extremely hard when dryy very sticky
and very plastic when moist.

Wetttral at the top of the horizon
gradually changing to alkaline at the
bottom of the horizon.

Dark grey brown (2.5 Y 3/2)

Clay-

Amorphouse.

Extremely hard when drygs very sticky and
very plastie when moist,.

Caleium carbonate concretions are present.

Alkaline, effervesces strongly.

Lacustrine claye

Smooth level terrain with less than 0.5
percent slope. Ay«

Intermediately drainede.
Nonee.

Dominantly grasses. Herbs such as yarrow,
gumweed, and golden rod are relatively few.

Red River Halomorphic Associagte--Morris Clay

(degraded alkalinized phase)

Horizon Depth

0_5"

Color:-

Texture:=-

Structure; -

Consistences=-

Intrusions and
Concretions:=

Yery dark grey (10YR 3/1) %y
Clay.

Strongly coarse gran-
ulare.

Yery hard when dry;
moderately sticky and
moderately plastic
when moist,

The horizon is highly
interspersed with ¥ ettt
thiekened grass roots. S et
S0il material from this ; Hiea

horizon is tongued into
underlying horizons.
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5=13"

13-24"

24" ¢

Reactiong=
Colorg=-
Textures -

Structure -

Consistence-

Reagction: =

Neutrale.

Grey (10YR 5/1).
Clay

Round-topped very
coarsely columnar
(eclodlixke).
Extremely hard when
dry: very sticky and

very plastic when moist.

Neutral to slightly
acid.

Note;- An ashlike dust is found on the
top of the round topped columns

of this

Color:=-

Texture ;=

Structures -
Consistence;=-
Reaction: =

Color:-
Texture: -

Structure; -

Consistence:=-

Intrusions and
Concretions;: -

Reactiong-

"Geological

Parent
Material;=-

horizon.

Very dark grey
(2.5 Y 3/0).

Claye

Breaks into massive amorphous
clods of very large proportions.

Extremely hard when drys very
sticky and very plastic when moist.

Neutral in the upper part to alkesline
in the lower part of the horizon.

Dark grey brown (2.5 Y 3/2).
018,‘]0

Amorphous.

Extremely hard when dry; very sticky
and very plastic when moist.

Calcium carbonate concretions are
present.

Alkaline, effervesces stronglye.

Lacustrine clay.
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Topographys- Smooth level terrain with less than
0.5 percent slope. Aq.

Dreainage:=- Intermediately drained.
Stone:=- None
Netive

Vegetationy- Dominasantly grasses, with a few herbs
such as gyarrow and golden rod.

The phytomorphic or better drained member of the Red
River So0il Association is the most productive soil type and
comprises about fifteen percent of the Associstion. A relatively
high organic matter content and degree of friability characterize
this soil. The objectionabdble strdctural characteristices of the
aikalinized types do not oscur. This gssociate is well adapted
to field and forage crop culture and is 2lso suitable for market
gardening and the production of high acre - vslue row crons.

The hydromorphiec member or the meadow type of the
associgtion is the dominant associate, comprising forty percent
of the totél area. qumally, this soil is under the infyuence
of water due to the absence of relief =2nd the flat topography.
Drainage is therefore the chief proglem in this associate. Two
phases occur:~ the salinized phase, and the non-salinized phase.

Drainage, 2s accomplished by diteching, hés been none
too effective in improving this soil. "hen excessive amounts of
rainfall oceur, crop losses due to inundation are considerable.
The present artificisl drainage system is adequate to remove
surface water quickly.

Together, the alkalinized =2nd the degraded alkalinized
phases of the halomorphic soil associate, constitute thirty-one
percent of the essocistion. The degraded s2lkelinized soil is

considered to be 2 highly alkalinized soil that has undergone
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subsequent degradation. Many stages of alkalinization and
degradation exist. The degraded alkalinized phase is always
found as an island within a more extensive area of the alka-
linized soil phase. Although the degraded phase at present com-
prises only a2 small portion of the total area, the degraded
alkalinized soils appear to be inereasing as the drainage is
improved.

The alkalinized soils are characterized by "heaviness"
and are difficult to till. These soils, under both the natural
and the cultivgted conditions, form hard massive elods which can
only be broken up with difficulty.

The outstanding differences between the phytomorphiec,
‘and the alkalinized and degrasded alkalinized phases of this soil
associgtion, are the relative friability, grenular structurse,
and ease of tillage of the phytomorphic associeste as contrasted
to the hard, massive and intractible physical conditions of the

alkalinized soil types.

C. ANALYTICAL DETERMINATIONS ON RED RIVER ASSOCIATES

The soils sampled for e2nalyticel studies in the labor-
atory were of the types previously described,(pages 9-14). Rep-
resentative profiles of the ascsocistes were selected from various
loeztions. The samples obtained included three phytomorphie
associagtes-Red River Clzy, three hydrcmorphic agssocistes-Osborne
Clay, one halomorphiec zssocigte-Morris Clay (alkzlinized phase),
and two halomorphic associates-Morris Clay, (degraded alkalinized

phase)e.
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l. YETHOD OF SAMPLING

S0il samples for laboratory analysis were taken from
each of a2 number of profiles representstive of the associstion.
A pit was dug in the field, and the samples were taken from a
égore of soil left standing in the central part of the pit.
The soils were sampled by depths, corresponding to specific
morphological horizons, doﬁn to the level of the lime carbonate
aceumulation. These samples were subjected to the following
laboratory determinations.
2. QRGANIC CARBON: NITROGEN AND REACTION

(i) Methods.

The methods used in the determination of total carbon,
inorganic carbon, nitrogen and reaction are as follows:-

The organic carbon was determined by analyzing the
samples for total carbon by 2 wet combustion procedure and sub-
traeting the inorganic carbon obtained by a dilute hydrochloriec
acid extract method. The wet combustion method was adapted from
a combination of the methods of Adams (1) and Wayneck with some
modificetions. The soil is oxidized using a mixture of sulfuriec
acid and ohromic trioxide. The carbon dioxide evolved is dried by
passing it through a sulfuric acid bath and over ealeium chlor-
ide and magnesium perchlorate crystals. Any chlorides present
are removed by passing the gas over amalgamated zince The carbon
dioxide is collected and weighed in & Nesbitt tube containing
ascarite.

The inorganic carbo:7;etermined by a similar system

as described above. The earbon dioxide was extracted by means
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phytomorphic associate. Although the organiec carbon content

of these soils is not as high as found in the surface horizon
of the degraded alkalinized phase, the depth of accumulatioﬁ is
greater and no impervious B horizon exists beneath the A.

The inorganic carbon of the Red River phytomorphie
associgte, profiles No. one, two a2nd three increased with
depth in the successive horizons studied. This is the normal
eondition in well drained, black earth soils. In the degraded
alkalinized soils, profiles No. five and six, an apparently dif-
ferent condition exists. There is a decrease in inorganic cazr-
bon with increasing soil depth until free carbonate is encoun-
tered as observed in morphological studies.

The reaction of the soil horizons also follow the same
pattern. In the Morris gssociate, although the surface horizon
is neutral, the Bl a2nd B2 horizons are slightly acid. This is
normally caused by a modification of the base exchange complex
in whieh the exchangeable bases 2re replaced,to some extent, by
hydrogen. The surface horizons of the phytomorphic profiles
were found to be neutral with the degree of alkalinity increas-
ing with depthe There is no acid horizon in the Red River pro-
files as was found in the Morris soil profiles.

The nitrogen content of the soil horizbns usuglly is
found to exist in a more or less definite ratio to the orgsnic
carbon content of the soil. In most soils this ratio is found
to be about 10;1. There is, however, 2 very wide discrepancy
in the Bl and B2 horizons, and the B horizon of the degraded
alkalinized and the alkalinized soils, respectively. High

carben nitrogen ratios exist which suggest that the orgasnie
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mgterial occurring in these horizons is different to the
organic matter of the surface horizons. The high ratiocs

might be due to the adverse conditions for biological activity,
and, therefore, the slow decomposition rate occurring in the
horizons of the Morris soilse.

3. EXCHANGEABLE BASES AND REPLACEABLE HYDROGEN

The base exchange complex of a highly colloidal soil
exerts a strong influence upon the physical conditions present
in the soil,

Determinations of the total bgse exchange capacity and
the base exchange status of the soils were conduscted. It was
necessary to adspt the methods used to the analysis of the
heavy clay soils,as a small sample, and 2 minimum amount of
filtering are desirable when dealing with highly colloidal
material.

(i) Method.

The ammonium acetate method as outlined by Piper (47)
was a2dapted for use in base exchange analysis of these soils.
Ten grams of soil were used, as larger quantities would cause
very slow, if not impossible filtering. The volume of leachate
was reduced to four hundred milliliters to shorten the period
of time required for filtering.

One hundred milliliters of sammonium acetzte solution
wes shaken with ten grams of soil for fifteen minutes and the
mixture allowed to stand over night. The solution was filtered
through Whatman No. 40 filter paper =nd the soil residue washed
with ammonium acetate solution until the volume of extraect

measured four hundred milliliters. If any turbidity was present



in the leachates, tﬁey wore refiltered through 2 dry Whatman
Noe. 50 filter peper. Two milliliters of tcluene were then
added to prevent mould growth in the extracts.

An aliquot of the legchate was znalyzed for ca2lcium
and magnesium using the 2.0.2A.7. (2) methods. The czlcium was
precipit=ted zas the oxazlate, icnited =2nd then weighed zs cal~
eium oxide. Magnesium was precipitated by sodium ammonium phos-
phate, forming magnesium ammonium phosphate. It was then ignitedte
and weighed as magnesium pyro-phosphcote.

The exchangesble potassium wes determined by the method
described by Dr. Volk (57). Potassium is precipitaested, using
sodium cobeltinitrite at a2 constant low tempersture. The double
salt sodium potessium cobaltinitrite precipiteotes out in a
definite ratio of sodium to potassium, dependent upon tempersture.
A standard of known potassium concentration wss carried during
the determination to give 2 working calibration factor. The
factor is derived by dividing the kxnown weight of »notassium pre-
cipitated from the standerd by the weight of the precipitate of
sodium potassium cobsltinitrite. This factor, when multiplied
by the weight of precipitate obtzined from a solutinn of unknown
concentration, yields the amount of »sotassium present in the
leachate.

Sodium wes determined using an sdeptation of Kahsne's
method ags reported by Piper (47). The sodium is precipitated
using a solution of uranyl magnesium acetate. The solution is
filtered through a Gooch crucibdle 9nd‘the precipitete dried
and weighed in the form of the triple salt,

Total base exchange cepacity wes determined by 2 mod=-

<

ification of the method of Chapman and Xelly (12)e The excess ammon=-
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jum is removed from the soil residue by leaching with ninety-
five percent ethyl aleohol. This process is discontinued after
sufficient alecohol has been added to remove the free ammonis,

or until colloidal material from the soil residue begins to pass
through the filter paper. The ammonia remaining in the soll
residue was then determined by distilling the ammonia into
standard acid using the Kjeldahl distillation apparatus.

The method outlined by Brown (7) was used in the deter-
mination of the millimuivalents of exchangeable hydrogen. The
hydrogen ion concentration of the ammonium acetate solution and
of the leachate gre determined using a‘glass electrode. Knowing
the hydrogen ion concentration of the ammonium acetate solution
before and agfter leaching,‘the milliegquivalents of hydrogen
present on the absorption complex of the soil are determinable.

(11) Data.

The results obtained in this study are given in Table

Noe« Twoe
(1ii) Discussion of Results.

An examination of the results from the base exchange
determinations reveal certain important differences between soil
typrese.

A discrepancy is noted between the total ammonium abdb-
sorbed in the determination of ebsorption capacity and the sum
of the total bases plus hydrogen. Theoretically, these figures

should approximate to each other. ¥elley and Brown (35) report
that in soils containing calcium. carbonate difficulties arise

in the determination of replaceable ealcium as the carbonate is

soluble in solutions of all the common salts. Apparently

- 23 =



erroneous results were obtained because of the calecium and
possibly magnesium carbonate interfering with the total bases
and hydrogen datz. The soils that show the widest discrepancy
between total bases plus hydrogen and ammonia =~2bsorbed were
previously found to be those which have the highest inorgenie
carbonate contente.

The dominant bases are the divalent calecium and mag=-
nesium cations. Baver (4) suggests that it is the magnesium
ion whiceh is responsible for the development of the bad struect-
ure present in "Magnesium solonetz" soils as it gets much as
monovalent ions in its flocculating powers. Caldwell (11) re;
ported an increase in magnesium content with depth in the halo;
morphic gssociates until it becomes dominant iﬁ lower horizonse.
Dagta presented here from analysis of profiles from the same
associgtion indicates the magnesium ion is proportiongtely higher
in lower horizons of the Morris associate, but is not dominant.

Ellis a2nd Caldwell (20) and Rost and Waehl (51) have
preseﬁted datea whieh agree with Baver's suggestion of magnesium
solonetz formation. Investigators avppear to be in agreement
that in the Red River Associztion 2n increasing magnesium con-
tent is gssociated with deterioration of soil structure.

The amount of sodium found in these soils does not
approach the limits set by de Sigmond (15) as necessary for the
formaticn of the eclassicgl "soclonetz" soil.

Potgssium is present in the soils studied in small quant-
ities whieh increase with depthe Although the quantities of the
egtion present are‘considerable in relation to soil fertility,

its effect on the physical properties of the soil in this

- 24 -



quantity are slight.

Hydrogen is present in the absorption complex of these
soils only. . in small quantities. The degraded phase of the
Morris soil shéws a certain amount of revlacement of the bases
by hydrogen in the illuvial horizons. Hydrcgen is reported by
Baver (4) to be superior to calecium in its flocculating powerse.
Caldwell's (11) data, in which he studied the flocculating
effect of the various ions in Red River clay, agree with Baveris
statement. However, the effect of magnesium on soil structure
appears to be dominant in the degraded alkalinized phase. The
hydrogen cation is not present in large enough quantities to
affeet soil structure to any extente.

4. WATER STABLE AGGREGATION AND ATTERBERG CONSISTENCY CONSTANTS

An analytical measurement of the conditions of soil

tilth seemed desirable. A high degree of water stability of

aggregation is gssociated with favorable struectursl conditions

in a soil. Baver has suggested the Atterberg cpnsistency con=-

stants as being 2 measure of soil tilth. Determination of these

two measures of the physical condition of 2 soil were undertskene.
(i) Methods -

The degree of water stable aggregation and the Atterberg
consistency constants in 211 soil horizon samnles were determined
by the following methods.

A water stable aggregste analysis method was adopted
from the methods of Rowles (52). This method was used by Rowles

in the water stable aggregate gnalysis of heavy textured soils
and, in itself, is an sdaption of Yoder's (60) wet sieving

technique. The soil waé broken down into three to five milli-
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meter gggregatesby artificial pressure. Thirty grams of the
aggregateswere placed in the bottom of 2 thousand milliliter
beaker and covered with blotting pzper. Wet cloths were placed
on top of the blotting paper, the purpose being to maintain a
saturated atmosphere about the aggregates. After twenty-four
hours the cloths were removed and twenty-five milliliters of
distilled water added to the besker. The aggregates were left
immersed in the water for a further twenty-four hours and were
then transferred to the top of a series of sieves in a four
liter beaker, the top sieve being just inundated by water.

The process of transferring the aggregates to the top sieve

was done by using a2 washing bottle to remove the gggregates
from the beaker. (A vertiecal reciorocation of the sieves is
necessary to agitate the water stable aggregates enough that
they will pass through the sieves and be separated into the
various sizes of aggregates.) After separation had been accom-
plished, the sieves were removed from the ﬁeaker and the seg=-

regated soil aggregates transferred carefully to beskers. These

aggregate separates were then dried to constancy, weighed, and
the weights calculated 2s a percentage value of the total
aggregates.

The methods nsed in the determination of the Atterberg
consistency constants were those outlined by Russel and Wehr
(63)e Determinations included the upper and the lower plastiec
limits, the plastic number znd the secouring point of the soil
samples.

(ii) Data
The results obtained from these determinations are

enumerated in Table No. Three.
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(ii1) Discussion of Results

PThis study brings out several important differences
between the upper and lower horizons of the profiles as well as
between the association members. It would appear thet with high
organic matter content in the soil of the surface horizons, the
lower plasticity limits are shifted to higher values. Baver (3)
has suggested that this is the case but that organiec matter
content, although shifting the plastiec limits to higher values,
has no effect upon the plasticity number of the soil. This
appears to be true'in fhe case of the phytomorphic associate,
but, in thé halomorphic soil associates studied, the plastiecity
numbers incregsed with depth. The base exchange studies reported
on pages 21 - 25 and shown in Table No. Two, show that magnesium
in the base exchange complex of these soils also increased with
depth.

Aﬁ inverse relation seems to exist between the scouring
point and the plesticity numbers. A high scouring point appesrs
to correlate with a relatively low plastieity number. This sug-
gests that the factors which affeect the plasticity number of a
so0il may also be rel=ted to the scouring pointe.

Horizons of high organic matter content generally show
a greater amount of'Water stable soil gaggregation (see Table
e« Pour.,) A very significant ecorrelati~n between aggregation
and organic matter content in the ease of soils containing less
than twenty five percent clay, and a lower, yet still significant
correlation in soils contaiming more than thirty-five percent
clay has been reported. The large degree of varigbility in

water stable aggregation in the highly colloidal soils under
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study, suggests that although organic matter is very important,
. other factors have a marked influence upon aggregate stability
of the soil.

It has been shown that the dominant cations on the base
exchange complex are calcium snd magnesium. The flocculating

effect of the eations are generally given as follows,

- -

s
"Lat**+ gt g sr¥+* Na = 1Li « The Mg ion acts

Mg++"K+
more like the monovalent cations with respect to flocculation
than like the other divalent cations. This effect is obviously
important in céunection with the formation of mesgnesium solon-
etz soils.” PFloeculation of colloidal material is recognized
as the primary action in desirable aggregate formation. 1In
the Morris soils the decrease in ageregstion with depth, appar-
ently correlates with a decreasing calcium magnesium ratio,
as is shown in Table No. Fours

Gish a2nd Browning (25) recognized that the moisture
content of the soil at the time of sampling influences the
amount and stability of soil aggregates. Dutt (18) states
that the dehydration or drying process may affect the "inti-
mate orientation" of particles resulting in an ineressed resist-
ance of aggregates to disintegraticn. The action of grass roots
es an effective aggregate stabilizing agent was considered by
Kolodny and Nezal (36) to be partly due to their dessicsting
action. The moisture content of a soil has been recognized
as a factor affecting thg aggregate stability of soils, espec-

ially those of heavy texture.

Baver (3) suggested thet the Atterberg constants can

be used 28 a me=zsure of friability of the soil. The phyto=-
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morphic associates which were observed to be in good physicel
condition in the field, show lower plasticity numbers, higher
plastic limits, and greater degree of water stable aggregation.
The degrzded halomorphic associates were recorded as having
undesirable physical properties. Determinations on these

soils reveal high plasticity numbers, low plastic limits and

a relgtively low degree of water stable aggregation.

Table No. Four gives a summary of analyticel work and
shows the relation of the plasticity numbers and degree of
eggregate stability to other soil properties. Soils in unfavor-
able physical condition with low degree of aggregste stability
and high plestieity numbers, also exhibit a narrow calcium
mggnesium rgtio and low organic earbon contente Soils with
favorable physical condition present 'show soil properties

that are the converse of those associated with bzd structure.

D. SUMMARY OF STUDIES ON VIRGIN SOITS;
Analysis of the virgin profiles of the Red River soil

associgtion has revealed to 2 large extent the chemical and
physical characteristics of the soils which are naturally
found in good physical condition and of the soils with un-
desirable structural characteristiecs. The results obtained
were used as 2 basis for the correlation of the chemical =2nd
physical properties of the so0il with the struetural con-
ditions observed in the soil profile.

The organic matter of the B horizons of the degraded
pPhase of the Morris soil associate was found to differ in

constitution or character from the organic material of the
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surface or A horizons. The extremely wide carbon nitrogen
ratios which occur in the B horizons are,probably due to a
slower rate of decomposition as the result of poor aération.

The analysis of the By of the degraded Morris soil
associates shows a lower water stability of aggregation than
in the case of the AB horizon of the phytomorphic associates.
Organic matter and aggregation are generally reported as being
highly correlated. However, the organic carbon content of the
B; of the Morris soils is 2s high or higher than the organice
ecarbon content of AB of the phytomorphic associate. This dis-
ecrepancy may be due to either the form of the organic matter
present, or to the effect on sggregation of the specific bases
in the exchange complexe.

The amount of magnesium in the base exchange complex
of the B horizons of the Morris or 2lkalinized soil profiles
approaches the quantity of caleium present. Apparently this
magnesium is responsible for the peptization of the colloidal
content of the soil. In these soils the structural conditions
are undesirable. It appears that a wide calcium megnesium
ratio is necessary for the maintenznce of granular structure
in the soil.

The sodium content of these alkalinized soils is very
low 2nd does not appreoach the limits, defined by de Sigmond,
necessary to designate soils as being of the "solonetz" type.
However, the soils which fit de Sigmond's definition should
be termed sodium solonetz. Soils which have "solonetz" morph-

ology, but in which magnesium rather than sodium is the



reactive base, should be termed "magnesium solonetz".

The potassium a2nd exchangeable hydrogen content of the
exchange complex in ali Red River soils were found to be quite
low and therefore they can exert little influence unon the
physical condition of the soil,

A study of the water-stable aggregation and the Atter-
berg consistency constants glso legds to the belief that the
undesirable physical properties of the ealkalinized and degraded
alkalinized phases of the Morris associste are, in a large pert,
due to the effeet 0f the base exchangeable msgnesium contente.
Soils with 2 narrow calcium magnesium ratio show consistence

conditions which are associated with undesirable structural
arrangements, a2nd also show 8 low stability of aggregation.

Red River clay soils having favorable physiczl proper-
ties exhibit a high content of organic cesrbon, and a2 high degree
of aggregate stability; low carbon nitrogen ratios and low
plasticity numbers; as well as wide calcium magnesium ratios.
The associated degraded Morris soils which have undesirabdle

physical properties exhibit the converse of these characteristicse.
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sod has acquired sufficient organic matter for structural
development. Wilson and Fisher (58) go a step further in steting
that 2 point of maximum sggregestion can be reached past which
increasing organic matter has no effect.

A decre=zse in nitrogen content of soils under culture
is reported by many investigators. Myers, Hallstesd, Kuske and
Haas (42) reﬁorted the decrease in nitrogen ¢ontent to be great-
est in the first years following the breaking of the sod. They
believe the nitrogen content of scils under arable culture to be
approsching en equilibrium, but the genersl trend in Gregt Plains
s0il is still downwarde. Harper (27) believes that in time an
equilibrium should oceur in 2 soil under cultivation between
losses z2nd gains of nitrogen, but that this equilibrium may be
too low for economical cultivetion of the land.

MceViekar, Batten znd Shulkaen (40) enalyzed the results
of four years of green manuring on Onslow fine sandy loam soil.,
Five tregtments were compared; fazllow, rye grass, erimson clover,
vetch a2nd Austrisn winter peas. They reported no significant
change in soil nitrogen =nd that organic matter was not signif-
icantly incressed ir the soils under experiment. WMetzger (41)
in studying cropping systems reported continuous alfalfs
increased the carbon =2nd nitrogen content nof the soils n.43%
and 0.73% annually respectively.

Seversl investigators héve shown the beneficial getion
of grasses =nd legumes in increasing aggregation of 2 soil. Page
and Willard (46), Wilson. Gish z2nd Browning (59) and Elson

~Jesse (21) all report greater aggregation under grass than under

other systems of culture. Elson Jesse found a sequence of

aggregation under different culture systems. Corn and wheat
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plots showed the same percentage of maero~aggregates, clover
showed an increase in aggregation over wheat and corn 2nd
grasses an increase over clover in the rotsation. Tsyganov (56)
found grasses to be more effective than legumes in csusing
stable aggregate formation, but stated thet a legume should be
included in the hay crop beczuse of 1ts powers to fix nitrogen.
The importance of grasses in aggregation is emphasized by Olm-
stead (45) who reported an 80 per cent decrease in aggregaticn
due to cultivation of a soll since 1902,

In a controlled experiment by Joffe and Zimmerman (30)
the effect of varying ratios of base exchangeable cslcium
magnesium and sodium on the swelling properties of a so0il were
studiede They suggest that a high calcium magnesium ratio is
far more effective than a low calcium magnesium ratio in reducing
the swelling caused by sodiume. They further suggest that either
the magnesium acts similarly to sodium or there is not enough
calecium present to antagonize the effect of the sodium.

B. QUILINE OF FERTILITY PIELD EXCERIMTNIS.

The fertility field plots on the University farm have
been under a systematiec rotation system for approximately thirty
yearse In this period of time these plots should exhibit mod-
ificetions in soil properties csused by culture in its various
forms. Therefore, certain plots were selected from which soil
samples were taken in the hope that they would throw light on the
problem under study.

Anzlytical determinations indicate that cultural systems
have varying effects on soil properties. Although the results

cannot be statisticslly analyzed because of the limited number
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of samples, the results obtained indicote certain points which
are worthy of presentatione.

l. DESCRIPTION OF ROTATIONS STUDIED AND THEIR HISTORY:

(i) Green Manure (sub=project 69).

A green manuring project was begun in 1919 =snd dbrought
into its full four year rotation system in 1921. The detezils of
this rotation are as follows:-

Logcstion: Block 1, Ranges 26=29.

Rotations Year 1. Fallow and Green Manure.

Year 2. Wheat.
Yezr 3. €Corn.

Year 4. Wheat and seed down plots 8 and 9
as outlined.

Tregtment;Plot 1. Check fallow only.

2« Weeds plow down when one and one-
half feet highe

3« Buckwheat plowed down in bloom.
4. Spring rye plowed down in August.

5 Corn sowed in six inch drills,
ploughed down in August.

6. Check fallow only.
7. Peas ploughed down in August.
8. Sweet clover ploughed down in bloom.
9. Red clover ploughed down in bloom,
10. Rotted barnyard mgnure, 10 tons,
ploughed down 2t the same time 2as
the plots.
11. Check, fallow only.

The rotation system was deviated from, in 1927, 1928 and

1929 because of exceptionally wet conditions and delayed seeding.
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The rotations for these three years were

1927 Barley, fallow, barley, corn; )
)

1928 Flax, fallow, oats, corng ) egrried
)

1929 Barley, fallow, wheat, corn; )

period.

as followsg=-

Green manure Crops were

on 2s usuzl with

fallow years during this

The forty-four plots in this experiment were samvled in

the fall of 1930 and also in the fall of 1948 for comparison.

(ii) Frequency of Pallow (sub=projsct 70).

The same year as the green manuring sub-project was

undertaken sn experiment was begun to give data on the effect

(1) frequency of fallow

(4) burning or returning straw to the plots.

set up in the following
Locations
Rotgtion:

(a)

Block 2,
Range 26
Plot 1l

Plot 2.

() Plot 3.

Plot 4.
Plot 5.
Plot 6.
Plot 7.
Plot 8.

Plot 9.
Rotgtion Range 27

(a) Plot 1.

Plot 2.

(b) Plot 3.

Plot 4.

s (2) continual wheat,
The
manner

Ranges 26-29

No manure.

Fallow every second year.
Wheat

Pallow every third year.
Wheate.
Wheat.
Fallow every fourth year
Wheat.

Wheat

Wheat

Manured.,.

Fallow every second year,
of manure.

Wheste.

of

(3) manure,

project was

four tons

Fallow every third yesr, four tons of

manuree

Wheat,
in fﬁllc

38

four tons of manure ploughed in



Plot 5. Wheat

(¢) Plot 6. Fallow every fourth year. Four tons
of manure.

Plot 7. Wheat. PFour tons of manure ploughedin
in the fall-

Plot 8. Whest-~Four tons of manure ploughed in
in the falle

Plot 9. Wheate.
Rotation: Rgnge 28.

(a) Plot 1. Wheat continuous, no manure, stubble only
returnede.

(p) Plot 2. Wheat continuous, return 211 straw grown
on the plot.

Rotationg Range 29.
() Plot l. Wheat continuous, stubble only returned.
(b) Plot 2. Wheat continuous, burn straw =nd stubble.
In 1927 and 1928 barley wes substituted for wheat in
the rotation because wet conditions delayed seeding too late for
wheat. S0il samples were obtained from these plots in the fall
of 1948 for laboratory analysis.

(iii) The Effect of Fertilizers on Crops (sub-project 71):

Sub-project 71 was started in 1919 also, to ascertzin
the beneficial effect, if any, of fertilizers, and to compare
commercial fertilizer with manure. The fcur year rotation used

is as follows,

Tocagtions Block A, Ranges 30=33.
otation, Year 1. Pallow
Year 2. Whest eamendment z2pplied
Year 3. Corn.

Year 4. Barley.
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The treatments which were sampled include:

Plot 5« Hydrated Lime applied 2t the rate
of 70 pounds per acre.

Plot 7« Check (no fertilizer).
The rotation has been earried out in this manner with
thée exception that in 1928 barley replaced whest in the rotation.

(iv) The Effect of Fertilizers on Grasses (sub-project 72):

The rotation in operation on sub-project 72 was started
in 1919, 2nd assumed its present establishment form in 1923. The
details of this sgystem of culture are as follows:

Locgtion: Bleek B, Ranges 30-33.

Rotation: Year 1l--Seed down to grassed (mixed) timothy,
megdow fesecue, alsike and alfalfs in
the proportions by weight of 4:8:3;:5.

Year 2-~Hay.
Year Z--Hay and break.
Year 4--Corne

The treatments which were sampled include:

Plot 5 Hydrated lime at the rate of 70
pounds per acfe.

Plot 7 Check (no fertilizer).

In 1943 the corn plot was split. Wheat has been grown

on the left half'of the range since that year.
(v) Sulfur Trestments:

In May 1946 applicaticns of sulfur were made on a block
adjacent to sub-project no. 74 to determine the effect of sul{ .ur
on soil acidity.

The system of cropping on these plots has been uniform
since the sulfur applications were mgde. The treatments used are

as followsg

Locatiocns Bloek Z, Range 29, Plots 7-11
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Treatments: Plot 7 Check
Plot 8 500 1bs.
Plot 9 1000 1lbs.
Plot 10 ZQOO 1bs.
Plot 11 Check.
The sulfur was applied broadcast and incorporated into
the surface soil by cultivation.

(vi) Continuous Pallow (Roadways).

The 20 foot rogdways, between the fertility plots, have
been under a system approximating continuous fallow since 1919
when the plots were laid out. Continuous cultivation of the
roads has been followed to prevent weeds and grsin from becoming
established. As no plants were permitted to develop in the cult-
ivgted roadways, virtually little or no orgeanic matter has been
incorporated into this soil. Four of these cultivated roadway
strips were sampled for analysis, these included;

Roadwey between Bloeck B Range 30, /Aff%%
Block B Range 31; A :

Roadway between Block 1 Range 27,
Block 1 Range 28;

Roadway between Block 2 Range 28, 3
» Block 2 Range 29; |\

Roadway between Block 2 Range 256, \:
Block 2 Range 27.

C. EgFECT OF CULTURE ON THE CLAY TEXTURED SQ;LS OF THE UNIVERSITY
FARM

The rotations previously described have been in operation

in their present form, with the exception of the sulfur experiment,
for from twenty-five to twenty-eight years. The purpose of the

following investigations was to study the degree =2nd nature of
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some modifications that have taken place in the soils on these
plots.
l. METHOD OF SAMPLING

S0il ssgmples were obtained using a core sampling tube
of three inch diameter. PFour cores, six inches in length were
obtained from esch plot. After thorough mixing a portion of
the sample was retained for anslyticasl determinations, the size
of sample being reduced by the method of quartering.

2. ORGANIC MATTER (ORGANIC CARBON) AND NITROGEN AS AFFECTED
BY CULTURE,

The organic matter content of a soil has long been

recognized as agssociated with soil tilthe In virgin soils
brought under culture, a certain degree of depletion of organic
matter is recognized as being inevitable. Relative effects of
different culture systems on organic matter a2nd nitrogen are
noticeable in the analysis of the plot samples,.

(a) The Effect of Continuous Fallow; Continuous Wheat; and
Fregquency of Fallow With 2nd Without Manure.

(i) Method.

The organic carbon and nitrogen were determined on
these plot samples using the same methods of carbon 2nd nitrogen
determination as were outlined in the study of virgin soils.

The analytical data presented are the result of determinations on
blocks 26 and 27, plots one to nine and the four.continuous
fallow (roadway) samples.

(11) Date

The results of determinatiops on the soil samples
are given in Tables NYo. Five and Six.

(1ii) Discussion of Results.

The data in Teble No. Five suggest that continuous



fallow is less destructive of orgenic material than is a system
of eontinuous wheat eulture. There is =2 possibility that, under
fallow and the subsequent relatively hicher moisture content of
the soil that micro-organisms such as algae function in 2 car-
bon fixing eapacity, also that nonsymbiotic bacteria are fixing
nitrogen in the soil. The converse of this condition‘could
also cause the same effect; that is, bacterial action under the
cultural system of continuous wheat is grester than under fallow
as root growth causes aggregation and subsequent g2eration of
soile ©Not enough samples have been snalyzed to outline the
specific character of the variations occurring under these
two cultural systems. The variation between individual plots
in the same cropping system is too large to permit finsl con=-
clusions to be drawn about the effect of continuous fallow in
comparison to continuous wheat culturey but the values obtained
are disturbing and not in agreement with prevailing opinionse.

An inspection of the data of Table No. Six on the
effect of frequency of fallow with 2nd without manure appears
to indicate a definite trend caused by these cultural systems.
Three apparent trends are visible;s (a) The more frequently
fallow is carried out, the greater the destruetion of organic
magterial. (b) Under manure application larger amounts of
organic earbon and nitrogen occur in the soil. (e¢) Under
manure application the carbon nitrogen rstios are greazter than
with no application of manuree.

The effect of frequéncy of fallow is illustrated both
witheut and with manure application. The individuzsl determin-

ations ‘on each plot within the rotations show 2 certzin amount

- 43 -
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of variability but not enough to refute the overall pattern of
the rctations studiede Manure apparently maintsins the organic
carbon content of the soil at a relatively higher level than it
does the nitrogen content, considering the values in comparison
with no manure application. This effect is manifest in the
wider carbon nitrogen ratios.

Apparently conflicting evidence has been found in this
experiment. In the case of continuous fallow compared with con~
tinuous wheat, the second method of culture resulted in the lower
organic carbon and nitrogen content of the soil. In a study of
frequency of fallow, the more frequent the fallow year, the
greater the destruction of organic matters In the first case,
with wheat continuous plots, the organic matter is lower than
under continuous fallow, in the second case the more often wheat
occurs in the frequency of fallow experiment, the higher is the
organic matter content of the soil. As suggested previously,
the apparent contradiction mey be due to the activity of soil
miero-crgenisms. Further investigation is required slong these
lines to determine the effect of fgllow on soil properties.

(v) The Effect of Green Msnure

(i) Methods.

The sub-project devoted to methods of green manuring
was sampled in 1930 by members of the staff of the Soils division
Department of Agronomye The nitrogen content of the plots was
determined by the Kjeldahl-Cunning-Arnold method and the carbon
by oxidation of the organic matter using N/z iodine solution and
titraetion of the excess iodine with sodium thiosulphate NapSs0g-
Sampling of the plots in the greéen manure were again ezrried out

in 1948. Analytical determinaticns of carbon and nitrogen were

- 485 =
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made by means of the method described in the analysis of virgin
soils.
(i1) Data
The results from the above determinations are reported
in Tables No. Seven, Eight, Nine, 10 gnd 11, and Figure No. Two.

{i1i) Discussion of Results

There has been a general decrease in both organie carbon
content and nitrogen content of these soils. Over g period of
eighteen years, green manuring has not maintained the orgasniec
matter content of the soil.

Depletion of organic matter due to cultivation of a
virgin black earth scoil is inevitable. Myers et 2l (43) reported
the gregtest losses of this constituent to take place in soils
originally high in organiec matter. The field on the University
farm, from which the soil samples were procured, has been under
cultivation for approximately thirty-five years. 1In this time,
apparently, the soil has not as yet decreased to a point where
an equilibrium between destruction of organic matter and its
inéorporation can be established using green manure crops. It
would appear then that the use of green manuring crops does not
prevent the decline of orgenic matter in black earth soils under
the conditions of this exéeriment.

The carbon nitrogen ratio of the soil in the green
mgnure experiment has been reduced considerably from values deter-
mined in 1930. Tables No. Seven 2nd Eight show the percentage decreases
in orgﬁnic carbon over the 18 year period. It is apparent from
the percentage values that carbon hags decreased considerably more

than has the nitrogen content of the corresponding green manure



treatments. A generzl narrowing of the carbon ratio is the net
result.

Legumes a2re known to have the 2bility to fix nitrogen,

but, there was 2 large percentage loss of nitrogen where leg-

umes were used as green manures, This may be caused by one of
several factors. (a) The amount of nitrogen fixed by 2 legume
is insignificant when compared with the amount of nitrogen al=-
ready present in black earth soils. (b) The cerezl ecrops grown
in the rotetion may deplete the soil of more nitrogen than is
added by using a legume as s green menure. (c¢) A general reduct-
ion of nitrogen content is inevitable when virgin black earths
are placed under cultivation. This inevitable lowering of the
nitrogen content is greater than any nitrogen fixaticn that may
be taking place. (d) If the supply of nitrogen is adequate for
the needs of legume nitrogen fixation may not take place.

Apparently at the present high levels of organic matter
in the soil of the fertility field, green meanure does not main-
tain the organic matter content of the soile Barnyard manure,
at the rate of 10 tons per acre, used once in four years gives
much the same results. However, although there is little effect
on the upkeep of the carbon and nitrogen content, it cannot be
coneluded that the green manure crop has had no beneficial effect
on the soil. Davis (14) found sweet clover green manure caused
significant inereases in the yields of corn 2nd ceresl crops on
heavy Michigan soils. DLyon and Wilson (38) recognized the use-
fulness of legumes in fixing nitrogen =nd the resulting conserv-
ation of soil fertility when a legume is grown in the rotatione.

The effect of 2 green manure on the physical conditions of the

- 5]l -



soil cannot be overlooked. The incorporstion of readily decompos-
able orgenic matter causes greater microbial activity. Geltzer (24)
believed the main cementing substance in soils to be the colloidal
products of bacteria. This effect along with the physical effects
of roots, according to Geltzer (24) is, to a large degree, respons-
ible for the aggregation of soils.

It is worthy of note that the treatments which were high-
est in organic matter in 1930 tend to show the greatest depletion
of orgenic matter regardless of the treatment carried out. The
treatments with the lowest organic carbon and nitrogen values in
1930 21lso show the lowest loss of organic matter. This suggests
that the trestments on the plot are approesching an equilibrium in
destruction 2nd incorporation of orgenic matter.

Trea tments which gave the greatest amounts of organiec
matter in 1939, although losing large quantities of organic mstter,
still show 2 tendency to be highest in 1948. This effect may be
due to soil variation but it does occur under the treatments of
Barnyard manure and clover which are known to return the greatest
amounts of organic mgtter. It seems feasible that under these
treatments an equilibrium in soil nitrogen a2nd carbon may be
established at 2 higher level than under the other green manure
treatments.

Dodge and Jones (17) found that cropping systems have
only slight influence on the trend of carbon and nitrogen, bdut
may have some influence on the speed with which equilibrium is

reached and also the ultimate level. A similar condition
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is apparent in the soils of the fertility field. Decrease in
organic carbon content and nitrogen have occurred over the 18
year period between samplings. There are indicatiors thet an
equilibrium is being approached. The level of this equilibrium
when reached apparently will be affected by the method of green
manuringe.

3. WATER STABLE AGGREGATION UNDER VARINUS CULTURAL METHODS

S0il structure has been considered the key to soil fert-
ility by eminent soil scientists for a long time. Hilgard (281,
Wollny, and also+W1111ams of Russia were among the earliest to
realize the imoortance of a favorable soil structure. Wany invest-
igations have shown that under culture soil aggregstion is, to a
large degree, being destroyede A study was made of the relative
effects of culture on the water stable aggregation of the plots
on the University farm.

(a) The Effect of Pallow Continuous; Wheat Continuous; a
Grain Rotation; Clover in the Grain Rotationg Manure;

Straw Burned 2nd not Burned; and a Gress-Legume
Mixture in the Rotation.

(1) Kethod.

The fertility field plots sampled for the study of
the degree of water stable aggregation under different cultural
systems includeds:- four rosadways - continuous fallow; Block 2
Range 28 and 29 Plot 1 - continuous wheat; Block 1 Range 26 to 29
Plots 8 and 11 - the effeet of clover in a grain rotation; Bloeck 2
Range 28 a2and 29 Plots 1 and 2 - the effeet of manure; Block 2
Range 28 2nd 29 Plot 2 - the effect of burning and ineorporating
straw; Block B Ranges 30 to 33 Plot 7 - the effect of a grass
legume mixture in the rotation.

Analyticel determinations conducted on these samples and

herein reported include organie earbon, nitrogen =2nd the degrée
# &= reported in Baver (4)
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of water stable aggregation.
(11) Date
The experimental dsta obtained from these determin-
ations gre given in Tabdle No. 12,

(iii) Discussion of Results

Water stable aggregation studies indiecate thst under
.different rotation systems, soil aggregste stability shows a
significant variation. This variation mey be due partly to the
effeect of the different crops used in the rotations, or to the
effect of the different rotations on the level of the orgeaniec
ma tter.

The highest degree of water stable aggregation existed
under a rotation having three years out of four devoted to the
growing of a2 grass-legume mixture. According to Page and Wil-
lard (46) the longer the periocd a grass-legume mixture is in the
rotation the better is the aggregation that will result. Geltser
(24) believed that the stability of soil structure depended on
the amount 6f stable aggregates accumulated during the lifetime
of perenniasl grasses. The soils having the greater percentage
of stable éggregates will show the least deterioration during
the rotation. Grasses are considered by Tsyganov (56) to be more
effective than legumes in aggregate stabilization. FHowever, com=-
binations of grass and legume are considered desirable because of
nitrogen fixation by legumes and of greater hay yields obtained

from mixtures.

Fallow, apparently, reduces aggregote stability. The low-
est degree of aggregation was found to exist under conéinuous

fallow. The sverage organic carbon content of these soil samples
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is considerably higher than of the soil under wheat continuous,
yet the aggregation under enntinuous wheat is more favorable.
This apparently suggests that the system of ceulture interferes

with the correlation of aggregation with organic matter content.

Application of manure epparently favors aggregation
stability. This agrees with the work of Elson (22) who found
that manure significantly increassd macro-aggregation; the
greatest increases being noted when the soil was in'a moist
condition.

A study of the effect of incorporating and burning straw
on the Univeréity farm plots indicates g slight beneficial effect
of straw on soil aggregation. The level of organic ecarbon and
nitrogen in the plot in which the straw was bdburned is higher than
where straw has been returned. PFowever, aggregation is greater
in the plot iq which straw has been returned. The problem of
ineorporating or burning of straw is 2n imvportant one« Crop
yields are reduced, due to the tie-up of nitrates dy bacteria,
when straw is incorporated in the soil. More work is regquired
on this problem to determine what should be done with residual
strawe.

A comparison of soil under rotaticn with clover included
as the green manure crop against soil under the same rotation
without clover shows 2 slight increase of aggregation with clover

presente.
The accompanying figure shows. the effeect of clover on
aggregation in the first year after green manuring is apparently

significant. This graph also suggests the effeect of the cultursl

treatment. Under corn, aggregate stability is greater than under

wheat. This could be due to soil variation. Jesse Elson (22)
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Aggregation

Figure No. 3

Aggregation with clover as the green manure and
with a grass-legume crop three years out of four.
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2--8Seed down grasses and
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4--Hay and break,



found that corn =nd wheat culture affected aggregetion similarly;
also that clover plots showed better aggregation than wheat and
corn plots. The apparent increase in aggregation due to clover
on the University fertility field agrees with literature data.

In the rotation of three years grass-legume mixture an
increase in aggregation occurs with the length of time the mix-
ture has been established. The results illustrated in Figure
No. Three shov a decrease in aggregation tak%es place after the
grass-legume mixture is plowed up, 2nd an increase in =ggreg-
ation follows the establishment of a grass-légume mixture. The
plots were sampled in the fall after the hay crop had been re-
moved and the sod broken and backset. This decre=sse in aggreg-
ation illustrates the dynamic nature of soil aggregation.

It is impossible to draw conclusicns from a single deter-
mination of soil sggregation on a rotation system. Variation in
moisture conditions, stage of crop, maturity and cultivation
methods all cause a variation in aggregation. A study of soil
aggregation under different rotation schemes should be carried
out over g period of time in which the rotation can complete a
full eycle. Sampling of the plots should also be done several
times each yeare.

The results of these determinations on soils under
rotations indiczte three apparent trends:

(1) Fallowing causes deterioration »f water stable aggreg-
ation.

(2) Decomposable organic residues, such a2s manure, green
manure crops, and straw, increase aggregation.

(3) A grass-legume mixture in the rotation results in o
mgrked increase in aggregation.

(b) The Effect of Apnlications of Lime and Sulfur

(i) Method.



TABLE No.

13,

THE EFFECT OF SULPHUR ON WATER STABLE AGGREGATION! UNIVERSITY FARM PLOTS.

- - -

. 'Aggreg, 'Average'!
'Aggreg, 'Organic'Organic!

! 1

'Average!

1

'Average!
c/N

'Average !

!
1
!

Plot ! Treatment ' «25 mm' ,25 mm' Carbon! Carbon'Nitrogen'Nitrogen' Ratio ' pH.
- ] ! 1] 1 ] 1 1 ] 1 !
13=-29=7 ' Check ' 25,95 ' 34,75 ' 2.43 ' 3 .90 24l ' ogg ' 12,0:1'7.26!
#3-29=-11"' Check ' 43,55 ! v 3,98 ¢ ! 291 15.85!
'13=-29-8 ' #500 lbs. sulphur ' 41.84 ¢ 1 3,58 ! ! 020 ! ' 17,481
13=-29=-9 ' #1000 lbs. sulphur ' 38,13 ' 40,12 ' 3,29 ' 3,63 ! o302 v ,325 ' 11,2:11'6,57!
13-29~10" #2000 1lbs. sulphur ' 40,40 ! ' 4,02 ! ' e 083 1 ' 15,85
! 1 1 1 | ] ] 1 1 || 1 ]

*Applied

in the spring of 1946,

TABLE No, 14,

THE EFFECT OF LIME ON WATER STABIE AGGREGATION, UNIVERSITY FARM PLOTS.

' ' 'Aggreg, 'Average! 'Average! ' ' Average!
' ' ! 'Aggreg, 'Organic'Organic! 'Average ! c/N !
' Plot! Rotation ' +25 mm!' ,25 mm! Carbon' Carbon'Nitrogen'Nitrogen! Ratio !
1 1 1 1 1 ! ! 1 ! 1
'A=30-5 'yr,3==corn 1 28,45 1 1 2,45 ! ¢ OS] 1 ' !
'A=31=5 'yr.4=--barley ' 47,45 ! A ' 2,60 ! ' 046 ! ! R '
'1A=32=5 'yr.l==fallow (limed) r 58,51 ¢ S0 2,52 1 Foh «255 ! «0L  Bal
'A=33=5 'yr,2=-=-wheat 1 25,41 ! v 2,568 1 T W77 1 ! '
'A=30=7 'yr,3==corn ' 36,41 ! ' 4,39 ! ! «335 1 ! !
'A=31=7 'yr,4-=barley ' 38,92 ! zn ' 2,78 ! 50 ! 269 ! ' " '
1A=-32=7 tyr,l=--fallow (no lime) ' 31,85 ! a0 582 1 oS ¢ 338 1 «E35 BBl
'A=33=7 'yr,2--wheat ' 30.01 r 3.69 ! ' 237 1 ! '




Samples were taken from Block 3 Range 29, Plots 6-11
which is devoted t» the effects of sulfur, and from Bloeck A,
Renges 30=-33, Plots 5 and 7, whieh have been under a liming
exveriment for twenty-nine years. The sampling wss done in
the late fall of 1949. The moisture content of the soil =2t the
time was high. These samples were gllowed to dry in the labor-
atory before aggregate analysig was determined upon them.

(11) Data

The results of this investigzation are enumerazted in Tables

No. 13 2nd 14.

(11i) Discussion of results.,

The use of lime apparently does not inecrease aggregation
to any extent. Sulfur may have some effect on the water stable
aggregatién of a soil.

Bradfield (6) has reported poor structural conditions
in Oﬂio soils. One, a heavy glacial lake clay was not benefitted
by applications of lime. Johnston and Hill (31), reporting on
some highly colloidal rendzina soils in Texas, found dry westher
cracking and cloddy conditions existing in these soils even though
they show a high lime compositione.

In the plot semples studied, free cslecium earbonate is
encountered either in the surface six inches of soil or immediately
below this depth. The applicstion of hydrated lime to these high
lime soils hes apparently shown no effect upon the physiczl pro-
perties of the soil as exemplified by water stable aggregation.

An application of sulfur in varying amounts was made in
1946 to three fertility field plots. Under these avplications

there may have been some increase in aggregstion. The results

given in Table No. 13 show one of the check plots having a very
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high comparative stability of aggregation, but it is noticed
that the reaction of this plot has been reduced to a pH of 5.85.
The surface drainage caused by micro-relief is in the direction
of this cheeck plot. This plot should probably be included with
those of sulfur application, as much sulfur hss been devosited
on it by the movement of surface water.

The remaining check plot is very low in organic earbdbon,
also the water stable aggregation of this plot is much less than
the other four plots. It cannot be assumed that sulfur increases
aggregation in the other plots as the low organic carbon content
may be the cause of poor aggregate stability in this check,

Purther investigation into the use of sulfur as an amel-
iorant and also as a fertilizer are reguired. As the cost of
sulfur is high, 2 relatively large increase in aggregation of a
rather permanent nature would be required to justify its use,
but, as it has the effect of lowering the reaction of a soil;
the vglue its action has in creating 2 soil medium more favorable
for plant growth cannot be overlookede.

4, CAVCIUM MAGNESIUM RATIO OF EXCHANGEABLE BASTS IN SOILS UNDER
DIFFERENT SYSTEMS OF CULTURE.

In the study of virgin profiles, it was established that
there was a correlation between the exchangeable calcium magnesium
ratio and the physiea2l properties of the lgcustrine eclay soils of
the Red River Valley. It also was shown that under the systems
of eulture used in this ares, a2 decrease in nitrogen 2nd organic
matter, and & genersl dispersive soil action zppears to be 1in
Progresse.

The exchangeable caleium and magnesium were determined

on several rotatinns from the experimentsl field to ascertesin
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whether or not the degradation effect that was apparent was
accompanied by a narrowing of the calcium magnesium ratio.
(i) Method.
The samples analyzed were taken from four roasdwayse,
Blocks 2, Ranges 26 to 29, Plots 1 and 2; and Bloek 1, Ranges
26 - 29, Plots 8 and 11. €Calecium, magnesium, total base ex-

change capecity and organic carbon were determined by the

methods cutlined under studies of virgin soils.

(ii) Datg.
The data obtained sre given in Tabdble No. 15,

(1ii) Discussion of Results.

The caleium magnesium ratio varied in the soils under the
different rotations, but the variation within the rotations were
greater than the variations between the treatments. Little
significance is therefore attached to the variation in calecium

magnesium ratio between the rotations.

The calcium magnesium ratic was found to be 2s high or
higher than the ratios which were found to exist in the phyto-
morphie Red River soils. Apparently these soils have enough
ce leium present to mask any dispersive gction of the magnesium
ion if the studies on virgin Red River soils can be used 2a2s a
standarde.

There appears to be a wide diserepancy in some cases
between the sum of the calecium snd magnesium bases 2nd the smount
of sammonia absorbed, the sum of the milliequivelents of calcium
and magnesium being greater than the milliequivalents of ammonia
absorbed. In the soils under study, c¢glcium carbonate and pro-
bably magnesium carbonate occur. These free carbonates quite

definitely would effect the ecalecium and magnesium values 2s the
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carbonates of these two bases are to some extent soluble in the
ammonium acetzte solution used as 2n extracting agent.
Apparently, the celeium magnesium ratios do not differ
sufficiently to warrant any differentiation among the rotational
systems. The calcium maegnesium ratios, when compared to Red

River soils, are high enough that dispersion should not occur.

D. SUMMARY OF STUDITS ON SOILS UNDER CULTURE.

In the study of soils influenced by culture, several
patterns or trends are apparent. The most striking effect of
culturé upon the soils on the University farm is the genersl
decrease in organic ca2rbon a2nd nitrogen which has taken places

Red River soils under virgin conditions accumulate
large reserves of organic cearbon and nitrogen. Tillage inter-
feres with this natural soil building processs

Under culture, it is not possible to maintain the
organic matter content of 2 soil at the level found under virgin
conditions. Teaving the soil in virgin condition would be the
only possible way bf keeping any large area of soil at the high
levels of fertility encountered in the virgin soils. A decrease
towards a new equilibrium point is inevitable under culture.

The soil of the fertility field studied, shows a relatively high
decrease in nitrogen over the last eighteen years and a larger
percentage decrease in orgaenic carbon content. There is reason
to believe an equilibrium is being approached but the trend is
downward under the present systems of culture.

Although the carbon and nitrogen levels of the soil are
falling under the systems of rotation in oper=tion on the fert-
ility field, it cannot be concluded that legumes, grasses or

green manures should not be used in erop rotations. TFallow has
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been found to cause deterioration in the water stable aggreg-
ation of a soil. It was found that clover as a green manure
crop and a grcss-legume mixture increases the aggregate steb=-
i1ity of a soil. In 2 rotation the longer the period devoted
to growing grssses =nd legumes, the greater the development
of stable gggregates.

Incorporation of decomposable organic matter causes an
ijnerement in water stable aggregation and a2pparently helps to
maintain the organic e=rbon =2nd nitrogen levels of the soil at
relatively higher levels than if no organic matter is added.

In a rotation of fallow every other year, with and without manurs,
the orgenic matter content of the soil and sggregate stability
under application of manure were significantly greater. The
.application of strew was found to show a2 positive effect on
aggregation of the soil.

The application of lime apparently caused no significant
incregse in aggregation in the plot studied, aﬁd the application
of sulf ur gave uncertain results. More experimentation is.nec-
essary to ascertsain the effect of sul{ ur than is obtainadble from
the present sul<f.ur experiment.

The celeium magnesium ratio is relatively high in the
soils of the fertility plots in compsrison to the ratios deter-

mined in virgin soils. No dispersion should result on these

wm

plots from the effect of the magnesium ion because there appears

to be sufficient calcium present to counteract its influence.



II1. STUDIFS OF AMELIORATION PRACTICES

A. LLTERATURE RTVIEW.

According to @e Sigmond (16) the first attempt =t the
improvement of alkzli soils wes recorded in the eighteenth cén-
tury. The method of improvement of the solonetz structure out-
lined by early investigators was liming or merling. Hilgard
(28) earried@ out extensive inveétigetions using caleium sulphate
es the ameliorant for so called "black alkali" snils, De Sig-
mond (156) refers to %he relatively high cost of such operations
and points out the need of knowing the sodium carbonate content
of the soil so that neither too little nor too much gypsum will
be applied. Kelley (23) stztes that difficulty is encountered
in reclamztion of heavy soils but that lighter textured soils
may be reclaimed using gypsum or sulphur.

The use of 2luminum sulphate and iron sulphate as an
ameliorant has been attempted by Botkin (5) and other investig-
ators. However, Powers (48) considers the applicétion of these
ameliorants too costly for farm use.

Sulf ur in its elemental form and as sul furie a2cid has
been used as an ameliorant. Snyder and associstes (55) report
sulf ur to be slightly mor; effective than gypsum in the reeclam-
ation process. According to Powers (48) "the elemental sulfur
is oxidized by biological activity mainly, 2nd combines with
water to form sulfuric acid. This rescts with the ealcium carbon-
ate in the soil to form ealcium sulfzte 2nd increases the calcium
in the so0il solutione. This calcium then participates in base
exchange freeing the absorbed sodium from the clay so it can Dbe

laundered out."



The effect or organic matter on permeability and aggreg-
ation of heavy soils has been given consideration by many invest-
igatorse Botkin (5) reports a thirty-three per cent increase in
permeability in an alkali soll by the add#tion of organic matter.
Browning and Milam (10) in studies of different organie materials
report that those materials which rapidly decompose lncreesse
aggregation in a few days, while the slower decomposing materials
take lonzer to exert their binding influence but remain effective
over a greater period of time. The general opinion of Wilson and
Fisher (58) and other investigators is that in a soil of low
organic matter increasing the organi§ carbon content of the soil
will cause inereased aggregation.

Powers (48) reports a mixture of manure and sulf ur as
being the most effective method of improving the structure of
alkali or "solonetz" soils. The manure in decomposing produces
carbon dioxide aﬁd carbonic acid. It also adds micro-organisms
whieh aid in the oxidaticn of sulphure Two regscns for poor
fertility in alkeli land, he revorts, are low organic matter and
carbon dioxide content. Since manure retsins smme geid from the
sulphur go»plications, the colloids are flocculated and stsbilized.
Magistad and Christiansen (39) suggest the use of sulf€ ur with a
green msnure Ccrop,as barnyard menure is not always reasdily avail-
able. As zn advantage in this mekhod, they site the value of the
root action of the green menure crop in prdmoting good soil
structure. |
B. QESCELPTION OF THE S0IL STUQ;;Q_IN THE AVELTIORATION FXPERIMENT

The By horizon of the degrsded alkelinized phase of the
Morris sssociate (Profile No. Pive, description on Page No. 14)

was selected for amelioration studies. This so0il was relatively
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low in organic matter and nitrogen, had a low calcium magnesium
ratio and 2 high plasticity number. The characteristic dispersed
appearance of a "solonetz" soil was present and the water stab-
ility of aggregation relatively low.

€. SOIT AMENDVENT STUDIES,

Certgin amelioration practices are suggested from 2 review

of litersture and from observation of the results obtained in
previous experimentation. A controlled experiment was set up to
determine the effects of both orgenic and inorganic ameliorants
upon physical properties of the soil from the Bl horizon of the
Morris degrazded soil.

l. THEE EFFECT OF AVMENDMENTS ON WATER STABITITY OF SOIT AGGREGATES

A review of litersture indiceted that several smendments
have been used in the amelioration of the undesirable physical
conditions of a "solonetz" soil. The use of similagr improvement
practices on the "magnesium solonetz" (11) soils of the Red River
valley under laborztory conditions was attempted to determine their
value on the magnesium type of "solohetz".

(1) Method

The B; horizon of the degraded s2lka’inized phese of the
Morris associate was ground on 2 mortar board to pass through &
two millimeter sieve. The rate of application of ameliorants
wes determined considering tillage depth of soil to be six inches.
The amendments were thoroughly mixed with the soil prior to plac-
ing it in pots having & five inch diameter. The treaztments in-

cluded:
1. Check

2. Sulfur 2t the rate of one ton per acre

8. Gypsum(Ca SO0,2H,0 at the rate of five tons per acre.
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4, Cglecium carbonate =t the rate of 3.34 tons per acre.
5« Caleium earbonate at the rate of five tons per acre.

6, Barnyard menure znd calcium carbonate a2t the res-
pective rates of thirty s2nd five tons per zacre.

7« Barnyard manure snd gypsum at the resvoective rates
of thirty and five tons per acre.

8. Barnyard meanure 2nd sulfur at the respective rates
of thirty and one ton per acre.

9. Chopped a2lfalfa at the rate of four tcns per acre.

10, Barnyard manure at the rate of 100 tons per acre.

The moisture equivalent of the soil was determined a2nd
the moisture content of the soil reised to this point every sec-
ond day. Applicetion of water was started on December 25, 1948,
and continued until Marech 19, 1949. On March 25 the soils were
removed from the containers. A water stable aggregate anslysis
was conducted using the wet sieving technique developed by
Rowles (52)previously outlined under "Studies of Red River
Soils in Virgin Condition".

(11) Data.
The results obtsined are presented in Table No. 16 and
Figure No. Four.

(111) Discussion of Results.,

The trestments used apperently differ in their effect
on aggregate stability. All treztments resulted in 2n incresse
over the check »nate

A relatively large increase in aggregetion from the use
of sulfur is noted. Sulfur has been used in the reclametion of
"solonetz" soils in its elemental form and ss sulfurie acid.
Snyder (55) reported sulfur superior to gypsum in amelioration

of "solonetz" soils. Sulfur, in combination with manure, was
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TABLE NO. 16,

WATER STABLE ACCREGATION OF THE Bj OF A MORRIS (DEGRADED) SOIL

TREATED WITH VARIQUS AMELIORANTS.

! ' Percentage ' Percentage ' Percentage

' ' Aggregates ' Aggregates ' Moisture

! Treatment ! 1 mm ' 26 mm ' In Soil

1 1 1 i

' Check ! 1.0 ' 52.9 ! 2.5

' 1 ton sulphur per acre ! 17.6 ' 72.4 1 - 3,0

' 5 tons CaS04.2H20 per acre ! 2.7 ! 59.8 ! 27

' 3.34 tons CaCO3z per acre ' 3.9 ' 59.8 1 2.8

' 5 tons CaC03 per acre ! 3.8 ' 59,9 ' 2.8 !
' 30 tons manure + 5 tons CaCO3 ! 6.7 ' 64,7 ! 3.0 g
' 30 tons manure + 5 tons CaS04.2Ho0 : 5.5 ' 62.9 ! 3.0 !
' 30 tons manure + 1 ton sulphur ' 15,2 ' 72.8 ! 249 !
! 4 tons chopped alfalfa ! 35.0 ! 83.5 ! 2.9 !
t 100 tons manure ! 16.8 ' 77:8 ' 3.2 '
' ' 1 1 1




suggested by Powers (48) to be the most effective means of
improving soil structure in these soils., The use of sulfur
with manure, however, in the exéerimsnt herein reported, did not
improve aggregation to any degree over the use of sulfur alone.
Gypsum and ¢alcium Garbonate caused comparative increase
in aggregation. Both are relatively insoluble in water. In an
experiment conducted over this period of time, they possibly do
not show their maximum effect. A slight increase is noted with

the use of eombinations of calecium carbonate and gypsum with

mahnuree

Alfalfa, which had been chopped up previous to its incorp-
orgtion into the soil, gave the highest degree of aggregation.
Manure at one hundred tons per acre caused an incresse in aggreg-
ate stability of just slightly less than the chopped alfalfa.
Alfalfa at the rate of four tons per acre casused grester aggreg-
ate stability than manure at the rate of 100 tons per acre. It
may be that the physical and chemiecal characteristids of the
organic matter may influence aggregste stability more then actual
quantity.

Browning and Milam (10) found that organic materials,
whiech decompose readily increase aggregation within & few ﬁays,
come to a maximum effectiveness and gradually become ineffective
with time. Slower decomposing meterials require a longer time
to exert a binding effeet, but continue for 2 longer time.
Differences in the effect of organiec and inorganic materials =are
markedly influenced by time. MNore work is required on the alkalin-
ized Red River soils with the use of inorgesnic and organic amel-

iorants.
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Figure No. 5.

The effect of organic and inorganic amendments

on the porosity of the By of a Morris soil.
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2.  THE EFFECT OF SOIL AVNENDMENTS ON PERMEABILITY

The Red River eclay soils are highly impermeable to
weter--the alkalinized and degraded alkalinized phases of the
Morris soil associste exhibit slower infiltration rates than
the other soil associstes (Caldwell (ll))e. An increase in soil
porosity is of primary importance in the improvement of exist-
ing physiecal conditions. Applications of gypsum, lime or sulfur
to ameliorate solonetzic conditions in "solonetz" soils have been
suggested. These soil amendments were utilized in the treatment
of a magnesium solonetz soil in an investigation of their relative
effects on porositye.

(i) Method.

So0il from the same sample on which aggregste studies
were conducted (see page no. 67) was used in this study. The
rate of anplication of ameliorants was calcul=ated on the basis
of aere six inch depth of soil. The ameliorants were thoroughly
mixed with the soil before the soil was placed in percolation
tubes. 4Lmendments used in this experiment included:

l. Sulfur at the rate of 1.5 tons per acre.

2. Gypsum (CaS0,.2H,0) at the rate of four tons per acre.

3« Caleium carbonate CaCO0z at the rate of four tons per
acCcre.

4, Barnyard manure at the rate of 24 tons per acre.

5. Calcium carbonate at the rate of 12 tons per acree.

6« Check no treatment.

The dates and methods and period of water applie=tion
were the same as those deseribed in aggregation studies on
page 68 At the end of this period the percolation tubes were

placed in water for 18 hours previous to the permeability deter-



minations, to allow the soil to swell. The experiment was
carried on under a one inch head of water and continued over a
twelve hour period. The szmount of water psssing through the soil
wes measured every two hours.

(1) Dzta.

The results from this experiment are given in Table
No. 17 and Pigure No. Five.

(iii) Discussion of Results.

Prom the results obtsined in this experiment, two gen-
eral conclusions can be drawn. Organie matter increased the
infiltration rate into 2 soil. Inorgenic amendments showed no
positive effect on permeability inm this study.

The manure has increased infiltration of water in this
soil to a rate several times as large as water percolation under
the other treatments. The use of inorganic smendments retarded
the rate of infiltrstion of water into the soil. The treatment
of soil with 12 tons of lime and the check soil show a straight
line relationship between percolation in milliliters and time in
hours. The soil which was tre=ted with four tonms of lime and
the soil treated with four tons of gypsum give a convex curve
when the percolation in milliliters is plotted against time in
hours. In the cagse of the sulfur trezatment on soil, a conecave
eurve with respeet to the hours axis was obtained. The r=ate of
percolation in this soil nearly doubled during the periecd of
time elapsing between the 0-2 hour and the 10-12 hour mecsure-
mentse It might be concluded from this experiment that soil
permeability can be increased with time by sul ur gpplication.

The most promising results in this study were obteined
from the use of organiec matter and sulfur. Purther investig-

ation about the effect of ameliorants on permeability is Tre-

quired. T



SUNMMARY OF AMELIORATION STUDIES

Poor physical condition in the Morris soils was found to
be correlagted with the character and amount of organic matter
and the base exchsnge status of the absorption complex of the
soil. A number of ameliorants were used experimentslly in an
attempt to imp;ove the physical condition of this soil. The
ameliorants used included chopped galfalfa, manure, sulfur, lime
and gypsume

Aggregation was favorably influenced by 2all the gmelior-
ants used. Chopped alfalfa gave the grestest positive effect.
Of the inorganic amendments sulfur geve the best results. The
greater the amount of organic matter added in the form of manure,
the larger was the ineresse in water stability of sggregation.

Infiltration of water waslapparently adversely affected
by the use of lime carbonate and gypsum. Organic material in
the form of barnyard msnure increased permesbility to a very
mgrked extent. Initially infiltration wes much reduced when
sulfur was used as the amendment, but the rate of percolation
per hour.increased with time.

It has been shown that the problems of the alkalinized
and degraded alkalinized phases of the Morris associgte are due
to at least two factors:

(a) The narrow calcium megnesium retio and the resulting

dispersive action of magnesium on the e¢nlloidal com-
plex of the soil; and

(b) the low organic content of the soil under this
condition.

The dispersed condition of the soil is apparently due to the

high content of magnesium in the base exchange complex.
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Studies of soils under virgin condition and amelior;
ation studies indicete two steps necessary in amelioration
practices. The first step indicated is 2 modification of the
base exchange complex. The second steo indicated as necessary

in amelioration is the addition of organic matter to the soil.
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Agricultural practices gnd naturzl degrasdation processes
have resulted in deterioration of soil structure, and of work-
ability, over a large acreage in the Red River valley plain.

An investigation of this problem has been undertaken
along three lines;:

le A study of the physical and chemiceal properties of
typicéal virgin soils that respectively exhibit both favorebdle
and unfavorablé structural conditions.

1l A study of the chemical and physicasl modifications
résulting from cultural practices on the fertility field of the
University farm.

11l An investigation of methods of amelioration.

The heavy lscustrine soils studied in this investigation
belong to the Red River Soil Assoecistion, and are located in the
central basin of glaciazl Lake Agassiz.

1, The major soil associates occurring in the Red River
association ineclude the phytomorphic member (Red River clay), the
hydromorphic member (Osborne e¢layv), the halomorphic member (Morris
clay). Two phases of the Morris clay exist, the 2lkalinized

phase and the degraded alkalinized phase.

Nine virgin profiles, representative of the major soil
assobiates were examined in the field and their morphological
characteristics described. Soil samples from specifiec horizons
of these profiles were transported to the laboratory where their
respective physical and chemical properties were determined.
Laboratory work on these soil samples ineluded determinstions

of g
(2) -Organie carbon, inorgenic carbon, nitrogen 2nd reaction.

(b) Exchange2ble beses and replaceabls hydrogen
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(c) water stable aggregacion and Atterberg consistency
econstants.

The results of these determinations revealed a number of

important facts which may 56 summarized as follows:=-

(a) The orgenic matter in the soils with unfavorable struct-
ure (halomorphic associste) was found to be lower in amount and
to have = wider carbon nitrogen ratio then the organic matter
in soils exhibiting favorsble structure (phytomorphiec associate).l
It is suggested that these differences in organic composition
may be due to retarded decomposition resulting from inadequate
aeration, but further investigation of this point should be under-
taken. Inorgeznic carbon is low in the solqp of all Red River
soils studied, and it is almost negligible in the horizons of
the Morris solum that exhibit unfavorable strueture.

(b) A study of the base exchange status of'hnfavorable—
structured"alkalinized and degraded 2lkelinized soils showed
a very low content of sodium; -a high content of magnesium; 2nd
& narrow calcium magnesium ratio. Evidently the sodium content
was not great enough to bring a2bout the formation of sodium solon-
etz with ﬁheir characteristic high alkelinity« It is 2pparent
that magnesium rather than sod;um in the base exchange comnlex
of the'"unfavorasble-structured' soils studied has been responsible
for the solonetz-like structural conditicns existing. These
poor structursl soils with solonetzic character and high eontent
of magnesium with only 2 trace of sodium in the exchange complex

would be better termed "magnesium solcocnetz."

{c) The soils with favorable physical condition were found
to have a low plasticity number; =2 high degree of water stable
and 2 comparatively wide celeium magnesium ratio, Cohversely,
the soils with unfavorable structure had 2 narrow calcium mog=-
nesium ratio; a high plesticity number; s2nd a low degree of

water stable aggregation.



11. The fertility field plots on the University farm, which
is situsted on the elay deposits of the Red River plain, have
been under systematic experiments for approximately thirty years.
Analytical determinations were made on soil samples taken from
plots selected to ascertain the effect of the different cultural
treatments on the soil. The laboratory analysis ineluded deter;
minations ofgs-

(2) Orgeanic ecarbon and nitrogen.

(p) Water stable aBgregation,

(c) Base status and celcium magnesium ratio.

The results of these determinagtions may be summarized
as follows;

(a2} A genersl decrezse was found in organiec carbon and
nitrogen due to the eff;ct of arable culture. Over an eighteen
year period in the case of the "green manuring" experiment there
was a2 mean percentage decrease of 12.13 per cent and 19.38 per
cent in the nitrogen and carbon eontent, respectively.

The effect of fallow frequency on nitrogen sznd carbon
content of the soils gave conflicting evidence. On the one hand,
where the plots were under fallow - grain rotations, it was
evident that the carbon and nitrogen levels were lowered as the
fallow frequency increased. On the other hand, where the land
has been kent in continuous fallow the level of ecarbon and
nitrogen in the soil was found to be 2t higher levels than under
the various fallow=-gresin rotations. Investigation should be

undertaken to gscertain if g different micro-biological regime

prevails under continuous fallow which might affect the c¢arbon
and nitrogen levels in a different manner than under erop

growtha.
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The general tendeney of arable culture to reduce the
carbon a2nd nitrogen content in the soils of the fertility field
has been retarded where barnyard manure has been applied.

(b) The results of the water stable aggregation studies
showed that fallowing has caused a decrease in aggregote stab-
ility. Unlike the conflicting results obtained in the carbon
nitrogen levels, both under conditions of fallow-grain and
continuous fallow, the decrease in aggregate stability was
evidente.

Incorporation of decomposable organic matter, such as
manure, straw =2nd clover as 2 green menure, was found to in-
crease aggregatione. It was found that grass-legume mixture re-
sulted in the greatest increase in aggregation.

Time and sulfur applied to certain plots under field con-
ditions were found to hagve little or no effect upon the aggregate
stability of the soil.

(¢) The results of base status studies showed that the ratio
of cealcium to magnesium in the base exchange complex of sixteen
cultivated plots studied was wide in comparison with the ealeium
magnesium ratios in virgin Red River soils. Apparently suffieient
caleium is present in the cultivated soils studied to inhibit the
dispersive getion of the magnesium ion.

11ll. Certain amelioration methods were suggested from a review

of literature and from the results of the initisl studies under-
taken. A controlled experiment was undertaken to determine the

effect of orgasnic and inorganic ameliorants on the B; horizon

of a degraded Morris soil which exhibited unfavorable structural

chargeteristies to g marked degree. In this experiment, chopped

alfalfa, manure, lime-carbonate, gypsum and sulfur were mixed
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with different porticns of the soil. These soils were held
in a2 moist state under the tempersture conditions of the lgbor-
atory for a three month period. After this period, the effect
of the treatments on the (a) water stable s2ggregation of soils
under 2ll treatments, a2nd on (b) the porosity of the soils
under all smeliorants except chopped alfalfa were determined.
The results of these determinations indicated certain effects
of the soil amendments which may be summarized as follows:

(a) A1l the ameliorants used increased aggregation.
Chopped alfalfa gs=ve the greatest positive effect on the water
stebility of aggregation. Sulfur 'gave the best results of the
inorganic ameliorants. TLime and gypsum hzd approximately equal
effeect and gave the smallest increases in aggregation.

(b) The organic amendments used gave a very marked increase
in soil permeability. The inorganic amendments used were found

to affeect soil permeability, sdverselye.



CONCLUSI ONS

Deterinration of soil tilth, due to natural degradation
processes =2nd to culturel practices, occurs in the heavy tex-

tured soils of the Red River soil association. Virgin soils

of this associatinn and cultivated soils occurring on the
clay deposits of the Red River veslley were studied to ascer-
tain the factors responsible for deterioration of soil tilth
and to investigate amelioration prectices. From these studies
several conclusions mey be enumerated.

1. The unfzvorsable solonetzic structure of the Morris

s0il associate is due to the dispersive action of the mag-
nesium in the base exchange complex.

2 A genersl decrezse in carbon =nd nitrogen content in
Red River soils under arable culture appears to be inevitable.
The rate of decrezse and the final equilibrium point are in=-
fluenced by the system of zrable culture practiced. The
decresse is accelerated by fallow, and is retarded by the
addition of decomposable organic matter.

e Water stable aggregation in the cultivated soils
studied was found %o be highest under a grass-legume Mmixture
and lowest under fallowe. A grass-legume mixture given a2 pro-
minent place in the crop rotation is & good wey of develop=-
ing favorable soil structure.

4. The addition of decomposezble orgenic residues increases
aggregation, snd greatly increases soil porosity.

S Two distinet steps in the amelioration of the degraded
soils of the Red River ares are indie=ted,

(2) 2 modification of the base exchange ststus and



(b) an incresse in the orgenic matter content.

(a) The msenesium ions of the base exchange complex should
be replaced by calcium ions which have greater coagulating
effect, and the replaced magnesium "laundered out" of the
'soil. Incressed porosity by the addition of organic metter

is required fo facilitate the removal of the magnesium,

(v) The most effective way of sdding organic matter to anv
extensive area of these soils is to give gress-legume mixtures

an important place in 2 suitable systematic crop rotation.
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