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INTRODUCTION

The importance of the organic-matter fraction
in soil fertility was generally recognized at the time
that sgriculture first began to be considered as a
science; a fact which many years of practical experience
and, more recéntly, of scientific study has strongly em-
phasized. Organic materials affect the physical and
chemical pfoperties of the soil, and provide the food
and energy for the mlcroorganlsms present in the soil.

In recent years the organic fraction of the
3011 has been considered in its various chemical, physical,
and microbiological aspects by workers in the field of
so0il science. However, the great bulk of this work has
come from agricultural workers in humid regions, naturally
emphasizing the reiationship of organic matter incorpora-
tions to the properties of the moist acid soils of these
regions. Little attention has been paid to the various
aspects of the brganic}matter problem in the highly'alka—
line, calcareous, and often saline soils of semi-arid
regions. The reason for this lacl of atteﬁtion is prob-
ably self-evident when one considers that organic matter
constitutes a rather large portion - as high as five per-
cent or more - of the soils of the humid regions; and, by

comparison, a very insignificant and usually neglected



fraction - generally less than one percent - of the soils
of the semi-arid and arid regions.

The reason for the low organic-matter content
of the soils of Arizona and other parts of the world
having similar climatic conditions probably rests with
the high temperatures prevailing in these areas most of
the year; which, when sufficient,mdistufe is present,
causes an accelerated rate of decomposition of organic
materials. ’

' This fact is emphasized by Burgess (17) who
states that "it has been found uneconomical to attempt
to increase iermanently the‘organic-matter content of
irrigated soils to any large degree, due to the fact.thaf
deéomposifion processes, both biological and chemical, are
extremely rapid, owing to high tempefatures, optimum mois-
ture conditions, and good aeration'.

| Horeovef, there has been—an inclination among

soil:investigators to assume that organic materials de-
compbse more rapidly in alkaline soils than in acid soils -
an>impression that probably results from such studies as
those of Potter and Snyder (47) and Darkis, et. al. (21)
who’found that liming of acid soils accelerates qrgaﬁic
matter decomposition. As will be pointed out later, this
assumptlon may not be entirely justified.

Since organic-matter has a d831rable effect




upon the soil, such as increasing the water holding capa-
city, (4, 14), and the base exchange capacity (34, 36, 39),
it wouid seem desirable to build up this censtituent in
the soil, if possible. However, many workers, including
Jemny (30), Blair (7, 8), Fippin (25), Sprague (56),
Sievers and Holtz (55), Alway (3), aﬁd Thatcher (60), have
found that, even under good management and fertilizer
treatments, continuous cropping tends toward a depletlon
of the organic-matter content of soile; and that it is
not economical, therefore, to try to increase and main-
tain;the organie-matter content of the soil above the
amount usually present in the soil uhder natural conditions.
Hence, it is prebably not feasible to attempt to increase
permenently the organic—matfer content of Arizona soils
much beyond the amount present under natural conditions.
In view of the comparativeiy small permaneht
re51dues of organic matter in Arlzona soils it would not
be. loglcal to expect the beneficial effects attrlbuted
to this component of the soils of humid regions. Conse-
quently, if organic-matter additions are to be justified,
it will be due chiefly to the decompdsition process it-
self, and not to the residue left in the soil after de-
composition is complete. DeTurk (22).conc1udedvas a re-
sult. of intensive research on this sﬁbject that the in-
creases in crop yields due to organic matter additions

result largely from the reactions involved in active



organic matter decomposition, rather than from the mass
of comparatively inert residues which persist in small and

difficultly measurable amounts in the soil.

 In the present investigation, therefore, it was
thought deéirable'to determine what influence actively
decomposing organic materiais would have on the various
soil properties of importance to soil fertility - such
as pH, total soluble salt content, formation of nitrates,
and the degree of aggregation, which affects the penet-
ration of water into the soil.

The possible effect of organic matter decompo-
sition on the reaction of Arizona soils is of particular
| intefest, since the prevailing high pH values cause many

plant food elements - such as phosphorus, potassium,
manganese, and iron - to be insoluble and therefore dif-
ficultly available to plants (44). Naturally in any
attémpt to remedy this situétion, the question arises as
to whether actively decomposing organic matter will lower
the pH‘of these soils; and, if so, how much.
The length of time that nitrates are tied up

and how soon the nitrogen of leguminous green-manure crops
"or manures is released as nitratés; are questions of much
importance in the organic-matter problem of this region,
since a deficiency of nitrogen as well as of orgénic matter

is one of the common characteristics of these soils (62).



Organic matter in its vérious forms is
commonly used in this region in the reclamation of
alkaline soils (18), since it not only incresses the
water holding capacity, but also facilitates the pen-
etration of water in the soil. Becsuse of this wide-
spread use of organic matter in reclamation work to im-
prove soil structure, it is of interest to determine how
effective various organic materials are in causing aggre-
gation of the soil, since McGeorge (37) has shown that a
crumb structure of ﬁater-stable'aggfegétes is the most
 suitable soil structure for plant growth. |

The investigation which constitutes a basis for
this thesis was planned to include a study of suitable
methods of analysis for future work on organic-matter prob-
lems and a study of the changes which occur in the soil
during organic matter decomposition under ideal, rigorously

controlled conditions.




REVIEW OF THE LITERATURE

During recent years the study of soil organic
matter and its decomposition has increased tremendousiy
because of the recognized importance of organic mater-
ials in the fertility of the soil. It would be difficult
in a paper of this length to mention.even very briefly
all of the literature pertaining to this subject, but for-
tunately that will not be necessary since Wakeman (64) has
recently made an extensive review of this work and his
;Tesume' can be referred to for details. It will be of
interest, however, to mention briefly a few of the papers
that are applicable to the soils of Arizona and similar
regions, and that relate difectly to the problem studied
in this investigation. | V

Oberholzer (42) studied the decomposition of
organic materials in Arizona soils and found that the de-
composi tion increased with increasing moisture contents
up to saturation, and that there was even considerable de-
composition when the moisture in the soil was below the
wiltiqg point. He also found that the rate of decomposi-
tion increases with the temperature up to forty-five de-
grees Centigrade. After comparing his data with the re-
sults of a similar experiment performed on acid soils by

Waksman and Tenney (66), he decided that organic matter



disappears more rapidly under arid-irrigated conditions
than in the humid parts of the United States. However,
he does not show whether such rapid disappearances re-
sulted from the differences inherent in the soils of the
two regions or from climatic factors. He observed that
lignin, which McGeorge (35) shows is probébly the princi-
pal base excharge constituent of humis, does not aceumu-
late in Arizona's soils, possibly because of the large
number of actinomyces present in the soils of this area.

| - Both Oberholzer (42) and Roades (48) observed
no significant change in the reaction of alkaline soils
with organic matter decomposition. Salter (52) reported
that organic matter has a buffering action that helps
regulate the pH. In apparent contradiction to the above
results, Conrad (20) in California found a lowering of
the reaction of Yolo loam during the decomposition of urea
and "nitrated" sucrose, although in the "nitrated" control
the pH slowly-increaSed. Breazeale and-ﬁcGeorge 216) con-
cluded that the pH of the soil was controlled almost en-
tifély by the carbon dioxide produced when organic mater-
ials decompose. ,

Oberholzer (44) observed that decomposing organic

materlals markedly 1ncrease the awallablllty of potassium
in the soil. On the othar;he makes the following statement
with regard to phosphorus - - "over and above its own phos-

phorus content, organic matter does not affect the availa-




biiify of phosphates to an appreciable extent". Rhoades
(48) found increases in soluble phosphorus as the result
of organic-matter decomposition in alkaline soils; but,
in agreement with Oberholzer's worl, he concluded that
the increases were largely coused by the phosphorus re-
leased from the organic materials themselves and not by
increased solubility of native soil phosphorus.

Starkey (57), Martin (32), Rhosdes (48), Scott
(54), Newton and Daniloff (41), and others, have observed
that in the early stages of docomposition of materials of
high carbon-nitrogen ratio, such as wheat and rye straw,
there is a depletion of soluble nitrogen in the soil.
Bell (6) found this depression also occurring during initial
deoompoéition of some legumes. This effect was formerly
attributed to various causes; for example, to the addition
of substances toxic to the nitrifying bacteria. However,
Allison (2), Blair and Prince (9), and others, have shown
ve:yfdefin{tely that this decrease in nitrates is due to
the stimulation of biological activities so that the micro-
_organisms of the soil utilize the nitrate present. Miller,
émith, and Brown (38) reported decomposition studies which
showed that the sccumulation of nitrates correlated with
the nitrogen content of the material added.

Finnell (24) working with the high plains soils

of Oklsahoma showed that crop residues incorporated into



the soil by plowing or listing apparently required
" about three years®' time under natural conditions for
them to reach a low enough carbon-nitrogen ratio for

maximum nitrate accumulation.
The use of green manures has been advocated

for a long time in order to build up the organic-matter
content of the soil. Leguminous crops in particular

have been declared by Blair (7), Thompson (61), and many
workers to be well suited for use in'keepiﬁg ﬁp the nit-
rogéﬁ supply of the soil. Sprague (56) found that the
value of the various mamires in resﬁéct to increases in
crop production was closely correlated with the amount of
ni tr"ogen mresent. |

| - Van Siyke (63) hoﬁever, stétes that "the use of
green manures in.dry’ragions is not practicablé without
irrigation, since with insignificant’moisture the vege-
table matter decays with extreme slowness, leaving the soil
filled with air spaces and promoting loss of water by evap-
oration". Pieters (45), too, concluded that green manuring
is;npt éenerally advisable in the drier regions because of
the desiccating effect of the undecomposed particles which
tend to leave the soil open and loose, allowing it to dry
out with excess rapidity. Allen (1) in India found that
sufficiency of moisture is hecesséry to allow decomposition
of the green plant material before planting the following

crop in order to obtain good germination. In irrigated
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districts he advises an irrigation of the field after

the organic matter has been plowed under and before the
succeeding crop is planted in order to start decompo-
sition of the green manure.

Several investigators, (28,46,56,59) have shown
that manuring and crop rotation pfactices havé a benefi-
cial effect on crop production, indicating that green
manuring is practical provided sufficient moisture is
present.

: In recent years cbmmarcial‘inérganic\fertili-
zersfha&e been largely replacing the use of organic
manures for fertilizers. Although these compounds are
very effective in supplying the necessary plant food
elements, they are not entirely satisfactory in supplan-
tingfthe use of organic material. Russell (49, 50), .
obéerved’that drganic fertilizers wefe not as effeétive
as organic materials in maintaining a proper soil tilth,
and ihat they could not supﬁiy the carbon necessary for
the growth and activity of the bacterial population of the
soil. He states, moreover, that if gquantity of 6rganic
matter is the desirable thing, the pfospect of réstoring |
ortméintaihing it at any felatively high level ié_very.
gloomy for the'semi-arid‘farmer. | |

Bottomley (11, 12), Mockeridge (40),Breazesle

(15)} and other investigators have reported vitamin-like
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growth-promot ing substances in organic materials and manures
which are not present in the inorganic soil fraction.

Bonner and Greene (10) found vitamin B (thiamin) present

in organic manure énd‘green plant materials. In view of
these investigations and the recent extensive use of

vitamin By as a growth-promoting substance for plants,
it seems quite 1likely that this substance, as well as

many other specific growth substances - such as auxin,
biotin, ascorbic acid, and indol-acetic acid - may be
present in organic fertilizers and green manures, and may

consequently be important constituents to consider in the
use of these materials., ‘

Due to the complexity of both the soil and the
organicxnaferials, the decomposition process and its
effect on the soil becomes extremely complicated. For this
reason, it is felt that, even though much work has been
done on the subject of soil organic matter, there is still
mich to be learned. |

This investigation was designed, therefore, to
study the effects of the decomposition of organic material
on the soil properties with special reference to the par-
ticular conditions found in this part of the country. Al-
though the work was started with the practical point of view
in mind, it is hoped that the conclusions will be of such
a nature that they can be applied more or less generally in

the study of organic matter decomposition.



EXPERIMENTAL
Plan of Investigation

The purpose of this investigation was to allow
organic materials to decompose in Arizona soils under
rigorously controlled, optimum conditions, observing the
effect of the decomposition products on the physical and
chemical properties of the soils.

Three typical soils from the various agricul-
tural regions of Arizona were selected. They were as
follows: (a) Pima clay loam from Safford (taken from a
farm fortilized yearly for the last ten yéars with manure
at the rate of 12 tons per acre), (b) Gila sandy loam
from the State Agricultural Expériﬁeht Farm at lMesa, and

(c) Superstition sand from Yuma. In addition to these
soils, a sample of Clarion silt loam from lowa was used

for comparative purposes. The soils were éollected fresh

from the field, screened through a 10-mesh sieve, and
thoroughly mixed in order to insure a uniform sample for
experimentation.

Two leguminous plant materials, sesbania and
souf ciover,'and two non-iegumes, hegari and Markton oats,
were chosen for the experiment since they are typical of
the plant materials commonly added in large amounts to
Arizona soils. The plants were gathered just prior to

maturity, dried in the shade, and ground to pass a 20-mesh
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screen. They were then incorporated with 150 gram
aliquots of the soils in glass tumblers at the rate of -
two percent and uniformly mixed. Enough distilled

water was added to each tumbler to bring the soil up to
optimum moisture content (approximately 60 percent of

the water holding capacit&). Check samples of the un-
treated soil were also incubated with the other samples.
From time to time enough water was added to keep the

samples at optimum moisture content.

Methods of Analysis

At periodic intervals duplicate samples of each
SOil treatment were removed from the incubatdr for analysis.
The soil in each tumbler was thoroughly mixed and aliquots
taken for a determination of pH, total salts, nitrate-
nitrogen, total carbon, and particle aggregations.

Fifty-gram samples - on a dry weight basis - of
the mixed soil were transferred to wide-mouthed bottles,
200 ml. of distilled water added, and the bottles shalen
for twenty minutes on a mechanical shaker. The total
soluble salt content of this suspension was determined
with a portable conductivity bridge, the calculations for
the salt content being based on the tables of King and
Whitson (31). The pH determinations were made on this

1:5 soil-water suspension with a Beckman glass electrode
PH meter.
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The suspension was then filtered and the nitrates
determined on the filtrate by the phenol di-sulfonic acid
method (5). When necessary, the solutions were clarified
and decolorized by Harper's cupric sulphate-calcium hydro-
xide method (27). Chlorides were removed as silver chlo-
ride by addiﬁg silver sulphate to the solution. The color
comparisons were made with a Cenco Photelomafer.

The following method, similar to the Walkley-
Black modification (67) of Schollenberger's dichromate
titration method (53) was used for the total carbon deter-
minations: A soil sémple of from 1 to 3 grams - depend-
ing on the carbon content - ﬁas weighed into a 300 ml.
Erlenmeyer flask and 10 ml.;of‘normél potassium dichro-
mafé«solution added. Twent& milliliters of concentrated
sulfuric acid were then added, the flask sha%en gently,
and allowed to stand a few minutes to cool, after which
125 ml. of water were added. Five grams of sodium

fluoride and 1 ml. of diphenylamine indicator were added,
" and the solution titrated with N/2 ferrous ammonium sul-
fate (made up in 3N sulphuric acid) until the violet color
changéd sharply to green. The ferrous anmonium sulfate
was standardized every time it was used by titrating a
known amount of the standard dichromate solution with it.
The percentage of carbon in the soil (dry basis) was then
calculated. One ml. of normal dichromate solution re-
duced its equivalent to 0.004 grams of carbon under the

conditions of the titration.
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The effect of the organic'materials on the
structure of the soil was deduced from a determination
of the aggregation of the =g0il particles. An adaption,
proposed by Gerdel (26), of the Bouyoucos hydrometer
method of mechanical aﬁalysis (13), was used for this
purpose. The soil was put into Bbuyoucos cylinders
and left to stand overnight. The following morning the
qylinders were shaken end over end for 20 times by hand,
and the percentage of particles less than 0.05 mm. in

diameter determimed by taking a hydrometer reading at
exactly 40 seconds after the cylinder was replaced on
the table and the particles allowed to settle proper
corrections being made for temperature.

By comparing the pesrcentage of particles less
than 0,05 mm. in diameter in the organic-matter treated
soil with the percentage present in the untreated check
samples, the influence of the decomposition proéess on
the water stable aggregates of the soil can be deduced.

In order that the effects of the various organic

materials can be more readily understood, a partial
analysis of the plant materials was made. Total carbon
determinations were made by the dichromate titration
method as éxplained previously, total nitrogen determi-
nations by the Kjeldahl-Gunning method (5), and the carbon-
nitrogen ratios were calculated. The cold and hot water,
alcohol, and ether soluble fractions were determined
according to the methods of Waksman and Stevens (65).
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Calcium was determined by precipitating it as the
oxalate and titrating the dissolved precipitate with
standard potassium permanganate (5). The phosphorus

determinatiqns were made by precipitation of the phos-
phorus as ammonium phospho-molybdate, dissolving the
precipitate in standard sodium hydroxide, and back
titrating with standard hydrochloric: acid (5). The

results of these analyses were given in Table V1.
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RESULTS

The results of the various analyses are given
in Tables I-IV. It may be noted that the soils selec--
ted for thé éxperiment varied'widely in characteristics.

- Textures ranged from clay loams to pure sand; the carbon
contents ranged from 0.04 percent in the Superétition
sand to 2.02'percent in the Clarion silt loam. The re-
actions of the alkaline-calcareous soils were all above |
pH 8.0 Qnd ranged from pH . - 8.46 in the Pima clay loam
to 8,79 in the Gila sandy loam. The Clarion silt.loam
from Iowa had a pH of but 5.4 and represents an acid soil
condifion. The suspension percentages of the untreated
samples were about the same, namely 36 to 42 percent, with
the exception 6f the Superstition sand, in which bnly 6
percent of the soil particles were less than 0.05 mm. in
size. The total soluble salt contents were low (from 312
to 598 p.p.m. ) in a1l but the Pima clay loam which had a
total soluble salt content of 2012 p.p.m. The initial
nitrate-nitrogen contents ranged from.2.5 pepPem. in the

Superstition sand to 60 p.p.m. in the Clarion silt loam.
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TABLE 1.. EFFECT OF THE DECOMPOSITION OF ORGANIC

MATERIALS ON SOiE PROPEBTIES OF GILA
SANDY - LOAH.

TILIE IN /7? : . T‘SOSO . N03"‘N m

ROBON; 0 s (DeDeMe J:1I l, ) o D M.

0 5.9 35

: 3 1.01 8.23 1235 8.9 35

Sesgbania : Vi 0.86 8.47 12172 13.3 30
(z%?n : 15 0.8 8.3 1760  95.0 31
28 0.81 8,12 2428 244.0 28

49 0.78 8.02 21565 333.5 30

720 0.73 17.99 2288 336.0 30

133 0.71  7.80 2440 405.0 28

0 1.08 7.76 2087 16,1 36

: 3 0.8 8,14 1570 15.8 36

Sour 7  0.72 8.63 1472 5.8 32
Clov r : 15 0.64 8.44 1868  176.3 32
3 ;28 06 812 2930 342.5 32

: 49 0.58 8.03 2635 420.0 32

. 70 0.54 7.99 2940 437.0 31

: 133 0.54 7.8 3095 532.0 30

: 0 1.29 7.88 1293 16.2 35

: 3 1,10 7.8 1117 5.3 33

Heg i : 7  1.00 8.27 818 0.6 25
( %5 : 15 0,97 8.71 128 0.4 20
: 28 0.82 8,66 820 0.3 25

: 49  0.79 8.61 650 4.6 25

: 70  0.70 8.60 748  12.1 24

: 183 0.62 8.32 988 74.0 21

.. : O
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TABIE II. EFFECT OF THE DECOMPOSITION OF ORGANIC
T MATERIALS ON SOME PROPERTIES OF PIMA
CLAY LOAlL.

TINE IN: 7 : - :TeSeSs NO -N PARTICLES
TREATMENT Dggg : CARBON: pH (p p.m.) (p.p.m) % |

0 1l.24  8.46 2012 52.0 42

: 3 1.25 8.45 1808 50.4 42

No : 7 1,25 8.45 1960 58.4 39
treatment: 15 1.26 8.47 2040 55.8 38
28 1.24 8.42 2078 90.5 38

49 1.22 8. 38 2110 94.8 38
70 1.23 8.40 2160 116.0 39
133 1.24 - 8,356 2330 148.5 37

0 2¢12 7.88 3020 52.0 42
: 3 1.91 8. 05 2450 3.2 41
Sesbania : 7 1.82 8.18 2595 26.6 36
(2% ¢ 15 1.72 8.11 3320 2l4.1 33
S : 28 1.67 8.01 3452  339.5 32
49 1. 64 7.92 3610 378.0 31

70 1. 57 7.90 3610 412.0 30

133 1. 57 7.92 4700  565.0 29

0 2. 02 7.85 3190 - 52.0 40
g 1.82 8.08 2655 20.0 38

Cloy r : 15 1. 60 8. 14 3716 274.6 34
(Zﬁ : 28 1. 58 8.02 3795 393.0 33
: 49 1,66 7,95 - 2908 442.0 31
70 1.48 7.91 4015 460.0 32
133 1.45 7.91 4912 594.0 30
0 2. 14 7.95 2892 52, 40
. 3 1. 95 8. 00 2115 . 36
H gari : 7 1.87 8.16 2128 . 34
?4% ¢ 15 1.76 8. 52 2080

28 1. 64 8.49 2092

HR QOO
=0~V OO

49 1.62 8.36 2080  27. 30

70 1.54 8,43 2182  54. 30

133 1.561 8.22 2670 151. 26

0 2.18 806 2330 52.0 40

: 3 2.05 8,09 1958 1.4 34

Markton : 7 1.96 8,33 1960 0.6 33
Oats : 15 . 1.87 8,60 1845 0.5 27
2/o) : 28 1.70 8.58 1842 0.9 28

: 49 1.63  8.48 1837 7.4 30

70 1.49 8.43 2142 73.9 29

133 1.48 8.31 2235 122.0 24
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TABIE I11I. ZEFFECT OF THE DECOMPOSITION OF ORGANIC
-+ KATERIALS ON SOME PROPERTIES OF
SUPERSTITION SAND.

IN: % g;g M—N gaﬂ?ms

: TIME
TREATMENT: DAYS. : CARBON: pH ‘(pePom. ) » 06 mm.
: 0 0.04 8177 314 2.5 6
TN S 4B 4
0 . - . . .
treatment: 1 0. . 1.4
Ty 29 0.02 8,79 215 2.2 4
: 50 0,02 8.76 272 3.4 4
71 0,03 8175 170 5.9 3
133 0.02 8.82 195 5.8 3
0 0.86 7.12 1770 2.5 5
: 3 0.80 - 8.01 1252 5.8 4
Sesbania : ] 0.63 8.86 1128 5.4 5
(Zﬁ : 15 0.57 8.89 1172  12.5 5
.29 0.53 8.50 1745  34.1 4
: 50 0.48 8.14 1635 168.5 4
:0m 0.46 8,12 1928 276.0 3
: 33 0.34 7.95 2915 334.0 2
: 0 0.80 7.26 2110 2.5 5
3 0.75 7.56 1710 5.4 4
Sour 7 0.47 8,90 1395 6.4 4
% ver 15 0.38 9.03 1538 6.3 5
2 20 0.3 8.96 1595 6.8 4
50 0.28 8,51 1972 129.6 4
71 0.27 8.36 2082 218.0 3
133 0.25 8.17 2970 270.0 1
0 0.89  7.48 1380 2.5 5
. : 3 0.85 17.13 812 2.2 4
HGE&SI : 7 0,69 8,62 690 0.4 3
(2% : 15 0.65 8.61 692 0.4 2
: 29 0,56 8.64 612 0.4 2
: 50 0.48 8.48 628 1.5 1
. 0m 0.40 .8.43 540 6.8 0
: 133 0.32 8.42 610 25.2 0
0 0.90 7.52 765 2.5 5
. 3 Oo 86 7. 80 632 10 9 ’ 4
Markcton : 7 0.74 8,70 510 0.3 4
?tg : 15 0.68 8.64 482 0.4 2
2%) 29 0,53 8.70 396 0.5 2
133 0.27  .8.45 592  51.9 0
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TABLE 1V,  EFFECT OF THE DECOMPOSITION OF ORGANIC
: %%%%R%ékﬁ ON SOME PEOPERTIES oF CLARION

: TIME IN: % : 7.8.5. : NO.-N PARTICLES
TREATMENT DAYS. : C%RBON pH :(p.p.m.):(p.Bp.m.) %0.05

0 2.02 5.40 598 60.0 38

3 1,98 5.29 398 58.2 36
No : 7 1.86 5.30 590 8.9 = 33
treatment: 15 1.84 5.25 510 61.5 33
29 1.89 5,22 648 91.5 34
50 1.87 5,19 735 107.5 32
71 1. 87 5.04 818 105.5 31
133 1. 79 4,92 g18 161.0 28

0 2.88 5,34 1432 60.0 39

- 2. 60 6. 34 848 4.1 37
Sesbania : 7 2.952 7.00 920 0.9 34
, (Z%SD : 16 - 2.41 7.23 932 9.1 R
' 29 2. 36 7.07 900 13.7 28

50 2. 33 5,96 1608 164.5 25

71 2.21 5,21 2055 300.0 21

133 2.18 4.58 2845 509.0 19

2. 79 5,39 1592 60.0 40

~ Sour : n - 2.47  6.85 1162 16. 8 33
Cloyer : 15 2.32  7.48 1128 6.8 32
(Zﬁ : 29 2. 26 7.49 1050 8.0 3l

: 50 2.18 6.75 1695 54.5 25

: 71 2,06 ~ 6.05. 2048  218.0 27

: 133 2.06 5,19 2950  440.0 26

0 2.92 5.35 1123 60. 0 38

o 3 2.66 5,75 710 6.2 36
Hegari = : n * 2.54 6.71 602 0.7 32
(2% : 15 2.42 6,14 562 0.5 26
S : 29 2.30 5,99 408 0.9 23
50 2.26  5.87 608 9,1 22

71 2.15° 5,34 952 71.4 19

133 2.06 5,02 1315 163.0 14

_ 0 2.93 5,40 1798 60.0 38

: .3 2.62 5.8 462 3.7 35

Markton i 2.46  6.63 405 0.2 30
?agi : 15 2.39 6.12 392 0.6 22
2o : 29 2.34 6.01.. ° 375 4.3 21
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Rate of Decomposition

Curves showing the decreases in the carbon con-
tents of the variously treated samples of Pima clay loam
and Clarion silt loam during the period of incubation
are shown in Figures 1 and 2. Graphs for only two of
these soils are given because they are representative
of the entire group, though differing in magnitude of
the observed effect. It was thought desirable, for com-
parative purposes to include graphs of the acid Clarion-
soils and one of the alkaline-calcareous Arizona soils.
These decomposition curves are typical and show that the
rate of decomposition of the added carbonaceous mater-
ials was most rapid during the first two weeks of decom-
position; after which a gradually decreasing amount of
carbon was lost in a given period of time, so that even
after 133 days' incubation all of the added carbonaceous
material had not yet been completely oxidized to carbon
dioxide and water.

| It is evident from these curves, however, that the
various organic materials decompose at different rates
in a given soil and the rates also vary from soil to soil.
In order that these relationships might be more evident,

the data given in Table V were computed and show in terms

of percentage of.the carbon originally added to each soil,

how much was lost at various times during the incubation
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TAZLE V. CARBON LOSS WITH TIIE IN VARIOUSLY TRZATED ECILS.

: : Gila sendy loanl : Tima clay loan Surerstition sand : Clarion silt loan
Treztment : TIIED Gtiw C/ 3 logs in: Cnm. C/ : loss in: Gm. G/ : 1loss in: (. G/ : loss in:
: DAIS 100 gmv: welght ¢ 100 gie: weirht 100 gri, ¢ weight ¢+ 100 gma. @ welizht «-
: : soil : :+  soil : : s0il : s =o0il : :
: e 0.91 : 0 : 0.E8 : 0 : 0.82 : 0] C. 0
Secbania ¢ 19 0.48 47,2 ¢ 0.48 : 45,5 0.57 ¢ 30.5 0.35 S4.6 e
: 135 0.35 160.4 : 0,33 1 62.5 0.54 : D8.5 C. 8l.4 :
: 0 : 0.7 : 0 : 0.78 0 :. 0.76 : 0 0.77 : 0 :
Sour : 15 0.29 :60.3 : 0.6 ": 53.9 0.38 ¢ 50.0 0.20 ¢ 61l.0
Clover : 125 0.19 :74.0 : 0.21 s 73.1 : 0.25 T 67.2 + 0.04, : 94.9
: 0 0.94 :. .0 : 0.90 : 0 0.35 : 0] 0.90 : 0
Hegari s 15 : 0.62 :34.,0 : 0.52 42.2 : 0.65 : 23.6 0.40 55.6 ¢
: 153 0.27 171,95 : 0.27 : 70.0 : 0.32 : 63.5 0.05 96.5 :
: 0 0.89 : 0 : 0.94 : 0 : 0.86 : 0 : 0.91 : 0 :
larkton s 15 0.54 239,92 + 0.63 : 35.0 : 0.68 + 20.9 0.37 s 59.4
oats : 133 0.25 :72.0 s 0.24 : 74,5 : 0.27 : 68.6 s 0.02 : 98.0 :
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period. The 15-day period was chosen for the comparisons
sinccat the end of this time the first rapic( decomposition
had ceased and comparisons made at this time. would show
whether or not the different organic material: differed

in their initial rates of decomposition;' The 133-day
period was chosen since it was the last time interval
after which ﬁnalyses were made. |

It will be noted that, at the end of both the 15
day aﬁd 133 day intervals, the decomposition of each of
the organic materials used in this experiment was most
rapid in the Clarion silt loam from Iowa and the least
rapid in the Superstition sand. The'ddcomposition rates
in the Gila sandy loam and the Pima clay loam were al-
most identical.

The initial decomposition of the leguminous plant
materials (sesbania and sour clover) was more rapid than
that of the non-leguminous materialé‘(hegari and Markton
oats) in the alkaline-calcareous soils whereas in the acid
Clarion silt loam, the rates were;about equal. After 133
days of incubation, however, a greater percentage of the
carbon originally added in the nonrlegumihOus plant mat-
erials had been oxidized than of that added in the leg-
uminous materials. Sour clover was found to be an excep-

tion to this, since in the alkaline-calcareous soils, the
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amounts of this material decompOSéé in 133 days of

incubation were approximately equivalent to the amounts

of hegafi and Markton Yats decomposed in the same period.»
Littlé difference was observed between the percen-

tages’of carbon lost after the different periods of in-

cubation in any one soil treated with hegari and Markton

oats. In all cases the sour clover lost more carbon than

the sesbania.
Reaction Changes

The influence of the decomposition process on the
reactions of the different soils used in this experiment

may be noted from the appropriate column in tables I-IV
and is also depicted in graphical form in figures 3 and 4.
It is apparent that the addition of organic materials to
éoils may have a marked effect upon the pH value, not only
initially but also during the course of the decomposition.
In the three alkaline-calcareous soils, all of the organ-
ic materials caused an initial drop in the pH. The mag-
nitude of the decrease was found to be related to the
buffer capacity of the particular soil. Thus an average
initial lowering of 0.5 pH unit ocourred in the case of

the Pima clay loam, 0.91 pH unit in the Gila sandy loam,

and 1,42 pH units in the Superstition sand. It will also

be noted that the leguminous plant materials caused a

greater initial lowering than the non-legumes. Thus
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sesbania and sour clover caused an average lowering of
0.6 pH unit in the Pima clay loam as compared with 0.4
pH unit for the Markton oats and hegari. Similar dif-
ferences were observed in the case of the other soils.

Following the initial decrease in reaction, the pH
value of all of the organic matter-treated samples rose
quickly and in the case of the non-legumes assumed a po-
sition slightly above that of the untreated sample.

Thereafter, the reaction remained constant or decreased
slightly to that of the control samples. It is interes-
“ting to note that whereas the non-legume curves levelled

off at the end of 15 days' incubation, a similar rate of

change was observed in the curves for the percentage of
carbon content of the same samples(Figure 1). The legume-
treated samples also showed the initial lowering 6f the |
pH value, but thereafter the reaction of the soil in-
creased with respect>to that of the untreated samples.

At the end of an incubation period of seven days, the re-
action value again started to decrease. After the 28th
day of incubation it remained nearly constant, approxima-
tely 0.4 pH unit below that of the check sample in the
case of the Pima clay loam and 0.65 pH unit ih the case

of the Gila sandy loam.

The reaction of the Superstition sand was not

affected in the same manner by the organic matter add;
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itions except that an initial drop in pH occurred(Figure
5). The reactions ef the non-legume-treated samples

rose guickly toward that of the untreated soil but never
quite reached the same pH and then began to drop slightly,
's0 that after 72 days a difference of only 0.3 pH unit
occurred. In addition, the curve reached a maximum and
either leveiled off or decreased aftef about 7 days of
incubation wheraas {he Gila and Pima soils required 15
days (Figure 3. and :Tables I and I1). The Superstition
sand was also e:fectsd diffefently'ey the leguminous
plant materials. The reactions of the sesbania and sour
clover-treated samples after 15 days of incubation reached

the values of 8.89 and 9.03 respectively, which was not
only above ‘that of the nohrlegumestreated samples (pH_8.61

and 8,64),‘bnt'aiso above that of the untreated samples

(pH 8.77). The curves showed a rapid drop however, par-
ticularly in the case of the sesbania-treated samples,

‘and the pH value decreased to a point below both, that of
the check sample and those treated with hegari enﬁ larkton
oats (Table III). It is believed that these reaction
changes ere ihfimately associated with the influence of

the organic materials on the nitrate content of the samples,
a point that will be discussed in a later section.

| In contrast with the pH values of the alkaline-cal-

careous soils when treated with organic materials, the
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acid Clarion soil acted very differently. The initial
lowering of the pH upon the addition of the organic sub-
stances did not occur. The reaction of the soil was

not appreciably affected initially by any of the 6rganic
materials. Their decomposition however, affected the

PH very markedly. Within three days after the addition
of the organic materials the pH had risen about 0.5 pH

unit in the case of the hegari- and oat-treated samples

and about 0,96 pH unit in the case of the legumes. The

ﬁon—legumes raised the pH value of the Clarion silt loam
from approximately 5.35 to a maximum of 6.70 in 7 days!'
incubation time after which the pH value dropped grad-’
ually until, at thé end of the'experiment, it reached
a value practically identical with that of the untreated
sample. |

The pH value of the legume-treated samples, on the
other hand, rose steadily and reached a maximum value of
7.23 in the case of the Sesbanié-treated samples and of
7.49 in the case of the sour clover. This represents an
average increase of over 2.0 pH units for the legume-
treated samples., After reaching a maximum these curves
also showed a drop in pH value, with the sesbania-treated
samplés decreasing more quickly than those treated with
sour clover as in the Superstitionsand., After 133 days
of incubation the reaction of the sesbania treated samples

was approximately 0.34 pH unit lower than that of the
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control samples.

These effects of decomposing organic matter are
very striking, particularly in view of the observations
of Oberholzer (42) that organic matter doss not produce
an appreciable”d1énge in the pH vélue of alkaline cal-

careous soils. The pH changes here observed may be re-
1ated to several fgggaggntal factors: (a) the produc-
tion of considerable,dioxide during the decomposition;
(b) the oxidation of.nitrogen to nitric acid; (c) the
inherent acidity of the organic matter and ths‘high
calcium content of the legumes, present in the form of
pectates, proteinates, etc. It is evident, of course,

that before any marked decrease.in pH value can oceur,

the buffer capacity of the soil must be overcome. Pro-
bably the most effective.of the above enumerated factors
is the -oxidation of the nitrogen to nitric acid. The -
effect of this factor will be presented in a later section

at which time these reaction changes will be further

eiaborated,
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Accumulation of Nitrates

The influence of the decomposition of organic
materials on the nitrate-nitrogen contents of the dif-
ferent soils ié indicated by the data in column 5 of
Tables 1-1V, and is depicted in Figures 5, 6, and 7.
It is evident that in the presence of the leguminous
blant materials the nitrate nitrogen originally pres-
ent in each soil was absorbed by the microorganisms,
~but in the,case of the Pima clay loam nitrates were
soon released (within 7 to 10 days) and accumulated

rapidly so thaf within 28 days over 300 p.p.m. had
accumulated in each case. Thereafter nitrification was

less rapid so that during the next 105 days only about
200 p.p.m. of nitrate-nitrogen had accumulated.

It is interesting to note in regard to the Pima
goil fhat, although practically equivalent quantities
of nitrogen were added to this soil by way of sesbania
and sour clover, the nitrogen was released and oxidized
to nitrates more quickly in the case of the sour clover
than in the case of the sesbania. Since the speed of |
deéomposition of the sour clover was greater than that
of the sesbania, such a change was to be expected. The
data in column 5 of Table I show that the changes in the

Gila sandy loam soil were almost identical with those
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of the Pima clay loam in this respect.

The results with the Superstition sand and Clarion
8ilt loam, insofar as the leguminous plant materials
were concerned, differed markedly from those of the Pima
and Gila soils. In the Clarion silt loam (Table IV) the
nitrates already present in the soil were promptly ab-
sorbed by the mlcrporganlsms in the mresence of both the
sesbania and the sowr clover and nitrates did not accum-
ulate for a period of 28 dﬁys rather than the period of
7 to 10 days which was the case in the other two soils.

Nitrates then began to accumulate in the legume-treated

samples, but it was not until after 40 days of incubation
had elapsed in the case of the sesbania and some 56 days
in the case of the sour clover that the nitrates accumu-

lated in smounts equal to those in the untreated samples.
thereas only a trace of nitrate-nitrogen was present

in the untreated samples of Supsrstition sand so that the
leguminous plant materials could not utilize the nitrogen
of the soil, release of nitrogen as nitrates from the
legume-treated samples did not begin to occur in appreci-
able quantitiés‘until after about 28 days of incubation
and thereafter its rate of accumulation, although steady,
was not very rapld. It is interesting to note that the

rate of accumulatlon of nltrate-nltrogen from the two

legume-treated samples of both the very alkaline Super-
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stition sand and the acid Clarion silt loam was almost

the same, the two curves being practically superimposable.
It should also be pointed out that whereas the nit-

rogen'in sour clover was released most quickly as nitrates

in both the Pima clay loam and Gila sandy loam (Tables I

and II),the nitrogen in sesbania rather than in the souf

clover was released the most quickly in both the

Superstition sand and Clarion silt loam (Tables III and IV.)
It is interesting to note, (Table IV,)that, although

~the décomposition of the plant méterialé wés more rapid

in the Clarion silt loam than in any of the other éoils

tested (See Table V) and the sour clover decomposed in
this soil more rapidly than did the sesbania, nitrates
accumulated less rapidly; also the accumulation was less

rapid from the sour clover than from the sesbania.

The non-leguminous materials affected the nitrates

in a similar manner in all of the soils. Nitrates were

absorbed by the microorganisms immediately, and nitrate
accumulation did not occur until after about 28 days of

incubation., At the end of this time slight increases in
the nitrate-nitrogen content of the non-legume-treated
samples began to occur so that at the end of 70 days of
incubatioﬁ nearly as much, or slightly more, nitrate-nit-
rogen had accumulated as was pfesent at that time in the

. check samples. In each instance, nitrates were released
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slightly more rapidly from the Harkton oats-treated
samples than from those treated with hegari.

Changes in Total Soluble Salts

From the appropriate solumns in Tables I-IV and on

the basis of Figures 8-and 9 it is evident that all of the
organic materials initially caused an increase in the

water soluble salt contents of all of the samples. Since
the water-soluble fraction of each of the organic mater-
ials was appreciable, (Table VI), such a result was to be
anticipated. Correlating with the initially rapid decom-
position of the water-soluble fraction of the organic
materials, a rapid decrease ih the total soluble salt con-

tents of the samples pccurfed. In the case of the non-
leguminous substances the amount.of total soluble salts
was equivalent to or slightly less than the amount present
in the untreated soil, but on further incubation (at the
end of either 72 or 133 days) the treated samplesﬂshowed
a greater salt content than fhat of the checl samples.

In the case of the Gila and Superstition soils, (Tables

i and III), the salt coﬁtents of the non—legume-freated
éampleé'ﬁére always higher than those of the contrdl
samples but the shape of the curves was similar to those
of the Clarion and Pima soils. It should also be noted
that the hegari-treated samples Always showed a slightly
higher salt content than those treated with Marlton oats
though the two curves were'rougﬁly parallel for each soil
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tested.

Initially in all soils the legume-treated samples
had a‘higher content of total soluble salts than those
treated with the non-legumes, and the salt content de-
creased quickly during the first few days of incubation
much as in the case of the non—légume-treated samples.
The decrease was not; however, as great as in the samples
treated with hegari and liarkton oats, and the curves be-
gan to rise after a few days indicating that as decompo-

sition proceeded large increases in the total soluble
salt contents occurred. The initial decrease in salt

content of the legume-treated samples was arrested sooner
in the Pima clay loam so that the salts began to accumu-

late more rapidly than in the case of the Clarion silt

loam. Decreases in the salt content began to occur in

three days of incubation in the Pima clay 1oam soil where-

~ as about 28 days of incubation were required in the case

of the Clarion silt loam. In all instances the sour-clover-

treated samples showed a higher total soluble salt content

‘than the samples treated with sesbania.

Changes in Aggregation of Soil Particles

Since it has been shown by lic George (37) and others
that soil structure is of great importance‘in—soil fer-
tility; and, since it is generally recognized that organic
matter is an important factor in determining soil struc-

ture, it was decided that some determination of the effect
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of decomposing organic materials on the structural rel-
lationships of the s0il should be made. Consequently,

since soil aggregates ars a measure of soil structure,

it was decided that the determination of the water

stable aggregates according to the method of Gerdel (26),
(previously explained in the section on methods of analy-

sis), would serve this purpose.

| The results of these analyées are shown in the
last column of Tables I-IV and in Figures 10 and 11. In
all cases the addition'of organic materials was found to
decrease the percentage of soil particles less than 0.05
mm. in diameter, indicating the formation of aggregates
or "soil crumbs" of a diameter larger than that mentioned

above. In all soils the extent of aggregation increased

steadily during the entire course of the incubation pe-

 riod, with the most rapid aggregation formation occurring

during the first 7 to 15 days of incubation. At the end
of 133 days an average decrease of about 15 percent in
particles less than 0.05 mm. in size occurred in the case
of the Pima clay loam soil and of about 19 percent in the
Clarion silt loam.

The non-legumes caused a greater aggregation of the
soil particles than the legumes in each soil tested.
liarkton oats caused a greater degree of aggregation than

the hegari; and, of the leguminous plants, the sesbania
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was more effective in this regard than the sour clover.
It should be noted that even though the Clarion
silt loam contained considerably more organic mafter than
the Pima clay loam (Table VI) and even though it was a
silt loam whereas the Pima ééil was a clay loam, the
organic matter additions caused a greater aggregation
of the small particles of the Clarion silt loam than of
the Pima clay loam. In addition, the difference between
any two onganic~substénces was greater in the Clarion
than in the Pima so0il. For example, at the end of 70
days of incubation, the difference between the percen-
tage of particles less than 0.05 mm. in the sesbania-

treated samples as compared with those treated with

.. Markton oats was 5 percent in the Clarion silt loam and

only 1 percent in the Pima clay loam.
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DISCUSSION OF RESULTS

The results presented in the preceding sections
may now be summarized and discussed. In view of the
fact that these phenomena are so closeiy interrelated,
it is desirable to correlate the data in order to arrive
at a coordinated picture of the mechanism.

Reference to the total carbon determinations
given in Tables I to IV shows that in every soil the
addition of each of the various organic materials
brought about a typical change: that is, a very rapid
initial decomposition, followed by a gradual'decrease
in the rate of decomposition.

” The rate of decomﬁoéition.was found to vary

with the organic material and with the soil used.
Table VI gives the chemical analyses of the farious or-
ganic méteriﬁls, and shows that the different green
manures used in the experiment varied gquite widely in
chemical composition. | . |

Since the carbon content (Table VI) was approx-
imately the same in the different méterials;‘and the
nitrogen content was about twice as high in the legumes
as in the non-legumes, the legumes obviously had a much
lower carbon-nitrogen ratio than the non-legumes.

| The lower carbon-nitrogen ratio in the legumes

resulted in a more rapid initial decomposition for the
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legumes than the non—legumés iﬁ‘fhe alkaline calcareous
soils. This Was the resultAanticipated, since it has
been shown by many investigators, including Martin (32),
Scott (54), Waksman and Tenney (66), and others, that the
higher’the carbon-nitrogen ratié tﬁe slower the decompo-
sition of the organic material in the soil.

Strangely, however, in the Clarion silt loam,
an acid soil, the large difference in the carbon-nitrogen
ratio did not seem to affect the rate of decomposition to
any great extent, as may be seen from Table V. The reason
for this unusual phenomenon is not readily apparent. One
explanation which has been proposed is.that the early
rapid decomposition in this soil may have occurred sooner
than in the alkaline-calcareous soils.. This effect might

have been caused by a larger total microbial population

‘present in the soil as a result of its naturally larger

humus content. Probably the most logical explanation is

‘that the Clarion silt loam, because of its large humus

content, contained enough nitrogen initially to reduce

the high carbon-nitrogen ratio of the various plant mat-

erials sufficiently that the ratio in the soil became

8o low in all cases as not to.affect the rate of decompo-

"sition. The high initial nitrate-nitrogen content of

60 p.pem. in this soil would indicate that such was

actually the case.
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Over allong period of time it was found
(Table V) that in all of the soils used a greater percen-
fage of added’ carbon was lost in the non-legume-treated
samples and the sour clover-ireated samples than in those
treated with sesbania. An explanation for this phenom-
enon may be found in a consideration of the chemical
composition of the different organic materials used
(Table VI). Since the non-legumes contain a smaller per-
oentage of nitrogen than the legumes, less protoplasm
can be synthesized at any one time by the microorganisms
bringing about the decomposition; consequently, over a
long period of time one would expect a larger carbon loss
from the added non-leguminous plants than from the legumes.

In the case of the sour clover, however, the
large carbon loss is dus to—an entirely different reason.
The sour clover contains twice as large a percentage of
cold-water-soluble material as the sesbania (Table VI).
Naturally then, since Oberh olzer (42), Waksman and Tonney'
(66), and others have shown that fhe_water-soluble frac-
tion of organic materials decompoées most rapidly, one
would expect a larger carbon loss in the case of the sour
clover than in the case of the sesbania during the same
period of time. Such a loss was actually found to occur

in each of the soils studied.
 The reaction of the soil seems to have con-.



TABIE V1.  CHEMICAL COMPOSITION OF PLANT MATERIALS.

baasa Ciover Hegari Mafiiom

Total carbon (%).... 53.44 50.43 51.93  54.96
Total nitrogen (1%). 3.38 3.61 1.39 1.35
c/N ratio.........:;' 15.81 13. 97 37.36 40.71
Moisture . %)........ 6.21 5.59 4.80 5.74
Cold water sol ble

fraction (ﬁ cesee 22,69 42.52 14.98 9.94
Hot water solu le

fraction (ﬁ - 14 2.14 2.95 3.48
Alcohol solubl : :

fraction (/3..... 4.15 2.16 1.84 1.53
Ether soluble . '

fraction (%)..... 3.12  2.93  2.39  4.38
Ash constituents (%) 17.90 13.53 9,68 10.80
Calcium (%)eeee.. ee.  0.91 1.26 0.28 0.12
2,05 (% )..;......... 0. 57 0.35  0.69

275

0.47
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siderable influence upon the rate of decomposition. The
rate of decomposition of all the organic materials in the
Clarion silt loam was considerably more rapid throughoﬁt
the entire course of the experimsnt than the decomposition
rate in any of the alkaline calcareous soils.

This is in agreement with the conclusions of
Stephenson (58), who also found that the decomposition of
organic materials was more rapid in acid soils than in
~ alkaline soils. . However, Oberholzer, (42) comparing the
-results he obtained in alkaline soils with those obtained
by Waksman and Tenney (66) in acid éoils, came to the con-
clusion that organic nmatter disappears more rapidly from
the soils of arid-irrigated regions than from those of
humid regions. Such is probably the case under normal agri-
cultural conditions in the two regions because of the
higher temperatures prevailing in arid soils, but the pres-
ent finding throws some doubt on the truth of Oberholzer's '
conclu81on when identical experlmental conditions are used.

' If as is commonly believed, the molds are more
numerous in ac1d soils than in alkaline soils - because of
less competition from the bacteria and actinomyces for the
available food supplies - and if, as is generally accepted,
the molds are more active organic-matter decomposers than

the other microorganisms, then the greater speed of decom-
position at a given temperature in the acid soils may be

due to the greater proportion of molds to bacteria and

“actinomyces in such soils.
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Contrary to the findings of Oberholzer (42),
Sackett, Perguson, and Ward (51), and others, who con-
cluded that decomposing orgaﬁic>materials have no signi-
ficant effect upon the reaction of soils, it was found
in the present investigation that the addition of organic
materials to the soil has a marked effect on the pH value,
not only initially, but also during the entire course of
the decomposition. This conclusion is also substantiated
by the investigations of Conrad (20), Dyal, et al. (23),
and Hunfeld and Smith (29). |

A11 of the Qrgénic materials caused an initial
drop in the pH of the alkaline calcareous soils. A sus-
pension of 2 grams of the non-leguminous plant materials
in 500 ml. of distilled water showed an average pil of 6:5;

the corresponding value for the legumes was 6.23. The
addition of 2 grams of these materials to the soil and the

suspension of the whole in 500 ml. of distilled water

probably would result in a pH value somewhere between that

of the orginal soil and that of the organic material. This

stafement would not hold true in every case, however,
since there could possibly be an interaction between the
organic matter and the soil that ﬁould result in a repres-
sion of the acids or bases of one or the other. In this

investigation in the alkaline soils the above lowering

did occur, however, with the decrease in pH value depend-

ing to a considerable extent upon the buffer capacity of



the particular soil.

Rapid decomposition of the water-soluble frac-
tion of the organic materials, provided that by-products
of the decomposition are not formed which influence the

reaction of the soil, would probably cause the pH value
to change toward that of the original soil, and such was

found to be the case in the alkaline soils used in this

investigation. However, it is quite certain that the for-

mation of certain products of the decomposition process,

particularly ammonia, very probably aided in the causing
the observed increase in the reaction value in these soils
during this decomposition process.

In the Clarion silt ioam, however, the addition

of the organic materials did not affect the pH value of

the soil. ©Since the original soil had a pH value of 5.4

and the organic matter suspensions a pH value of 6.23 to

6.5, it was expected that the addition of the organic mat-
erials would cause the system to become somewhat more al-
valine. Although such was not the case, during the first
7 days of decomposition, the reactions of all the organic
matter-treated samples increased from 1.23 to 1.66 pH units,

after which the reaction of the non-legume-treated samples
gradually decreased toward that of the untreated soil, and

the reaction of the legume-treated samples continued to rise

to a maximum pH value of 7.23 in the case of the sesbania

and 7.49 for the sour clover.
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It is believed that an explanation of
these phenomena can be found in a consideration of

the following well-established facts. large amounts

of nitrogen are present, having been added to the soils
by way of leguminous plant materials. Although this
nitrogen is present in a complex nitrogenous or pro-
teinaceous form, it is guickly released as ammonia,
which is fixed by bame exchange, and the hydrolysis

of the sodium carbonate formed imparts an alkaline re-
action to the soil. This may be represented by the fol-
lowing equations: '

NHB + HBO 3 NH40H

Cg + H0 =  Hy003
HaCOg + 2N 0H =  (NH;)2003 + 2850
(M, )00 + 2NaZ > 2NH,Z + NajCOg

NaglOy + H,0 Z—> NaOH + NaliCO,

Since the sodium hydroxide thus formed is com-
pletely ionized, causing a large addition of hydrole
ions‘to the solution, obviously the soil solution becomes
alkaline to a degree depending on the amount of ammonia
formed.

Ammonification- is brdught about by most of the
microorganisms of the soil - most soil microbes being
heterotrophs - and the process is'knbwn to be rapid in

both acid and alkaline soils. The ammonia that is formed
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is capable of being oxidized by the nitrifying bacteria
to nitrous and nitric acids which impart an acid re-
action to the soil in direct contrast to the alkalizing
effect of the ammonia. Whethgr or not the legume-
treated soils become highly alkaline or acid depends,
then, upon the speed of nitrification or the speed with
which the ammonia is utilized.

The optimum pH value for the growth and

activity of the nitritifiers is approximately 7.8, and

of the nitratifiers 7.1 (67), so oxidation of the ammonia
to nitrates and nitrites should be most rapid in alka-
line and least rapid in acid soils. That such was ac-
tually the case in this investigation is shown in Figures
6 and 7. The high pH of the legume-treated Clarion silt
loam prior to nitrate formation, may therefore, have been
due to the accumulation of ammonisa.

The fact that the legume-treated samples of
Pima clay loam never became as basic as, or more basic
than, the untreated samples probably rests with the ex-
tremely rapid rate at which nitrates accumulated and
rendered the soil less alkaline. The relationship of
nitrate accumulation and p is quite evident from Fig-

ures 12 and 13 in which both variables have been plotted

on the same graph. This is emphasized even more strik-
ingly in Figure 5 in which the changes in the pH and
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nitrate-nitrogen contents of the samples of Superstition

~sand have been plotted on the same graph (figure 5).

The above explanation is therefore probably the correct

one, rather than some unaccounted for difference betweeﬁ

the acid and alkaline soils.

The Superstition sand is also an alkaline-cal-

‘careous soil with a pH of 8.77; yet in this soil, because

of certain unknown deficiencies of the nitrifying bac-

teria or possibly because of very small numbers present,
nitrates do not begin to accumulate until after 15 days
of incubation and not to a very large extent until after
28 days of incubation. There is, therefore, plenty of
time for ammonia to accumulate and impart a reaction to
the soil, making it more basic than that of the untreated
samples, as in the case of the acid Clarion silt loanm
Figure (4). Vhen nitrates begin to accumulate in the
Superstition sand, howéver, the pH value immediately be-
comes less and the decrease is most rapid when legumes
are present as in the case of the sesbania-treated sam-
ples, which are also the ones in which nitrates are
formed most rapidly.

In all of the soils the addition of the various
plant materials caused the soluble ni trate-nitrogen con-
tent to be very quickly absorbed as part of the micro-

bial protoplasm. However, in every soil used in the ex-

’
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perimehf the nitrogen was released as nitrates more
quickly in the legume-treated than in the non-legume-
tréated samples, showing, as many other-investigators

have found,(6,32,41,57), that the carbon-nitrogén ratio

of the added organic méteriallcontrols the rate of nit-
rification to a very large degree. However, it is evident
that the rate of nitrification is also influehced by other
factors, as is shown by the fact that the production of
nitrates was always much more rapid in the Gila sandy loam
and the Pima clay loam than in either the Superstition
sand or the Clarion silt loam. For example, in the case
of the sour clover-treated samples it was found that

67.6% and 61.8% of the organic nitrogen added to the Gila
sandy loam and"the Pima clay loam respectively, was con-
verted to nitrates by the end of 133 days, whereas only
36,67 and 38,7% of the organic nitrogen added to the
Supefstition sand and the Clarion silt loam fespectively,
was so converted in the saﬁe périod of time.

The total salt content of the soii solution
increased with the addition of the organic materials
(Tables I-IV and Figures 8vahd-9). This observation is
in sgreement with that of Oberholzer (42), who found that
within 12 hours after the addition of‘oréanic matter, the
calcium content of the soil solution was increased by al-

falfa about 800 p.-p-m. and by hegari about 600 p.p.m.



48

with corresponding increases in the bicarbonate con-
tent. _

The initial increase in total soluble salts ob-
served in the present investigation was apparently due
to the appreciable amount of water-stable substances
present in the organic materials. It will be noted that
in every soil the sour clover alwayé caused the largest

initial increase in the salt content, which should be

expected from the large water-soluble fraction shown in

Table VI. It is also significant that the order of per-
centages of water-soluble material as given in Table VI

is always the same as the order of the initial increasés
in the total soluble salt content.

In this investigation, in all cases the legumes
caused a greater increase in the total soluble salt con-

~ tent of the soil solution than did the non-legumes. (Tables
I-1V) which obviously should be expected from the chem-

icélvanalyses given in Table VI. The decomposition during
the first three days caused a decrease in the total sol-
uble salt content as is shown in Figures 8 and 9.

After this decrease, the non-legumes had little
effect on the total soluble salts during the decomposi-
tion process until toward the end of the incubation pe-
riod when the nitrates began to accumulate. The soils

in which legumes had been incorpofated, however, soon
after the initial drop, showed a marked increase in the
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total soluble salt content. In all cases, (Figures

12, 13, 14, and 15, this incréase correlated very
closely with the production of nitrates, indicating
a very definite relationship between the two quanti-
ties. |

In this connection it is very interesting to note
that the increase in total soluble salts can almost
quantitatively be accounted for by the nitrates formed.
For example, in the Pima soil, the difference in the
total soluble salt content of the untreated sample and
the sour clover-treated sample was 2000 p.p.m. During
this period of time 450 p.p.m. of nitrate-nitrogen
accumulated and this is equivalent to 1925 p.p.m. of
nitric acid. Although it is realized that all the nit-
rates are probably not present as nitric acid, and that,
therefore, the above calculations are somewhat fortui-
tous, nevertheleés, this does seem to indicate relative-
ly that small amounts of water-soluble material other
than nitrates are being formed during the later stages

of decomposition.

Several reactions may be considered responsible for

the decrease in soluble salt content of the soils that

resulted from the decomposition of the organic matter

during the first few days (Tables I-IV) and Figures 8 and

9). Among these may probsbly be iﬁcluded the following:
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(a) Utilization of nitrate by microorganisms.

(b) Precipitation of calcium and magnesium

carbonates as a result of carbon dioxide
production, which could be illustrated by

the following equations:
Ca’+ 20H” + CO0y % CaCOql+ Hy0
g 4 20HT + CO0p T UgCOgd + Hy0

After the minimum value is reached for the total
soluble salt contents, and the amount of solubk salts
begins to incréase, there are several changes which
could possibly occur to account for this increase, such
as:

(a) Formation of large amounts of nitrates that
account in a large measure‘for the observed increaserin
total soluble salts. This process, consisting of nit-
rification of ammonia (probably present in the soil as
ammonium ion), could be represented as follows:

+ . . -+ - .

(b) Liberation of large amounts of carbon dioxide
(durihg‘the decomposition process) which acts on the car-
ﬁonates and soilkzeolites to'prodﬁce more solubke salts.

As far as thé carbonates are concerned, they now dissolve,

whereas during the initial stage they precipitated out.
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These reactions may be illustrated by the following

equations:
—_— +r -
CaCo, + EQ00, % Ca + 2H00g
NeZ + H,0O, — HZ + Nd + HCO3"

In Pigures 10 and 11 it was observed that all of
the plant materials caused a decresase in the percentage
of particles less than 0.05 mm. in diameter, indicating

aggregation of the smaller particles into larger water-

stable aggregates. The aggregation increased with the

time of incubation, although the greatest effect was

produced during the initial decomposition period.

Contrary to expectations, the non-legumes in all
soils tested caused a greater aggregation of the particles
than did the leguminous plants, although the differences
were usually not very great. In general, the influence
of the various materials on agéregation decreased in the

following order: karkton oats, hegari, sesbania, and
sour clover. This agrees essentially with the work of
Chapman (19), who reported that only 10.8% of the soil

"erumbs" from a timothy-treated soil would pass through
a 1/16 inch screen, whereas 56.7% of those from a clover-
treated soil passed through.

The difference in the effect of legumes and non-

legumes on the aggregation of soils has been considered,
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but As_yet no entirely logical explanation has been
found. The chief difference in the composition of
legumes and non-legumes (Table Vi) is the high protein-
nitrogen content of the iegumés.-.This nitrogen was
found to be quickly nitrified to nitric acid, which,
because it tends to bring calcium into solution (42),
would be expected to increase aggregation rather'th&n
decrease it, particularly in alkaline-calcareous soils.
The inherently higher calcium contents of the leguminous
plant materials (Table V1) should also assist in this

process.

The mechanism of soil aggregation in all of its
phases has never been clearly explained. It is knowthat

two types of binding material are usually present in the
soil; namely, the inorganic and the organie colloidal
materials. Peele (43) divides the organic binding forces

into (a) those forces consisting of the lyophobic colloids
formed as part of the residues of the plant materials

added to the soil, and (b) those forces resulting from
the cells of microorganisﬁs and their secretory products.
He found fhat the microbial cells and their products were
often one of the major binding forces in the aggregates

of so0il particles.

Martin and Waksman (33) also decided that the
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bacterial decomposition products were important in
aggregate formation. They concluded however, that the
aggregation effect of the various organic materials
varies not only with the organisms involved in the de-
composition,process, but also with the nature of the
organic material added, which appears to be in agree-
ment with the results obtained in this investigation.
It seems probable, however, that the amount of
aggreéation produced and the kind of aggregates formed
depeﬁds upon the specific organic material originally
~ added to the soil. The type of aggregate and its com-
parative stability is affected by a number of factors,
such as (a) the nature of the binding materials used in
forming thé aggregates, (b) the %ind of microorganisms

present, and (c) the texture and moisture content of the
soil. o

.Inithis investigation it is quite possible that the
interﬁediate decomposition products of the non-leguminous
plant materials resulted in the formation of more stable
aggregates than those produced by the legumes, hence the
- apparent increase in the number of aggregates.

The -apparent anomalies noted during the course of
this investigation are worthy of further study, and sug-
gest that a study of organic matter decomposition under

field conditions is necessary for a complete elucidation

of the problem.
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SUMMARY AND CONCLUSIONS

A study was made under controlled, optimum
conditions of the rate of decoméosition of

some commonly used leguminous and non-leg-
uminous green manures, as well as their in-
fluence upon the physical and chemical pro-
perties of several alkaline-calcareous soils

of Arizona and one acid soil from Iowa. Fof
this purpose the crops used were séébania, sour
clover, hegari, and Markton oats. The Arizona

soils studied were: Gila sandy loam, Pima clay
loam, and Supergtition sand; the acid soil from

Iowa was Clarion silt loam. The effect of these
piant materials upbn the pH value, nitrate nit- |
rogen, total soluble salt contents, and the de-
gree of aggregation was quantitatively: determined.
At the seme temperature and comparable moisture

conditions the rate of decomposition of each of

the materials was most rapid in the acid Clarion

silt loam and least rapid in the alkaline
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Superstition sand. The carbon-nitrogen ratio of
the added organic matter was found to have a pro-

nounced effect upon its rate of decomposition in
the alkaline calcareous soils, whereas the effect
was negligible in the case of the highly organie
acid soil.

The initial decomposition of the leguminous plant
materials was more rapid than that of the non-leg-
uminous materials in the alkaline-calcareous soils
whereas in the acid Clarion silt loam, the rates
were about equal. In the final stages of the de-
composition however; a greater percentage of the
carbon originally added by way of the non-legumes
was oxidized than of that added in the form of leg-
uminous materials. Sour clover was found to be an
exception because of its high content of water sol-
uble constitutents which decomposed very quiclly.
The addition of the organic materials caused a maried

lowering of the pH in each of the alkaline-calcar-

eous soils whereas no immediate effect was observed
in the acid Clarion silt loam. Following the initial
decrease in reaction, the pH value of all of the

samples rose quickly and in the case of the non-
legumes assumed a position close to that of the un-

treated samples. The legume-treated samples : -



5.

56

assumed a pH value higher than that of the
samples treated with hegari and Markton oats

in the Superstition sand and Clarion silt loam
since in these soils nitrification was not

rapid and ammonia was allowed to accumulate.

When nitrates were formed, the reactions of all
of the legume-treated soils became more acid.
Microorganisms bringing about the decomposi tion

of the leguminous plant materials utilized all

of the nitrates initially present in each soil
tested. Upon further decomposition, however, large
quantities of nitrates were formed in each soil,
the amounts being in excess of those originally
present. Nitrates quickly disappeared in all of

the hegari and oats-treated samples and were not
released even in amounts equivalent to those in
the untreated samples for a period of 70 days.
All of the organic materials initially caused an
increase in the water soluble contents of all the
s0il samples. Correlating with the initially

rapid decomposition of the water-soluble fraction
of the organic materials, a rapid decrease in the

‘total soluble salt contents of the samples occurred.

Thereafter, the salt content of the non-legume-

treated samples remained at a value almost equiva-

lent to that of the control.samples. In the legume-
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~-treated samples, howeﬁer, large increases in

the amounts of total soluble salts occurred

as a result of the increases in the nitrate
contents.

The addition of organic materials was found to
decrease fhe percentage of soil particles less than
0.05 mm. in diameter, indicating the formation of
aggregates, The non-legumes caused a greater ag-
gregation of the soil particles than the legumes in
each soll tested. Markton oats caused a greater
degree of aggragation than the hegari; and, of the

leguminous plants, the sesbania was more effective

than the sour clover,
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