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I. INTRODUCTION

Soil organic matter is of primary importence in maintaining high
yields of grain and forage crops. The level of organic matter in our
agronomic soils has been decreasing at an alarming rate since these soils
were put under cultivation. The maintenance of soil organic matter is of
mejor concern to all those associated with agriculture.

The characteristics of soils are such that they contain within their
profiles a vast population of microorgenisms which are capable of decom=
posing tons of plant and animal residues each year. The decay of organic
matter is not harmful, but rather it is beneficial; because the decay of
s0il organic matter liberates nitrogen, phosphorus, sulfur, carbon dioxide,
numerous other elements and compounds that are needed for plant growth.

Under natural soil comditions, an equilibrium exists between the for-
mation of orgenic matter and its decomposition, Cultivation disturbs this
natural equilibrium because less organic matter is usually returned to the
s0il and decomposition processes are speeded up by tillage operations. The
emount of organic matter retained in a soil is an inherited characteristic
of that particular type of soil. Additions of organic and inorganic fer-
tilizers tend to increase crop production, which may or may not increase
the organic matter content of soils, This study is an effort to determine
the type of fertilizer and management practice that will help maintain

organic matter.



II. REVIEW OF LITERATURE

The nitrogenous material of soil is predominantly organic in na=-
ture. The inorganic forms of nitrogen account for only 1 to 3 per cent
of the total soil nitrogen. It has definitely been established that a
considerable portion of the nitrogen in soil organic matter is protein~
aceous in character. Attempts to isolate intact proteins from soil
have not been successfuls A quantitative determination of the products
of soil protein hydrolyzates has been used to o?tiamte proteinaceous
material in soil organic matter. The protein hydrolyzates of soil or-
ganic matter have been divided into the following classes: (A) ammonia
and amide nitrogen, (B) basic (diamino), (C) nonbasic (monamino), (D)
and humin nitrogen. On this basis, it has been estimated that (4)*
one-third of the total nitrogen in a mineral soil and (20) three-fourths
of the total nitrogen in a muck soil is protein.

Bremner and Shaw (8) estimated thet 5 to 10 per cent of the total
nitrogen in an organic and mineral soil was smino-sugarse. Bremner (7)
estimated that less than 10 per cent of the total nitrogen in soil was
in the form of nucleic acid. He regarded this figure as a maximal es=
timate, Dodd et al. (10) found free amino acids in all of the organic
soils they examineds The results obtained suggest that there may be a
seasonal difference in the total number and concentration of free amino
acids. It would be interesting to know if these free amino acids are
actually precursors to soil ammonia or if they are the results of micro-

bial autolysis.

*Figures in parentheses refer to "Literature Cited.™
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The aveilability of organic nitrogen in soil has beem a subject of
mych comcern amd speculatiom, Harper (16) comcluded that there was mo
correlation between soil nitrates and total nitrogem. Johmsom (19) founmd
that cropped soils produced more mnitrates in a 33-day period than a vir-
gin soil which contained a higher percentage of nitrogem. Lathrop (21)
concluded that new proteins were formed, during decomposition of dried
blood, that were resistant to microbial emzyme activity.

It has been shown by Broadbent (9) that the additiom of green plant
residues, high in available energy, accelerated the rate of decay of the
native soil organic matter, Hallam et al, (15) confirmed Broadbent's
results. Allisom (2) believed, however, that the priming action of greem
manure on nmative soil organic matter was of minor agromomic importance.

A% the present time there are two theories which accoumt for the re-
sistance of organic matter to microbial enzymes. Ome is the lignin-pro-
tein or lignim-ammonia theory and the other is the formatiom of a complex
between organic matter amd clay colloids. Waksmam amd Iyer (37) comcluded
that proteins form a complex with lignin and are resistant to rapid decay.
Mattson et al, (23) obtained results which showed that lignim fixed eam-
monia nitrogen into a chemically stable form when it undergoes autoxida-
tiom. They comcluded that such fi:ation ocours in the soil, They showed
that nitrogem fixed in heterocyclic compounds was resistant to hydrolysis
by strong acids, Bremmer (7) foumd that lignim and nitrous acid in com-
tact at room temperature for a few hours resulted in a chemical reaction
in which nitrogen was fixed, amnd only 20 %o 30 per cemt of the nitrogen
fixed could be recovered by prolonged hydrolysis with hydrochloric acid.
The extent of these reactions im soil has not been shown, However, it

is known that a certainm portiom of the soil mitrogen is resistant to



hydrolysis im boiling comcemtrated hydrochlorie acid for 30 hours a® tem-
peratures of over 100° C. (25).

A complex between organic materials and clay colloids has beem shown
(26). X-ray data of Emsminger and Gieseking (11) show that organic mitro-
gen compounds are adsorbed within the expanding lattice structure of momnt-
morillonite clay. They comcluded that proteins were partly adsorbed as
cations. They (12) also foumd that proteins adsorbed by momtmorillomite
type clays were resistant to hydrolysis by emzymes. Kaolinite, a clay
mineral that does not have an expanding lattice and has a low base ex-
change capacity, had no significant effect retarding tha hydrolysis of
proteins by enzymes., Talibudeen (35) pointed out that proteins can be
adsorbed as two momolayers within the interlamellar space of clay min-
erals. The proteins adsorbed by soil colloids were also resistant %o
prolonged hydrolysis of ome-normal HCl.

Pimck and Allisom (28) compared the carboa dioxide produced during
the incubation of a proteim-momtmorillonite complex, a proseim-momtmor-
illonite mixture and a proteim-sand mixture, They found that approxi-
mately 3 per cent of proteim-complex, 18 per cent of the proteinm-mixture
and 64 per cemt of the proteim-sand mixture were desomposed during a tem
day imcubation period. Im a similar experimemt Pimck and Allisom (29)
showed that two momolayers of proteim were le ss resistant to proteolytic
enzymes tham a single memolayer within the interlamellar spsce. They
found that momtmorillomite could adserb 8 per cent of its weight im the
form of proteim and that the adsorbed protein was resistant to emzymatie
hydrolysis. Goring et al, (14) demomstrated that mucleoproteins were
adsorbed between the lattice strusture of clay colloids. The adsorptiom
was linearly related to the catiom exchange capasity of the clay colloids.

It would seem that these data should explain why some of the heavier tex-



tured soils are higher in organic matter tham the lighter textured soils.
Allisom (1) pointed out that saeration im heavy textured soils was ade-
quate for microbial activity and that the type of clay colloid was an
important facter im organic matter retention,

Numerous methods have been used to fractiomate soil organic matter.
One of the earlier and most widely used methods was the extractiom of
organic matter with sodium hydroxide., The followimg mames have been
used for the various fracticons: humin for the frastiom inseluble in al-
kali; humic acid for that fractiom soluble imn alkali but insoluble im
acidy smd fulvic acid for tha® fractiom soluble in both alkeli and acid
(32). Sowden et al. (34) compared the properties of humate fractionms
separated from Group I and Greup II colloids cbtaimed by Tiulin‘’s (36)
method of fractiomation and found that they were very similer in nitre-
gen distributiom and smino acid compositioms Waksman (37) used the prox-
imate amalyses to determine the change of plant constituemts as they were
decomposed, The treatment used for the extraction of each fraction was
considered to have little effect om any of the subsequent fruktiors. This
method presents a genmeral picture of the shanges which ocsur during de-
composition,

Uronie acids im soils have beem estimated by the Lefevre-Tollems ((13)
a3 reviewsd by Fuller et al.) precedure om the assumptiom that omnly uromis
acide are quantitatively decarboxylated whem beiled with 12 per cemt hy-
drochloric acid. Bremmer (6) states that "there is mo direct evidense %o
justify faith im figures obtained by the applicatiom of the Lefewre-Tol-
lens method to soils,™ However, it does give some basis for comparisonm

of the differences between different types of organic matter,



Moodie (24) considers the hypoiodite method a valuable tool in de=
tepting differences in soil organic matter. Hypoiodite is a semi-spe-
cific oxidant which is believed to attack the phenclic-hydrexyl group
of lignin. At the present time this is considered an empirical proce-
dure, However, Moodie did find a difference betwsen en arid and a
podzol soil. The arid soils were characterized by low activity organ-
is metter which decreased with depth, while the podzol soils were chare
acterized by a high activity whioch increased with depth., He conoluded
that lignin in the soils of arid regicms was more completely oxidized
than the lignin of podsol soils because of the higher base status of
the acid scils.

Fractionation of the nitrogen in organic matter has received con-
giderable attention. The percent of the total nitrogen hydrolyzed with
hydroshloric acid depends on the strength, volume and length of hydroly-
zing time, Morrow (25) hydrolyzed an average of 72,19 per sent of the
total nitrogen using 20 per cent hydroshloric asid at a wolume of 2
parts acid to 1 part seil for 48 hours, He studied scil of different
types and foumd that the nitrogen hydrolyzates were very similar,
Jodidi (18) usesd 32 per sent hydroshloris acid %o hydrolyze the soil
nitrogen, He found an average of 7677 per cent of the total nitrogen
was hydrolyzed when refluxed for 15 hours, There was very little core
relation between the amount of nitrogen fractionated and the different
types of organic residues added to the soil. Potter et al. (30) used
22 per cent hydrochloric acid to hydrolysze scil nitrogen, They found
an average of 74.41 per sent of the total nitrogen was hydrolyzed and
sonoluded that there was no difference in the nitrogen fractions under

different treatments of soils of the same type. Waksman at al. (39)



found 22,5 to 33.5 per cent of the total nitrogen in soil was made sol-
uble when it was boiled for 5§ hours in 2 per cent hydrochloric acid.
Bremner (5) found that 69 to 87 per cent of the total nitrogen in soil
was brought into solution when hydrolyzed with 6N hydrochloric acid

for 12 hours. Rendig (31) found that there was a maximum of nitrogen
hydrolyzed in 3N hydrochlorisc acids when autoclaved at 15 pounds pres-
sure for 10 hourss His results showed that the wvarious forms of amide,
basic, nombasis and humin nitrogen were very similar in a virgin for-
est and a virgin prairie soil. A oropped soil contained a higher per-
sentage of nitrogen, that was not extracted by hydrolysis, than an
uncropped scils The nitrogen which was insoluble in hydrochloric acid
was believed to bs in the form of hetersyclic nitrogen compounds (4,
20, 23).

Mattingly (22) studied the effect of acid concentration and time
of hydrolysis on the amount of nitrogea dissolved from sewage sludge
and compostse The changes in the percentage of total nitrogen as ami-
no and amide nitrogen was greatest during the first few weeks of come
posting., The percentage of the insoluble organic nitrogen appeared to
be almost independent, after three months of decomposition, of the in=

itial source of nitrogen used in composting.



III., MATERIAL AND METHODS

The objective of this study was to determine the differences in
soil organic matter content under a livestock and grain type of farm-
ings The soil used in this study was taken from the E5100 experimental
plots from the agronomy farm west cf S8tillwater, Oklahomas

In 1916 the 5100 series were divided into plots 17.5 feet by 248.9
feet (0.1 acre) plots with a 7 foot alley betwsen them. From 1916 to
1928, inclusive, the plots received regular designated rates of ferti-
lizer. Beginning in 1929 the plots received no fertilizer until 1948,
In the fall of 1948 the series were split into two parts, namely E 5100
and W 5100, making each plot 0,05 acre in size., Beginning in the fall
of 1948 to the present time, the following treatments were used: Manure
was applied at the rate of 5 tons per acre prior to the planting of cats.
Rock phosphate was applied at the rate of 500 pounds per acre prior to
the planting of ocats. Gypsum was applied at the rate of 150 pounds per
acre prior to the planting of ocats. OSuperphosphate was applied at the
rate of 150 pounds per acre at the planting of oats and cotton, Potas-
sium chloride was applied at the rate of 100 pounds per acre at the
planting of oats and cotton, Lime was applied at the rate of 2 tons
per acre, but has not been applied regularly as there were signs of
minor element deficiency and toxicity due to the increase in pHe Nitro-
gen was supplied as ammonium nitrate at the rate of 100 pounds per acre
as a top dressing on cats, Residues from the crop grown were turned un-
der. Beginning in 1948 the following crop rotation has been growns

cotton, oats, sweet clover and darsoc.



The E 5100 series are located on a soil classified as Kirklandl
silt loam with slopes of 0=2 per cent. The plot treatments were not
randomized when the experimental plan was inaugurated. There is a
slope gradient across the entire series of plots, which is a definite
handicap in interpreting a non-randomized experiment,

The 2100 series are located on a trnnéitionnl soil zone of Norge
end Bethany silt loam; with slopes of 0=3 per samt. A rotation of 4
years of alfalfa and 8 years of wheat has been grown on these plots.
Mapure was applied at the rate of 8 tons per acre prior to seeding the
land to alfalfa. Roock phosphate was applied at the rate of 1600 pounds
per zore with the manure prior to seeding the land to alfalfa, Super-
phosphats was broadcast at the rate of 100 pounds per sore each year
the land was in alfalfa, No fertilizer was applied on the wheat.

The soil samples were taken in August, 1954, at three depths, 0=6,
6=12 and 12-=18 inches., Each sample was a composite of ten locations
tgken in the center of the field plotse The soil samples were taken
to the laboratory, air dried, processed and stored in glass jars. The
soil was diluted 2,5 times with distilled water. The pH determinations
were made after stirring the sclutions twice during a 30-minute period,
Base Exchange capacity was determined essentially by the method of Peech
et al. (27). The exshangeable bases in the leachate were determined with
e Beckman Quartz Flame Spestrophotometer model D U with an accessory pho-

tomultiplier, The following wavelengths were used with each respective

1Peraona1 communication or unpublished data supplied by E. M.
Galloways



ion: 424 millimicron calecium, 774 millimicron potassium, 371 millimi-
oron magnesium, 591.9 millimieron sodium. Corrections were made for
the interference of calcium on magnesium and magnesium on sodium, Ore
ganic carbon determinations were made by using a modification of the
wet combustion procedure by Schollenmberger (33). Acid soluble phos=
phorus was determined essentially by the method of Harper (17).

Determination of organic-and ammonia-nitrogen was made by the
conventional Kjeldahl method, Acid soluble nitrogen (31) was deter-
mined by placing 100 grams of soil in a 280 ml., Erlemmyer flask and
adding 80 ml, of 3N HCl. Each flask was stoppered with a glass wool
plug to help prevent contamination and autoclaved for 10 hours at 15
pounds pressure., The residue was filtered on a Buchner funnel and
washed with 200 ml. of 1N HCls The nitrogen hydrolyzed in the file
trate was determined by the Kjeldahl methods The ammonia formed was
distilled into boric acid and titrated with sulfuric acid,

Mechanical analysis was determined essentially by the method of
Bouyoucos (3).

Duplicate .mlysos were made on all determinations with the ex=

ception of mechanical analysis.



IV, RESULTS AND DISCUSSION

The E 5100 plot treatments represented three types of soil manage-
ment practices viz. a livestock, grain or cash crop and en inorganic
fertilizer systems Plots 2=7 represent a livestock system, plots 8-13
roéresent a grain system and plots 1l4=-19 represent an inorganic fer-
tiliger system, Plots 20-28 have various combinations of orgenic and
incrganic fertilizerss It was hoped that a fertilizer treatment could
be found that would return the highest ylelds in both grain and forage
subject to climatic and edaphic limitations.

The E 5100 plots are on a slope of approximately 1 to 2 per cent,
and the slope gradient is from plot 2 to plot 28, The yields of the
checks show the results of sheet erosion on this slowly permeable clay-
pen soil with slopes of 1 to 2 per sent. In general the crop yields were
increased considerably on those plots that reseived the eroded soil and
organic matter from plots farther up the slopes Yields of plots 2=7 show
that some erosion has taken place. Plot number 6, whish received 5 tons
of manure, 150 pounds of superphosphate and 2 tons of lime per acre,
yielded only 150 pounds per acrs more forage and grain tham check plot
number 7 during a five-year pericd. The ylelds that are asscsiated with
the treatments may not give a walid pisture of the rslations that would
exist under different circumstances as shown in Table I.

Generally the plots that ressived phosphate, either in the form of
rock phosphate or superphosphate, gave higher yields than the plots that
received no phosphate as shown in Tables I and II. Plots that received

rock phosphate were higher in acid scluble phosphorus than those plots
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TABIE 1

PIOT E 5100

12

TOTAL FORAGE AND GRAIN PRODUCED BY ALL CROPS FROM 1949-1954

Plot No.

Yield lbs./acre

Treatment
2 Vanure 7,920
3 Mayupe, lime 9,077
4 Check o : 7,528
5 Manure, Lime, Rock Phosphete 9,987
8. Manurs, Lime, Superphosphate 10,282
7 Check 10,092
8 Resgidue 8,451
9 Residue, Lime 8,464
10 Check _ : 9,100
11 Residus, Lime, Rock Phosphate 10,009
12 Residus, Lime, Supsrphosphabs 10,3056
13 Check - - _7,881
14 Nitrogen 9,012
15 Nitrogen, Lime 10,660
16 Chesk | 9,492
i7 Nitrogen, lLime, Rock Phosphats 12,125
18 Nitrogen, Lime, Supsrphosphate 12,268
19 Check 8,607
20 Nitrogen, lime, Potassium _ 10,149
21 Nitrogen, lime, Potassium, Rock Phosphate 13,320
22 Check 9,75%
23 Lime 11, 500
24 Gypsum 8,305
25 Check 11,641
26 Manures, Gypsum IZ,0 16
a7 Manure, Gypsum, Rock Phosphabs 13,378
28 Check 11,722




TABIE II

PIOT E 5100
YIEID IN POUNDS PER ACRE 1949-1954

Plot No. COttonl Oataz Sweet Clover Darso
lint & sesd grain straw hay seed stalks grain forage

2 M 964 345 455 480 813 3100
3ML 968 430 610 700 920 3440
4 Ck 944 335 465 280 880 2880
5M L RP 1112 562 706 1020 867 3440
6 M L SP 1081 582 633 1160 1240 3280
7 Ck 1096 626 654 960 960 3420
8 Res 979 387 393 168 832 973 2960
9 Res L 908 396 424 292 948 987 2780
10 Ck 860 346 594 264 996 1240 3000
11 Res L RP 1071 498 492 424 1476 1147 2840
12 Res L SP 972 405 515 616 1544 1160 3200
13 Ck 880 404 386 238 422 1200 2680
14 N 886 481 519 282 958 1520 2680
15N L 954 563 717 496 1384 1173 3140
16 Ck 914 444 491 436 1184 1173 3000
17 N L RP 992 788 992 720 1920 1040 2900
18 N L SP 894 771 909 792 2223 1200 2800
19 Ck 807 336 404 422 1118 1213 2760
20 N LK 838 569 601 532 1268 1253 3080
21N L K RP 1014 727 903 812 2728 1533 2960
22 Ck 946 394 386 606 1394 1400 2900
23 L 1070 461 489 720 1840 1640 3260
24 G 1174 505 435 540 1480 1720 3380
25 Ck 1214 622 598 548 1452 1733 3040
26 M G 1205 713 747 648 1212 1640 3180
27 M G RP 1205 793 937 790 2030 1707 2980
28 Ck 984 783 927 350 1250 1627 3080
%Awerage of 1949 and 1953 yields

Average of 1950 and 1954 yields
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that received superphosphate. The plots that did not receive phosphorus
fertilizers conteined more acid soluble phosphorus in the 12-18 inch
layer than in the 0=6 or 6=12 inch depth as shown in Table III.

Plots that received ammonium nitrate produced slightly higher orop
yields than plots that received either residues or manure. There was no
appreciable difference in the crop yield of plots receiving manure or
residues as shown in Table II., The plots that received mamure and nitro-
gen fertilizers were slightly higher in total nitrogen (0-=18 inches) than
plots reseiving residues. There was no apparent relation between total
nitrogen and crop yields.

There was a slight difference in the organic matter content of plots
receiving manure, residues and nitrogen. The plots receiving manure and
nitrogen were higher in organic matter than the plots that received resi-
dues as shown in Table III. The organic matter content was lower in the
12-18 inch depth than in the other levels studied, with the exception of
the last three plots. The surface soil of plots 26, 27 and 28 are com=
posed, at least to some extent, of soll material eroded from the other
plots up the slope.

There was no relation between quantity of nitrogen hydrolyzed in 3N
HC1 and total nitrogen in the soil, and there was no relation between
acid soluble nitrogen and crop yield as shown in Table III., There was a
considerable difference bstwesn the percent nitrogen hydrolyzed at dif=-
ferent depths. Less nitrogen was hydrolyszed at deeper soil depths, which
may be directly related to the percentage of clay and base exchange capa-

Bitya
Wilkerson and Gray (40) estimated that 35 per sent of the clay frac-

tion, in the B horizon of a Kirkland soil, was montmorillonite and 26 per



TABLE III PLOT E 5100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P.
inches Nl/ ﬂg/ % % % % Exch.§/ me.é/ me.g/ me.g/ me.g/ ppm.i/

2 M 6 76.8 53.4 24 81 28 2,06 12.1 594 .300 3.64 .80 4.6
12 69.9  44.8 26 89 38 1.97 368 988 .48 T3T 1.00 2.5
18 64.1 40.0 24 35 41 I 275 12.80 99T 1.9 1.l6 8.6

5/ 211.8  46.2
3ML 6 68.0 60.7 36 45 19 1.99 11.0 6.50 .320 3.72 Bl 4.3
12 .8 a7 a7 48 38 .48 2¢8 1Y Als 680 1.1 4.6
18 2.4 23 24 88 48 LS 3l nvas AT et 1,20 8.3

206.2 47.7
4 Ck 6 65.1 58.7 36 4% 19 31.70 16 £33 274 S.4D 68 2.5
12 ™8 439 2% 38 36 2.61 28.3 10.25 .390 6.95 1.18 5.4
18 57.4 40.5 24 9% & 144885 MOh A0 8l 1.3 9.5

196.3  46.9
SMLRP 6 68.0 64.4 36 48 19 1,04 1A1 T8 .807 348 .88  58.0
12 75.8  43.6 26 38 39 1.8 308 1138 466 T7.39 140 5.5
18 28 4 22 339 45 158 29 1% BT T La3T 8.0

206.1 49.7
6MLSP 6 T3 581 81 A2 ‘9 195 126 800 .39 3.8 .84 8.6
12 709 AN | 9T 8T 3% 281 216 1088 .405 6,85 .98 5.5
18 62.2 43.0 25 34 41 1.69 288 12,52 .410 8.08 1.18 1.2

215.6  46.8
7 CK 6 79.8 52.9 33 46 21 1.97 12.8 7.88 .313 3.74 .85 4.6
12 74.8 43.5 28 30 38 1.19 243 9.1 .46 S5 T7 .94 5.4
18 64,1 4.2 28 4 4 1.8 2T 1n.a 58 e 1.14 1.3

218,7  46.3

oo o
@ O

oo
-~ Wb

o oo oo
CO s =

=10 WO

oo o
TN

oo
=] W M

CT

1/ Milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts per million. 5/ Milligrams per 300 grams.



~ TABLE III Continued PLOT E 5100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand S$ilt Clay ©O.M.  Base Ca. K. Mg. Na. P.

inches -Hl/ o NQ/ % % % | % Exchaéj me.q, Me.q/ Me.q me¢§/_ PPMm. 4/
8 Res 6 70.0 55.4 38 43 19 1.72 9.7 6.69 .313 3.48 .68 3.2 5.9
12 71.9 43.4 28 35 37 1.79 22.6 10.25 .405 7.15 1.21 5.2 6.3
18 58.3 43.7 34 35 51 1.40 27.1 11.39 .320 6.54 1.12 10.4 6.7
5/ 200.2  47.7 : _
9 Res L 6 70.9 53.0 34 43 23 1.83 12.9 7.38 .390 3.71 .78 4.0 6,2
12 70.0 43.3 26 35 39 1.81 24.7 11.88 .422 7.87 1.42 55 6.2
18 57.4 40.8 26 - 31 43 1.29 27.3 11.62 .326 6.64 1.16 8.8 6.8
198.3 46.0
10 Ck 6 69.0 53.7 36 41 23 1.66 12.6 7.12 .294 3.68 77 3.0 6.1
12 67.0 43.9 26 33 41 1.63 25.2 11.75 .454 7.70 1.46 6.5 6.3
18 55.4 41.2 26 31 43 1.26 27.1 11.87 .320 6.45 1.37 9.4 6.8
191.4 46.6
11 Res L RP ’
6 72.8 52.2 36 43 21 1.89 13.8 8.00 .326 3.48 .80 24.1 6.2
12 71.9 42,6 27 34 39 1.69 25.8 11.75 .429 7.42 .98 8.0 6.4
18 58.3 41.6 26 31 43 1.57 26.6 12.00 .326 6.54 1.25 10.7 6.7
203.0 45,7
12 Res L SP ,
6 72.8 52.5 36 41 23 1.87 12.6 7.75 .326 3.44 .83 8.2 6.2
12 70.0 48.3 26 33 41 1.63 24.7 12.00 .396 7.68 1.26 6.6 6.4
18 54.4 39.5 27 32 41 1.33 26.7 11.75 .370 6.16 1.08 10.1 6.8
197.2 47.4
13 Ck 6 70.0 51.4 36 43 21 1.86 14.3 7.06 .274 3.44 .86 3.8 6.0
12 70.9 43.7 27 32 41 2.14 25.9 11.38 .429 7.20 1.26 7.4 6.4
18 594.4 42.1 27 32 41 1.39 26.8 11.50 .37 6.32 1.33 9.7 6.8
195.3 46,0

1/ Milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts pér-million. 5/ Milligrams per 300 grams.
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TABLE III Continued PLOT E 5100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P.

inches NA/ Ng/ % % % % Excha3/ meﬁg/ me,§/ me'é/ me. o/ ppm,é/
14 N 6 73.8 54.2 36 41 23 1.94 16.1 6.87 .321 3.50 .13 3.0 5.8
12 71.9 44.4 26 34 40 1.80 27.1 10.75 .435 6.84 1.16 6.0 6.2
18 54.4 41.6 26 31 43 1.62 27.6 11.87 .359 6.78 1.32 10.0 6.6

5/ 210.1 45.0
I5NL 6

75.8 53,0 30 47 23 2,00 13.6 8,37 .313 3.78 .73 4.5
12 T71.2 455 23 32 45 1.72  27.7 12,95 .448 7.40 1.08 6.5
18 _56.4 41.5 22 32 46 1.35 27.7 12.00 .370 6.96 1.21 9.5
213.4 45,0
16 Ck 6 75.8 51.2 33 4 23 2,21 14.6 7.00 .300 3.64 .73 3.5
. 12 75.8 49.3 22 32 46 1.61 28.3 12.00 .588 8.07 1.25 4.1
18 _67.0 42.5 . 23 31 46 1.56 30.1 12.20 .384 7.45 1.21 10.0
218.6  47.9
17N L RP 6. 78.7 52.0 32 4 24 1.85 13,3 7.62 .336 3.66 .77 30.5
12 70.9 44.4 26 32 42  1.69 25.4 11.78 .403 6.60 1.10 3.7
18 _62.3 38.6 26 29 45 1,48 25.9 11.75 .397 7.14 1.42 9.7
211.9  45.5
18 N L SP 6 70.9 54.7 34 45 21 1.74 13.0 7.25 .837 3.28 .86 10.8
12 69.9 43.2 26 35 39 1.70 23.5 11.37 .435 5.80 1.32 5.1
18 _64.1 39.9 20 33 48 1.46 29,2 12,40 .397 T7.60 1.68 11.8
214.9 44,0 |
19 Ck 6 71.0 50.8 33 42 25 1.76 17.3 5.38 .352 3.62 .83 3.2
12 68.5 43.5 _ 24 30 46 1.79 26.6 12.70 .492 8.15 1.68 8.0
18 _59.3 39.0 24 30 46 1.24 29,4 12,20 .397 8.00 1.84 11.1
196.6  44.8
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1/ milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts per million. 5/ Milligrams per 300 grams. :
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TABLE III Continued PLOT E 5100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. .
inches N N, % Exch. me . me. me. me . m.
T P o) Wmy Moy Mgy Wrpy PRy
20N L K 6 69.0 53.9 35 43 22 1.72 13.5 6.88 .35 3.50 .84 6.2
12 68.0 44.4 23 33 44 1.50 26.9 11.76 .422 B8.19 84 6.5
6.9

10
18 . 603 4.1 28 1 4 L4T 22 12,40 .390 T80 1.7
5/ 197.3  46.7

@

21 NL KRP 6 68.0 56.4 39 40 21 1.47 12.1 7.62 .312 3.12 .63
12 71.9 44.6 29 30 41 1.70 25.4 11.00 .423 7.50 1.40
18 63.1 40.0 27 31 42 1.42 26.6 11.11 .346 6.78 1.37

213.0 44.9
22 CK 6 66.1 57.7 41 40 19 1.73 12.2 6.50 .287 2.96 .69
12 74.8 46.6 31 37 32 1.94 20.3 9.50 .326 5.60 1.18
18 66.0 39.9 25 30 45 1.65 28.9 11.62 .264 7.36 1.57

216.9 45.8
23 L 6 67.2 58.8 36 45 19 1.67 11.5 6.88 .295 2.82 .62
12 84.5 44.7 32 34 34 2.02 24.8 10.12 .448 6.10 .94
18 63.2 41.8 25 33 42 1.58 28.2 11.62 .364 6.96 1.04

214.9 48.3
24 G 6 70.0 59.5 36 45 19 1.69 11.7 6.88 .274 2.60 .62
12 85.0 50.1 31 42 27 2.32 25.8 7.98 .384 4.28 .73
18 0.9 42,2 28 31 41 1.46 26.7 11.62 .371 6.00 .52

225.9 50.9
25 CK 6 66.1 59.8 37 43 20 1.77 10.8 5.7 .268 2.62 .62
12 82.6 53.1 35 41 24 2.18 16.5 7.74 .240 2.98 .21
18 75.8 46.2 27 37 36 1.69 22.8 9.62 .314 4.79 .52

224.5 52.7
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1/ Milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts per million. 5/ Milligrams per 300 grams.
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TABLE III Continued PLOT E 5100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P,
Inches N N Exch. me . me, me . me . m.
: b iy T R S ST ey My MR Mg Mgy Wy,
26 MG 6 74.8 56.6 38 41 21 1.84 113 6.15 268 2.72 .63 4.7 5.7
12 84.5 53.8 34 41 25 2.08 12.0 T.80 3260 2.90 .54 4.0 5.5
18 74.8 47.7 28 37 35 2.19 21.1 9.75 282, 4.2 .48 4.3 6.0
5/ 234.1 52.8
27 M G RP 6 5.8 60.9 34 47 19 1.75 130T 7.50. .338 2.48 " .62 35 5.7
12 83.6 83.7 32 45 23 2.01 14.8 87 246 2.89 .46 6.5 5.7
18 80.6 47.4 32 39 29 2.19 16.7 9.06 s222 3,20 JR2 T2 6.0
240.0 53.9
28 CK 6 70.9 59.6 32 48 20 1.93 10.9 558 281 2.54 .58 6.1 5.6
i 7.7 55.6 32 47 21 2.16 14.4 T-10 246 2.45 .41 2.8 5.5
18 90.4 92.1 31 41 28 2.18 16.3 7.44 160 3.04 .33 4.6 5.9
239.0 85.5

1/ Milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts per million. 5/ Milligrams per 300 grams.
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cent was illite. From the work of Ensminger and Gieseking (11,12),
Talibudeen (35), Allison (1) and numerous other workers, it may be
concluded that the reason for the desrease in nitrogen hydrolyzed at
lower depths was due to the protective action of montmorillonitic

clays on protein, Moodie (24) has shown that soils in arid regions
have organic matter that is more completely oxidized in the B hori-
sons then in the A horizons. This interpretation may explain the
differences in the type of organis matter at the lower depths.

Mattson (23) has shown that the oxidized lignin could fix labile nitro~
gen into compounds which were resistant to hydrolysis in acid. The ex=-
tent and mechanism of the reaction between organic matter and clay
minerals or the fixation of nitrogen by lignim in soils is not kmown
at the present time, It is possible that both reactions were respon-
siple for the resistance of soil nitrogen to acid hydrolysis as shown
in Table III.

Plots receiving lime were slightly higher in exchangeable calcium
and crop yields than those plots that recsived no lime, There was lite-
tle difference in exchangeable calcium in the 6-12 and 12-18 inch
depth, There was more exchangeabls potassium at the 6-12 insh depth
than the cther depthse Also there was slightly more exchangeable potas=-
sium in the 12-18 than in the 0-6 insh depth as shown in Table III.

The Kirklend soil is high in exchangeable magnesium as shown in
Table III, The amount of exchangeable magnesium was greatest in the
6-12 and 12-18 inch depth., Generally the exchangeable sodium was grest-
est at the 12-18 inch depth. The soil pH inecreased with depth, There
was no appreciable difference in the pH betwsen the plots with the ex-
ception of plets 25, 26, 27 and 28, These plots were more acid at all

three depths than the other plots as shown in Table III.



TABLE IV

proT 2200 |
"AVERAGE OF 18 YEARS 1936-1954

‘ROTATION OF 4 YEARS ALFALFA, 8 YEARS WHEAT

21

Alfalfe

'Plot oo Treatment Wheat ‘

grein straw hay
Bu./acre Lo./acre Ibo/acre

1 ck 849 786 508

2 ut 12,86 1305 1495

3 w.RP 1603 1810 1869

4 Ck 10,8 1084 804

5 M 13,0 1277 1367

6 ¥ sp° 19,5 2043 1646

lmanure applied at ths rate of 8 toms per sere in the prepara&ion

of the lamd for alfalfm,

manure in the preparation of the land for alfalfwo

SSuperph@Bphat@ appli@d a4t the rate of 100 pounds per acre with
manure in the preparation of the land for alfalfa and 100 pounds
per eacre brosdcast anmually early inm the spring for the other

3 years the lsnd is in alfalfw.

2R.oek phosphate applied at the rate of 1600 pounds per acrs with



TABLE V PLOT 2100 CHEMICAL ANALYSIS

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P pH
Inches N.l/ N_?_/ % % % % Exch.y me.a/ me_a/ me.aj me.§/ ppm.y

1 Ck 0 87.4 54.8 44 88 91 1.7 fo.2 6.8 .38 2.7 .8 4.9 5.5
12 0208, AT . 84 3% 3% 1.82 21,9 900 .80 4052 . .5 @0 6.9
18 0.2 4.1 35 ar a8 118 %4 9.5 22 580 AT 4.8 6.3

5/ 230.2 48.7
2 M 6 gy s an 3¢ 19 2,04 106 6,00 432 248 .47 8.5 5.2
12 M2 4.7 39 32 99 293 188 8.9 813 4196 .82 85 5.7
18 598 411 41 20 89 1:68 2.5 9.7 285 5.08 .48 8.7 6.2

257.4 48,0
3 M RP 6 89.4 57.1 43 86 2L 2,88 11,2 6B 586  2imdy. 52, 388,7T. 5.5
12 6r4 51.4 37 26" @1 ' 1,98 g0ia 8.6 968 4687 .51 B4 6.1
18 8.0 481 38 85 89 1.82 288 9.81 .20 S .40 T4 &4

244.8  52.2
4 Ck 6 8l.6 57.6 43 8 2 1.9 107 535 399 246" .54 2.8 5.4
12 864 B4 40 21 @ 1,87 186 908 204 BNSY 46 2.8 5.9
18 651 416 3% 256. @9 1.48 28,8 10,60 .9837 4,9 .48 4.0 6.2

233,1 52.5
5M 6 89.4 617 48 @ 28 1.9 06 ¢ ade 80 84 4T 5.8
12 83.9 52.6 33 38 20 1,95 16,5 8,12 .90 8.%6" .46.. 2.9, 6.0
18 _69.0 45.4 25 g6 99 1,51 91.8 9.87 .280 440 .40/ 3.8 6.7

242,38  53.9
6 M SP 65 93.83 5.0 4 8 24 2,00 114 605 249 2.9 .880.29.9 5.4
12 92.3 50.9 34 85 31 1.99 jo.T 9.50 .284 SidA- 417+ 90 6.0
18 _66.0 48.4 34 47 39 140 21,2 1040 245 408 .41 - 3.2 6.1

251.6  52.5

1/ Milligrams per 100 grams. 2/ Per cent of total nitrogen. 3/ Milliequivalents per 100 grams.
4/ Parts per million. 5/ Milligrams per 300 grams.
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On the 2100 plots manure increased the average yield of wheat
approximetely 3 bushels per acre as shown in Table IV, Manure and
rosk phosphate increased the yields approximately 3 bushels per acre
Qver manure alone. Manure and superphosphate increased the yields
approximately 3 bushels per asre over manure and rock phosphate. The
application of manure and ek phosphate resulted in over 0.5 tons per
gore more alfalfa than the checks., Alfalfa gave a better response to
rock phosphate thanto superphosphate.

There was a large amount of aoid soluble phesphorus in the plots
receiving rosk phosphate as shown in Table Ve, This increase was noted
sven at the 12-18 insch depth, The plot that received superphosphate
was also higher in acid soluble phosphorus than the plots that re=
seived no phosphorusg howsver, the 6-12 and 12-18 inch depths showed
no increase in acid soluble phosphorus,

Plots receiving mamurs were appresisbly higher in total nitrogen
than the shecks, although there was no direct relationship between te=
tal nitrogen and the crcp ylelds., There was no apparent correlation
between acid scluble nitrogen and'botml nitrogen and crop yields as
ghown in Table IV, Acid scluble nitrogen desreased with d epth; this
was probably inversely related to the percentage of clay and base-sx=
shange capacity, There was a slight inorease in the organic matter
content on thoss plots whish received manurss howsver, the organic
matter content decreased with increass in depth.

The exchangeable salcium and magnesium increased with increase
in depth as shown in Table V, The exshangseble potassium was greategt
in the 0=6 inch depth and desreased with amn increase in depth, Ex=

changeable sodium decreased with increase in depth. The top 6 inches



24

of 801l were moderately acid on all the plotse The pH was highest ab
the 12-18 inch depth.

There was a slight differencs in the acid soluble nitrogen bee
twsen the transitional Bethany-Norgs soil and Kirklend silt loams The
3100 plots contained &n everage of approximately l.l per esnt more
geid soluble nitrogen in the 0=6 insh depth, 3.0 per cent in the 6-12
inch depth and 2.7 psr cent in the 12-18 inch depth than the 5100
él@tsq There was ne appreciable differencs in the organic matter cone
+ent in the profile in the two soils, but there was a copsidersble
difference in the percentage of @i&y, especially at the 6=12 inch

dep‘tho



V. SUMMARY AND CONCLUSIONS

A study of soll organic matter maintenance under different manage-
ment practices was made. The management practices studied included a
Iivestock, grain or cash crop, and an inorganie fertilizer system on a
Kirklend silt loam, The plots were not randomized which is a disadvan-
tage in the evaluation of field studiess The data show that sheet erc-
sion was probably taking plase on the Kirkland soil, which raised the
yields of the check plots and saused the treatments to be biased.

The plots on the Kirkland silt loam that received ammonium nitrate
and manure were slightly higher in organic matter and nitrogen thamn
plots receiving residues, An average of 55.8, 47.2, and 42.0 per cemnt
of the total nitrogen was hydroliged in 3N HCl at the respectiwve depths
0=6, 6-12 and 12-18 inches. The percentage of nitrogem hydrolyzed was
independent of the treatments and crop yleldse The percemtage of nitro-
gen hydrolyzed was related to either a different type of organic matter
or per cent of clay mimerals cccuring im the soil profile, Both of
these factors were probably acting together,

The Kirkland soll gave e respomgs to phosphate fertiligers. There
was a residual effect of limestome as shown by the slight increase in
exchangeable salcium and orop ylelds, The amownt of exchangeable mage
nesium was high in the Kirkland soil, There was no mnoticeable crop re-
spomge from the application of potassium or gypsum.

The Bethany-Norge somposite, which was a rotation study of wheat
and alfalfa, showsd a orop respomse to mamure and phosphate fertilizer

treatments, Wheat gave a greater response to superphosphate than to

26



rock phosphate, while alfalfa resp@ﬁded better to rock phosphete than to
:superphosphate. Manure end superphosphate increased the wheat yields |
approximately 10 bushels per acre over the checks. The applieations of
manure increased the orgenic matter and mitrogen content in the soil
profile, There was no relation between acid soluble nitrogen and soil
tfeatments or orop yields, The percentage of mcid scluble nitrogen de=
creased with an insrease in depth, 56.9, 50.Z and 45,3 psr cent of the
total nitrogen was hydrolyzed in the 0=6, 612 and 12-18 inch depths..
The decrease in acid soluble nitroger at the lower depths was probebly
related to a difference im the type of organic matter and am increase

in clay contente
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