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I. INTRODUCTION 

Soil organic matter i, of primary importanoe in maintainl.ng high 

yieilds of grain and_ forage orops.. The level of organio ma._tt·er in our 

agrpnomio soils ha.a .been d,oreasing a.t. an alarming. rate since these soils 

were put under oultivation. The maintenance of soil organic matter is of 

majqr oonoern to all those associated with agrioulture. 

The characteristics of soils are suoh that they oontain within their 

profiles a vast population ot microorganisms which are capable of decom­

posi~g tons of plant and ~l residues ea.oh year. The decay of organic 

matter is not harmful, but rather it is benetioial; because the decay ot 

soii organio matter liberates nitrogen, phosphoru,, sulfur, carbon dioxide, 

numerous other elements an4 compounds that are ne,ded for plant growth. 

Under na:\ural soil ooaditions, an equilibrium exists between the for-. ' 

m&.tion of organic matter ai:i.d its decomposition. Cultivation disturbs this 

na1aural equilibrium beoaus, less organic matter is usual~ returned to the 
r 

soil and decomposition proQes..ses are speeded up by tillage operations. The 

amount of organic matter r~tained in a soil is an inherited characteristic 

of 1lia:t particular type of soil. _Additions ot orfanic and inorganic fer-
·, 

tilizers tend to increase crop produotion, 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 th-.t will help maintain 

org$Dic matter. 

1 



II. REVIft 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 -e-stablished that a 

considerable portion of the nitrogen in soil organic matter is protein,-

aaeous in character. Attempts to isolate intact proteins from soil 

have not been successful. A quantitative determination of the products 

of soi l protein hydrolyzates has been used to estiamte proteinaceous 

material in soil organic matter. The protein hydrolyzates of soil or-

ganic matter have been divided into the following classes: (A) ammonia 

and emide nitrogen, (B) basic (diemino), (C) nonbasic (~onemino), (D) 
I 

and hum.in 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 that 5 to 10 per cent of the total 

nitrogen in an organic and mineral soil was aminQcasugars. 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 JD.aximal es-

timate. Dodd et al. (10) found free amino acids in all of the organic 

soils they examined. 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."1 
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The &vailabili'fy of organic nitroge• iD soil has beet a subject of 

mqoh ooncera md speculatioa. Harper ( 16) ooaoluded \h:a.-.··-th:ere was ».o 

correlatioa between soil nitra,es a.n.d total nitroge•• Johnson (19) found 

tl\8,t cropped soils produced more nitrates in a 33-day period than a vir­

g:li• soil which contained a higher percentage of n1 trogea. Lathrop ( 21) 

oQncluded \hat new protei•s were formed, during deoompositio». of dried 

blood, that were resistant to microbial enzyme activity. 

It has been shon. by Broadbent (9) tha\ the additio• of greem plallt 

residues, hi.gh h __available .ener__gy, -ac.oeler-ated the rate of decay of the 

~tive soil orgallio matter. Hallan et alo (15) confi~ -Broadbent1s 
r~sults. illiso• (a) believed, however, that the priming· e:otion of gree• 

~ure oa :u:si ve soil organic matter was of mi:aor agro•omic impor,anoe. 

"-" the present time there are 'SllO theories which acco-uat for the re-

s\stanoe of organic matter 'SO microbial en~ymes. One is the lig:ai...,.pro­

-tei• or lig:ai:aaammonia theory and the other is \he formatio• or- a complex 

b~t1ft,ea organic matter ud clay colloids. Wak:SJDall u.d Iyer (37) oo•cluded 

that proteins form a complex w1 th liglli• aad are resis'\u:\ to rapid decay. 

lfa;t'\soa et al. (23) obtai•ed results which showed 'that li,gni• fixed am-

monia nitroge• into a chemically stable form when it u•dergoes, autoxida­
r 

'\ion. They concluded that such fixatioa occurs in the soilo They showed 

\hat nitroge• fixed in heterooyolio oompou».ds was resistllllt to hydrolysis 

by stro•g acids. Brenm.er ( 7) foUlld that __ ligni• and nitrous acid ill co:a-

tact at room 'iemperature for a_ few hours resulted in e. ohemioal ree.otio:a 

i:n which nitroge• was .fixed, od only 20 to 30 per ceDt of the Jdtrogea 

fixed could be recovered by prolonged hydrolysis with hydrochloric acid. 

is klloWJl that e. certain por~ion of the soil :ai~rogen is resista.».t to 
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hydrolysis ia boiling coaoentrated hydrochloric acid for 30 hours at tem-­

p~ra"1res or over 10'0° c. (25). 

A! complex betwee:a organic materials ud clay colloids has bee• shoWJ1 

(l6). X-ray da:sa or Ensminger and Gieseking (11) show that, organic nitro­

gen compounds are adsorbed wi thi• the expalldi:ng la'ttice str-qc-ture or mo:at­

mqrilloni te clay. They coaoluded that protei:as were p~ly adsorbed as 

c~tions. They (12) also fouad that proteins adsorbed by montm.orilloll.ite 

type clays were r esistant to hydrolysis by e:azymes. KaoliJl.ite, a clay 

miaeral that does not have an expalldi:ag lattice aJl.d has a low base ex~ 

chuge capacity, had no sigllificant effect retarding the hydrolysis of 

p~oteins by enzymes. Talibudeen (35) pointed out that proteias can be 

aqsorbed as two monolayers within .the i:m,ilerlaJnellar spao_e of . olay miJtc> 

erals. The prot eias adsorbed by soil colloids were also resistant to 

p~olo:nged hydrolysis of oae-normal HCl. 

Piaok aad. Alliso• (28) compared the oarboa dioxide produced during 

the i:ncuba~io:a or a proteia-moatmorillonite complex, a protei:a-montm.or­

illo:aite mixture and e. protei:a-ssud mix-sureo They f'ou:ad that approxi;.. 

mately 3 per oeat of protei ... oomplex, 18 per oea,_. or the pN~eia-:mirlure 

~d 64 per oe:a1i of the proteia-saad Jldrtwre were decomposed duriag a te:a 

day inoubatio:a period. Ia a similar experimeat Piaok .. d Allisoa (29) 

showed that 1i1IO moJt.olay-ers of proteia were l, ss. resist~a\ to pro'\eoly1;io 

e:uymes the.it a single mculayer wi 'thia the interlamellar space. They 

f'ouad that mo:ntmorillo:ni,e could adsorb 8 per oeat of its weigh~ ia the 

form of proteia and that the adso~bed protei• was resista:at to e:az~tio 

hydrolysiso Goriag et al. (14) demoastrated that aucleoproteiu were 

adsorbed be'Slfee:n the lattice ~t~uoture of clay oclloids. The adsorptio• 

was linearly related to the oatio:a exohaage. capacity of the clay colloids. 

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



tured soils- are -hi-gher· ht organic inatt-er thaa tn.e lighter text.urad soils. 

J\lliso• ( 1) pointed out tha"t r.ex-atian ia heavy textured soils was a.de-

quate for microbial acr~ivi'ty pd _:t:ha:t_ the type of clay colloid was aa 

in\portaat factor i• orge;nic matter retentioa. 

Numerous methods have bee• used to fractio:aate soil orgaJdc matter. 

O~e of the earlier i.Dd most widely used methods was the extractio:a of 

organic matter with sodium hydroxide. The followi•g :names have been 

used for the various fractic:n.sg hum.in _for the frai5tio• i-nseluble i• al-

kil,li; humi_c .a.c_id for that fractioJI. soluble in alkali __ but insoluble i• 

aoidl dd f'ulvio acid for that fraction. soluble in both alkali a.:na acid 

(32). Sowden et al. (34) compared the properties of humate fractions 

separated from Group I alld Group II colloid~ obtained by Tiulia0 s (36) 

method of :f'raotioaa.tion and found that they were very similar in nitroa 

gen distributio:n. and am.imo a.oid oompositioa. Waksma.n (37) used the prox-

1.,te a.:u.lyses to determi:ae the oh&llge of pl an.t oonsti tue:ats; as they were 

decomposed. The- treatment used for the extraction of ea.oh fractio:a was 

' considered to have little effect oa any of the subsequeat :f'ra~tioJLSo This 

method preseJtts a gel!elfal piot\lll"e of "1.he changes which ooour duri:ag de-

composi tioae. 

Uro:aio aoids in soils have bee• estimated by the LefevireaTolle•s ((13) 

a.a r enewed by Fuller et al.) pi:-coedure on the aseumptio• that only uroJrlo 

acid!! are quantitatively deoarbo:cylated whe• boiled wii.h 12: per oent hy­

drochloric acid. Bremner (6) states tha.t "there is JlO direot evidence to 

justif'y faith in figures obtained by the applio&tion of the Lefevrec-Tol~ 

leRs method to soilso"' However~ it does give some basis for comparison 

of the differe~oes betw.eea di fferent 'types of organio matter. 
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Moodie (24) considers the hypoiodite method a valuable tool in de,., 

tepting differenoes in soil organic matter. Hypoiodite is a semi~spea 

oific oxidant which is believed to attack the phenolio~hydroxyl group 

of lignin • .At the present time this is considered an empirical proce= 

dure. However 0 Moodie did find a difference between an arid and a 

podzol soil. The arid soils were characterized by low activity organ,ao 

i@ matter which decreased with depth, while the podzol soils weire oh~ 

aoteri~ed by a high activity which increased with depth. He concluded 

that lignin in the soils of arid regions was more completely oxidized 

than the lignin cf podsol scili because of the higher base status of 

the acid soils. 

Fractionation of the nitrogen in organic matter has received con,.. 

siderable attention. The percent of the total nitirogen hydrolyzed with 

hyq.roohloric acid depends on the strength, volume and l ength of hydrolya · 

zing time. Morrow (26) hydrolyzed an average of 72.19 per cent ot the 

total nitrogen using 20 per cent hydroiGhlorio a~id at a "t'elume of 2 

pfU"ts acid to l part soil f or 48 hours. He studied soil of different 

types and found that the nitrogen hydrolyzates were Vel!"y similar. 

Jodidi (18) us~d 32 per cent hydr~ohlcri~ aoid to hydrolyze the soil . 

nitrogeno He f ound an average of 75077 per oent ~t the total nitrogen 

111.s hydrolyzed whsn refluxed :fox- 15 how-so There was very little cow"" 

relation between the am.~unt of nitrogen flraotionated and the different 

types of organio residues added to the soil. Potter et al. (30) used 

22 per cent hydroohlox-io acid to hydroly:t:e soil nitrogeno They found 

an average of 74.41 per oent of the tot.al nitrogen 118.S hydrolyzed and 

oonoluded that there was no difference in the nitrogen -f'lraotions under 

different treatments of soils of the same type. Waksmu at a.lo ( 39) 
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found 22o5 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) f ound that there was a maximum of nitrogen 

hyprolyzed in 3N hydrochloric aoida when autoclaved at 15 pounds pres-

8\U°e for 10 hours. His results showed that the various forms of amide• 

basioD nonbasic and humin nitrogen were very similar in a virgin for= 

est and a virgin prairie soilo A cropped soil contained a higher per= 

centage of nitrogens that was not extracted by hydrolysis, than an 

unpropped soil. The nitrogen whioh was insoluble in hydrochloric acid 

wa$ beli eved to be in the form or hetercyolio nitrogen compounds (4, 

2.0' 2.3) 0 

Mattingly (22) studied the effect of acid concentration and time 

of hydrolysis on the amount of nit~ogen dissolved from sewage sludge 

and composts. The changes in the percentage of total nitrogen as ami­

no and amide ni tx-ogen was greatest during the first few weeks of com,,, 

posting. The percentage of the insolubl e organic nitrogen appeared t o 

be almost independent~ after thret months of decomposition, of the in­

itial source of nitrogen used in qpmposting. 



Illa MATERIAL AND METHODS 

The objective of this study was to determine the differences in 

soil organic matter content under a. 1i vesto.ck and grain type of farmc, 

ing• The soil used in this study was taken from the E5100 experimenta~ 

plpts from the agronomy farm west of 8tillwater9 Oklahomao 

In 1916 the 5100 series were divided into plots 17.5 feet by 248.9 

feet (O.l aore) plots with a 7 foot alley between them. From 1916 to 

1928, inclusive, the plots received regulu designated rates of ferti"' 

lizero Beginning in 1929 the plots received no fertilizer until 1948~ 

In the fall of 1948 the series were split into two pa.rts 9 namely E 5100 

and W 51009 maki ng eaoh 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 t ons per acre prior to the planting of oats. 

Rook phosphate was applied at the rate of 500 pounds per acre prior t o 

the planting of oats. Gypsum was applied at the rate of 150 pounds per 

acre prior to the planting of oats. Superphosphate was applied at the 

r~te 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 acl"e, but has_ not been applied X"egularly as there were signs of 

minor element deficiency and toxicity due to the increase in pH. NitrQc> 

gen was supplied as ammonium nitr ate at the rate of 100 pounds per aore 

as a top dressing on oats., Residues from the crop grown were turned u?P 

der .. Beginning in 1948 the following crop rotation has been grown& 
, 

cotton, oats, sweet clover and darso. 

8 
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The E 5100 series are located on a soil classified as Kirkland 

silt loam with slopes of 0=2 per cent. The plot treatments were not 

randomized when the experimental pl an was inaugurated. There is a 

slope gradient across the entire series of plots, which is a definite 

hapdicap in interpreting a non,.r.andomized experiment. 

The 2100 series are located on a traiµntional soil zone of Norge 

and Bethany silt l oam1 with slopes of 0=3. per ~®nt. A rotation of 4 

ye'1,rs of' al falfa and 8 yea.rs of' wheat has been grown on these plots. 

Ma.pure was applied at the rate of 8 tons per aore prio~ to seeding t he 

l and to alfalfao Rook phosphat e was applied at the rate of' 1600 pounds 

per acre with the manure prior to seeding the l and to alfal fao Superc-

phosphate was broadcast at the r at e of 100 pounds per aore each year 

t he land was in alfalfa • . No fertilizer was applied on t he wheat. 

The soil sampl es were taken in August9 1954, at three depths, o~s, 

6=12 and 12=18 i nches. Each sample was a composite of ten locations 

taken in the center of the f ield plots. The soil samples were taken 

to the laboratory, air dried, proces sed and stored in gl ass jars. The 

so~l was diluted ~.5 times with di stilled wat er o The pH determinati ons 

were made af'ter stirring the solutions twice during a 3Qc.mi-nute period. 

Base Exchange capacity was determin~d essentially by the method of Pee~h 

et al. ( 2.7). .The exchangeabl e bases in t he l eachate wex-e determined with 

a Beckman ~us.rt:&. Fl ame Spectrophotomet er model D U with an 9:ocessoey ph()co 

tomultiplier. The following 11avelengthe were used with ea.ch respective 

1Personal connnunioation or unpublished data suppli ed by Eo K. 
Gallolffl.y. 
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io~g 42~ miTlimi.oron oalo.iumj) 774 millimioron potassium, 371 millimic:a 

orpn magnesium, _591.9 millimioron sodiWllo Correotions were made for 

the interferenoe of calcium on magnesium and magnesium on sodium. Or­

gapic carbon determinations were mad~ by using .. a. modification of the 

wet combustion procedure by Sohollenberger (33). Aoid soluble phos­

phorus was determined essentially by the Dtethod of Harper (17). 

Determination of organi<Cl .. and ammoniaconitlfogen was made by the 

oo;nventional Kj eldahl methodo Acid soluble nitrogen ( 31) was deterco 

mined by placing 100 ~ams. of soil in a 250 mlo Elrlemnyer flask and 

adding 80 ml. of 3N HCl. Eaeh flask was stoppered with a glass wool 

plug to help prevent contamination and autoclaved for 10 hours at 15 

pounds pressureo ~he residue was filtered on a Buchner funnel amd 

Yashed with 200 ml .. of 1N HCl. The nitx-o~en hydrolyzed in the f'il.ca 

trate was determined by the Kjeldahl method. The ammonia.. formed was 

distilled into boric acid and titrated with sul.f'uric acid. 

Mechanical analysis was deteX"Illined essentially by the method of 

Bouyoucos (3). 

Duplicate apalyses were made on all determinations with the ex~ ­

ception of meoh~nioal analysis. 



IVo RESULTS AND DISCUSSION 

The E 5100 plot treatments represented three types of soil manage-

ment praotioes viz. a livestock, g!"ain or oash orop and an inorganio 

fertilizer system. Plots 2P7 represent a livestock system, plots 8-13 

~epresent a grain system and plots 14-19 represent an inorganic fer= 

tilizer systemo Plots 20-28 have various co..,inations of organic ·and 

inorganic fertili~ers., It was hoped that a fertilizer tre~tment oould 

be found that would retUJrn the highest yields 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 cen~, 

and the slope gradient is from plot a to plot 28. The yields of the 

checks show the results of sheet erosion on this slowly permeable clay-

pan soil with slopes of l to~ per G~nto In general the crop yields were 

increased considerably on those plots that received the erode¢ soil and 

organic matter f'rom plots fB.Z't her up t he ~lope. Yields of plots Z-7 show 

t~at some erosion has taken place. Plot numb~r 6, which received 5 tons; 

of manure, 150 pounds of supe11."'phoephate and 2. tons of lime per acre11 

yielded only 150 pounds per acre more forage and grain tha.l!i oheok plot 

n~ber 7 during a five=year periodo, The yields that ax-e ..associated with 

the treatments may not give a valid pictUE'e of the relations that would 

ex~s-t; under diffe!"ent circumstances as shown in Table I •. 

Generally the plots that reoeived phosphate11 either in the form of 
J 

rook phosphate or superphosphate, gave higher yields than the plots tha~ 

reoeived no phosphate as shown i n Tabl es I and IIo Plots that reoeived 

rook phosphate were higher in acid soluble phosphorus than thoie plots 

11 



. TABLE I 

PWT E 5100 
TOTAL FORAGE DID GRAIN PRODUCED BY ALL CROPS FROM 1949=1954 

Plot No. 

2 
3 
4 
5 
6. 
7 

8 
9 

10 
11 
12' 
13: 

14 
~ 
16 
11 
18 
19 

Treatme:nt 

\Ja;nure 
Ma~~9 lime 
Che@k 
Manure, Lim~, Ro@k Phosphat8 
Ma.mun, Lime!} SuperEJhosphiat~ 
Check 

Residue 
Residue, Lime 
Cheek 
Residue., Lime, Ro~k Phosphat~ 
R~sidue9 Lime, SUperphosipha.te 
Che@k 

Nitrogen 
Nitrogen., Lime 
Che@k 
Nitrogen, Lime, Ro©k: Pho~phats 
Nitrogen, Lime& Sttp$wph<0>!$pb.atti 
Che@k 

Nitirogen, Lime., Potsuidum 
Nitrogen, Li.mes Potassium!} R@ck Pho~phate 
.Check 
j;.im.e 
Gyp.18.wn 
Check 
.Mamu-e, Gypsum 
Man'W?'e, Gypsiwn, R<>©k Poo$!pha.ti5· 
Check 

Yield lbso/aore 

7,920 
9,077 
7,528 
rt-~9$1 

1(?) .,2132' 
10,,092 

8,451 
8,464 
9.,lOO 

10!}009 
l0,305 
.. '1,881 

9,01~ 
10.660 
9 ,492:: 

12,12:5 
12,zse 

8,,601 

10 9 149 
13,320 
. 9 9 753S 
11.,500 

89~05, 
fl.,641 
lZ:»016 
]3,3713 
11,722: 



?M3LE II 

PLOT E -5100 
-TIEID -IN POUNDS BR AC-RE 19~9-19 54 

Plot Noo Cotton 
1 2 

Oats: Sweet Clover Dar so 
lint & seed grain straw hay seed stalks grain forage 

i 1( 964 345 455 480 813 3100 
3ML 968 430 610 700 920 3440 
4 Ck 944 33.5 465 ~-80 880 2880 
5 ML RP 1112 562, 706 1020 867 3440 
6 ML SP 1081 582 633 1160 1240 3280 
7 Ck 1096 62,6 654 960 960 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 
ll Res L RP 1071 498 492 424 1476 114'7 2840 
lZ Res L SP 972: 405 516 616 1544 1160 3200 
1~ Ck 880 404 386 238 422 1200 2680 

14 N 886 481 519 20a 958 !320 2680 
15 N L 954 563 717 496 13.84 1173 3140 
16 Ck 914 444 491 436 1184 1173 3000 
17 N L RP 992 788 992. 720 1920 1040 2900 
18 N i SP 894 771 909 792 2228 1200 2800 
19 Ck 807 336 404 422: 1118 1213: 2760 

20 NL K 838 569 601 532 1268 1253, 3080 
2.lNLKRP 1014 72,7 903 812 2.728 1533 2960 
22; Ck 946 394 386 606 1394 1400 2900 
23 L 1070 461 489 720 1840 1640 3260 
24 G llUt 605 435 540 1480 172.0 3380 
26 Ck 1214 622. 598 548 1452 1733 3040 
26 MG 1205 713 747 648 121Z 1640 3180 
2.7 MG RP 005 _ 793, 937 190 2030 1107 2980 
28 Ck 984 783 92:7 3J:.O 1250 162:7 3080 

1.Awerage of 1949 and 1963 yields 
iAvertge or 1950 and 1964 yields 
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that reoeived superphosphateo The plots that did not recei"ve phosphorus 

f'e~tilizers contained more acid soluble phosphorus in the 12~18 inch 

19,Yer than in the 0"'6 or S-lZ 1nah depth- s.s shown in Table III. 

Plots that received ammonium nitrate produced slightly higher orop 

yields than plots that received either residues or manureo There was no 

appreciable difference in the crop yield of' plots receiving Il!8,nure or 

residues as shown in Table II. The plots that received manure and nitro­

gen f'ertili~ers were slightly higher in total nitrogen (0.,.18 inches) than 

plots receiving residues. There was :co apparent relation between total 

nitrogen and crop yieldso 

There was a slight difference in the organic matter content of plot~ 

receiving manure, residues and nitrogeno The plots receiving manWt"e and 

nitrogen were higher in organic matter than the plots that received resi­

dues as shown in Table IIIo The organic matter content was lower in the 

12=18 inoh depth than in the other levels studied, with the exception of' 

the last three plotso The surfair>e soil of plots 26, 2.7 and 28 are com­

posed, at least to some extent, of' soil material eroded from the other 

plots up the slopeo, 

There was no relation between quantity of nitrogen hydrolyHd in 3N 

HQl and total nitrogen in the soil, allld there was no relation between 

acid soluble nitrogen and crop yi eld as shown in Table III. There was m 

oqnsiderable difference bet ween the percent nitrogen hydroly&ed at dif­

ferent depths. ~ss nitrogen was hydrolyged at deeper soil depths, which 

ma;y be directly related to the peroentage of clay and bas~ exchange capam 

city. 

Wilkerson and Gray (40) estimated that 35 per cent of the clay frac­

tion. in the B horizon 0£ a Kirkland soil• was montmorillonite and %6 per 



TABLE III H...OT E 5100 CHEMICAL ANALYSIS 

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P. pH 
inches Nj/ Ny % % % % Exch. 3/ me. 31 me,y me. 31 me,y ppm • .1/ 

-
2 M 6 76.8 53.4 24 51 25 2.06 12.l 5.94 .300 3.64 .80 4.6 6.6 

12 69.9 44.8 26 39 35 1.97 26.3 9.88 .461 7.37 1.07 3.5 6.4 
18 64.1 40.0 24 35 41 1.81 27.5 12.30 .397 7.90 1.16 8.6 6.8 

5/ 211.8 46.2 

3 M L 6 68.0 60.7 36 45 19 1.99 11.0 6.50 .320 3.72 
,. .. ~ 

• 81 ::" 4.3 6.4 
12 75.8 43.7 27 38 35 2.42 27.8 11.12 .416 6.80 1.02 4.6 6.3 
I8 62.4 38.4 24 33 43 1.51 28.1 11.85 .397 7.84 1.20 8.3 6.7 

206.2 47.7 

4 Ck 6 65.1 58.7 36 45 19 I. 70 11.6 6.12 .274 3.40 .68 2.5 6.1 
12 73.8 43.9 26 38 36 2.61 28.3 10.25 .390 6.95 1.18 5.4 6.4 
18 57.4 40.5 24 33 43 1.44 28.5 12.20 .410 8.10 1.34 9.5 6.8 

196.3 46.9 

5 ML RP 6 68.0 64.4 36 45 19 1.94 13.1 7.25 .307 3.48 .88 58.0 6.3 
12 75.8 43.6 26 35 39 1.87 30.3 11.38 .460 7.39 1.18 5.5 6.4 
18 62.3 41.1 22 33 45 1.58 29.1 12.30 .397 7.99 1.27 8.0 6.7 

206.1 49.7 

6 ML SP 6 71.5 58.1 37 42 21 1.95 12.0 8.00 .309 3.43 .84 8.6 6.4 
12 71.9 45.2 27 37 36 2.31 27.6 10.88 .405 6.85 .98 5.5 6.4 
18 62.2 ~ 25 34 41 1.69 28.5 12.52 .410 8.03 1.18 7.2 6.7 

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 6.2 
12 74.8 43.5 28 39 33 1. 79 24.3 9.75 .416 5.77 .94 5.4 6.3 
18 64.l 41.2 25 43 42 1.82 27.7 11.62 .326 6.72 1.14 7.3 6.7 

218.7 46.3 .... 
u 

1./ Milligrams ·per 100 grams. 2(Per cent of total nitrogen. 
Y Parts per million. 5/ Milligrams per 300 grams. 

3/ Milliequivalents per 100 grams. 

i, 



__ TABLE III Continued PLOT E" 5100 Cl£MICAL ANALYSIS 

-
-· --

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P. pH 
inches :N.!/ Ny % % % % Exch.A/ me.A/ me.Al me.Al me.~/ ppm.y 

8 Res 6 70.0 55.4 38 43 19 1.72 9.7 6.69 .313 3.48 .65 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.l 11.39 .320 6.54 1.12 10.4 6.7 

&I 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 5.5 6.2 
18 57.4 40.8 26 31 43 1.29 27.3 11.62 .326 6.64 1.16 8.8 6.6 

198.3 46.0 

1-0 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.l 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.l 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 l._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 54.4 42.l 27 32 41 1 •. 39 26.8 11.50 .370 6.32 1.33 9.7 6.8 

195.3 46.,0 ... 
a-

Jj Milligrams per 100 .grams. Y Per cent of total nitrogen. 
Y Parts per-·million. ~ Milligrams per 300 grams. 

§I Milliequivalents per 100 grams. 



TABLE III Continued PLOT E 5100 CHEMICAL ANALYSIS 

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P. pH 
inches N.l/ Ny % % % % Exch.J/ me.11 me.l/ me.,W' me.~ ppm.JI 

14 N 6 73.8 54.2 36 41 23 1.94 16.1 6.87 .321 3.50 • 73 3.0 5.8 
12 71.C) 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 

!JI 210.1 45.0 

15 NL 6 75.8 53.0 30 47 23 2.00 13.6 8.37 .313 3.78 • 73 4.5 6.1 
12 71.2 45.5 23 32 45 1. 72 27.7 12.95 .448 7.40 1.08 6.5 6.3 
18 56.4 41.5 22 32 46 1.35 27.7 12.00 .370 6.96 1.21 9.5 6.7 

213.4 45.0 

16 Ck .6 75.8 51.2 33 44 23 2.21 14.6 1.00 .300 3.64 • 73 3.5 6.2 
12 75.8 · 49.3 22 32 46 1.61 28.3 12.00 .588 8.07 1.25 4.l 6.3 
18 67.0 42.5 23 31 46 1.56 30.1 12.20 .384 7.45 1.21 10.0 6.6 

218.6 4Vi 
17 NL RP 6. 78.7 52.0 32 44 24 1.85 13.3 7.62 .336 3 .. 66 • 77 30.5 6.1 

12 70.9 44.4 26 32 42 1.69 25.4 u. 78 .403 6.60 1.10 3.7 6.4 
18 62.3 38.6 26 29 45 1.48 25.9 11. 75 .397 7.14 1.42 9.7 6.7 

211.9 45.5 

18 N L SP 6 70.9 54.7 34 45 21 1.74 13.0 7.25 .337 3.28 .86 10.,8 6.1 
12 69.9 43.2 26 35 39 1.70 23.5 11.37 .435 5.80 1.32 5.1 6.5 
18 64.1 39.9 20 33 48 1.46 -· 29.2 12.40 .397 7.60 1.68 11.8 6.7 

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 6.0 
12 · 68.5 43.5 _ 24 30 46 1. 79 26.6 12.70 .492 8.15 1.68 8.0 6.4 
18 59.3 39.0. - 24 30 46 1.24 29.4 12.20 .397 8.00 1.84 11.1 6.8 

198 .. 8 44.8 

jj Miiiigrams per 100 grams. J/ .Per cent ot total ~Jtrogen. 
...., 

§/ Milliequivalents per 100 grams. -.f 

__ If Parts per _!!J!llion. Y Millig·rams ~-~ 300 grams.·. 



TABLE III Continued PLOO' E 5100 CHEMICAL ANALYSIS 

Plot Depth Total Soluble Sand Silt Clay O.M . Base Ca. K. Mg. Na. P. pH 
inches Nl/ N2/ % % % % Exch.y me.y me.y me.A/ me.1/ ppm. ,iL._ 

20 NL K 6 69.0 53.9 35 43 22 1. 72 13.5 6.88 .356 3.50 .84 3.1 6.2 
12 68.0 44.4 23 33 44 1.50 26.9 11. 75 .422 8.19 1.84 6.0 6.5 
18 60.3 41.1 23 31 46 1.47 29.2 12.40 .390 7.30 1. 78 10.l 6.9 
~ 197.3 46.7 

21 N L K RP 6 68.0 56.4 39 40 21 1.47 12.1 7.62 .312 3.12 .63 51.3 6.3 
12 71.9 44.6 29 30 41 1. 70 25.4 11.00 .423 7.50 1.40 5.7 6.3 
18 63.1 40.0 27 31 42 1.42 26.6 11.11 .346 6.78 1.37 10.7 6.8 

213.0 44.9 
22 CK 6 66.1 57.7 41 40 19 1. 73 12.2 6.50 .287 2.96 .69 4.6 6.1 

12 74.8 46.6 31 37 32 1.94 20.3 9.50 .326 5.60 1.18 3.3 6.1 
18 66.0 39.9 25 30 45 1.65 28.9 11.62 .264 7.36 1.57 6.4 6.6 

216.9 45.8 

23 L 6 67.2 58.8 36 45 19 1.67 11.5 6.88 .295 2.82 .62 4.6 6.1 
12 84.5 44.7 32 34 34 2.Q2 24.8 10.12 .448 6.10 .94 4.2 6.1 
18 63.2 41.8 25 33 42 1.58 28.2 11.62 .364 6.96 1.04 9.4 6.5 

214.9 48.3 
24 G 6 70.0 59.5 36 45 19 1.69 11. 7 6.88 .274 2.60 .62 4.2 6.0 

12 85.0 50. l 31 42 27 2.32 25.8 7.98 .384 4.28 • 73 3.1 5.9 
18 ZQ.9 4~.2 28 31 41 1.46 26.7 11.62 .371 6.00 . 52 6.6 6.2 

225.9 50.9 
25 CK 6 66.1 59.8 37 43 20 1. 77 10.8 5.78 .268 2.62 .62 4.4 5.7 

12 82.6 53.1 35 41 24 2.18 16.5 7.74 .240 2.98 .21 5.5 5.8 
18 75.8 46.2 27 37 36 1.69 22.8 9.62 .314 4.79 .52 5.4 6.2 

224.5 5277 

1/ Milligrams per 100 grams. 1:./ Per cent of total nitrogen. Y Milliequivalents per 100 grams. ... 
~ Parts per million. ~ Milligrams per 300 grams. C: 



TABLE III Continued PLOT E 5100 CI-EMICAL ANALYSIS 

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P. 
Inches N . ll Ny % % % % Exch.Y me.Y me. 31 me.,W me. 31 ppm.4/ 

26 MG 6 74.8 56.6 38 41 21 1.84 11.2 6.15 .268 2.72 .63 4.7 
12 84.5 53.8 34 41 25 2.08 12.0 7.50 .326 2.90 .54 4.0 
18 74.8 47.7 28 37 35 2.19 21.1 9.75 .282 4.25 .48 4.3 

§} 234 .1 52.8 

27 MG RP 6 75.8 60.9 34 47 19 1. 75 11. 7 7.50 .338 2.48 .62 30.5 
12 83.6 53.7 32 45 23 2.01 14.8 7.87 .246 2.59 .46 6.5 
18 80.6 47.4 32 39 29 2.19 16.7 9.06 .222 3.20 • 22 7.2 

240.0 53.9 

28 CK 6 70.9 59.6 32 48 20 1.93 10.9 5.58 .281 2.54 . 58 6.1 
12 77.7 55.6 32 47 21 2.16 14.4 7.10 .246 2.45 .41 2.8 
18 90.4 52.1 31 41 28 2.18 16.3 7.44 .160 3.04 .33 4.6 

239.0 55.5 

ll Milligrams per 100 grams. Y Per cent of total nitrogen. 
!/ Parts per million. §} Milligrams per 300 grams. 

Y Milliequivalents per 100 grams. 

pH 

5.7 
5.5 
6.0 

5.7 
5.7 
6.0 

5.6 
5.5 
5.9 

.... 
'° 



oent was illite. From the work of Ensminger and Gieseking (11,12), 

Talibudeen (35). Allison (l) and numerous other workers, it ,may be 

copcluded that the reason for the decrease in nitrogen hydrolyzed .at 

lower depths was due to the protective action of montmorillonitio 

ol~ys on protein. Moodie (24) has shown that soils in arid regions 

h~ve organic matter that is more completely oxidized in the B, hori~ 

£OlilS than in the A horizons. This interpretation may explain the 

differences in the type of organic matter at the lower depths. 

Maittson (23) has shown that the oxidized lignin oould fix labile nitrop 

gen into compounds which were ;esistant to hydrolysis in aoido The ex-

tent and meoha.nism of the reaction between organic matter and clay 

minerals or the fixation of ni tl"ogen by lignin in soils is not known 

at the present time. It is possible that both reactions were respon­

siple for the resistance of soil nitrogen t o acid hydrolysis as shown 

in Table IIIo 

Plota receiving lime were slightly higher in exchangeable calcium 

anµ oroJll yields than thos:e pl ots that reoei ved no lime. There .. was lit,.. 

tle difference in exchangeable oalcium in the 6~12: and 12i-l8 inch 

derth. There was more exchangeable potassium at the 6-12: inoh depth 

than the other depths. Al.so there was slightly more exchangeable potas-

sium in the 12-18 than in the 0.,.6 inch depth as shown in Table IIIo 

The Kirkland soil is high in exiC!hangea:ble magnesium as shown in 

Table III. The amount of exchangeable magnesium was greatest in the-

s.,.1a and 12-18 inch depth. Generally the exchangeable sodium was gres;t;--, 

est at the lZ.-18 inch depth. The soil pH increased with depth~ There 

was no appreciable difference in the pH between the plots with the ex.a 

ception of plots 25, 26, a7 and 28. These plots were more a~id at all 

three dept hs than the other plots as shown in Table III. 

/ 



Plot 

1 

i~ 

3 

4 

5 

6 

Noo 

TABLE IV 

PWT2100 
J.WRAGE OF 1-S "YEARS l9ioal954 

ROT!TTON····oF 4-n:.ARS ALFALFA\9 8 YEARS WHEAT 

Treatment Wheat Alfalfa 
glf:t1;1.n straw hay 

Bu,,/acre Lb,./acire Lbo/acre 

Ck 8.9 786 508 

Ml 12:&86 1305 1495 
2 

M RP l6o3. 1810 1869 

Ck 10.s 1084 804 

M 13.,0 12:11 1361 

?lSP3 19.,$); 2043 1646 

~n:i.:tre applied at th~. x-at~ r!»f 8 t@ll1$ per a@ire in · the plfeparaition 
o:f the lad foir alfalfa,. 

2 .. . . . . ... . . . . . .. . ..... 
Rock ph©)spha~e applied Lt th~ rate 0£ 1600 p~unds per acre with 
manUl"e in the pl!"epa-e:bi.©)11 of 'the land f4!ii'E' altalf'lll. 

3supel!"phoi$phat~ appli19d a;t the ?'ate of 100 p@und& p~r acre w.i. th 
manure in the prf>puati@n of the land f@ir alfalfa: and 100 poWll.ds 
per a©x-e bli"oad~aijt · eumu,Hly eB.ll" ly in the spring fol' the other 
3 yeus the lu.d ii in alfal:fto 

21 



TABLE V Pl.Of 2100 CHEMICAL ANALYSIS 

Plot Depth Total Soluble Sand Silt Clay O.M. Base Ca. K. Mg. Na. P. pH 
Inches Nl/ Nl/ % % % % Exch.y me.1'1 me.11 me. ,al me.:J/ ppm.v 

1 Ck 6 87.4 54.8 44 35 21 1. 76 10.2 5.25 . 345 2.78 .56 2.0 5.5 
12 82.6 47.2 34 33 33 1.82 21.9 9.00 .308 4.52 .52 o.o 5.9 
18 60.2 42.1 35 27 38 1.18 22.4 9.15 .222 5.34 .47 4.3 6.3 

§} 230.2 48.7 

2 M 6 93.3 53.3 47 34 19 2.04 10.6 6.00 .422 2.42 .47 3.5 5.2 
12 94.2 47.7 39 32 29 2.28 18.6 8.97 .313 4.15 .52 3.5 5.7 
18 69.9 41. l 41 20 39 1.68 22.5 9.75 .285 5.03 .42 3.7 6.2 

257.4 48.0 
3M RP 6 89.4 57.1 43 36 21 2.23 11.2 6.15 .256 2.44 .52 383.7 5.5 

12 87.4 51.4 37 22 :31 1.98 20.2 8.62 .269 4.86 .51 5.4 6.1 
18 68.0 48.1 33 28 39 1.52 23.3 9.87 .227 5.03 .42 7.4 6.4 

244.8 52.2 
4 Ck 6 81.6 57.6 43 36 21 1.92 10.7 5.25 . 293 2.16 .54 2.8 5.4 

12 86.4 51.4 40 27 33 1.87 18.6 9.38 .214 3.93 .46 2~8 5.9 
18 65.1 47.6 35 26 39 1.48 23.5 10.00 .237 4.96 .35 4.0 6.2 

233.1 52.5 
5 M 6 89.4 61. 7 46 32 22 1.91 10.6 6.15 .338 2.50 .54 2.7 5.5 

12 83.9 52.6 33 38 29 1.95 16.5 8.12 .220 3.26 .46 2.9 6.0 
18 69.0 45.4 25 36 39 1.51 21.8 9.87 .250 4.45 .40 3.8 6.7 

242.3 53.9 

6 M SP 6 93.3 57.0 42 34 24 2.00 11.4 6.15 .249 2.38 .58 29.9 5.4 
12 92.3 50.9 34 35 31 1.99 19.7 9.50 .224 3.46 .41 3.0 6.0 
18 66.0 ~ 34 27 39 1.40 21.2 10.40 .245 4.05 .41 3.2 6.1 

251.6 52.5 

1./ Milligrams per 100 grams. 'di Per cent of total nitrogen. 'JI Milliequivalents per 100 grams. 
~ Parts per million. §./ Milligrams per 300 grams. ~ 

~ 

-~ 
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On the 2.100 plots lD.8.Illlre increased the average yield of wheat 

,ppro::d.mately 3 bushele; per acre as shown i n Tabl e rv~ Manure and 

rook phosphate increased the yields approximately 3 bushels per acre 

qver manure ~loneo Manure and superphosphate i ncreased the yields 

~pproximat ely 3 bushels per a~ll"e over lllB.nure and rook phosphat e. The 

application of manure and rook phosphate resulted in over o. 5 tons per 

,ore more a lfalfa, than the oheckso Alfalfa gave a:, better response to 

rook phosphat e than 1D superphoaphat e. 

There was a large amount of acid. soluble phosphorus i n the plot~ 

r eceiving ro~k phosphate as shown in Table v. This inoll"ease was noted 

,ven at the 12c>l8 inch depth. The plot t hat received superphosphate 

,ras also higher in aoid soluble phoephor us t han t he plots that re,... 

oeived no phosphorusi however. the 6=12 and 12Pl8 inoh depths showed 

~ increase in acid soluble phosphorus. 

Plots reoeiving ma.nu~e were appr eciably higher i n total nitroge~ 

t han the checks• although there was no direct r e l ationship between t(illc> 

"i:;911 nitrogen and the orop yieldso Ther e was no apparent oorrelatioin 

qetw.een aoid soluble nitrogen and ·tot!!lJL nitll"ogen and Cll"~p yields as 

~hown in Table IV.. Acid soluble nitiriogen decreased with d epthi this 

was probably inversely r el ated to the peircient age of olay and basec»sx ... 

change oapaoityo There was a slight inor6ase in the Oll"ganic matt ell" 

content on those plots whi~h received Xl1iL'llUl"e$ howeverg the organic 

matter ciont ent deoreased with i ncrease i n depth. 

The exchangeabl e calcium and magnesium increased wit h increase 

i n depth as shown in Table v. The exchangeabl e potassium was greate~t 

in the 0=6 inch depth and decreased with an increase in depth. Ex­

changeable sodium decreased with inGirease ind eptho The top 6 inches 



of' soil were :moderately acid o:n all the pl~tso The pH was highest at , 

-the ~l-8 inch depth. 

There 1118.s a slight difference in the acid soluble nitrogen be­

twen the transitional Betha.J:Jir'"Nor.ge soil and nrkland silt loam. The 

~100 plots contained an average of appro:d:ma.tely lol per Mnt more 

~oid soluble nitr@gen in the 0-6 imh depthg 3o0 per cent in the 6cal% 

±n@h depth and 2o1 per ~ent in the 12=18 inch depth than the 5100 

tent in the pr~file in the tww soils9 but ther~ was a oo:nsid~rable 

deptb.o 



Vo SUMMA.RY AND CONCLUSIONS 

A study of soil org8lidc matter maintenance under different manage­

meµt praotioes was madeo The management praotioes studied included~ 

livestock, gr,ai:l!l or cash crop. a.nd an inorganic fertilizer system on~ 

K:1,rkla.nd silt lo8Jllo. The plots were not randomiz:ed which is a diaadva.lP 

tage in the evaluation of fiel d studies. The data.a. shOWl tha't sheet erec,, 

sion was probably taking pla@e on the Ki~kland soil• which raised the 

yields of the oheok plots and ~aused the treatments to be biased. 

The plots 011 the Kirkland silt loam that received ammoniua nitrate, 

~d manure were slightly higher in or.g.a.nic matter u.d nitrogen than 

plots receiving residues. An average of 55.8, 47.2, ud 42.0 per oent 

ot the total nitrogen was hydrolised in 3N HCl at the respeotive depths 

0-6, 6-12 and 12~18 inoheso The percentage of nitrogen hydrolyzed was 

independent of the treatment8 and c~~p yi eldso The peroe~tage of nitre-

gen hydroly~ed was related to eithell" a different type of Oll"ganio matter . 
or per cent of olay miuell"als ooouring in the soil pll"ot1leo Both of 

t~ese £actors were probabl y acting together . 

The Kirkl8.lld soil gave~ response ~ phosphate fertilisers. There 

was a residual effect of limestone as showim by the slight increase in 

euha.ngeable ~aloium ~d crop yield.so The amoWllt of exohangeable mag-

nesium was high in the Kirkland soil. There~ no noticeable crop re-

s:eo:ue from the applioatti o1t of potaesiwn er gypsum. 

The Bethany-Norge oomposite9 which was a rotation study of wheat 

and alfalf&l, showed a ox-op respoMe t o mmi~e and phosphat e fertilizer 

·treatments.. Wheat gave a greateir iresponse to supex-phosphate thu to 

25 



rook phosphate,, while alfalfa resp~:nded better to rock phosphate than. tw 

superphosphate. Manure and superphospha.t~ increased the wheat yields 

a:gproximately 10 bushels per a.ore over the @hecks. The applications c,f 

nuµa.ure increased the organic matter and :nitroge:a oontemt i:n the soil 

profileo There was no relation between e.oid soluble nitrogen and soil 

treatments or erop yieldso The per@entage of aoid soluble nitrogen de­

creased with 8.lil. iMrease in depth0 56o9g oo.~ and 4-5.3 per cent of the 

total nitrogen was hydrolyzed in the 00360 6=12 and 12"'18 inch depths., 

The decrease in acid soluble nitrogen at the l@wer depths was probably 

related to a. difference in the typE3 of org~i@ m.atter ud iln :increase 

in clay oonte:m.to 
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