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NITROGEN TR1NSFORMAT ION AND LOSSES Th WALLA WALLA 
SILT LOAN SOIL AS I1FLUENCED BY WHEAT STRAW 

AND NITROGENOUS FERT ILIZERS 

INTRODUCT ION 

The importance of nitrogen in soll fertility and the 

increasing ue of nitrorenous fertilizers all over the world 

has focused attention on the nitrogen problem. Organic 

matter requires consideration at the same time since most 

of the soil nitrogen is in organic combination. 

Nitrogen In the soil Is continually undergoing trans- 

formations, changing in forms and availability with 

resulting losses and gains. All phases of the cycle through 

which this element passes must be considered In attempting 

to explain nitrogen balance, losses or gains. Interaction 

of the following processes are involved: 

1. Aimnonification - the liberation of annonia from 

organic nitrogen compounds, especially proteins, by varloua 

hetrotrophic bacteria and molds which utilize these sub- 

stances as sources of energy, liberating carbon dioxide and 

anionia as major by-products. 

2. Nltrosofication - the formation of nitrite by 

specific autotrophic bacteria from ammonia. This is an 

aerobic proce8s. 

3. Nitriflcatlon - the aerobic microbial transform- 

ation of nitrite to nitrate by specific autotrophic 

bacteria. 



4. Nitrogen Fixation - (a) non-symbiotic; the fixation 
of elemental nitroFen by certain bacteria, particularly 
species of Azotobacter (aerobic) arid of Clostridiurn (anaero- 

bic): (b) symbiotic; the fixation of atmospheric nitrogen 

by various species of Rhizobium in association with legumin- 

ous host plants. 
5, Denitrification - in a broad sense in soil refers 

to disappearance of nitrates by any rrans, including (1) 

leaching, (2) assimilation by higher plants and by microbes, 

(3) reduction to nitrites, and (4) gaseous losso of 

nitrogen. The latter is rinly due to activity of certain 
facultatively anaerobic bacteria when they utilize nitrate 
or nitrite as oxidants in the absence of sufficient free 

oxygen, producinp free nitrogen and nitrous oxide as by- 

products, These escape to the atmosphere and represent 

economie loss. Many kinds of bacteria and algae are 

partial donitrifiers, capable of reducing nitrat3 only to 

nitrite. This usually causes no loss of nitrofen. Under 

temporarily excessive moisture conditions, however, nitrites 
may accumulate sufficiently to become toxic to crop plants. 
It is possible for nitrites to react with amines in acid 

solutions and liberate raseous rìitroren (VTilson 101, p. 215); 

Allison (4, p. 236), however, discounts the importance of 

this except porhas in strongly acid soils. 



Iitric oxide (1:0) is 

at pH of about 5.0 and at 

Iicroorganisrns contributo 

tion of nitrItes. Losos 

above 7, due to catalysis 
Through the Van Slyk 

3 

f orinad rapidly from nitrous acid 

least some escapes to the air. 
to this lose throi.gh the f orrm- 

also tnay occur from soils at pH 

by certain soll constituents. 

e reaction, RNH2fHNO2-ROH 4- 

120*12, nitrogen rciay be lost by purely chemical means, 

althOUt: the reactants In soil are produced by ?nicro- 

organisms. The reaction can occur at ari appreciable rate 

only at pIi 5 or löwer. At these low pH values conditions 

for nitrite formation, either by oxidation or rec1uctIor, 

are not favorable. It is unlIkely, therefore, that moro 

than minor quantities of nItrogen can be lost from soils 

by tho Van Slyke reaction. 

0f these transformations, nitroen fixation and 

denitrification especially are of importance for their 

influence on nitro5en gains and losses. Mtroc:en bal- 

ances hoets often ahow extensive losses of this major 

plant nutrient element. 

The Influence of nitrogen upon the production of 

wheat, the major crop grown in Eastern 0rejon un3or 

limited raInfall condItions, has been variously studied 

during the past 25 years. In this re;ion soil nitrogen 
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and moisture are two main limitinL factors in crop pro- 

duction. From a study on Palouso silt loam soil Holtz 

and Vandecaveye(38, p. 143-63) concluded that moisture 

maintained by summer-f allow practices caused decomposi- 

tion of humus so rapidly that it could not be maintained 

by the moderate application of' organic residues consistent 

with field practices. 

wheat straw is extensively used in trashy fallow on 

these semi-arid soils as an erosion control measure. 

Nitrogenous fertilizers aro penorally used to avoid 

deficiency of this element and to hasten decomposition 

of the straw, Brown and Oveson (21, p. 12) found 60 pounds 

of nitrogen as anhydrous ammonia applied per acre brought 

the maximum :rofit. Vhj1e aqua amon1a is prefered among 

the sources of nitro'en, some growers use ammonium nitrate 

and calcium nitrate. Aqua ammonia has become increasinLly 

popular, however, and its use in this region has doubled 

during the past 4 years, the total consumption for 1956 

having 1:eon 3,284 tons. The possibility of losses of even 

small proportions of soil or fertilizer nitrogen through 

denitrification, and the effect of straw and cultural 

practices thereon, warrant investigations to obtain funda- 

mental information on those problems. 
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Intensive laboratory investigations usinr ialla Valla 

silt loam soil from the Pondleton Branch periment station 

were therefore undertaken with the f ollowin, objectives 

in mind: 

t. determine the effect of the amounts of wheat 

straw and nitrogenous fertilizers on transformation and 

losses of nitrogen. 

2. To determino the effect of amounts of wheat straw 

and nitrogenous fertilizers on the rate of straw decomposi- 

t ion. 

3. To determine the effect of water soluble and water 

insoluble fractions wheat straw 

tion and losses. 
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LTTERATURE REVIEW 

General 

N1troen transformation and losses hnve been invoeti- 

ated by manr workers In vr1oue countries. A 1are bOdy 

of literatare dealing with the basic and applied problems 

hac accumulated and sorne exhaustivo reviews have been 

published: Fry (30, p. 32-60), ilson (102, p. 1-292), 

Wilson and Barris (103, p. 415-32), Thornton and Meikeljobn 

(35, p. 129-35), AllIson (4, p. 213-47), Quata1 and 

Schofield (69, p. 1-31), b:eiklejohn (56, p. 68-84), 

Doiwlche (25, p. 218-59), Jenson (43, p. 11-12), liarmaon 

and Schrevon (36, p. 299-398), Waksman (93, p. 504-99), 

Wlnogradsky (104, p. 239-343), Waksman (94, p. 166-20'7), 

Thiarnann (84, p. 272-346), Russell (70, p. 286-325). 

Cheney (22, p. 81-86) discussed the importance of 

nitroren fertilizers and their behaviour in soils under 

the fol1owin,c topics: (1) mineralization, (2) immobiliza- 

tion, (3) factors affoctin- mineralization, denitriuication 

and fixation of ammonium ions by clay minerals. 

Effect of straw on nitropen availability. Nitrogen 

requirements for wheat straw decomposition aro particularly 

important to this problem. Gainey (32, p. 16) discussed 

the role of nitrogen in decomposition of organic iiatter 



and. the significance of non-symbiotic fixation of nitrogen

under semi-arid conditions of western Kansas. He also

studied losses of nitrogen and found that the higher the

nitrogen content of the 30ils, the more rapid and extensive

were the losses, which amounted to from 63 pounds to 524

povmds per acre per year.

Smith, Vandecaveye and Kardos (80, p. 8-9) showed that

nitrogen is a limiting factor in wheat production on Palouse

silt loam soil and found a marked increase in the crop

production by added nitrogen carriers. Blair and Prince

(11, p. 285) determined the cause of the depressing effect

of straw on germination and growth of barley in Sassafras

loam soil using rye, barley, corn and soybean straw with

sodium nitrate. They found that the straw depleted the

available nitrogen. This was attributed to assimilation of

the nitrogen by microorganisms which use the added organic

matter as a source of energy. Doryland (28, p. 1-81)

reported the stimulation of bacteria by the presence of

available carbohydrates and organic nitrogen. He con

cluded that the microorganisms utilize ammonia as a source

of nitrogen and the carbohydrate as a source of energy.

Waksman (91, p. 372) discussed the role of microorganisms

in liberation and immobilization of soil nitrogen. He

found that the greater the nitrogen content of rye straw,



the reator was the amount of nitroen liberated. The rate 

and rapidity of nitrogen liboratlon depends larpely on the 

chemical nature of the plant arid animal reiidues. Murray 

(591 P. 258) concluded that straw ap'-'1ied to the soll 

stimulates the reproduction of bacteria. The numbers 

Increased with the amount o straw. î1cCalla and issell 

(55, p. 20) studIed the effect of grain crop residues on 

nitrate production. Tbey observed that tho outstanding 

influence of surface residues was not so much on production 

as on translocatlon of nitrates downwards. Rainfall was 

more effective in washing nitrates through a soi]. kept 

moist by straw mulch than In the dry, unraulched soil. 
Beauinount (9, p. 185 and 10, p. 121-23) observed that 

under a mulch of 6-8 tons ner acre, nitrate accuiitflatlon 

was much crreater tlìan under cultivation. i±trification 
was believed to occur mainly in the lower huinifled layer 

of the mulch in contact with soil rather than in the soil 

proper. Nitrates are carried by leaching into the soll 
and accumulate only alter the carbon-nitro-en ratio of the 

nnüch has been narrowed by the process of decay. Allison 

(3, p. 211), and Fuller and Jones (31, p. 345) found that 

added cellulose resulted in more depletion of nitrate in 

a soll low in organic matter than in a soil higher in 

organic matter. Albrecht (1, p. 253-67) observed that 



depre8sin[: effects of a heavy straw mulch persisted two 

months under field conditions, Parker et al. (67, p. 611) 

found that oat straw applied to the soil surface without 

fertilizer nitroon, decreased the yield and nitrogen 

percentage of corn. The tie-up of nitrogen by surface 

mulches may not be the only way in which the nitroen 

supply could be ini'luenced by applied residuos; their 

effects on soil moisture and temperature can also effect 

nitror-on transforms t ions. 

Nitroen-fixation. Dhar arid Gour (26, p. 246) believe 

that straw, either alone or with ammonium suiphato, retards 

nitrogen losses partly by non-microbial reactions which may 

result in sorno nitro-en fixation. MoBeth (54, p. 486) 

showed that cellulose addition to soil Increased the 

nitrogen fixing capacity. ï1odrov et al, (29, 18418) studied 

the effect of various nitro:en compounds on nitrogen fixa- 

tion and found ammonium salte and urea are active Inhibitors 

In nitrogen fixation. Stokiasa (83, p. 267) also showed 

that the addition of cellulosic materials supplied energy 

material for nitrogen fixation. C. A. Parker (Cc, p. 57) 

found the total nItroron content of a field soil was 

increased when either rye rrass or dIcago was rown. 

He presented a balance sheet showing that free living 



lo 

nitrogen-fixing microbes could be of considerable importance 

in maintaining the nitrogen status of grassland soils. 

Iverson (40, p. 77) found that cereal straw added to winter- 

burned cultivated soil in Alberta aided nitrogen fixation. 

At O-6 inches soil depth the fixation generally was -reater 

than at 6-12 inches. Twenty-eight days Incubation in the 

laboratory gave as much fixation as a 49-day period. 

Gainey (32, p. 16) discussed the need for nitrogen in the 

decomposition of organic matter, and the extent of non- 

symbiotic nitrogen fixation under semi-arid conditions. 

Vandecaveye and Villanueva (87, p. 204) reported the 

presence of Azotobacter in Palouse silt loam and found 

nitrogen fixatlor Of 6 to 1,064 pounds per acre during 

an 80 day period. Vandecaveye and Moodie (86, p, 236) 

observed that after 6 months the number of Azotobacter 

decreased, apparently due to develpmont of lytic agent. 

:eiklejoim (57, p. 247) found an increase in number of 

Azotobacter in Broadbalk wheat fields where no nitrogen was 

applied. She also reported that the number of Clostridium 

was more than Azotobacter. Virtanen (90, p. 425-33) 

emphasized the importance of biological nitrogen fixation 

in the maintenance of life, but asserted that two or three 

per cent of the nitrogen contained in the annually harvested 

crops of the world originated from nitrogen fertilizers 
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produced by Industry. Jensen (42, p. 16E-73) also empha- 

sized the Importance of biological nitroon fixation. he 

foìnd 1ostr1diuin more numerous than Azotobacter, and 

considers that Clostridium butyricum i more important in 

nitrogen fixation under field conditions. C. A. Parker 

(66, p. 58) has found that Azotobacter fixes nitrogen more 

efficiently under reduced oxygen tension. Straw mixed with 

the soil, by increasing general microbial activity and 

oxygen consumption, would favor the fixation in this way 

as well as by providing an energy source. 

Denitrificatiori. Broadbent and Stojanovic (19, p. 359) 

demonstrated that denitrification of added nitrate W88 

inversely related to partial pressure of oxygen in the gas 

stream passed through the soil. In subsequent studies by 

Broadberit (20, p. 129-38) on denitrification in some 

California soils under aerobic and partly anaerobic condí- 

tions ho concluded that the character of the soil is 

important In determininr: whether or not aerobic denitrif i.. 

cation takes place. Allen and Van1iel (2, p. 397-412) and 

Sack (71, p. 11-22) have also reported nitrogen losses 

due to aerobic denitrification. Marshall et al. (48, 

p. 258) have domonstrted nitrogen losses from nitrates in 

aerobic liquid culture dia. Wijler and Deiwiche (100, 

p, 168) in experiments with T103 aded to soil found that 
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nitrogen gasos are evolved under aerated conditions, ana that 

the uso of straw instead of a1f-alfa reduced the rate of 

denitrification; however, the proportions of N2 id N20 

formed were essentially unchanc-.ed. 

Recently Skorman and MacRae (78, p. 215-30) showed 

that no nitrate reduction occurred when free ocygen was 

continually present, even at very low concentrations. 

Skerman Ai. (79, P. 511-25) also showed that with cul- 

tures of Pseudomonas denitrificans, no decomposition of 

nitrate occurred where any detectable oxygen was present 

in solution. anometric methods were used by Gilmour et al. 

(34, in press) to observe chances in as consurntion and 

evolution during denitrificatíon and decomposition of organic 

residues in soil. Gilmour, Terrosa and l3ollen (35, p. 9) 

us1ní similar methods showed that moisture level has a 

marked effect on denitrification. In part, at least, this 

carì be attributed to influence of moisture on aeration. 

Arnold (6, p. 116.-28) reported losses of nitrous oxide 

from aerated soil. Lowenstein (47, p. 399) found approxi- 

mately one half of 300 ppm N added as ammonium sulfato to 

Spencer silty clay loam soil was volatilized under labora- 

tory conditions over an 11 month period. The p;reatest 

decrease was during the first six weeks of incubation, 

Newton (60, p. 76-81) reported large loases of nitrogen 
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and orRanlc matter under the prevaì1in: sy3teni of cultivation 

in Western Canada. Gerret$on and Hoop (33, p. 359) found 

with acid 30113 that when the pH drop$ below 5.5 during 

denitrification, volatilization la to be oxpocted, tnd that 

tiie losses are not caused by evaporation of aninonia. There 

were no nitrogen 1oze3 when the soil was sterilized, 
proving that such losses ori1nate in microbial processes. 

Denitrification in Rothamsted soils was studied by f3rernner 

and Shaw (16, p. 50); the results obtained support the view 

that denitrification occurs only under conditions where the 

supply of oxycen is limited. LicGarity, Gilmour and Bollen 

(53, press), usinp an electrolytic showed 

that den:ttrificetlon was ne1iib1e oven when a consider- 

able amount of straw underwent aerobic oxidation in the 

soil. They surestod that even low nitrogen losses do not 

occur under strictly aerobic conditions. 

It is thus apparent that the term "aerobic denitrifica- 
tion" is a misnomer. Aerobic Incubation or exposure of a 

nass of soil to air does not necessarily mean the soil is 

completely aerated. Moisture laden pockets may be depleted 

in free oxy:en, and aerobic and facultative microorganisms 

will rapidly consume oxygen in the presence of available 

energy material, thereby creating microclimates of armero- 

biosis even in well aerated soils. 
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Or'anic matter decomposition. Plant residuos added 

to the soil undergo more or less rapid and extensive 

decomposition by microorganisms, and carbon is liberated 

as CO2. The rate and extent of this mineralization is 

governed by the nature of the organic matter and by environ- 

mental factors. More readily decomposable material 5.s 

oxidized rapidly and more completel:)?-. Resistant coristi- 

tuents such as 1in1n decomposes slowly and accumulate 

at equi1ibrii isveis in humified forms, humus being most 

slowly decomposable. For a given amount of substrate 

oxidized, much of the carbon Is liberated as CO2 while a 

small part is synthesized into microbial cell substances 

which, on eventual death of the cells, also is subject to 

decomposition. Determination of the rate and amount of 

CO2 evolution from a soil thus provides a measure of the 

rate and extent of organic decomposition. 

Woilny (105, p. 1-487) was the first to show that 

practically all CO2 in the soil was directly due to 

activity ol' microorganisms. In classic soil respiration 

experiments, Stoklasa (83, p. '702) determined production 

of carbon dioxide from the decomposition of a variety of 

plant and animal materials. Using an improved apparatus 

for carbon dioxide evolution studies, Potter and S:.rnder 

(68, p. 93) demonstrated that decomposition of manure in 
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soil was accompanied by an 1ncreae In total nitrogen and 

nitrates as well as In CO2. A&Iition of lime was observed 

to increase CO2 production from the soll organic matter. 

VanSehutolen (39, p. 45-89) and Vaniterson (88, p. 689-98) 

gave a review of early studies of soll respiration arid 

found a close relationship between 002 evolved and the nuin- 

ber of bacteria In the soil. Soil respiration studios by 

Bollen (13, p. 353-'74) on the decomposition of native 

organic matter In a number of widely different soils found 

that the optimum moisture for mineralization was 75 per 

cent of the water holding capacity. Ad: ition of available 

nitroc:en increased respiration in a soil Lavinc, a wide 

C:N ratio. Hutchings arid Martin (39, p. 335-40) observed 

the influence of the C:N ratio of added organic matter on 

the rate of its decomposition In soil. They found that 

the addition of i'aNO3 to narrow the ratio stimulated CO2 

evolution during the first few days and caused. an 

accumulation of nitrate over the amount added. Solvers 

and Holtz (75, p. 41 and 76, p. 30) noted in Pelouse 

silt loam sol]. that in the process of decomposition of 

plant residues there was a tendency for the C:N ratio to 

become narrowed until it approached that of the micro- 

organisms responsible for the decomposition. The rate of 

decomposition of various crop residues In an Iowa soll 
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was studied by Miller, Smith ana Brown (50, p. 914). CO2 

evolution was determined with 12 dIfferent kinds of plant 

materials added to the soil on an equivalent carbon basis 

but vary1n in nitrogen content. Residues high in nitrogen 

decomposed rapidly dui'in, tl'ìe first few days and their 

decomposition resulted in a greater fixation of carbon in 

the soil than did the decomposition of materials low in 

nitrogen. Bartholomew and Norman (8, p. 270-79) studied 

the decomposition of different plant nterials under 

different temperatures and moisture ranres. Their findings 

indicate the most active decomposition of oat straw was 

at 15 to 17 per cent moisture and 77 to 82 per cent 

humidity at 250 and 37°C. temperature. They also observed 

that temperature had a marked influence on decomposition. 

Norman (62, p. 244-59) reported that cellulose decomposing 

fungi were active in the decomposition of straw. 

Extensive discussions on orianic matter decomposition 

are given by Waksman (92, p. 443-80). The microbial 

decomposition of cellulose is reviewed extensively by 

Siu and Reese (77, p. 377-417), Norman and Fuller (63, 

p. 239-63), V'inogradsky (104, p. 574-81), and Jaksnlan 

(95, p. 828-52). A survey of the biological decomposi- 

tion of lignin has been published by Lawson and Still (46, 

p. 56-80). 
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The iiportance of the C:N ratio in decomposition of 

organic matter is widely recon'nized. Broadbent and 

Bartholomew (13, p. 274) studied the effect of quantity 

of plant materials added to soil on the decomposition; 

the rate of oat straw mineralization was inversely related 

to the amount applied. This effect was not attributed to 

deficiency of nitro:en or lack of aeration, but rather to 

a combination of physical and biotic factors which restrict 

space for microbial growth. ßollen and Lu (12, p. 55-4l) 

found that wheat straw with a C:N ratio of 373 was 90 per 

cent decomposed after 1,518 days from the time it was 

added to Willamette silt loam soil at the rate of 2 tons 

per acre. Sawdust with a C:N ratio of 429, was decomposed 

to the extent of only 49 per cent in the same tiíe. Martin 

(50, p. 315) found that CO2 evolution, nitrate accumulation, 

arid mold counts are useful measures of decay of straw 

incorporated in the soll. The creatcst differences occur 

soon after the materials are incorporated, and diminish 

rapidly thereafter. In further studies (51, p. 363) he 

demonstrated the effect of C:N ratio on the rate of CO2 

evolution; materials in vhleh the ratio was wide decomposed 

more slowly. However, if the content of lignin or other 

resistant constituents is relatively hih, a narrow ratio 

does not always result in rapid decomposition. Oborhoizer 



(t34, r:,. 367) studIed the decomposition of added organic 

matter in semi-arid Arizona soils sind reported maximum 

co2 evolution at 50 per cent of the moisture holding capa- 

city of the soil, He also showeô th&t the C:N ratio is 

not the only controlling factor in decomposition of plant 

materials. Water soluble fractions underwent more rapid 

decomposition, especially in the case of alfalfa during 

the first two weeks. Martin (49, p. 345) also found that 

water soluble fractions in roots and tops disappearod 

rapidly and that decomposition was more rapid with alfalfa 

than with sweet cinver. Waksman and Tenncy (98, p. 317) 

studied the effect of maturity on the disapoearanco of 

plant constituents during decomposition and found that 

young rye decomposed rapidly with a large production of CO2, 

while ture rye decomposed much slower. 

Waksmari ard Star1y (99, p. 414-61), and Starky (82, 

p. 311) made extensivo studies on carbon dioxide evolution 

from decomposition of organic materials in soil. They 

agree that CO2 evolution gives a reliable index of 

decomposition. The decomposing power of different soils 

for most organic materials was found not to vary greatly. 

Nitrate addiions hastened the decomposition of straw. 

The C:N ratio in relation to accumulation of organic 

matter in soils was studied by Salter (72, p. 429) 
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To a silt loam soil havinc a C:N ratio of 13.3 he added 

straw, clover, hay and a variety of other carbon sources 
along, with aioniwn nitrate to adjust the overall ratio 

to selected values. Ills conclusions were the fo1lving: 

1. With a given carbon-nitrogen ratio the microbial 

Processes taking place in the soll are similar, regardless 

of the organic :ateria1s added. 

2. A ratio wider than 10 to i causes the loss of 

organic carbon from soil, while a ratio narrower than 10 

to i leads to the conservation of carbon. 

3. A wide ratio causes nitrate depression over 

several months whereas a narrow ratio loads to the forma- 
tion of nitratos. 

4. Wide-ratIo materials may be sources of energy for 

nitrogen fixation, hut this nitrogen will not be available 

to crops until losses of carbon have narrowed the C:N ratio 

to about 10:1. 

5. Sufficient nitrogen to narrow the ratio to about 

15:1 favors nitrogen fixation. 

This review how that much work has been done on 

nitrogen transformations and losses in a wide variety of 

soils. Many of the investigations have dealt with funda- 

mental rinclp1es. flone have been concerned to any extent 
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with Walla Walla silt 1oai soil, nor have any considered in 

detail the influence of rates arid sources of nitrogen 

important in soil management in the Columbia basin region 

of Oregon. The following investigation, with object:Lvos as 

previously outlined, therefore appears justifiede 
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MATERIALS AND LETHODS 

Soil. Walla Walla silt loam soil wa selected for 

use in this study because it is one of the most extensive 

and irportant wheat roducing soils of Oregon. It covers 

170 square miles or approxiniately 20 per cent of Umatilla 

County, forniing a belt sov:rsl i1es wide extendin north- 

east of Spafford. The averar'e annual rainfall is 15 to 16 

inches. It is a chestnut soil developed from fino textured 

wind deposited material (Loess). Accumulated humus from a 

native ve;etation of bluehunch vthoat prass (Agropyron 

p1catus) may be responsible for its dark color and excep- 

tional fertility. Practically all of the soil is culti- 

vated and wheat is by far the most important crop. 

Suner-fa11ow is coion1y oracticed. 

A bulk sample of the soil was collected in April, 

1956 from the Pend].eton Branch Experiment Station. Random 

samples to a depth of G inches were composited from the 

alley along the north end of trashy fallow plots 39 to 42 

inclusive. The soil was brought to Corva1li, air-dried 

and passed through a 10-mesh sieve. The soil wac stored 

in covered 30-gallon alavanized iron cans for use as 

required. Joisture was determined each time soil was taken 

for an e.periment, so that samples could he wei1ied out on 

a water-free basis. 
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Chemical1 Physical and Microbial Properties of Soll. 

Th030 are shown In Table 1. 

Exchange capacity and oxchangable cations were deter- 

mined by the ammonium acetato zaothod (73, p 13-24). Tota]. 

phosphorua was determined by the bicarbonato iethod of 

Olson (65, p. 19), and detorm.lnatlon of boron was nmde 

accordth, to Dible's ithod (27, p. 418-21). Other chenil- 

cal data shown were obtained by procedures 1ven under 

"iethods of Analysis". 

Moisture was deterrulnod as loes in weight by drying 

samplea at 105°C. for 24 hours. 

Water holding capacity was calculated from the amount 

of viator rotained by samples in Gooch crucibles wetted 

from below by inrersion and then allowed to drain to con- 

stant weight in a molsture-satux'ated atmosphere. 

iechanlcal analysis was made by the pipette irthod 

(44, p. 15-24). 

Numbers of microorganisms were estimated by plating 

procedures. Feptone glucose acid agar was used for molds, 

and sodium albuminate agar was employed for bacteria and 

streptomyces (96, p. 23). Azotobactor counts were made with 

W P. hart in' s med luna (52, p. 34). 
Total carbon was determined by combustion, usin{: the 

A.O.A.C. (7, p. O) procedure. 



Table 1. Analysis of Walla Walla Silt Loam Soil Used 
in the IrjvestigatîcnX 

Soil Properties 

Nitro ç;en 
Ammonium ppm lo 
Nitrite ppm i 
Nitrate ppm 4 
iotal ppm 1,030 

Total carbon 1,51 
C:N 14.C6 

Cation exchano capacity 
18.75 m.e./l0O gin 

Exohangable cations 
Ca 

'I 3.12 g 
.52 NaXX 

1.49 
Bicarbonate soluble 

phosphorus ppm 12.5 
PH ppm 6.7 
Soluble boron ppm .93 
Water holding capacity % 48.7 

Mechanical analys is 
Clay % 18 
silt % 38 
Sand % 42 

Microorganisms by plate count 
o1ds, per gram 88,500 

Mucor 12 
Peniclilum 4g 
Aspergillus li 
Demltaceae 24 
Trichodorma 4 

Bacteria, per gram 20,000,000 
Streptoces 21 

Azotobacte,per gram 40,000 

XA11 valuas except for pH are on the water-free basis. 

Detoi'rriinatíons made by the Soll Testinc Laboratory. 



Straw. A 10-pound sample of wheat straw, Elmar variety, 

1956 crop, from Pendleton was obtained and cund in a Wiley 

mill to pass a 10-mesh screen. A sub-sample was further 

reduced in a hairnner mill through an approximately 60-mesh 

screen for use in the laboratory. The orepared samples 

were stored in screw capped amber bottles. 

Chemical analysis of the straw is shown in Table 2. 

Table 2. Rosults of analysis of straw 

.1- htOsure, 
Water holding capacity, 573 
Total carbon, % 45.23 
Total nitrogen, 0.37 
C:N ratio 122.2 

pH (1/20 aqueous suspension) 5.]. 

Mechanical analyses of the prepared straw samples aro 

shown in Table 3. A sample of milled straw weighing 100 

E:rams was fractionated in a stack of Tyler standard 

screens on a Porter Sand Shaker for 10 mInutes; the per- 

contage of each separate was then determined by weight. 
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Table 3. MechanIcal Analyses of 1il1ed Wheat Straw 

Tyler Standard Wiley Mill Weber Hammer lill 
Screen 10 mesh screen #800 screonX 

meshs to the inch 

-f20 42.5 - 
40 37.4 - 
+60 11.8 6.4 
+80 4.1 18.4 
+100 1.9 18.9 
+150 1.0 16.7 
+200 0.5 27.2 
-200 0.8 12.1 

Xaproxito1y 60 mesh 
-1-indicatcs retained on screen 
-indicates passing screen 

EXPER IMENTAL PROCEDURES 

1. General - the fo11owIn sources and rates of 

nitroç:en wore used in all phases of the investi)ations: 

ammonium hydroxide, ammonium nitrato arid calcium nitrate 

at O, 100, 200 and 400 ppm nitrogen. The sources excet 

ammoniwn hydroxide were C.P. grade; the ammonium hydroxide 

was U.S.I'., 28 per cent nitrogen. 

The wheat straw was 'sed at 0, 5 and 10 tons per 

acre', calculated on the water-free basis. 

The moisture in all treatments was made up to 50 per 

cent of the water holdinr, capacity. This was iIntained 

by frequent addition of distilled water to restore loss of 

weight. Temperature was maintained at 28 1°C. Two 

Xacre_firow_sljce, considered equivalent to 2,000,000 
pounds dry soil. 



replications of each experiment were run at different tirnes 

facilities available did not termit running all treatment 

combinations at one time, 

2. Nltrification arid denitrificatlon studies. Eighty 

gram w-f (water-freo basis) portions of soil were used in 

pint milk bottles for each treatment. Treatnient& Included 

straw at O, 5, and lo tons per acre In factorial combina- 

tion with the three sources of nitroen at 0, 100, 200, 

and 400 ppm nitrogen. 

In each caso the amount of soil was weighed and spread 

in a thin layer on a sheet of wrapping paper. Where straw 

was added, thIs was done by sprinkling the weighed portion 

ovor the soil and then mixing well with a spatula and 

rolling the mixture back and forth on the paper. This was 

then transferred in four or five aporoximately equal 

portions to a pint milk bottle; corresponding aliquota of 

distilled water, or so1ution of the nItrogen source vthere 

required, were added to each soil portion after it 
placed in the bottle. Subsequent diffusion was relied 

upon to distribute the moisture and nitrogen treatments. 

This procedure was believed to give better distribution 

than mixing liquid additions with the soil before trans- 

ferrIng to the bottle and it avoided the risk of puddling. 
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The bottles were capped, weighed and marked before placing 

In the incubator. Each cap wa punctured with a 7 mm hole 

to provide aeration. /4 table of random numbers was used 

in choosing nitrogen sources, in numberinp: treated bottles, 

and in selecting their position in the incubator. 

The experimental design was a split-split plut with 

nitrogen sources as major treatments, dates as subtreat- 

monts, and nitrogen rates as sub-subtreatrnents. 

Soil from replicate bottles was analyzed at 0, 7, 

14 and 28 days for the following: pH, NH-N, NO-N, 

N0-N and total nitrogen. 

3. iethods of analysis. pii. A soil water ratio of 

1:5 was used. Ten grams soil (w-f) and 50 mi distilled 

water wore stirred in a 100 ml beaker; after coarse parti- 

cies had settled, resdings were made with a model N l3ecicnan 

pH meter using, a glass electrode. 

NH-N. This method, developed primarily for decorn- 

posed plant materials by Shrikhande (74, p. 187-88), Is 

well adapted for anuonia determination in soils because 

lt avoids the use of strong alkalies such as LigO, commonly 

used in other methods. These have the disadvantage of 

liberating more or less ammonia from amino acids and other 

intermediate decomposition products of proteins. To 10 gm 



(wu.f) soil in a Kjeldahl flask, 30 ml of phosphate buffer, 

(K211PO4 14.3 gm, KH2PO4 91.0 g, water i liter), pH 7.4 was 

added. The flask was connected to the dist111in apparatus 

and 100 to 125 ri]. distillate collected in 4 per cent boric 

acid solution. The absorbed ammonia was titrated directly 

with N/14 H2SO4, using methyl red-broncresol green indicator 

(Cooper 24, p. 470). 

NOj. The modified official FSIWA method was used 

(i, p. 246-4'7). This employs sulfanilic acid and 1- 

napathylamine hydrochloride solutions with sodium acetate 

buffer. 

Harper's phenoldisuiphonic acid method (37, 

p. 180) was modified by use of ammonium carbonate to 

precipitate the excess calcium hydroxide remaining in 

solution after clarification. 

Total nitrogen. The officiai AOAC Gunning method 

modified to include nitrato was employed, (7, p. 30). 

This uses salycilic aòid and sodium thiosuiphate for a 

preliminary reduction of nitrate to ammonia. Twenty grar 

of Hibbard's mixture (!a2SO4 - 20 parts, FoSO4 - 2 parts 

and CuSO4 - 1 part) and one selonized Hengar granule was 

used with 35 ml H2304 for digestion of a 10 gram soil 

sample. Digestion was continued for one hour after 
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clearing. After cooling, 0O ml distilled water was 

added and the mixturo was swirled until all residue was 

dissolved or suspended. An excess of 50 per cent NaOki 

solution was then added and the flask connected to the 

steam distilling apDaratus. Approximately 125 ml distillate 

was collected in 4 per cent boric acid solution and the 

ammonia was titrated with N/14 H2SO4, using methyl red- 

broncresol green indicator. 

4. Soluble and insoluble fractions of wheat straw 

and their effects on nitroon transformations. 

(a) The general procedure was as described for 

"Nitrification and Donitrification Studies" Treatments 

consisted of the three sources and four rates of nitro- 

gen witb whole wheat straw, wheat straw extract, and 

extracted wheat straw. ïJhole straw was used at O and 5 

T/A. The extract and extracted straw were used at rates 

that would be contained in whole wheat straw at 5 T/A, 

the sum being equivalent to the whole straw. Extracted 

straw was also used at a rate equivalent to the total 

carbon in whole wheat straw at 5T/A. These were sot up 

and the analyses wore made at the same tLne and by the 

same methods as for the nitrification and denitrification 

experiment 
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(b) Preparation of extracted vJheRt straw and wheat 

straw extract. 
The wheat straw was extracted by the following proce 

dure. To 25 graine of 60-mesh straw In a liter bottle were 

added 500 ni). of distilled water; this was zhaken for 10 

minutee on a Miller paInt shaker, then allowed to stand 

over night. Next day, it was filtered tbrouh a Whatinan 

No, 2 paper on a i3uchner funnel and another 500 ml of 

water was added to the residue. This was shaken for 10 

minutos and then passed through the same filter. This 

'rDrocess was repeated three times, after which the filtrate 

was colorless. Following a final washing, washings and 

filtrates were combined, concentrated on a steam bath, 

made up to a volume of 1000 n]. and stored In a bottle In 

the refrlrr.erator for use as required. 

The residue of extracted wheat straw on the Buchner 

funnel was carefully removed, air dried and stored in 

a bottle. 

The residue and extract were analyzed for moisture, 

total nitrop,en, total carbon and pII. Analysis of the 

er-tract and extracted wheat straw gave the results 

shown in Table 4. 
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Table 4, Ana1jsis of Extract and Extracted Wheat Straw 

Viheat Straw Extracted 
Uxtract Wheat Straw 

c7 
¡Q 

oisture - 2.9 
Total solids 1.01 - 
Total carbon 3.03 40.9 
Total nitrogen 0.00 .36 

C: ratio - 113,3 
ii 8.1 c.4X 

X0 1/20 water suspension 

5. 2.22 evolution studies. Portions of soil weithing 

200 grn (w-f) were placed in pint milk bottles and treated 

in factorial combinations with the 3 sources and 4 ratos 

of nitroren with straw at 0, 5 and lO tons per acre, In 

addition, treatments were made with wheat straw water 

extract equivalent to water soluble carbon in whole wheat 

straw at 5 T/A, water extracted wheat straw at 5 T/A, and 

water extracted wheat straw equivalent to carbon in wbole 

wheat straw at 5 ./A. The experiment was set up in the 

Incubator at 28° C and connected to a modified Potter and 

Snyder (68, p. 76-95) respiration aparatus designed by 

Bollen (13, p. 353-74). A randomized block design was 

used with two replications in factorial combination of all 

nitroen sources and rates of nitro/en with the straw 

treatments. The CO2 evolved was absorbed In tubes, 

containing approximately N/i NaOH. The tubes were replaced 
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at the end of 12, 42, and 84 hoirs and 7, 14, arid 28 days, 

and the absorbed CO2 was determined by differential titra- 

tion with a Beckman automatic titrator. The end points 

used v;ere those recon,xnended by Cooper (24, p. 470): pH 

8,35 for neutralization of excess NaO!! and conversion 
of 

carbonato to ticarboriato; pH 5.0 to 4.6 for neutralization 

of bicarbonate, the particular end point varying 
according 

to the amount titrated. N/i H2SO4 in undetermined amount 

was used to first brinr the pH to about 8.5, after 
which 

N/l2 acid was used. Results wore plotted as mllliFrarls 

of carbon equivalent to 002 per 200 m soll on a cuila- 

tive basis. 
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RESULTS AND DISCUSSION 

Effect of amount of wheat straw and nitrorenous fertilizer 

on transformations and 1033 of nitroc'en. 

The results for the nitrato and total nitrogen are 

graphed In Figures 1-4. Firire i shows the nitrate 

changos in the soil without added straw. Nitrificatlon 

of NH4OH was rapid, and was greater, although not propor- 

tionally so, wlth the higher treatments, being 64 per cent, 

44 per cent and 3C per cent with 100, 200 and 400 ppm 

nitroren at the end of 28 days. The per cent nitrifies- 

tion was thus higher with lower levels of nitrogen. 

With NH4NO3 the first 7 days showed a decrease in 

nitrates, indicating c3enitrification and at the same t Ime 

apparently no nitrification of the anion1um radical, which 

could have been immobilized by microbial assimilation. 

Quantitatively this is not unreasonable, considering that 

two forms of nitrogen contribute equally to the totals 

indicated, The recovery of added nitrate at zero time 

was between 95 arid 97 per cent. Nitrification proceded 

rapidly after '7 days, and on the poreentar'e basis, became 

greater in each case than when NH4OH provided all the 

nitrogen. The general trend of the NH4NO3 curves empha- 

sizes that assimilation of ammonia and reduction of 

nitrate are processes more rapid than nitrification. 
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Where Ca(NO3)2 sup511od a].1 the added n1troren, 

denitrificatlon was extensive and continuous, although 

most rapid dm'ing the fir3t 14 deys, especially with the 

hirher rates of treatment. The soil with no nitroFen 

added showed moderate production of nitrates, and t is 

apParent that nitrification of the soil orgenic matter 

could have contributed to the indicated declino in denitri- 
fication. However with Ca(NO3)2 at 200 and 400 ppm 

nitro'.en, the a'mmount of organic matter availae for oxida- 

tion by nitrate would appear to be tlìe main limiting 

factor. 
Figure 2 shows bhe changes In nitrates In the soll 

when straw was applied to 10 T/A. The trend of chanes 
la the same as with 5 T/A. With both rates of straw and 

no nitrogen added, nitrates viere low and changed little 
with time; nitrificatlon of the Oi1 own nitrogen appears 

to be essentially nil. It is evident that all available 

nitrogen was consumed by microbes decomposing the straw. 

The oarbonacoous constituents are used by hetrotrophic 

microorganisms largely as sources of enorgy. Micro- 

organisms attacking the straw assimilato some of the car- 

bon and about one fifth as much nItrogen, but most of the 

carbon is oxidatively dissimilated to obtain energy. In 

this oxidation free oxy'-'en is used Insofar as available. 
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Oxygen deficiences are likely to occur even in well aerated 

soils, when readily oxidizable materia], is present; then 

other oxidants, especially nitrate, will he employed by 

facultative organIsms to continue the oxidation either In 

whole or in part. Thus the disappearance of nitrates In 

the presence of added straw can be attributed largely to 

its function as an oxidant rather than as a nitrogen source. 

It should be emphasized again that completely anaero- 

bic conditions in the soil are not required for nitrite 

reduction to occur. Kefauver, and Allison (45, p. 8-14) 

showed that Bacterium clenitrificans was capable of using 

simultaneously both molecular o:yen and nitrito, but 

molecular oxygen was used preferentially; nevertheless, 

extensivo denitrification occurred in liquid cultures 

vigorously aerated with a mixture of 6 per cont oxygen 

in nitrogen gas. 

Straw at 5 T/A arid 10 T/A had similar effects on the 

course of changes in nitrate concentrations. VIth NH4OH 

as the source of nitrogen, 200 and 400 ppm levels were 

nitrifiod to essentially the sanie extent with both rates 

of straw. At 100 ppm nItroen, nitrate accumulation was 

very low, reflecting a greater demand of the larger amount 

of straw for more available nitrogen and/or nitrate as an 

oxidizing aent. 
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With NH4NO3, and also with Ca(NO3)2 and straw at 5 T/A 

and 10 T/A, nitrate concentrations chanced with time in a 

manner similar to that shown without added straw but the 

levels were lower. Levels with 5 T/A straw were generally 

lower than with 10 T/A. This supests that the heavier 

straw treatments improved soil aeration sufficiently to 

lessen requirements for nitrate as an oxidant. The abrupt 

and extensive incroa3e in nitrate nitrogen recorded at 28 

days with Ca(NO3)2 at 100 ppm nitrogen and straw at 10 

T/A is anomolous. No explanation can be off ered. 

Total Nitrogen. 

Changes in total nitrogen in absence of wheat straw. 

Figure 3 - Without Wheat Straw. 

Losses in total nitroren when NTr4OìI was added occurred 

at a rapid rate, amounting to approxinmtely 100 ppm with 

each treatment. Soil with rio NB4OH added lost about 50 ppm 

nitrogen, most of it during the first 14 days. Since the 

soil was not far from neutral arid since evaporation losses 

were kept very low it is unlikely that ap':rociable losses 

were clue to volatilization of anrnnia. Denitrification 

following nitrification apears to be a logical explanation. 

Fi'ure i shows that NH4O}i was rapid1 n:trif led. 



Chonges in Total Nitrogen in Wolla Wollo silt loom with different sources 
of nitrogen and wheat straw ot O tons per ocre 

1450 
Sourcs of N. NH4 OH 

1450 j-. 450 
L Source of N NH4 NO3 

400 

mN 

I 400 N 

1350 1350[\ 350 

1300 1300[ \ 
o 

1260 

o 
o 

1200 

PISO 

'loo 

loso 

1000 
O 

121 

12 

I If 

IO 

loi- 

4 tI 2$ O 
Days 

1260 

1200 

I ISO 

1100 

loso 

1000 
7 14 21 25 0 

Dava 

FIgure 3 

i I4 SI ti 



When NH4NO3 was added the losses were considerably 

greater than with NH4OH, and wore greater with the higher 

rates of treatment. Extent of the decline in each caso 

indicated that all of the nitrate and a good share of the 

ammonium was lost in 28 days. Again, nitrification must 

have been rapid and :'nore extensive at higher treatments. 

In contrast to treatments where ammonium ion was added, 

losses where nitrate was the only source of nitrogen apolied 

were generally low. Also in contrast to the NH4OH and 

NH4NO3 treatments, losses with the heavier treatments wore 

less, and essentially within the limits of experimental 

error. With Ca(NO3)2 at 100 ppm nitrogen the loss amounted 

to about 60 per cent but this loss was still less for corn- 

parable levels of nitrogen with the other sources. 

Evidently the addition of anmonium to this soil stimu- 

lated donitrification as well as nitrification. \Thile 

ammonium is a source of energy for nitrifiera it is a nitro- 

gen source for denitrifiers whose development would be 

promoted so they would utilize nitrato in much larger 

amounts as an oxidant. The respiration graphs (Figure 5) 

and the relatively wide C/N ratio (Table 7) show that the 

soil contains a supply of readily oxidizable organic matter 

that could well support an active denitrification. It Is 
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not lncon.lstcnt for nitrificatlon and denitrificatlon to 

proceed simultaneously. Amer and Bartholomew (5, p. 215- 

19) showed that the oxyten content of' soll air could be 

lowered to 10 per cent with little influence on the rate 

of' nitrificatlon. At 2 per cent oxygen, nitrification was 

reduced by oneahaif. The minimum oxygen concentration 

permlttln nitrate formation was between 0.4 and 0.2 por 

cent. 

Changes due to addition of straw. 

The changes In total nitror:en due to additions of 

straw and in relation to rates and sources of nitrogen are 

shown graphically in Figure 4. With no added nitrogen 
there was a s1lg1but definite increase in total nitroEen, 

mndlctin the occurrence of some fixation. With Ca(NO3)2 

thero wa slight fixatioii t 7 days at all rates of 

nitrogen applied. The sane trend existed for the other 

sources at all except the highest rates of nitrocen. The 

losses with Ca(NO3)2 were less than for NH4NO3 and similar 

to those with NH4OH. The 1oses after 7 days are not 

readily explained but evidently nitrificatlon of aioniii 
was involved as well as denitrification. 

In iost casos where straw was added, nitrogen losses2 

especially at 7 days, wore less than in the absence of 
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straw for all sources and comarable rates of nitrogen. 

This would result from assimilation of nitrogen by micro- 

organisms decomposing the straw. Losses were still 

extensive, however, with NH4NO3: this again points to 

the erthancement of denitrification when both forms of 

nitrogen are present. 

Tne results in general show that straw additiors tend 

to conserve nitrogen in the soil. In part this may be dt 

to nitrogen fixation by bacteria using the straw as an 

energy source, but the effect would seem to be due mainly 

to the utilization of ammonium arid nitrate by a stimulated 

microbial assimilation, ttms reducing the amount of nitrate 

available for donitrificatlon. Allison (4, p. 236) has 

indicated that while added organic matter consorves soil 

nitrogen, added nitrogen does not conserve organic matter. 

Nitrites 

Nitrites were determined but found to be less than i 

ppm in all cases with all rates arid sources of nitrogen, 

with and without straw. The results were not significant, 

and are not shown. 

Changes in Ammonium Nitrogen. 

The uean values for the NEZ-N analyses aro shown In 

Table 5. WIthout added nitrogen the values were low, 

ranging from i to 7 ppm. 



Table 5. Changes In NH4 -N for Walla Walla Silt Loam Soil Treated With Different 

Sources and Rates of Nitrogen, and Wheat Straw 

Treatments 

Straw N-rate 

Ammonium 
0 7 

days days 

hydroxide 
14 28 

days days 

Nitrogen 

Ammonium 
0 7 

days days 

Sources 

nitrate 
14 28 

days days 

Calcium 
0 7 

days days 

nitrate 
14 

days 
28 

days 

T[A ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

o o G 5 3 6 6 5 3 G 6 5 3 6 

O 100 105 19 11 7 50 7 7 7 6 6 6 7 

0 200 199 24 17 12 101 12 10 9 6 6 7 7 

0 400 392 36 31 24 200 17 12 10 7 6 7 8 

5 0 7 5 2 2 6 5 2 2 7 5 2 2 

5 100 104 9 5 3 51 5 7 7 7 7 7 8 

5 200 199 14 10 7 100 11 12 8 7 7 7 8 

5 400 391 29 24 19 199 12 14 10 '7 8 9 9 

10 0 7 4 2 1 7 4 2 2 6 4 2 2 

10 100 104 5 3 2 50 5 6 6 7 8 8 8 

10 200 199 19 10 5 100 6 7 7 7 9 8 9 

10 400 391 36 19 15 198 8 9 9 7 9 9 9 
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With added NH4OH, NH..N recovery at O time was 96 to 

98 per cent. At 7, 14 and 28 days only small amounts of 

ammonium remained and these decreased with time. These 

resulte are in line wIth the obsorved increase in nitrate 

(Figure 1) and losses in total nitrogen (Fiiire 4). 

Recovery of NH-N with NH4NO additions at zero timo 

were slightly lower than with Nh4OE. After 7 days the 

amounts of NHt_N found in ali casos wore little different 

from amounts shown in the control soil. This again indi- 

cated active progress of nitrification. NHhN found with 

Ca(UO3)2 treatments was in all casos essentially the saine 

as found in the untreated soil. 

Effects of Soil Aciditr. 

The pH values (Table 6) decreased with Increasing time 

In all treatments whore no nitror-on so'rce was applied. 

The highest pH observed was 8.0, with NH4OII at 400 ppm 

nitrogen without straw. This decreased to 5.8 at 2 days. 

This was the lowest among all the treatments at 400 ppm 

nitrogen. This can be attributed to an increase in pH due 

to the addition of the basic NH4OH followed by an increase 

in acidity due to nitrification. A buffering effect due 

to straw was observed, the effect being greater with the 

higher rate of straw. This might be duo directly to the 



r2a11e 6. pH Vclue3 for u1la Walla Silt Iown Soil Treated With 1ifforent Sources 

arid gates of Nitror:on, and Wheat Straw 

Nitrogen Sources 

Treatment NH4OH NIi4NO3 Ca(NO3)2 

Straw -rcto 7 14 28 0 7 14 2L 0 7 14 23 
clays days day days days days days days days days days days 

T/A ppm 

o o 6.8 6.7 6.9 6.4 6.8- 6.7 6.9 6.4 6.8 6.7 6.9 6.4 
o ioo 6.9 6.8 7.3 6.0 5.9 6.1 6.7 5.d 7.5 7.5 6.7 5.7 
o 200 7.3 6.9 7.4 5.9 6.'. 6.0 6.4 5.7 7.4 b.5 b.9 5.7 
o 400 8.0 7.1 7.5 5.8 6.1 5.9 6.3 b.0 7.3 6.4 b.? 5.5 

5 0 6.5 6.7 7.3 6.7 6.5 6.7 7.3 6.6 6.5 6.9 7.1 6.6 

5 400 6.9 7.0 7.3 6.0 6.2 6.2 6.4 5.7 5.E 6.5 6.1 5.7 

10 0 6.3 6.7 6.9 6.0 6.3 6.7 6.9 .6.4 6.3 6.7 6.9 6.0 
10 100 6.8 6.8 7.3 6. 6.1 6.5 7.1 6.5 5.9 7.1 6.6 6.2 
10 2GO 6.9 6.8 7.0 6.3 6.1 6.4 6.8 6.1 6.1 6.9 6.3 6.1 
10 400 7.3 6.9 6.9 6.0 6.2 6.3 6.4 6.0 6.2 6.8 6.1 5.9 
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straw which was added, or to the utilization of the nitro- 

gen by an increased microbiological population. 

Vith NH4NO3 and Ca(NO3)2 the effects on pH were 1os 

than for NH4OH nd were alout the same with all treatments. 

2-22 Evolution Studies 

A. Wheat s craw with different sources and rates of 

nitrogen. 

The untreated soil showed the least production of CO2, 

(Table 7) indicating that only 2.5 per cent of the organic 

matter was completely decomposed in 28 days. Addition of 

each nitrogen source temporarily retarded CO2 evolution 

but increased it in all cases by the end of 28 days. Addi- 

tions of 100 ppm nitrogen from each source resulted in 

slight increases in CO2 eventually evolved. This effect 

decreased with increasing rates of nitrogen applied, indi- 

eating sorne retardation due to these higher rates. With 

NII4OH and N114NO3 increases became apparent at 84 hours, 

while increases with Ca(NO3)2 did not occur unti], 14 days. 

From the standpoint of total organic matter decomposed, 

however, even the larger increases amounted to only about 

i rer cent. 

In order to discuss arid interpret these CO2 data it 

is necessary to make certain assumptions, particularly that 

any excess CO2 produced in a soil treated with plant residia 



Tacla 7. Apparent Decomposition of Soil Organic Hatter and of Wheat Straw In Walla Walla Silt I^cam Soil as Influence

by Rates and Sources of Added Nitrogen

Treatment

Soil only

NH4OH 6 100 ppm N
6 200 ppm N
Ci 400 ppm N

NH4K03 & 100 ppm N
& 200 ppm N
@ 400 ppm H

Ca(N03)2 6 100 ppm N
@ 200 ppm N
@ 400 ppm N

Wheat 3traw @ 5 T/A
Wheat utraw S 10 T/A

Wheat abraw 3 5 T/A
•f-NH.OH 8 100 ppm N

@ 200 ppm M
15 400 ppm H

f- NH4NO3 8 100 ppm II
3 200 ppm N
©400 ppm U

f.Ca(N03)2 ® 100 ppm N
' 3 200 ppm N

3 400 ppn '!

hoat sb

IIH.OH S 100 p.
a 200 ppm
j. -100 ppm

10 T/A
K

f N UNO* @ 100 ppm N
ji 200 ppm I!
3 400 -

4- Jni N03)2 6 10C
8 C00 ppm K
Cj 100 pom E

Total carbon
of additionof soil

CO9 evolved, as C
'21 hours 28 _days.

ppm ppm

Excess CCp. as C
over

soil only
51 28

hours days

ppm ppm

over treatment

without straw

~~51 5S-
hours days

ppm Ipm

Apparent
decomposition

at 26 days
of soil of

organic straw*
matter

ppm C/H ppm C/H

14.66 10 374 - - - - -. 5
-

13.36

12.27

10.56

44

33

21

4S1

515

558

34

23

11

117

141

184
- -

i.

3.

s

3

•

7

13.36

12.27

10.56

34

31

28

437

485

533

24

21

18

63

111

159 _

*" 2

3

a

s
B

,5

13.36
12.27

10.56

39

32
2ft

429

• 446

477

29
22

15

55

72

103
- -

2

3

.•:•

,0

2,264
4,524

122.7

122.7

13r.:

22£

1,516
1,936

127

218

1,142
1,612 -

-
50.5

35.6

2,262
u

n

22.62

11.31

5.65

159

1S2
147

1,695
1,793
1,867

115
119

126

1

1
1

,205
,268
,309

•

53.3
56.1
57.9

II

11

It

22.52
11.31
5.65

128

119

103

1,057
1,215
1,433

81

75

B80
730

90C

27.4
32.3

39.8

1!

H

R

22.32

11.31

5.65

132

119

108

1,115
1,235
1,396

93

83

Cl 7

79C

919

30.4

34.9
40.6

4,524
n

u

45.24

22.62

11.31

268

255

225

2,272
2,276
2,313

234
221

197

1

1

:

,"81
,765
,755

39.4
39.0

38.a

II

11

H

45.24

22. S2

11.31

282

246

231

2,199
2,105
2,039

24(

215

203

1

1

1

,762
,620
,506

39.0

35.8

33.3

11

H

II

45.24
22.62

11.31

249

266

300

1,967
2,256
2,396

210

224

275

1

1

:

,53t
,790
,921

34.0

38.6
42.5

•asorl on excess CO2 c>v9r treatment without 3traw.

03
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is derived wholly from tho organic addition. However, as 

shown by Broadbent and Bartholomew (18, p. 271-74) using 

labeled carbon, the athiition of plant material to a soil 

increased the decomposition rato of thc soil organic matter. 

Since our experiments were conducted without benefit 

of as a tracer, it is necessary to assume that the 

1arre increase in 002 production when straw was added was 

duo to decomposition of the straw itself. On this basis 

it my be concludod that added wheat straw was cxen- 

sively decomposed in 23 days. Apparently one-half of the 

total carbon in wheat straw at 5 T/A was converted to 

002, vthile one-third of the 10 T/A treatment was similarly 

decomposed. This Is In accordance with the generally 

observed phenomenon that the greater the amount of mature 

plant material added to a soil the longer time is required 

for a given amount of decomposition (Broadbont and 

Bartholomew,' l3, p, 271-74). With green plant material 

the reverse is true (Waksman and Tenney, 95, p. 317-33). 

Aimnonium hydroxide Increased the rate of decomposition 

of 5 T/A straw additions, as compared to straw alone, the 

higher rates of nitro,on having increased effects. Ammonium 

nitrate and Ca(NO3)2 at all rates denressed the decomposi- 

tion, the lowest rato in each case bein most depressivo. 

This suggests that much of the nitrate served as an oxidant 
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for denitrification, rather than as a direct nutrient for 

microbes effecting the decomposition. The NH4NO3 and 

Ca(NO3)2, however, had closely siriiler ef2ects; allthe 

nitrate of the former and a similar amount, or one-half 

the total, of the latter could have been involved in 

oxidizing activities. 

With wheat straw at 10 T/A all sources of nitroren 

slightly increased the total CO2 evolved at 28 days. Except 

with Ca(NO3)2 the smaller ratos gave large increases in 

the total CO2. It is apparent that the amount of straw in 

proportion to added nitrogen sources i a factor influ- 

encing the rate of decomposition. Larger amounts of straw 

could be expected to increase aeration and decrease denitri- 

fication accordingly. This Is consistent with the data for 

total nitroren; a greater decrease occurred with no straw 

than with 10 T/A. However, CO2 production and nitratos 

show a negativo correlation. Other investigators have 

reported that no parallel exists between nitrate formation 
and COI, evolution (93, p. 421). The data do not provide 

an acceptable explanation of the effects noted. Compari- 

son of the denitrification studies with the soil respira- 
tion experiments is limited by the aeration differences 

necessarily imposed by limitations of labor and equipment. 

In the nitrification study aeration was rrovided by air 
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diffusion through punctured bottle caps, while air-flow 

under slight pressure was used In ths respiration experi- 

ments. An ideal study would involve determinations of 

nitrates, total nitrogen and CO2 evoludon ori the same 

incubated samples and at the same time. 

B. Vater Extracted Wheat Straw and Wheat Straw 

Extract. 
The water-extract of wheat straw was rapidly decom- 

posed (Table 8). At 28 days CO2 production from the added 

carbon(water-solublo)was in excess of 100 por cent decorn- 

position, Indicating, a simultaneously accelerated oxidation 

of the native soil organic matter. All sources and rates 

of added nitrogen depressed the CO2 evolution, which, 

')owever, was still more than enough to account for complete 

decomposition of the added water-soluble carbon. The larg- 

er the rate of nItrogen addition the loss CO2 was evolved. 

This suggests a sparing effect of nitrogen fertilizers on 

native organic nitrogen, microorganisms thus being relieved 

of the necessity for decomposing humus to satisfy nitropen 

nutritional requirements. Janason, Ha].lam and Bartholomew 

(4]., p. 383-90) reported the preferential utilization of 

ammonium nitrogen by bacteria in their studies on oat 

straw decomposition. This agrees with the results shown 

in Table 8, which indicate that amrioniixm nitrogen was more 



'a":" ' *'•''•' '•' •'•"•-• f.<,t.i, Sxtra.ted *u..t 3tr- I,. «.!.. ;:., Umi
Sell as Influenoe.1 by Rataa an-1 3ourcea of llin! NUroKen

Treatments

Whaat atraw € 5T/A
Wheat straw extract
extracted wheat straw
Extracted wheat strawrC

Wheat atraw extract
-K."K40H 6 100 ppa H

5 200 prim B
6 400 pbm K

+NH4NO3 £ 100 ppm R
3 200 ppm I<"
iS 400 ppm H

+Ca(>;03)2 S 100 ppm H
6 200 ppm K
S 400 ppm N

Extracted wheat atreir
+NH4OH <& 100 ppm K

@ 200 pDm K
S 400 ppa I!

+ra4N03 3 100 ppm K
• 200 ppm II .
6 40C ppm I

+Ca(HOs)8 e 100 ppm I
@ 200 ppm N
5 400 ppm I

Extracted wheat straw ;c
+KH4OH @ 100 ppm K

« 200 ppm I
• 400 ppm II

+NH4KO, @ 100 ppm K
@ 200 ppm ::
• 400 ppn >

+Ca(N03)2 @ 100 ppm I
6 200 ppm I
© 400 ppm N

.Total carbon
of ad-mion

ppa

2,262
310

1,952
2.2G2

310

~c75T"

122.7

113.7
125.7

3.10

1.55

.76
3.10
1.55

.78

3.1C

1.55
.76

ppm

137

221

63

14

192

159
142
176
166
151

184
174
155

•II

62
69
63
49

32

C4

59

56

51

50
51

34

42

52

9S
4C

58

PP«

1,516
1,595
1,008

361

1,355
1,210
1,079
1,207
1,167
1,036
1,413
1,287
1,193

1,443
1,392
1,342
1,262
1,328
1,403
1,457
1,599
1,595

1,388
1,514
1,557

787

1,027
1,181

881

1,136
1,301

iixceaj CCq. aa C Apparent
oyer over treatment decompositionC02 evolv,,; «, C Soil only wlthoutatra. at 26 days

21 houra 26 day, 21 26 2i ^ of a£a, ff "
. ,ur« daya hour* daya extract

,.;ja ppm ppm

127 1,041
211 1,221
63 714
4 7

153
127

114

142

135
123

135

142

127

4

31

31

19
18
21

15

27

27

7

ie

24

0

12

24

0

14

20

ppa

664
840

521

770

682

503

984

841

716

942

667

784

845

843

975

1,028
1,153
1,128

897

899

999

350

542

648

452

690

834

50.5
100.0
36.6

100

48.2

44.3

40.2

43.1

49.3

48.2

52.6
59.1

57.1

39.6

39.6

44.2

15.5
24.0

28.6

20.0

30.5

36.9

CO
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effective than nitrate. 
With the extracted wheat straw (insoluble carbon) addi- 

tion$ of nitrogen increa8ed tuo rate of decomposition as 

shown by CO2 production. The increase in this case was 

least with NH4OJ-I and greatest with Ca(NO3)2. Forrn of 

nitroron as well as resistance of organic matter thus seem 

to Influence porfereritlal utilization of these materials 

by soil microorganisris. Advantages of one f onu of nitrogen 

over another as well as the function of each are probably 

deternitned by the 'iven set of envIroniuental conditions. 

Where extracted wheat straw was added at a higher rate, 

equivalent to carbon In whole straw at 5 T/A, the percon- 

tage of apparent decomposition decreased. Additional nitro- 

gen gave less decomposition except with amnon1um hydroxide. 

Although analysis of variance shows tho different results 

with the two rates of extracted straw are highly significant 

the results cannot he readily explained, particularly since 

the heavier application gave only 310 ppm or about 15 per 

cent additional carbon as CO2, 

Graphical and tabulated presentation of the data in 

Figures 5 and 6 and Tables 12 and 13 resnectively offers 

more basis for interpretations. These emphasize, however, 

the rapidity of the early stages of decomposition, and 

also tho generally depressive effect of added nitrogen. 



Carbon dioxide evolution from Wolla Walla silt loam soil treated 
with wheat straw without added nitrogen 
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VJhere the results with no additional nitropen are depicted 

in iigure 5, lt should be mentioned that the low curve for 

extracted wheat straw at the higher rate could well have 

been the result of un error, such as the unintentional 

ommisslon of the straw addition. 

Qco2 Values. 

In the tables and f icuros just discussed cumlative 

CO2 values are tabulated and graphically presented. It is 

possible, however, to express CO2 data on the basis of 

rate of liberation over a designated period of time, this 

indox being roferred to as the value. Such data 

provide a difforent basis for comparison of values and the 

soil treatments can be more readily compared for their 

effects on CO2 evolution ratos. Typical O.o2 data are 

riven in Tables 9, 10 and li. 

All three tables :ive information on the overall 

effects of the various soil trentments. With no straw 

with straw at 5 T/A and 10 T/A, cco2 values 

viere 12.18 and 20.31 respectIvely. A considerably increas- 

ed rate of CO2 evolution with 1ncreasinr levels of wheat 

straw Is thus indicated. Wheat straw extract brought 

about a very significant Increase in the Qo2 Index. It 

is also evident that in the case of all soil treatments 

the index decreased with tine after 42 hours. 
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A closer examination of the individual data calls 

attention to several points of added interest. With 

NI14OH no depressive effect of the added nitrogen on the 

liberation of CO2 occurred. It is evident however that 

with wheat straw extract a ver'T considerable decrease 

in the Qo2 index occurred in the presence of NHhN 

(Table 9). At present there appears to be no realistic 

explanation for this effect. 

The inclusion of Ca(NO3)2 (Table 11) has aprarently 

not stimulated the terminal oxidation of the added organic 

matter. Presumably with nitrate a greater portion of the 

carbon and n1tropen has beco imriobil1zed in the form of 

microbial protoplasm. Thus a net increase in the termina]. 

oxidation product, CO2, might not be expected. It should 

be mentioned however, that as lias been observed in studies 

by Bollen and Lu (12, p. 35-41) and Gilmour et al. (34, 

in press) there appears to be a depressive effect of added 

nitrogen on the liberation of CO2, This is particularly 

true with the soil treated with wheat straw at 5 T/A plus 

added nitrate. In the case of the soil treated with 

NTI41O3 essentially similar results were observed as with 

Ca(NO3)2. 

These observations on increases and decreases in the 

Qo2 index attest to the value of this determination in 



Table 9, Q, o Values for Decomposition of Wheat Straw with Added NH4OH in 

Walla Walla Silt Loam Soll, pl/granVìour 

Treatment 21 42 84 '7 14 28 
Straw N p.p.m. hours hours hours days days days 

o o 4 6.31 2.3 1.55 .93 .48 
o 100 3.91 4.62 4.5 2.10 1.37 .64 
o 200 2.98 6.09 4.4 2.2 l.5 .65 
o 400 1.91 6.80 3.5 2.6 1.41 .77 

WS2-5T/A o 12.18 19.29 7.z 6.8 3.64 .94 " loo 14.14 20.67 7.8 9.2 3.68 l.°4 t, 200 13.51 16.93 11.8 9.1 3.95 2,09 't 400 13.07 20.13 16.5 '7.9 4.37 2.32 

\S 1O/A o 20.31 39.34 7.2 8,5 4.53 2.36 f, loo 23.82 34.18 12,3 8.5 5.13 2.28 t? 200 22.71 27.07 14.4 10.6 4.44 2.77 t? 400 20.0 27.38 14.3 14.1 5.53 2,72 

0 5,64 9.38 6.5 7.2 2.9 1.82 
'I loo 5.82 17.60 10.2 6.4 3.18 1.57 n 

200 5.56 15.60 9.06 7.3 3.63 2.07 t? 400 5.24 13.15 8.5 7.8 3.80 1.65 

0 19.69 28,23 16.4 6.6 2.3 1,43 
100 17.25 21.38 17.5 5.1 1.98 1.03 
200 14.18 18.75 13.9 4.1 1.86 .95 11 

400 12.62 15.51 12.5 4.0 1.24 .87 

CD 



Table 9. continued 

Treatment 21 42 84 7 14 28 

Straw N p.p.m. hours hours hours days days days 

EWSi.04 0 1.29 3.29 1.6 1.05 1.00 .74 

100 4.53 10.89 11.0 7.5 3.40 1.70 
200 4.80 13.78 13.0 8.7 3.70 l.Go 
400 4.89 16.7 14.2 8.9 3.80 1.57 

1W8 - wheat straw 
- extrocted wheat straw from wheat straw 5T/A 

3WSE - wheat straw extract from wheat straw @ 5T/A 
4EWSC - extracted wheat straw C in wheat straw © ST/A 

CT' 



Table 10, Values for Decomposition of Vtheat Straw with Added NH NO in 
'2 

Walla Walla Silt Loam Soil, p1/gram/hour 

Treatment 21 42 84 '7 14 28 
Straw N p.p.m. hours hours hours days days day8 

o o .84 6.31 2.31 1.55 .95 .48 
o ioo 3.07 3.68 2.18 2.19 1.17 .32 
o 200 2.80 4.00 2.67 2.22 1.ô4 .71 
o 400 2.53 3.33 2.98 2.52 1.bl 78 

S15T/A O 12.13 19.91 7.40 6.84 3.64 1.92 
n loo 11.42 14.71 7.56 4.57 2.16 .94 
t? 200 10.62 10.81 10.47 5.43 2.43 1.35 
t' 400 9.20 20.02 10.67 6,54 3.00 1.90 

vS lOT/A O 20.6 26.93 11.11 8.50 4.53 2.29 
t, loo 25.07 33.91 lò.50 10.00 4.98 1.87 
tI 200 21.91 33.60 12.40 9.41 4.32 2.15 

400 20.58 29.87 11.82 7.92 4.54 2.17 

s2 0 5,64 9.38 6.52 10.50 2.96 2.17 
ft 100 4.71 12.93 8.38 6.00 3.39 1.58 

200 4.35 11.60 7.95 6.90 3.55 1.77 
400 3.3 11.06 6.98 8.10 4.45 1.78 

0 19.74 28.18 16.42 6.44 2.26 1.04 
100 15.64 18.89 14.15 5.67 1.93 .84 
200 14.75 18.40 12.94 4.67 1.71 .77 
400 13.43 17.25 10.93 3.97 1.57 .07 

o 



Table 3D, continued 

Treatment 
Straw N p.p.m. 

21 
hours 

42 
hours 

84 
hours 

7 

days 
14 

days 
28 

days 

EWSC4 0 1.29 3.29 1.55 1.14 .99 .85 

loo 3.07 .78 4.76 .83 2.47 .74 

200 3.82 4.22 6.24 4.62 3,47 1.61 
400 4.67 5.15 8.49 6.42 3.14 1.74 

-WS - wheat straw 
- extracted wheat straw from wheat straw Q ST/A 

3wsE - wheat straw extract from wheat straw Q 5T/A 
4 EW3C - extracted wheat straw: C in wheat straw Q 5T/A 

ç) 
I-h 



Table U. Values for Decomposition of Wheat Straw with Added Ca(NO3) in 
2 2 

Walla Wella Silt Loam Soil, l/granVhour 

Treatment 2]. 42 84 7 14 28 
Straw N p.p.m. hours hours hours days days days 

o o .S': 5.46 2.51 1,55 95 .49 
o loo 3.46 3.42 2.26 1.59 1.13 .66 
o 200 2.84 3.16 2.22 1.70 1.22 '73 
o 400 2.26 3.11 2.04 2.01 1.41 .87 

WS-5T/A O 12.18 11.97 '7.44 6.85 3.64 1.95 
H 100 11.78 14.09 9.11 4.26 2.27 1.52 
TI 200 10.56 15,86 7.08 4.88 2.60 1.80 
't 400 9.64 18.62 '7.55 6.22 2.86 2.04 

wS lOT/A o 20.31 26.98 10.00 9.05 5.08 2.28 
't loo 22.18 27.73 8.55 6,96 5,08 2,18 
't 200 23.64 30.58 11.49 9.15 5.50 2.28 
tI 400 26.67 36.27 22.4:9 9.89 5.66 2.72 

Lv1S2 0 5.65 9.38 6.51 4.94 5.66 2.72 
100 5.68 15.02 8.95 6.50 2.96 1.57 

t? 200 5.28 14.09 8.5 7.19 3.39 1.92 
I' 400 4.89 12.84 7.71 8.84 3.94 2.13 

wsi3 0 19.69 10.93 16.44 6.44 2.32 .79 
100 16.40 28.18 15.22 5.40 2.23 1.22 
200 15.46 19.87 13.11 4.82 2.06 1.18 

t? 400 13.78 18.66 12.07 3.09 2.4'7 1.08 
C) 



Table iL continued 

'l'reatment 21 42 84 7 14 28 
Straw N p.p.rn. hours hours hauTS days days days 

EWSC4 0 1.29 3.28 1.55 1.15 .99 .85 
loo 3.51 4.17 5.95 5.34 2.97 1.43 
200 4.13 4.80 6.91 5.88 3.19 1.79 
400 5.16 5.67 9.09 6.73 3.51 1.97 

1WS - wheat straw 
2EWS - extracted wheat straw from wheat straw ® 5T/A 
3WSE - wheat straw extract from wheat straw @ 5T/ 
4EWSC - extracted wheat strawz C in wheat straw @ 5T/A 

C: 
("4 



Table 12. Nean Values for COP Evolution from Walla Wahn Silt Loam Soll Treated With 

Wheat Straw and Different Sources and dates of Nitrogen 

Expressed as milligrams carbon por 200 gxams soil 

Niti'o&en Sources 

Wheat Straw N-rate NH4OH NH4NO3 Ca(NO3)2 

- 21 14 28 12 14 28 21 14 28 
T/A ppm hours days daZs hours days days hours days days 

o O 1.9 57.3 74.9 1.9 57.:3 74,9 1.9 57.2 74.9 
o ioo 8.8 74.8 98.1 6.9 67.8 79.4 7.8 61.9 85.8 
o 200 6.7 77.4 103.0 6.3 71.5 97.1 6.4 62.9 89.3 
o 400 4.3 d3.9 111.6 8.7 78.5 106.5 5.1 64.9 95.4 

5 0 27.4 232.6 302.3 27.3 232.6 301.8 27.4 232.6 302.8 
5 100 31.8 263.9 339.2 25.7 1'72.8 215. 2.5 168.5 223.1 
5 200 30.4 275.0 358.6 23.9 194.4 24.1 23.8 182.1 247.1 
5 400 29.4 288.3 373.4 20.? 218.0 286.6 21.7 205.5 279.1 

10 0 45.7 314.8 ¿97.1 45.8 314.8 397.1 45.7 314.8 397.1 
lo 100 53.6 3b4.9 454.5 56.4 372.6 439.8 49.9 314.9 393.5 
10 200 51.1 357.2 460.2 49.3 343.9 421.1 53.2 355.2 637.2 
10 400 45.0 373.3 462.7 46.3 329.8 407.8 60.0 387.6 479.7 

Lxtd. IS from O 12.i 160.9 217.5 12.7 160.9 217.7 12.7 160.9 217.6 
S ;N 5 T/A1 100 13e]. 214.0 288.7 10.6 192.5 256.4 12.8 204,3 273.4 

200 12.5 218.9 278.4 9.8 197.8 265.7 11.9 214.7 291.4 
400 11.8 217.9 269.5 7.5 2l.9 281.1 11.0 233.5 319.9 



Table 12 continued 

Nitrogen Sources 

Wheat Straw N-rate 4011 14NO3 Ca(NO3)2 

21 14 28 21 14 28 12 14 28 
T/A ppm hours days days hours days clays hours days days 

ws E:xt. Cror. O 44.3 281.6 319.0 44.4 281.5 319.0 44.3 281.5 319.0 

WS 5 T/A' loo 38.8 23.9 271.1 35.2 221.3 251.5 36.9 238.6 282.0 
200 31.9 210.8 242.1 33.2 205.6 233.4 34.8 214.9 257.4 
400 23.4 189.2 215.8 3u.2 D$3.3 207.3 31.0 199.6 238.6 

1xtd. JS equiv. 0 2.9 45.6 75.7 2.9 45.5 7'3.l 2.9 4.5 76.2 
to C in S @ loo 10.2 215.3 276.6 6.9 129.L 157.5 7.9 145.7 196.3 

@ 5 T/A3 200 10.8 244.0 302.6 8.6 147.5 205.4 9.3 162.7 227.2 
400 11.0 258.7 315.4 10.5 173.5 236.2 11.6 189.0 260.1 

LSD , 
s 'Ja. 

2.08 10.66 9.09 1.40 4,5 ló.52 1.35 31,07 7.52 

1Equlvalent to 8,276 lbs/A water extracted whoat straw 
2Equivalent to 1,724 lbs/A wheat st'aw extiact, th'y basis 
3Equiva].ont to 1i3Oc0lb/A water exracted wheat straw 

c-fl 



Table 13. Analysis of Variance of CO2 Evolution from Wal].a Walls Silt Loam Soil Treated With .Yheat Straw and Different 

Soirces and Rates of Nitrogen 
(expressed as milligrams carbon per 200 gin of soil) 

Nitrogen Sources 

NH4OH NH4NO3 Ca(N0)2 Soirco of 
Variation d.f Mean Square Miean Square ean Square 

21 14 28 21 14 28 21 14 28 
hours days days hours days days hours days days 

Reps 1 .22 24.4 3.1 .7 7.7 1.4 .05 11.7 13.1 
Treatments 23 548.l' j9,1922X 27,6223X 5722x l7923X 22,685.0x 53O.Ox l7,?l4.6X 251l63.9x 

Ni1ropen ates 3 34]X 1996X 4455X 757X 110546x 1,7028x 49u7X 6,0001X 5gjX 
WSvsEWS vs .'ISE3 2 l,l68.8 7,233.9 37,2773X 1,3177X 2,23g4X l-5.5x 679.lx 31008.3x 3160x 

Nitrogen rate x 
wS vs EWS vs WSE 6 

39.2 3,OOe.9 3,676.8 lO.5 21333.6 3,71e.6x 194.2x 110610x 5693 

Nitrogen ratos 3 51.9x 3,0928x 3,8165x 53X 3767X 50,8X 113748x 2,407.& 

W8(0,5,lOT/A) 2 3,798.0 166,609.6 2b3,l70.& 3,934.3' l46,936.3 2lO,6l5.S 4,9$6.4 15,543.4 l8O,?O3.8 

Nitruen ratas X 
vS (05,1OT/A) 6 

dl ll4.4 2o2.4 l?.OBX l,893.BX l,727.EX 24.3 1,3537X l,591.3' 

N1troen rates 3 13.7X l5,994.6 2Q,180]X 1.14 5,670.6X g,293.9X gix 8,7l2.7x 15,538.2 

EWSC4vs EWS 1 59.& 68O.O l,7Sl.4 336X l7,l348X 261748.6x 63,çX 132925X 301215'7x 

1rron rate X 
LVSC vs WS 3 l6.lX 1,M7.I7: 71242X 28.9' 1,2521X J.,803.5X 19.32X 10474X ,3893X 

rror 23 .55 14 10 28 2.4 23 .23 122 7.2 

1,/3 - wheat straw 
- o:tracted wheat straw fro.n WS 5T/A 
- water extract from wheat straw 

4EVSC - e::tracted vheet straw equivalent to carbon of wheat straw at ST/A 

at 1% lovel 

o., 



studying the overall decomposition process in soll. In 

this connection lt Is lnterestIn to note that C:N ratio 

may be used to advantage in conjunction with the 

value. hus the of the non-treated soil equals 0.84 

where the C:14 ratio i 15:1. On the other nand, the 

co2 of the soil treated with wheat straw at lO T/A with- 

out nitrogen is 20.31 and the C:N ratio is 123:1. In like 

manner the observed Q002 index equals 9.38 for the extracted 

wheat straw with a C:N ratio of 113:1, These values reveal 

that the actual C:N ratio can not always be used to predict 

the level of tho microbial decomposition processes. These 

data make clear that the 1nvestiator should define the 

carbon levels of organic additions in terms of availability 

rather than the total amount present. 

Nitroren transformations as ffected by straw fractions 

Detailed data for NOS-N nd total nitrogen and NHí-N 

are shown In Ta1es 16, 17 and 16 In the appendix. These 

are summarized In Tables l4a, 14b and 14c. The array of 

data is in general consistant in showing that added 

carbonaceous materials decreased nitrogen accurmx].atIon. 

In the absence of straw, some nitrification occurred 

In control soll (without added straw) and N1140H was 

appreciable nitriflod (Table 14a), but nitrificatlon of 

the ammonium half of NH4NO3 was overshadowed by nitrate 



disappearance in many casos (Table 14 b). Nitrates dis- 

appeared rapidly arid e;ctensivoly from Ca(NO3)2 (Table 14e). 

Those results sugrosts that both denitrification and 

assimilation oven in absence of straw is reasonable in 

view of the relatively wide C:N ratio of the soil. The 

amounts of NH-N found in all cases (Table 8) were consis- 

tent with nitrate and total nitrogen changos. 

Additions of wheat straw, straw extract and extracted 

wheat straw (Table 15) show significant differences bet- 

ween the treatments and these differences wero greater than 

the L.S.D at 1 por cent level at all timos. The treatments, 

nitrogen rato and interaction betweer nitrogen and straw 

show very high F-value (Table 15) suggesting that all treat- 

monts have signifiennt effects. 

Wheat straw extract had little effect on nitrate 
accumulation as indicated by the co1un for increase in 

NOS-N over soil only at 28 days (Tables l4a, 14b and 14e). 

This treatment represented only arclatively small soluble 

carbon (310 ppm) and could induce only limited nitrogen 

assiniilation; thus more n1tro-on would be left for nitri- 

fication. Neither could this srnill amount of carbon be 

expected to retard nitrification. The generally accepted 

concept is that soluble carbonaceous material is inhibiting 

in pui1e cultures of nitrite and nitrate forming bacteria, 



but they can stand high concentrations of organic matter 

in soil, composts and manure piles where the soluble carbon- 

aceous material is high. This tolerance is probably made 

possible by physical and chemical conditions of the soil 

and comple microbial associations. 

Conflicting observations are to found on the Influence 

of water extract of straw on retardation of plant growth 

(Collison and Conn,23, p 32) and on nitrification in soil 

(Jensen, 43, p. 118). The results in Tables (14a, 14b, 

and 14e) agree with Jensen's observations. 

With N114NO3 added to soil with and without wheat straw 

and wheat straw fractions, there were decreases in nitrate 

during the first 7 days, followed by increases (Table 1G). 

Th18 indicated probably early assimilation of the nitrate 

was followed by nitrificatlori of N11-N which remained 

present. 

Generally progressive decreases in NOS-N occurred in 

all treatments with Ca(NO3)2. The decreases were greater 

with all straw additions but losses of total nitrogen were 

less, showing that assimilation exceeded denitrificatlon. 

The assimilation followed fairly well the order of avail- 

ability of carbon in the different straw and extract 

treatments. 



Total nitrogen changes: 

70 

Increases in total nitrogen 

over soil only viere obtained in most cases where straw 

was added, even in the presence of high nitrogen additions. 

With wheat straw extract the greatest fixation was 118 

p nitrogen, obtained without added nitrogen. Jensen 

(43, p, 53-89) observed that hot-water e7tract of wheat 

straw increased nitrogen fixation in Australian wheat 

soils. 

Whole wheat straw additions also resulted in some 

nitrogen gains. Such gains have been reported by 

Vandecaveye and Villanueva (87, p. 205) for Palouse so11, 

by Newton (61, p. 233) in Western Canada's grey wooded 

black earth and brown prairie soils snd by Jensen for a 

large number of Australian soils. Much of this fixation 

could be due to Clostridium rather than Azotobacter 

(Meikeljohn, 57, p. 247). Indication of Indirect evidence 

on nitrogen-fixation in soils of semi-arid regions is 

presented in reports by Bradley (15, p. 318) and bracken 

and Greaves (14, p. 1-51). Certain dry wheatland soils in 

eastern Oregon and Utah were found to show no declino in 

total nitrogen after years of cropping. 

Extracted wheat straw, cpecially at the highor rates, 

gave highest fixation. This as well as the greater nitrate 

assimilation indicated in Tables 14a, 14b anl 14e, are not 
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irL accordance with the presumably more resistant nature 
of the carbon. However, lt should be pointed out that 

the actual amount of ino1ub1e carbon was .ich groater 

than that for wheat straw extract (soluble). Ori tho 

basis of ppm carbon, the amount of total nitroen at the 

end of 28 days was rçenorally groator for the soluble 

source of carbon, the only exceptions being at the higher 

ratos of nitrogen added. 'here was obvloi.ì.sly nitrogen 

1ixatlon occurring also in the presence of insoluble 

carbon. Jensen (43, p. 89) found that hot-water extracted 

wheat straw did not favor any nitrogen fixation; perhaps 

cold water extracted straw retains more readily available 

carbon sources for Clostridium 1f not for Azotobactor, 



Table l'la. Effect of dater Soluble and Water Insoluble Fractions of Wheat Straw 

on Nitrogen Transformations in Walla Walia Silt Loam Soils Treated with Different 

Sources and Rates of Nitrogen 

NH4OT-I 
_______________________________ 

Increase in NOS-N 
Apparent Change in Change in 

Treatments Total over sol.1 Nitrffiction Total nitroger N11-N at 
Straw N-rate over only at at 28 days5 at 28 days6 28 days7 

0 days 28 days 
ppm ppm ppm ppm ppm 

o o 37 - - +11 
o loo 99 62 62 -29 -9]. 
o 200 120 83 4]. -18 -137 
o 400 169 132 33 -83 -376 

iS15T/A o -2 -39 - +70 -5 
n 

'71 34 34 +15 -97 
't 200 104 367 31 +34 -193 
H 400 141 104 26 -s-21 -381 

EWS2 O -3 -40 - +62 - 
I, QQ 41 4 4 i-56 -49 
'I 200 54 17 8 +51 -125 
n 400 94 57 14 *44 -179 

WSE3 0 51 14 - +104 17 
100 92 55 55 + 76 -38 

" 200 108 71 36 +72 -65 
400 152 115 28 -24 -154 



Table 14a continued 

NH4OH 

Increase in NO3-N Apparent Chang in Changes In 
Treatments Total over soil Nitrificatlon Total nItron NHN at 

Straw Nrate over only at at 28 days5 at 28 days° 28 days 
0 days 28 days 

ppm ppm ppm prm Ppm 

EWSC4 0 -4 -41 ±166 - 
100 37 0 0 +199 -60 

" 200 41 4 2 +162 -98 
400 71 34 9 4103 -135 

1W5 - whole wheat straw at ST/A 
2EWS -etractod wheat straw from wheat straw at ST/A; equivalent to 4.03T/A 

actual, or 1,952 ppm C. 
3WSE - wheat straw extract from wheat straw 

actual, or 310 ppm C. 
4ws:c - extracted wheat straw equivalent to 

ST/A; equIvalent to 5.35T/A actual, 
5(Total increase in NO-N)-(NON Increase 

I - - 

6Froxn Table 17 
7From Table 18 

at 5T/A; equivalent to 0.94T/A 

carbon in whole wheat straw at 
or 2,262 ppm C. 

in soil only) 
X 100 : % apparent 

nitrification 



Table 14b. Effect of Water Soluble and Water Insoluble Fractions of Wheat Straw 

on Nitrogen Transformations in Walla Va11a Silt Loam $0118 Treated with Different 
Sources and Rates of Nitrogen 

NH4NO 

- 
Increase In NON Apparent Changes in Changes in 

Treatments Total over aoil N1trIf1catio 
28 days 

Total n1troen 
28 days 

NH-N at 
28 days7 Straw N-rate over only at at at 

O days 28 days 
ppm ppm ppm ppm ppm 

O O 37 - - #8 - 
o ioo 51 57 14 -86 -43 
O 200 19 75 -25 -63 -92 
O 400 -13 142 -29 -162 -190 

WS15T/A O -3 -44 - +80 -5 
t' loo -12 -9 -108 -t-51 -44 
ft 200 -10 46 -54 +97 -92 
t, 400 -29 122 -39 -#-41 -159 

Fi32 O -3 -43 - +74 -5 
" 100 -17 -14 -128 +59 -9 
' 200 -25 30 30 +55 -28 

400 -42 110 55 +41 -107 
WSE3 0 51 14 - +114 4 

100 10 50 118 +70 -13 
200 -48 102 102 +70 -29 

" 400 -154 182 91 -18 -57 



Table 14b continued 

NH4NO3 

Increase in NON Apparent Changes in Changea in 
Treatments Tota1 
Straw N-rate over 

over soil 
only at 

Nitrification 
at 28 days5 

Total nitrogen 
at 28 days6 

N}1-N at 
28 days7 

0 days 28 days 
ppm ppm ppm ppm ppm 

EWS:C4 0 -4 -46 - +158 0 
loo -14 -13 -26 +112 -4 
200 -15 40 40 -+79 -13 
400 -81 66 33 +36 -47 

iws _ whole wheat straw at ST/A 
2& extracted wheat straw from wheat straw at 5T/A; equivalent to 4.03T/A 

actual, or 1,952 ppm C 
3WSE - whoat straw extract from wheat straw at 5T/A; equivalent to 0.94T/A 

actual, or 310 ppm C. 
4EWS:C - extracted wheat straw equivalent to carbon in whole wheat straw at 

5T/A; eqiivalent to 5.35T/A actusl, or 2,262 ppm C. 
5 (NO.N at 28 days)_.-(N0-N in soil only at 28 days) (N0-N added) 

x ioo: 

apparent nitrification 
6From Table 17 

7From Table 18 

(5 



Table 14e. Effect of Vater Soluble and Water Insoluble Fractions of' Wheat Straw 

on Nitrogen Transfornatians in !alla Walia Silt Loarui Soils Treated with Different 

Sources and Rates of Nitrogen 

. -*- 

Ca(NO3)2 

Increase in NO-.N Apparent de- Changes in Changes in 
Treatments Total over soll nitrification Total nitrogen NH.'N a 

Straw N.rate over only at at 28 days5 at 28 days6 28 days 

- 
O days 28 days 

ppm ppn ppm - 

O O 40 - +10 - 
O 100 -53 6 94 -65 1 

b 200 -102 57 72 -82 1 
O 400 -144 213 47 -150 2 

WS15T/A O -2 -43 - +67 -4 
lt 100 -63 -10 110 +70 5 
! 200 -120 39 81 7r/ 4 

's 400 -199 -153 62 +12 3 

EWS2 O -1 -46 - +74 1 
't 100 -52 1 99 +80 33 
t) 200 -120 30 85 +73 26 
t, 400 -179 167 58 -1-47 19 

WSE3 O 50 10 - -ll7 18 
100 -76 -16 116 i'54 26 

It i o 
90 -II 39 

ft 400 -303 44 87 -23 64 



Table 14e continued 

Ca(NO3)2 

Increase in NOS-N Apparent de- Change in Chances In 

Treatments Total over aoIl nitrificatipn Total nitron 1'B-N at 
Straw N-rate over only at at 28 days° at 28 daya" 28 days7 

Odays 28days 
ppm ppm ppni ppm ppm 

Ews:c4 o -4 -46 - l63 2 
n -16 56 64 +138 14 
't 200 -82 75 63 +94 27 
h 400 -167 187 63 31 48 

1W - whole wheat straw 
2jj _ extractad wheat straw from wheat straw at 5T/A; equivalent to 4.03T/A 

actual, or 1,952 ppm C. 
3WSE - wheat straw extract from wheat straw at ST/A; equivalent to 0.94T/A 

actual, or 310 ppm C. 

4EWS:C - extracted wheat straw equivalent to carbon in whole wheat straw at 
ST/A; equivalent to 5.35T/A actual, or 2,262 ppm C. 

5(N0N added)(NO-N at 28 days)_(NO-N In soil only at 28 days) ioo: % 

(N0-N added 
apparent denitrification 

6Fm Table 1. 
7From Table 18 
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CONCLUS IONS 

heat straw added to Walla Walla i1t loam soll with 

I}i4OIi decroa3ed nitrate accurrilation and n1troen losses. 

Both theßo decreases apparently re3ulted from microbial 

assimilation of available nitrogen, whether as NH4-N or 

NON produced by nitrificat ion. 
Nitrogen losses viere greatest with N114NO3; with 

Ca(NO3)2 the nitrate di3appears rapidly but nitrogen 103503 

are intermediate between losses shown with NN4OH and 

NH4NO3, The losses of nitroçen from all sources were 

induced by denitnification. 

Straw additions influenco nitroron balance in the 

soil by promoting assimilation of available nitrogen, by 

favoring. denitrificatlon, and by stir:u1ating nitrogen fixa- 

tion. Suxwnation of these transformations determines the 

not loss or gain of total nitrogen. 

Additions of available nitrogon only slightly increased 

the decomposition of native o11 organic matter. 

The rate of decomposition of added wheat straw depends 

upon the amount of straw and the forms of nitrogen applied. 

Arrnoniam hydroxide produced more rapid decomposition than 

NH4NO3 or Ca(NO3)2. Utilization of NOS-N as ari oxidant 

by denitrifiers resulted not only in nitroon losses but 

also in less complete oxidation of st:'aw. 
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The C:N ratio can not always be used to predict the 

rate of microbial decomposition processes and their effeet3 

on nitrogen in soil. Carbon levels or organic addition8 

should be defined in terms that may 1ndicte va11ab11ity 

rather than the totc1 aiount present. 

Thus whole wheat straw with C:N ratio of 123:1, con- 

tamed 310 ppm water soluble carbon which is much more 

readily decomposable than the extracted straw with a 

narrower C:N ratio of 113:1 and was nrc resistant because 

of the water insoluble nature of the carbonaceous substances. 

The effects of added nitro-'en available to microorganisms 

decomposing the organic matter can be expected to differ 

with the availability of carbon, 

Qco2 values provide comparativo indices of rates of 

co2 production from organic materials at different time 

intervals during the decomposition. In effect they provide 

a quantitative measure of the slope of a respiration curve 

for an indicated interval. 

Apparent depression of nitrification of NF14OH by 

whole straw was due largely to assimilation of 

and/or NOS-N formed therefrom. This assimilation was 

stIia.1ated by the wator-olub1e fraction of the straii. 

Cold water-insoluble as welles water-soluble fractions 

of wheat straw promoted nitroon fixation, even in the 



presence of added nitrogen fertilizers. Assimilation of 

much of the added nitrogen by the general soll microflora 

probably permitted active fixation by Clostridium and 

Azotobacter In the soil, although nitrogen fixation by 

these organisms in pure culture Is imown to be inhibited 

by appreciable concentrations of arnnnium and nitrate. 

SUMMARY 

Wheat straw and nitrogenous fertilizers were added to 

Walla 'al1a silt loam soll in the laboratory to study 

(1) the effect of amount of wheat straw and nitrogen 

sources on transformation and losses of nitrogen, (2) the 

offoct of amount of wheat straw and nitroen sources on 

the ratos of straw docomosition, and (3) the effect of 

cold water soluble and water insoluble fractions of wheat 

straw on nitrogen transformation and losses. Straw was 

used at 0, 5 and 10 T/A. Nitrogen sources were NH4OH, 

N1T4NO3 end Ca(NO3)2 at O, 100, 200 and 400 ppm nitrogen. 

Ammonium hydroxide was rapidly nitrif led, the nitri- 

floation belnc- more extensive at lower rates of applica- 

tion, Addition of straw with NH4OH decreased nitrate 

accumulation and nitrogen losses; this Is attributable 

to assimilation of available nitrogen by microorganisms 

activo in decomposition. Ammonium nitrate additions wore 



subject to nitrifleatlon, denitrificatlon and aa1m11a- 

ti.on. Denitrification wa more extensive than with NH4OH 

and contributed to greater nitroren losses. Although 

the3e losses were less in the pre8ence of straw, they were 

roiter than losses observed with N}140H. ilitrates dÍ$- 

apneared rapidly from Ca(NO3)2 treatments, especially in 

the presence of straw but rDi..ch of this disaprearance was 

duo to .'ijorobial assir.ilation. Losses of total nitror:en 

wore small without added straw, Straw induced donitrifica- 

tion and increased nitroen losses, but these losses were 

less than with N114NO3, 

The untreated soll showed tbo bast production of CO2. 

Addition of each nitroon source tonrorarily retarded 

CO2 evolution but increased it at the end of 28 days. 

However, these increases amounted to about i per cent 

creater decomposition than the soil without added nitrogen. 

Apparently 50 per cent of wheat straw at 5 T/A with- 

out nitrogen additions decomposed in 28 days; at 10 T/A 

the decomposition was only 36 per cent. All sources of 

nitrogen slightly decreased the CO2 evolution from straw 

at 10 T/A. Decomposition of straw at 5 T/A was increased 

by all levels of NH4OH; other nitrogen sources depressed 

the CO2 evolution. 

Cold water extracted fraction of wb.oat straw decom- 

posed less rapidly than whole straw. The extract was 
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readily decomposed, but additional nitroen decreased the 

002 evolution. In the case of extracted wheat straw 

nitrogen Increased the rate of decorrnos1tion, The increase 

was less with NH4OH and greater with Ca(NO3)2. There thus 

appears to be a preferential utilization of the different 

forms of nitrogen by soil microbes involved in straw 

decomposition. Since this preferential utilization is 

important iii determining the relativo amounts of added 

nitrog'en nitriflod and denitrified, denitrificat ion losses 

may be largely determined by the form of nitrogen added 

to the soil, 

The levels of available carbon in organic matter 

added to the soil is also important for its effect on 

nitrogen balance. Water soluble carbon promotes more 

rapid assimilation of nitrogen and also favors nitroen 

fixation. C:N ratio alone cannot be used to predict the 

effects of organic additions on soil microbial activities; 

availability of tie carbon is important factor. 

Water soluble and insoluble fractions of straw, rates 

of vtheat straw and all available forms of nitrogen had 

significant effects on nitrogen transformations and losses 

as w&lasc organic inattor decomposition. 
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Table 15. Analysi3 of Variance of Water Extract of Wheat Straw, Extracted Wheat Straw, and Whole Strew on Nitrate 

Nitrogen Changes in Walla Walla Silt Loam Soil Treated With Different Sourcea and Rates of Nitrogen 

Nitrogen Sourcee 

N14OH NIi4NO3 Ca(NO3)2 

Source of D.F. Mean Square Mean Square vean Square Variation 
o 7 14 28 0 7 14 28 0 7 14 28 

day3 days days days days days days days day8 days days days 

Reps i .005 .04 .02 .01 .002 .04 .009 .02 .003 .0002 .02 .002 

Treatments 19 .002 5.B5 l4.B2 3095X 39.79x 1392 37.19' 34.7B 915X 455C 354X 3411X 

N-rate 3 
.002 1955X 5277 i30 32 24799 67X l77lX 164.7X 55811X 13624X 1172j 

Straw 4 iO57 2S.64 3960 12 79 3205X 327]X ]04X 4191X 20,39X 21X 

Nitrogen X 
Straw 12 .00lO 

I f 
l.72x 3.23x 01X 2,42X 393X .Ol 8.8e lO.10X 

!rror 19 .002 .07 .05 .03 .004 .02 .10 .02 .006 .0C .02 .00e 

XSI,.nirtcant at 1% level 

CD 



Table 1C. Effects of Water Extract of Wheat Straw, 1xtractod Wheat Straw end Whole Wheat 

Straw on Nitrate Nirogen Changes in Waila Walla Silt Loam Soil Treated with Different 

Sources and Rates of Nitrogen 

Nitrogen Sources 

NH4OH NH4NO3 Ca(NO)2 
Straw N-rate 0 7 14 28 0 7 14 28 0 7 14 28 - 

days days clays days days days days days days days days days 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

o 0 5 24 37 42 5 24 37 42 5 18 40 45 
o loo 5 30 50 104 48 35 59 99 104 86 70 51 
0 200 5 35 72 125 98 66 107 117 204 152 119 102 
0 400 5 45 85 174 197 96 160 184 402 341 281 258 

WS5T/A1 o 5 4 2 3 5 4 3 2 4 3 ' 2 2 n 
5 22 40 76 45 19 25 33 98 56 47 35 t, 200 5 28 52 109 198 49 74 88 204 122 106 84 n 400 5 32 56 146 193 122 150 164 397 256 215 198 

EWS2 o b 5 3 2 4 3 2 1 4 3 3 3 n 
5 1 26 4 45 10 18 28 98 28 39 46 ft 200 5 27 39 59 97 30 48 72 195 48 59 75 

II 400 5 36 45 99 194 69 116 152 391 109 130 212 

VSE3 0 5 29 45 56 5 29 45 56 5 26 43 55 
loo 5 37 73 97 49 24 86 101 105 12 24 29 tI 200 5 46 86 113 99 55 86 144 204 25 39 66 
400 5 59 100 157 199 62 201 224 402 64 81 99 



Table 16 continued 

Nitrogen Sources 

NH4O N114NO3 Ca(NO3)2 

Straw N-rate 0 7 14 28 0 7 14 28 0 7 - 14 28 
days days days days days days days days days days days days 

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

EWSC4 0 5 1 1 3. 5 1 1 1 5 1 1 1 

loo 5 10 20 42 43 15 22 29 97 50 60 81 

200 5 24 34 46 97 37 57 82 202 85 104 120 
lt 400 5 29 50 76 189 55 97 108 399 142 159 232 

LSD01 (straw .78 .63 .13 .19 .39 .93 .45 .218 .28 .37 .26 

X 
nitrogen) 

1WS - wheat straw 
- e;tractod wheat straw from WS @ ST/A 

3wsE - wheat straw extract from WS @ 5T/A 

4ws:c - extracted wheat straw equivalent to carbon @ WS ST/A 



T*l. IV. Efrect of »..„ M„„ Bt Wl01!t gtr.„, Extl.acted ,^t strm anfl ,acie 5trav; on Totti
.it».«- n^c. te mx. m. ,m w sou Tr..t«* „Ith .«.», Souro63 „, Rates or ::ltr06en

Nitrogen Sources
rreatnents

raw ::-ral

V/S - wheat straw

2E'.7S - extracted wheat straw from WS 8 5T/A
3'./SE - wheat straw extracted from 5T/A
*EW3rC - extracted wheat straw equivalent tc carbon at 5T/A

CD

-3



Table 18. Effect of Water Extract of Wheat Straw, Extracted Wheat Straw and Whole 

Wheat Straw on Aim'îonia N1troçen Changes In Wella WaU Silt Loam Treated with Different 

Sources and Rate of Nitrogen 

Nitrogen Sources 

Treatments NH4OH IllI4NO3 Ca(NO3)2 

Straw f-rate - O 7 14 28 0 7 14 28 0 7 14 28 
days da7s days days days days days days days days days days 

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

O O G 5 3 8 6 5 3 6 8 6 7 8 

O 100 105 19 14 9 52 43 34 14 7 9 11 9 

O 200 198 89 80 61 103 64 44 40 8 11 10 9 

O 400 394 48 36 18 201 109 56 39 6 9 10 8 

W515T/A O 7 5 3 2 8 5 4 3 8 5 6 4 
t 100 104 16 14 6 51 40 38 7 8 9 10 13 
n 200 199 18 11 9 102 72 54 10 8 10 11 12 
t, 400 391 26 26 19 198 96 80 39 8 9 10 11 

EVJS2 O 7 5 4 5 8 5 4 3 7 6 7 8 
't loo 102 90 64 51 56 51 49 47 8 20 34 41 
n 200 201 132 100 75 103 91 84 75 7 14 23 33 

f, 400 390 300 260 22]. 200 114 100 93 6 14 19 25 

WSE3 0 8 10 11 25 8 10 11 25 7 10 14 25 
n oo 106 94 84 62 57 49 47 44 '7 17 24 33 

200 201 190 154 135 104 98 82 '75 7 19 36 46 

" 400 403 318 290 246 201 162 149 144 6 29 49 70 

OD 



Tablo 18 contInued 

NItrogon3mrcos 
Treatriorìts Nh4NU3 - 

- straw Ne-rate O ? 14 28 0 7 14 28 0 7 14 28 
days days days days days days days days days days days days 

ppm pprú ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

EWSC4 0 5 4 3 5 5 3 2 1 6 7 7 8 
t, 100 104 89 64 40 55 49 4 

5]. 8 12 19 22 
200 203 182 134 102 104 90 Y8 91 7 17 24 34 

It 400 400 298 280 265 203 192 130 156 7 24 49 55 

iws _ wheat straw at 5T/.A 

2EW: - extracted wheat straw from tho10 wheat straw at ST/A 
$W3E - wheat straw extract from whole wheat straw at 5T/A 
4EW&:C - extracted wheat straw equivalent to carbon in whole wheat straw at 5T/A 



loo 

flr ? Caiculgtion for co vilues: 

]. mole of CO2 = 22,414 1 

= 22,414,000 ul 

i mg of CO2 22,414,000 509.3 ,ul 

44011 

lmlN/12H0SO4 lmgC 

CO2 - ml N/12 H2504 x 44 

= mg C x 44 
12 

ml N/12 . 112304 x 44 X 509.3 

time in hours x gin of soil used for CO2 evolution 

or CO2 evolved x 509.3 

time in hours x grams of soil used 

u1 CO2/gin of soil/hour 


