
EFFECT OF MATERIAL OF VARYING CARBON- NITROGEN R TIOS 

ON CARBO DIOXIDE EVOLU'l'ION AND NITRATE FOR .fATION 



EFFECT OF' MATERIAL OF VARYING CAltBON-NITROGEN RATIOS 

ON CARBON DIOXIDE EVOLUTION AND NITRATE FORMATION 

By 

CHEN FAN HSI 
ll 

Bachelor of Science in Agriculture 

University of Peiping 

Peiping, China 

1939 

Submitted to the Department of Agronomy 

Oklahoma Agricultural and Mechanical College 

In Partial Fulfillment of the Requirements 

tor the Degree of 

MASTF.R OF SCIENCE 

1949 



APPROVED: 

OKLAHOMA 
!GIDCULTURAL & MEOBA.NICAL COLLEGE 

LIBRARY 
NOV 3 1949 

.. >L~{k/~ 
Chairman, Thesis Committee 



ACKNOWLEDGMENT 

The author wishes to express his 

gratitude to Dr. Horace J . Harper ror 

assistance and constructive criticism 

in connection with this study and in the 

preparation of the thesis. 



TABLE OF CONTENTS 

I . Introduction 

II. Review of Literature 

III . Experimental Procedure 

IV. Experimental Results 

1 . Carbon dioxide s the index of rate of decomposition 

2. Effect of biological activity on total carbon 

changes in organic aterial after a five month 

period 

3. Variation in the carbon-nitrogen ratios of original 

and partially decomposed organic materials 

4. Effect of adding ammonium sulfate to different 

organic aterials, and time of incubation on 

nitrate formation 

V. Discussion 

VI.. SummaJ7y 

VII . References 



INTRODUCTION 

Organic matter is one of the important constituents of 

fertil e soil. When cultivated crops are grown, the loss of soil 

organic tter is greater than the quantity added by returning 

the crop residue . Many experiments have been conducted in which 

various ·types of raw organic materials have been applied to soils 

to intain good tilth and supply nitrogen for succeeding crops. 

In view of the fact that the nature and composition of active 

organic atter in soil is affected by any factors, such as the 

kind and maturity or the plant residue, the rate of decomposition 

under favorable conditions will depend upon the carbon-nitrogen 

ratio of the material . Plant residues when added to soils under 

favorable conditions are attacked by numerous bacteria and fungi . 

All of the plant residues do not decompose at the same rate, but 

vary due to such factors as rate of oxidation and hydrolysis 

of relatively insoluble organic compounds to soluble organic 

matter and simple proteins . Some constituents such as sugar, 

starch, cellulose, pentosans, and simple proteins are attacked 

rapidly; while lignin or ligno-protein compounds decompose more 

slowly and play important roles in the for ation of soil humus. 

Under field conditions sufficient time must be allowed for 

the decay of organic matter with a wide carbon- nitrogen ratio 

before a succeeding crop is planted or a reduced yield will be 

obtained on soil which cannot supply enough nitrogen to decompose 

the organic matter and also supply enough available nitrogen 
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for optimum growth of a crop . Where composts are prepared for 

use in green house benches, flower beds, or to improve soil 

conditions for the growth on golf greens or lawns, the type or 
I 

organic terial used to make the compost will affect the tie 

required to narrow the carbon-nitrogen content of the organic 

residues sufficiently so that sufficient nitrate nitrogen will 

be available for the optimum growth of vegetation planted or 

growing on the soil . 

Farm manure is one of the best types of organic matter for 

soil improvement when it can be secured. This material is 

difficult to obtain in ny areas . There are other types of 

organic matter which might be used alone or with inorganic 

nutrients . This investigation was planned to study several 

types of organic atter and compare carbon-nitrogen ratio changes 

in relation to nitrate for ation. 



-3-

II. REVIEW OF LITERATURE 

Numerous references can be cited which show the relation 

between the activity of soil mtcro-organisms, characteristics 

of plant residue and humus formation. The evolution of carbon 

dioxide has been used by a number of investigators as an index 

of available organic matter in soil. Wollney in 1880(24) found 

that the carbon dioxide content of a soil rises and falls with 

the amount of organic matter pr sent. Russell (15) measured 

the actual amount of oxygen absorbed by soil as an index of 

soil oxidation. Stoklasa (18) stated that the production of 

carbon dioxide was in direct proportion to the available organic 

atter in the soil. Russell and Appleyard (16) found that the 

curves for bacterial numbers, nitrate and carbon dioxide content 

of the soil were similar. Russell (15), Stoklasa (18) and 

Neller (10) and oth rs found that the evolution of carbon 

dioxide is closely correlated with bacterial numbers and the 

nitrifying capacity of the soil. 

Lip an (8) added different organic nitrogenous materials 

to 100 gram portions of soil. Rice flour and corn meal with 

wide carbon-nitrogen ratios allowed no accumulation of ammonia . 

Substances rich in nitrogen allowed an accumulation of nitrate 

equivalent to almost 50% of the nitrogen present in the organic 

matter •. Waksman and Lomanitz (24) found that the lower the 

ratio of carbon to nitrogen, the greater the ammonia liberated 

per unit of material. Neller (10) demonstrated that in a 



substance having a carbon-nitrogen ratio of 16 to 1 (alfalf 

meal), one organic atom of nitrogen is oxidized for every 

molecule of carbon dioxide produced. Hutchinson (7) found 
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that substances like hay and cellulos e caused a harmful effect 

the first year, i . e . the application of materials rich 1n 

carbohydrates and cellulose depress crop growth when applied 

just previous to planting a crop, but stimulate growth hen a 

considerable period elapsed between the addition of such aterial 

to a soil and the time of planting. A depressing effect on 

plant growth following the application of straw has been reported 

by Albrecht and others (1, 5, 9, 17) . Barthel etal (2) 

indicated that the harmful effect of organic matter with a wide 

carbon- nitrogen ratio is caused by the assimilation of the 

nitrate by soil fungi and bacteria that use the cellulose as 

source of energy . Collison and Conn (3) concluded that two 

separate harmful factors ar associated with the influence of 

straw and other plant residues 1th a wide carbon-nitrogen 

ratio upon plant growth, namely, (I) a chemical agent which 

acts upon plant growth immediately after germination and (II) 

a biological factor resulting from the competition between soil 

micro- organisms and plants for available nitrogen. Gibbs and 

Werkman (4) investigated the effect of a mixture of various kinds 

of wood on ammonification and nitrification after an incubation 

period of four weeks . They noted that the rate of nitrification 

of blood meal was slow and there was no accumulation of ammonia . 

Viljeo~ and Fred (20) studied the effect of different kinds of 

wood pulp cellulose on plant growth and showed that unfavorable 
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plant growth is due to lack of nitrate in the soil, but that 

nitrification took place when large amounts of blood eal were 

added to soil. They also noted that the reduced growth of 

plants following the application of fresh wood is closely 

connected with lack of available nitrate . The harmful effect 

of the wood and wood pulp upon growth of oats planted alone in 

pots did not appear in pots where clover was planted. This 

demonstrated definitely that the injurious effect of the woody 

material w s due to a lack of available nitrogen for plant 

growth . 

Ecuilibrium between the carbon and nitrogen in soil organic 

matter occurs as the more active forms of organic matter are 

decomposed. Waksman (20, 21) showed that the activities of 

the micro-organisms play an important role in establishing a 

relatively stable carbon-nitrogen relationship in soils. The 

ratio varies from 8 to 10 parts of carbon o 1 part of nitrogen. 

Soil micro-organisms y assimilate as uch as 10 to 50 per cent 

of the carbon of the material and convert it into microbial 

protoplasms which usually contain about 5 to 10 per cent of 

nitrogen and 45 per c nt of carbon . In other words, for every 

100 units of organic matter d composed, o.4 to 4 . 0 units of 

nitrogen may be assimilated . If the organic matter contained 

0. 5 per cent of nitrogen as in case of straw, additional nitrogen 

must be provided for the rapid oxidation of carbon; 1 to 2 parts 

per 100 parts of organic matter. Organic matter like clover or 
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lfalfa con.ta1n1ng from 1.5' to 2. 5 per cent of nitrogen r uires 

no additional nitrogen for the bacteria or other micro-organisms 

which oxidize the organic matter to simple compounds. If fresh 

organic matter is added to a soil with wide carbon-nitrogen 

ratio the micro-org nisms attack it and reduce the carbon- · 

nitrogen ratio by liberating part of the carbon as carbon dioxide . 

If the organic matter added to a soil has a very narrow carbon

nitrogen ratio the ratio tends to beco e wider . When the carbon

nitrogen ratio becomes wider than norm.al, th soil 1s not in a 

good condition to support active plant growth and nitrogen 

starvation will be observed so long as excessive amounts of 

carbon are present. aksman states that carbon-nitrogen 

r tio of 10 to 1 will stimulate the activities of 1cro-organ1sms 

which liber te c rbon dioxide but that there is also a parallel 

formation of nitrate . 

Rose and Less (13) found that the percentage of eellulos 

and pentosan is gr dually decreased in the decomposition of 

wood . The accumulation of lignin in soil is believed to account 

for a large part of the soil humus., 

Philips etal (12) reported a considerable d crease in 

quantity of pe t osans and cellulose in the decomposition of 

wheat straw. In some cases the lignin content showed a consid

erabl.e decrease also. Soil icro-organisms are capable of 

breaking down lignin present in lignified plant materials. A 

decrease of lignin occurred when nitrogen was applied . 



-7-

E' 
Peeve and Norman (11) stated that terial high in 11gn1n 

was much less decomposed than aterials low in 11gnin. The 

organic matter in th residue from oat straw after 833 days 

of incubation was mainly 11gn1n. 
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III. EXPERIMimTAL PROCEDURE 

1. Material !!§.!.g, 

Ten different kinds of organic materials were obtained 

for this study and represent material of varying carbon-nitrogen 

ratios . They were as follows: 

Wheat straw 

Corn cob 

Cotton bur 

Soft wood dust 

Red wood du t 

Red wood bark 

Sphagnum peat 

Brown peat 

Black peat 

Activated sewage sludge 

All of the samples were dried and ground or pulverized 

to pass through a 40 esh sieve, so that they would present 

more surface for biological activity and also would be of similar 

particle size so that opportunity for decomposition would be 

similar . 

2 . Experimental method 

Ten gr s of ach organic aterial was placed in a 

quart glass jar containing 300 grams of 10 mesh washed sand, 

one gra e,ch of 2()% superphosphate, limestone and ground compost 

manure . The latter material was added to innoculate the organic 

matter with micro-organisms and to provide a more favorabl 

environment for biological a.etivi ty . These material.s were mix d 

thoroughly with the organic matter and sand, and 10 ml . of 

distilled water containing 0 . 5$ of ammonium sulfate was added 



along with 6o ml. of distilled water to provide favorable 

environment for biological etivity.. Another series was set 
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up without on! sulfate. small ire ring hold1n a 30 ml. 

evaporatin dish containing 20 ml. of 0.5N. sodium hy..drox1d 

solution was placed on top of the s d- organic matter mixtur 

in the jar. Each j r as covered tightly 'With lid and pl ced 

in a warm roo at approx! tely 70-7,f F. to incubate. Every 

four days the carbon dioxide bsorbed b • the hydroxide was deter

mined by washing the solution in the evaporating dish into 

250 ml. beaker and titrating the excess alkali and half of the 

carbonate by adding phenolphthalein and neutralizing with N/2 

hydrochloric acid. The bicarbonate was determined by adding 

bromophenol blue and the titr tion continued with /10 hydrochloric 

cid to a gr en color which gives the amount of bicarbonate 

in the solution. 

A blank determination was obtain d fro two jars. One 

contained sand, nutrients and inoculating material, but no 

organic material. The oth r blank was obtained on an e pty 

jar which neasured the a ount of carbon dioxide absorb d fro 

the air. 

All tre tents were made in duplicate and at the end of the 

seventh titration period (28 days) the material in each jar w s 

extracted with 400 ml . of distilled water for 15 minutes and 

filtered on a Buechner filter. Tb sand and organic mater! 1 

mixture w s returned to the jar for further carbon dioxide 

manurements. 
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The filtrate was treated with carbon black to remove colored 

material and evaporated to dryness on a steam hot plate . The 

nitrate was determined by the phenoldisulfonic colorimetric 

method (5) measuring the i ntensity of col or with an electrophoto

meter and comparing the results obtained with a standard nitrate 

curve . 

At the end of the fifth month the organic matter in the 

sand mixture was separated by decanting with water, and the 

water clarified by filtration . The organic residues were dried 

in an oven at 1010 c. The filtrate was used for nitrate analysis 

and the organic residues were analyzed for total carbon and 

total nitrogen and the results compared with similar dat a ob

tained on the original aterials . The total nitrogen was deter

mined by the Kjeldahl method. The total carbon was determined 

by a wet combustion method (12) using potassium dichromate and 

a 6 to 4 mixture of concentrated sulfuric acid and phosphoric 

acid instead of perchloric acid . 
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IV. Experimental Results 

1. Carbon dioxide!!.§ !n index .Q!. ~ .2!, deco position 

.Q! aterials. 

Data on the carbon dioxide liberated from the different 

kinds of organic imterial used in this study are given in table 

1. Curves which show the change in carbon dioxide evolution 

over a period of fiv months are presented in Figures 1 and 2. 

The activated sewage sludge st rted to decompose very 

rapidly but slowed down after one month of incubation and kept 

a relatively constant r~te of deco position after tw months. 

Wheat straw, corn cobs and cotton burrs decomposed rapidly 

during the first two months and gradually slowed down until 

the end of the fourth month, after which the rte of decomposition 

dropped to a relatively constant rate. However, more carbon 

dioxide continued to for in the jar containing the finely 

ground corn eobs than in the jars containing wheat straw or 

cotton burrs. The quantity of carbon dioxide produced from the 

cotton bUrrs decreased more rapidly than in the case of the 

wheat straw or corn cobs and proceeded at a slow rate after the 

end of the third month of incubation. The evolution of carbon 

dioxide fro wheat straw slowed down at the end of the fourth 

onth. Carbon dioxide evolution from the corn cobs dropped 

t the start of the fifth month, but the rate of evolution w s 

still faster than for the other two materials. 
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Table 1. 

Total Carbon Dioxide Evolution ·from Ten Decomposing 

Organic aterials at Monthly Intervals over a Five Month Period. 

Wheat Straw 
1st Month 
2nd -fonth 
4th Month 
5th Month 

Total 

Corn Cob 
1st onth 
2nd Month 
4th Month 
5th Month 

Total 

Cotton B 
1st Month 
2nd onth 
4th Month 
5th Month 

Total 

Soft ood Dust 
1st '1onth 
2nd Month 
4th Month 
5th Month 

Total 

Red rood Dust 
1st onth 
2nd Month 
4th Month 
5th Month 

Total 

Red Wood Bark 
1st Month 
2nd Month 
4th Month 
5th Month 

Total 

Total CO2 Evolved (g) Total Carbon () 

-set Non-N set N-set Non- set 

2 . 28 
1.49 
1 . 08 

5:~~ 

. 53 

. 09 

. 10 

:§E 

.63 
·. 18 
.15 
. 12 

1 . 08 

2 . 40 
1 .61 
1. 38 

5:gz 

2 . 12 
1. 54 
1.36 

5'~§ 

2 .41 
. 89 
. 71 

d 
.40 
. 10 

-.03 
. . ~l 

.62 

. 25 

. 28 

.16 
1.33 

1 . 61 1 . 57 

1 . 60 1.44 

1.40 

1 . 26 1.17 

0 . 23 0.21 , 

0.29 0. 33 
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Table 1 - Continued 

Total CO2 Evolved (g) Total Carbon (g) 

N-s t Non- N set N- set on-N set 

Sphagnum Pet 
1st Month .32 . 40 
2nd Konth . 13 . 17 
4th orith . 32 .32 
5th Month 

o!~ .11 
Total 1.00 0. 28 0 .16 

Brown Pet 
1st Month . 12 . 10 
2nd onth .10 . 09 
4th Month· · .09 .oa 

. 5th Mont ...,,Q.9. 
Total 0 . 37 dt 3 0 . 28 0. 16 

Black Peat 
1st 0th . 12 .ii 
2nd Month .05 .o 
4th Month .06 .06 
5th Month ~ d Total 1 • o.o6 0 .09 

Activated Sewage Sludge 
1st Month 2. 37 2.19 
2nd Month 1 . 26 1 . 05 
4th onth .65 1.00 
5th Month ·ij ~ Total ~ t;". 3 1 . 22 1 . 21 



The d co position rate of all peats was very low and 

approached a constant rate except that the sphagnum. peat 

increased a little after two months of incubation and still 

sho ed some increase over the black and brown peat at the 

start of the fifth month . 
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Both red wood dust and red wood bark decomposed at about 

the same rat as, or a little faster than black peat, and even 

showed slower decomposition than that of sphagnum peat at th 

end of the fourth onth. The red wood bark decomposed a littl 

faster than the red wood dust . Th soft wood dust decompos d 

·at a rate between heat straw and the red wood materials. 

The difference between nitrogen and no nitrogen treatment 

was that the organic matt r to which nitrogen as added deco posed 

faster during the first few eeks than those samples which wer~ 

not treated ,ith nitrogen. There sonly a little difference 

in the total carbon dioxide produced in a five month period 

from the nitrogen and non-nitrogen treatments. The organic 

matter hieh was not treated with nitrogen decomposed less 

rapidly at first, but continued at a higher level over a longer 

period. Eventually it ould r eh a favorable carbon- nitrogen 

ratio for nitrate accumulation. 

It is noticeable that th curves showing the quantity of 

carbon dioxide liberated by biological action fluctuates, 

which indicates an ununifor rate of decomposition, during 

different periods. This could be due to several factors. At 

the beginning of the xperiment some easily decomposable 

materials such as sugar and cellulo e decomposed first. Wheat 

straw, corn cobs and soft wood dust showed n increasing rate 



-15-

the :r•ri.to • 

cErbcn This 

(:CH:.tld be • 

1Jill 

tion begn.n. 

Effect _of 12. ,ologigg aetivi t;r on tota.1 Cc1rbon chHlJ.U& 
.__., -- -- ,__ __ ~ ........ ,..-.,,_,. Y - ~ Cf lS • i ~ . ......,. . ..._ ,7-

ri'.i.oisture and a 

for tho gl"'ov.rth The organ.ie mater:inl 

color. In 

cHrbon ;.::hid1ges in dif'fe:r't:nt types 

:fho res:tdual carbon was deterri.1:lned by t1m different 

!n cue metht)d the residun1 carbon was estima.ted by 

The other ;;:1ethod was a direct deterra.Lnation of total carbon 

in the residuc.l organic r0.atta:r. Sowe 

tttree loaclrlngs for nit:rates: in ch n 



-16-

of all the organic residue fro the filter paper may not have 

been obtained. The results show that c rbon changes in diff rent 

organic materials such as wheat straw, corn cobs and cotton burrs 

which contain a high percentage of carbohydrates in relation to 

total nitrogen are more rapid than in material with a lower 

carbon-nitrogen ratio. Materials like peat with a high percent

age of polymerized aromatlc carbon compounds such as lignin re 

very resistant to decomposition and de ompose very slowly with 

no pronounced carbon-nitrogen chan es within a 5 onth period. 

3. V riation Jill~ carbon-nitrogen ratios ,9! original 

.!W1 decomposed organic aterials. 

The data in Table 3 show the variation in the carbon

nitrogen ratios of original organic materials and the partially 

decomposed residues . The data demonstrate that a wide carbon

nitro en ratio in wheat straw, 58:1; corn cobs, 129:l; and 

cotton burrs 29:1, is changed to a narrower ratio. Wheat 

stra was reduced to 10 to 1, corn cobs, 13 to 1, and cotton 

burrs, 10 to 1, after a; months incubation period. The peat 

had a narrow ratio at the beginning of the experiment and did 

not ch~ng6 appreciably during the period. A high nitrogen 

organic m tter like sewage sludge decomposed very rapidly and 

produced a very large quantity of carbon dioxide during the 

first month or incubation. The carbon-nitrogen ratio or this 

material increased slightly during the five month period . 

The r sidue from the wheat straw and the cotton burrs 
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Table 2 

Effect of biological activity on total carbon changes 
1n organic aterials after a 5-month period 

Total C rbon Carbon Ca.rbon Residue 
in 10 g of liberated Calculated Determined 
material (g) as C02(g) (g) by analysis 

I II I II I II 

Wheat straw l+. 18 1.69 1 . 53 2.49 2 .65 2.17 2. 32 

Corn cob l+. 65 1 . 60 1.44 3 .05 3. 21 2. 98 3 .02 

Cotton bur 3.34 1 . 40 1. 38 1. 94 1 . 96 1. 99 1 . 83 

Soft wood dust 4.50 1 . 26 1 . 17 3.24 3. 33 3.17 3 .03 

Red wood dust 4 . 21 0 . 24 0 . 21 3.97 4.oo 2. 31 3 . 82 

Red wood bark 4 .. 61 0 . 30 0 .33 4. 31 4 . 28 4. 57 3. 82 

Sphagnum peat 3.37 0 . 26 0 . 27 3 .11 3 .10 2. 99 2.66 

Brown peat 2.89 0 . 28 0 .15 2 . 61 2.?4 2. 45 2 . 82 

Black peat 2.35 0 . 06 0 .09 2. 29 2 . 26 2 .18 2 .06 

Sewage Sludge 2 99 1 . 22 1 . 21 2 .05 1. 78 1. 96 1.69 

I With available nitrogen 

II Without available nitrogen 

(g) 



after five months of decomposition had the same earbon-:nitrogen 

:ratio t1s black peat wh:>eh has n favors,blc ratio for nitrate 

accumulBtion. The corn cob residue haa a sli.ghtly uide:r car'bon-

nitrogen ratio (13 to 1) than the wheat straw residue which 

woula inclica.te that cc,rn cobs f' .. re more res:Intant to aecomposition 

or have 0, higher lignin content. The organic residue from the 

red wood dust anrl the rea wood bark had a very wld e carbon-

nitrogen rutlo e.lth()USh the rate of cc::rbon 1ioxide production 

droppea to a value comparable that of the bl.tick peat. Whether 

there are preserve.tive materials in the wood or whether the lignin 

content of the wood is responsil)le for this condition was not 

determined in this study .• 

The materials treated w:lth ni trogcn had a na:rrcrwer carbon-

nitrogen ratio than samples which were not trented ""·j_th nitrogen. 

ti.. E:ffeet .B!, addinp: ammonium sulfate .tP. different organic 

=m.a_.t_e_r_i~e-~l_s_ and time of incubation on nitrate formation. - ----- -------- ~ 
The effect of adding ammonium sulfe,te to different materials 

under laboratory co:nditio.r's on nitratE~ .for.mation is shown in 

Table 4. The important d:!.fference appeared between :rresh organic 

mutter and t.he peats and sewage sludge. A study of the carbon 

dioxide production curve will show a b1.g production of carbon 

dioxide and no production of nitrites on organic materia.ls with 

a wide carbon-nitrogen ratio. Generally the peats have a low 

rate of decomposition and are high in nitrogen content ·which is 

a favorable condition for nitrate formation. Orgnnie material 



eat straw· 

Corn cob 

Cotton bur 

Sof t wood dust 

Redwood dust 

Redwood bark 

Sphagnum peat 

Brown peat 

Black peat 

Sewage sludge 

Table 3 

Variation in the C:N ratios of the original and 

partially' decomposed organic materials 
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Original Mat erial Partiallv Decomposed Residues 

C% N% C:N C1, "" C:N 

I II I II I II 

41.78 0.72 58 22.27 26.52 2.14 1.82 10 15 

46.46 0-36 129 22. 57 28.67 1.74 1.43 13 13 

33.40 1.16 29 19.83 20.00 2. 22 2. 10 9 10 

44.89 0.23 195 24 .. 10 25 .37 1.01 0.83 24 31 

42.80 0 .10 420 34. 24 39.39 0 .54 0.42 63 94 

46.06 0 . 22 209 32.59 33.26 0.59 0. 51 55 66 

33.75 1.47 23 32.95 31.35 1. 71 1 .45 19 22 

28. 88 2 . 25 13 3.5 . 51 22. 97 2.10 2.23 16 10 

23.49 2.45 10 22. 97 18.48 2.21 2.25 10 8 

29 .87 5.45 6 15.88 15.30 i.s, 2.22 8 7 

I Nitrogen Added 

II No Nitrogen Added 
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with a wide carbon-nitrogen ratio such as wheat straw did not 

permit nitrate formation even though ammonium sulfate wa 

added. The amount of nitrate obtained from thi·s material was 

less than that obtained in the sand plus innoculating material, 

indicRting that nitrates produced from the compost added to 

the sand were used by the bacteria which developed in the wheat 

straw culture. Carbon dioxide evolution declined Qs the carbon

nitrogen ratio became nar~ower and some nJ~rate began to appear 

in all samples, which means that more nitrogen was released 

from the organic matter than was need~<l by the micro-organisms 

to build up their rotoplnsm. 

Sewage sludge provides a good example of nitrate formation 

in relation to rate of carbon dioxide production. This material 

decomposed very rapidly during the first few weeks and anaerobic 

organisms may have been a factor in preventing the appearance 

of nitrate during the first month. ~fuen the carbon dioxide 

evolution rate decreased in the sewage sludge sample a large 

amount or nitrate accumulflt ed. A similar result was obtained 

with the cotton burrs which have a comparatively high nitrogen 

content. vhen the nitrogen is high in organic matter it permits 

a more rapid approach to a favorabl carbon- ~itrogen ratio for 

nitrate accumulation. When ammonium sulfate was added to the 

different organic materials, nitrate for ation was increased 

onl7 in those sample.s where a favor a bl c carbon- nitrogen ratio 

existed. The lower the nitrogen content in the serial, the 

more pronounced was the effect. Sewage sludge showed about the 



Table 4 
Effect of inr.oculating different organic 

ter1a1s with ammonium sulfate on nitrate 
formation over a five onth period. 

After 2 After 4 After 5 
months month; months 

P. PID• p • 
I II I II I II I II 

Wheats aw 8 30 11 10 270 25' 210 68 

Corn cob 4 20 17 15 80 10 212 41 

Cotton bur 9 13 460 810 630 810 360 550 

Soft wood dust 3 12 6 10 32 1; 66 50 
Red wood dust 14 8 21 8 250 18 82 100 

Red wood bark 3 2 20 30 230 88 55 71 
Sphagnum peat 860 700 500 410 460 35 110 103 

Brown peat 8lt-O 275 700 380 500 205 140 85 

Bl ck peat 1045 400 405 410 500 180 80 123 

Sewage sludge 8 30 1060 1040 1590 550 94 330 

Blank 100 100 90 90 95 95 50 5'0 

I. Nitro en added 
15,000 ppm. of ammonium sulfate 

II. o nitrogen add d 
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same amount of nitrate in the non-nitrogen set as in the j r 

treated ·Jith ammonium sulfate . A high nitrate content appeared 

at the end of 5 months in the cotton bur samples than in the 

other organic materials although a large amount ct: nitrate had 

been leached from the peat by two previous extractions. This 

may de onstrate that a material high in nitrogen content would 

require less added nitrogen than low nitrogen material to pro

vide a good supply of available nitrogen for plant growth as 

decomposition progresses. 
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v. Discussion 

Some factors affecting the rate of decomposition of organic 

materials in relation to the carbon-nitrogen ratio and nitrogen 

supply were studied under laboratory incubation. The data shm 

that peat soils with a relatively narrow carbon-nitrogen ratio 

have a low rate of decomposition and that nitrate accumulates 

in these organic soils. Red wood sa~ dust and bark have low 

decomposition r a te but no nitrate uccumulat din these organic 

materials which might indicate an unfavorable condition for the 

growth of plants unless nitrogen was provided from some other 

source. eat st~aw ana cotton burrs d~composed rapidly even 

though no nitrogen was added to these materi ls . When the decom

position rate decTeased, some nitrate accumulated . This experi

ment shows that when easily decomposable organic materials are 

attacked by micr~-organisma, the large umount of energy released 

favors a rapid in::rease in growth of the micro-organisms and 

soluble nitrogen compounds are quickly converted into cell 

protoplasm. During this period of rapid decomposition of car

bonace.ous material if the micro- organisms are in competition 

with higher plants for nutrients a ha:· ··~~ul effect on plant growth 

could occur. As the carbonaceous materials decline, a decrease 

in demand for available nitrogen occurs and some additional 

nitrogen is released from the bodies of dead micro-organisms 

which have a na,rrow carbon- nitrogen ratio . After an organic 

residue develops a carbon-nitroge ratio of approximately 10 

to 1, a slow but constant rate of decomposition occurs and a 

si ilar a ount of carbon and nitrogen are released which results 



-24-

in a build up of available nitrate in the soil . This is why 

the wheat straw originally underwent a rapid decomposition, 

but no nitrate was formed. As soon as the material reaches 

a definite carbon-nitrogen ratio, approaching possibly 16 to 

1, nitrates ar e formed more rapidly than they are utilized . 

The slow decomposition of red wood material may take a longer 

time to reach this condition because of its low nitrogen 

content . 

Owing to a 11 itation of time many data were not collected 

concerning the more complete analysis of the plant materials, 

especially lignin compounds which might explain the difference 

between a wide carbon-nitrogen ratio nd a relatively slow 

rate of decomposition . Preservative materials in the rd wood 

could account for the resistance to decomposition even in the 

presence of soluble trogen. 

Favorable conditions for using organic materials to 

improve the physical condition of the soil to increase plant 

growth would be as follows: 

If the organic material is incub~ted under optimum moisture 

and temperature conditions with adequate quantities of phosphate 

and lime, se1age sludge will start to decompose very fast and 

reach a fa.vorable stage in one month .. Wheat straw and cotton 

burrs would need about four to five months and corn cobs would 

need a longer eriod of time . Soft wood dust and the red wood 

dust and bark might need a longer time to reach a favorable 

carbon- nitrogen balance . Where these materials were ixed with 



ore readily available forms of organic matter they would pro

vide a favorable physical influence on the seil which might be 

just as important in the opt imum growth of a plant as the 

availability of plant nutrients under many conditions . More 

work needs to be done on the red wood materials before accurat 

conclusions can be drawn. 
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Ten different organic materials of varying carbon- nitrogen 

ratios were incubated with sand, superphosphate and limestone, 

and with and without ammonium sulfate, to compare the decom

position rate as measured by carbon dioxide evolution. ~rtieat 

straw, cotton burrs and corn cobs bad a high ~a.ts of decomposition, 

red wood bark and dust had a very wide carbon- nitrogen ratio but 

decomposed at the same rate as peat . !hen nitrogen w s applied 

the rate of decomposition was increased . 

Nitrate accumulated from the decomposition of protein in 

organic materials when the rate of carbon dioxide production 

slowed down. The amount of nitrate accumulation is directly 

related to the quantity of nitrogen in the organic matter . Th 

carbon- nitrogen ratio of the organic residues changed after five 

months of incubation. Wheat straw and cotton burrs reached the 

same carbon-nitrogen ratio as black peat. itrate a ccumulated 

more rapidly from the cotton burrs than from other types of 

fresh organic matter studied because of the high r nitrogen 

content in the original material. 



-27-

REFF..RENCES 

1 . Albrecht, w. A. itrate Accumulation under Straw Mulch. 

Soil Sci . 14: 299-305. 1922 . 

2 . Barethel, C. and Bengtsson, N. Action of Stable Manure in 

the Decomposition of Cellulose in Tilled Soil . Soil Sci . 

18:185- 200. 1924. 

3. Collison, R. c. and Conn, H. J . The Effect of Straw on Plant 

Growth. • Y. Agr. Exp . otation Tech. Bulletin 114. 1925. 

4. Gibbs, 1: . and rerkman, c. H. Effect of Tree Products on the 

Bacterial Activities of the Soil . Soil Sci . 13:303. 1922 . 

; . Harper, H. J . Tentative Methods for the Analysis of Soils 

and Plant Material . p . 37. Soils Labl, Procedure Manual, 

Oklahoma A. & M. College. 1948. 

6 . Hill, H. H. The Effect of Green Manuring on Soil Nitrates 

under Greenhouse Conditions . Virginia Agri . Exp. Station 

Tech. Bulletin 6. 1915. 

7. Hutchison, H.B . The Influence of Plant Residues on th 

Nitro en Fixation ar.1d on Losses of Nitrate in Soils. Jour . 

Agr. Sci . 9:92-111 . 1918 . 

8 . Lipman, T. G., Blair, A. l., Owen, I. L. and McLean, H. c. 
Experiments on Ammonia Formation in the Presence of C rbo-

' 
hydrates and Other Non- Nitrogenous Organic Matter . N. J . 

Exp. Sta. Bulletin 247. 1912 . 

9. Martin, T. L. Effect of Straw on Accumulation of Nitrates 

nd Crop Growth. So11 Sci. 20:159- 164. 1925. 



-28-

10 . Nell er , J . R. Studies on the Correlation betw en the Pr uc

tion of Carbon Dioxide and the Accumulation of Ammonia by 

Soil Organisms . Soil Sci. 5:225-241 . 1918 . 

11 . Peevy, W. J . and Norman , A. G. Influence of Composition of 

Plant M~terials on the Propert ies of the Decomposition 

Residues. Soil Sci . 66:209-225. 

12. Philips, M. , Weihe , Berman D., and Smith , N. R. The 

Decomposition of Lignified Materials by Soil Micro- organisms . 

Soil Sci . 30:383- 3~0 . 1930 . 

13 . Plice, M. J . and Lunin , Jesse . A Rapid Method of Determin

ation of the Total C rbon Content of Soil Using Perchloric 

Acid . Amer . Soc . of Agron. Vol . 33, No . 9:852-855. 1941 . 

14. Rose, A. K. and Lesse . The Chemistry of 100d Products . 

Industrial Eng . Chem . 9:284- 287 . 1917 . 

15. Russell, E. J . Oxidation in Soils and Its Connection to 

Soil Fertility . Jour . Agr . Sci . 1:261- 279 . 1905. 

16 . Russell, E. J. and Appleland, A. The Atmosphere of the Soil , 

Its Decomposition and Causes of Variation. Jour . Agr . Sci . 

V. 7 p . 1-~8 . 

17 . Scott, H. The Influence of Wheat Straw on the Accumulation 

of Nitrates in Soil. Jour . Amer . Soc . Agr . 13:233- 258 . 1921. 

18 . Stoklasa, J . in Waksman, s. A. Humus . pp. 336 . Wm . & 

Wil . Co . 1936. 

19. Starkey , R. L. Some Observations on the Deco position of 

Organic Matter in Soils. Soil Sci. 17:293 . 1924. 



- 29-

20 . Viljoen, J. A. and Fred, F.. B. The Effect of D1ff rent 

Kinds of Woods and Wood Pulp Cellulose on Plant Growth . 

Soil Sci . 17:199- 208 . 1924. 

21 . Waks an, s . A. and Stark y, Robert L. Micro iological 

Analysis of Soil as an Index of Soil Fertility. VII 

Carbon Dioxide Evolution. ooil fci ~ 17:141- 161 . 

22. Waksman, s . A. Microbiological Analysis of the Soil . VI . 

Nitrification. Soil Sci . 16:55-68 . 1923 . 

23 . Waksman, s. A. and Lomanitz, s. Contribution to the Chemistry 

of Decomposition of Proteins and Amino Acids by Various 

Groups of Micro- organisms . Jour . Agr . .. les. 30- 263- 281 . 

1923 . 

24 . Wollney, E. ; in Waksman: Principles of Soil Microbiology . 

p . 477 . Wm . and Will . Co . 1927 . 



TYPIST 

Carolyn Ros11e 


