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Table 20. The effect of calcium chloride and calcium nitrate on nitrate 
nitrogen immobilized when Clarion soil was incubated 2b days 
with added corns talk pith of < 0.25 nm size 

Calcium chloride added (mg per jar) 
0 9.91 19.82 29.74 

Nitrate nitrogen added (mg per jar) 

5.0 5.0 5.0 5.0 
(mg N) (mg N) (mg N) (mg E) 

Residue 
added 

grams/jar 

0.3 2.36* 2.81 2.48 2.39 

aValues refer to mean of 4 replicates. Least significant difference 
at 5 per cent level 0.81 mg N. 

Table 21. Analysis of variance of nitrate nitrogen immobilization data 
obtained from incubating Clarion soil when varying amounts of 
calcium chloride and calcium nitrate were added in the 
presence of cornstalk pith of 0.25 mm size 

Source 
Degrees of Mean 
freedom souere 

Calcium chloride 3 .17 

Error 12 .28 

experiments at comparable periods of incubations even in samples not 

treated with calcium chloride. Reasons for this lowered microbial 

activity are not readily apparent. The soil used in this study had been 

stored for approximately 18 months longer than that used in the previous 

studies. 

The reduced activity due to the addition of calcium chloride may be 

partially a pE effect as well as a salt effect since calcium chloride 

treated samples had lower p& values at the end of incubation than did 
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samples incubated in the absence of calcium chloride (Table 18). Within 

the calcium chloride treatments the p& was near constant but microbial 

activity decreased with increasing calcium chloride additions. These 

results would indicate the reduction in COg evolution was likely due to 

salt concentration. 

Experiment 4 

The following experiment was initiated to obtain further evidence 

that lack of nitrogen at the site of decomposition was limiting the de

composition of the large residue fraction. Nineteen mm particles were 

cut to weigh 0.3 g and divided into 2 groups. One group was soaked 

24 hours in mineral solution (a) and the other 24 hours in mineral 

solution (b). 

BaEO^ 30.356 (b) HaCl 3.5ê 

4.0 KgEPOjj, 4.0 

KHgPOĵ  1.0 kh2P04 1.0 

MgSOk.TEgO 1.0 MgSO^.THgO 1.0 

KC1 1.0 KC1 1.0 

FeSO^.tegO Trace Fe2Ô .45gO Trace 

H2° 2000 E2° 2000 

Ve 7.0 pS 7.0 

The salt concentrations of both solutions were equivalent. The particles 

were removed from the solutions, touched on all sides with a paper towel 

to remove adhering water and added to 200 g of sand in pint fruit jars. 

Two particles were added to each jar. Twelve ml of a third mineral 

solution identical with solution (a) except containing 6.0? g of 

was added to both groups. A fourth solution identical with solution (b) 
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except the content of NaCl was 0.7 g was added to additional samples 

containing residue which had been soaked in the high sodium chloride 

solution (b). This latter treatment served as a check. 

All three treatments were replicated 10 times and completely 

randomized. Treatment 1 contained approximately 7.0 mg of total nitrate 

nitrogen per 100 g sand and Treatment 2, 3.0 mg nitrogen per 100 g sand. 

Two ml of a concentrated soil suspension served as an inoculum. 

Influence of pith particles saturated with nitrate on COg-c&rbon 

evolution Greater amounts of COg-carbon were evolved from cultures 

containing the high nitrogen treatment as shown in Table 22. These 

data indicated that nitrogen was limiting the decomposition of the 

residue in the low nitrogen treatment and further that this deficiency 

was likely due to the positional availability of nitrogen. 

In interpreting these data however, the assumption must be made that 

during the preincubation soaking both the sodium chloride and sodium 

nitrate solutions removed equal quantities of soluble materials from the 

residue. If more soluble materials were removed from the chloride 

treated residue then less COg would be evolved. 

Results for nitrogen immobilization given in Table 23 show that 

more nitrogen was Immobilized by the low nitrogen treatment than by the 

high nitrogen treatment. However since data were obtained at only one 

point in time, then the values may only mean that the higher nitrogen 

level started net mineralization earlier. Data shown in Table 20 

indicated that the higher nitrogen treatments reached maximum immobiliza

tion early and that after 24 days incubation had mineralized nitrogen 

until the immobilization values were lower for these treatments than for 
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Table 22. COg-carbon evolved during 32 days incubation of 19 mm cornstalk 
pith previously soaked in solutions of equivalent salt con
centrations of sodium chloride and sodium nitrate 

Nitrogen _ Time in days 
treatments 1 2 4 11 l6a 24 32 

(mg C) (mg C) (mg C) (mg C) (mg C) (mg C) (mg C) 

7 mg/l00 g sand 3.5* 11.4 22.2 50.4 61.7 73.7 86.9 

3 ag/l00 g sand 3.1 10.2 19.5 43.0 55.0 68.6 81.8 

Check. 2.6 7.3 10.9 17.7 20.7 25.8 32.5 

aLeast significant difference at 5 per cent level at this date was 
6.01 mg carbon. 

^Values are in mg carbon evolved. 

Table 23. Nitrate nitrogen immobilization after 32 days incubation 
of 19 mm cornstalk pith previously soaked in equivalent 
mineral solutions containing sodium nitrate and sodium 
chloride 

Salt treatment 
Initial 
nitrogen 
mg ft/jars 

llitrogen 
at 32 days 
mg K/jar 

Diff. 

Sodium nitrate 14.60 11.55 2.75 

PH 7.0 8.1 

Sodium chloride 5.84 2.27 3.75 

P2 7.0 8.0 

the lower nitrogen treatments. This indicates further the importance of 

considering time, nitrogen level and particle size of residue when in

terpreting immobilization data. Munson (33) found incubation time to be 
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highly significant and further that nitrogen treatments which immobilized 

nitrate at the greatest rate also mineralized nitrogen at the greatest 

rate. 

Decomposition of Various Particle Size Fractions of Cornstalk 
Pith and Alfalfa Boots in the Absence of Soil Colloids 

The following experiments were conducted to evaluate the effect of 

particle size of residue on its decomposition in the absence of soil 

colloids and native soil organic matter. 

Decomposition of alfalfa roots in sand 

Alfalfa residue containing approximately 2.5/° nitrogen was added 

to 125 S sand at the rate of 0.5 g per jar and in 3 differing particle 

size fractions. Nitrate nitrogen was added in a mineral solution at 

the rate of 6.2 mg nitrogen per jar and the samples incubated 32 days. 

Nitrogen added to sand alone served as a check treatment. Two ml of a 

concentrated soil suspension was added to each jar as an inoculum. As 

it was expected that some ammonia would volatilize, vials with 10 ml 

of H EgSO^ were placed in all jars with exception of those on which COg 

was collected. The acid was then neutralized with magnesium oxide and 

distilled into boric acid at each sampling date. 

Influence of particle size of alfalfa roots on COp-carbon evolution 

Data for COg-carbon evolved by each particle size fraction are shown in 

Table 24. Major differences due to particle size occurred in the early 

stages of incubation with approximately 64 per cent of the total COg 

evolved after 32 days having been evolved by the fourth day of incuba

tion for particles less than 0.25 mm. The larger fractions released 
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Table 24. COg-carbon evolved during 32 days incubation in sand of 
alfalfa root residue fractions of differing particle size 

Residue Days incubation 
particle 
size 4 8 15 23 32 
(mm) (mg C) (mg C) (mg C) (mg C) (mg C) 

< 0.25 82.9a 111.5 127.4 133.9 139.3 

2.38-4.76 76.:2t / 100.5 113.5 120.0 

46. 89,3 115.9 126.8 1-34.2 

Check 2.3C 

^Values refer to the mean of 4 replicates. 

^Values refer to the mean of 6 replicates. 

°Yalues refer to the mean of 5 replicates. 

less COg for the four day period. By the end of 32 days incubation 

little difference in COg evolution existed between the < 0.25 am and 

15 mm fractions. The large evolution of COg during the early stages of 

incubation is likely a reflection of the large amounts of water soluble 

constituents present in alfalfa residues. 

Influence of Particle size of alfalfa roots on total inorganic 

nitrogen Table 25 contains the data for total inorganic nitrogen 

which includes ammonium nitrogen, nitrate nitrogen and volatile ammonia. 

Data for the separate nitrogen determinations as well as for pS may be 

found in Appendix Tables 37 through 40. Table 25 reveals that inorganic 

nitrogen for the 15 mm residue treatment was greater at all sampling 

dates after 8 days incubation than at zero incubation time. Thus in 

this fraction, net immobilization of nitrogen apparently did not occur. 
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Table 25. Total inorganic nitrogen froa alfalfa residue of different 
particle sizes incubated in sand at 25° C 

Residue Days incubation 
particle 0 8 16 24 32 
size 
(mm) mg $r mg S 

Inorganic nitrogen 
sag E mg H mg K 

< .25 7.05® 6.68 7.16 9.36 10.29 

2.38-4.76 6.93b 5.99 6.50 7.55 7.67 

15 6.19* 6.29 8.71 9.68 9.50 

Check 6,22e 6.38 5.93 6.00 6.24 

aValues are the mean of 4 replicates. 

^Values are the mean of 6 replicates. 

^Values are the mean of 5 replicates. 

ITet immobilization of nitrogen did occur in samples containing the two 

smaller sized residue fractions. 

A comparison of particle size effects may also be made by observing 

Figure 7. Since nitrogen analysis at zero time (Table 25) indicated 

organic nitrogen breakdown by the analytical procedure used in samples 

containing the < 0.25 mm and 2.38-4.76 mm residue fractions, values at 

zero time were subtracted froa values obtained at each sampling date 

and plotted against time. Hitrogen immobilization was less and nitrogen 

release greater in samples containing residue of 15 am particle size than 

in samples containing residue of either < 0.25 am or 2.38-4.76 mm size. 

It was not readily apparent why residue of 2.38-4.76 mm size immobilized 

greater amounts of nitrogen and released less nitrogen than did residue 

of < 0.25 am size. 



Figure ?. Net inorganic nitrogen present after different periods of incubation when alfalfa root 
residue fractions of differing particle size were incubated 32 days in sand 
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Decomposition of cornstalk pith in sand 

Further knowledge of particle size effects in the absence of clay 

minerals and native soil organic matter was obtained in the following 

experiment. Cornstalk pith was added in 5 different particle size 

fractions; the 2 fine fractions were replicated 4 times, the 2.38-4.76 

mm fraction 6 times and the 2 larger fractions and check 8 times. Four 

and six-tenths mg of nitrate nitrogen was added in a mineral medium and 

the jars inoculated as in the previous experiment. 

COy-carbon evolved during decomposition of cornstalk pith in sand 

A comparison of the data in Table 2o for net COg-carbon evolved with data 

previously presented for net carbon evolved when cornstalk pith was 

incubated in both meadow and cultivated soil, reveals that equal or 

greater amounts of carbon were evolved from incubations in sand at 

comparable sampling periods, nitrogen amounts and particle sizes. The 

p2 during incubation ranged from 7.2 to 8.5 for the incubations in sand 

(Appendix Table 4l) and thus may be a partial explanation for the in

creased activity in sand. 

Differences between the < 0.25 mm and I9 mm fractions were about 

the same in sand as in soil. The reversal of particle size effects for 

the < .25 mm and 0.25-2.33 mm noted previously for incubations in soil 

did not appear early in sand. This would indicate that possibly soil 

colloids were the cause of the reversal noted in soil. Differences 

between the three intermediate particle size fractions were not noted 

until after 32 days incubation. 
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Table 26. Net COg-carbon evolved during 256 days incubation of corn
stalk pith of different particle size in sand 

Time of Particle size (mm) 
incubation 
(days) 

< 0.25 
(mg C) 

0.25-2.38 
(mg C) 

2.38-4.76 
(mg C) 

4.76-7.9 
(mg C) 

19 
(mg C) 

4 18.3s 13.9* 13.5* 12.2° 8.8c 

8 25.0 21.2 21.7 21.6 16.0 

16 42.7 34.8 34.3 35.1 25.7 

32 70.9 71.7 58.5 52.5 40.1 

64 78.6 81.0 75-4 71.4 53-9 

128 85.9 87.3 86.6 82.7 72.1 

256 93.3 89.2 94.9 90.1 79.5 

i a> 00 refer to the mean of 4 replicates. 

^Values refer to the mean of 6 replicates. 

cValues refer to the mean of 8 replicates. 

Nitrate nitrogen immobilized during decomposition of cornstalk pith 

in sand Table 27 shows that nitrate nitrogen immobilized decreased 

with particle size of pith up to and including 32 days incubation. 

Thereafter little difference was noted between particle size fractions 

other than for the 19 mm fraction. The magnitude of immobilization in 

sand was very near but less than values recorded for incubation in soil. 

Influence of Residue Particle Size on the Ratio 
of Carbon Evolved: Nitrogen Immobilized 

After examination of the data for the study of particle size and 

amounts of residue presented earlier, it was noted that the ratio of 
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Table 27. Nitrate nitrogen Immobilized by various particle size 
fractions of cornstalk pith at various time periods during 
256 days incubation in sand 

Time of Pith particle size ( mm) 
incubation < 0.25 0.25-2.38 2.38-4.76 4.76-7.9 19 
(days) (mg N) (mg N) (mg N) (mg H) (mg H) 

4 1.51 1.12 0.95 0.53 0.17 

8 1.68 1.35 1.84 1.89 0.41 

16 3.58 3-38 2.72 2.01 0.37 

32 4.18 4.17 3.76 2.85 1.15 

64 2.26 2.67 2.06 2.06 0.68 

128 2.49 2.58 2.21 2.08 0.81 

256 0.75 1.38 0.92 1.17 0.29 

carbon evolved to nitrate nitrogen immobilized increased as the particle 

size of added residue increased at each sampling date. Data for the 

above ratio at the 0.3 g residue level are presented in Table 28. 

Ratios for data at the 0.6 g level have no meaning since nitrate nitrogen 

was depleted in cultures containing the two finely ground residue 

fractions. Data of Table 28 revealed that within each size group the 

ratio increased with time of incubation. This latter relation would 

be expected, especially after the date of maximum immobilization, since 

increased mineralization of nitrogen from cells formed earlier in the 

decomposition period would cause the amount of nitrogen immobilized to 

be less in relation to the carbon evolved. However, the increased 

ratio with increasi% residue particle size would not be expected if 

immobilization of nitrogen and COg evolution were both related directly 
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Table 28. Ratios of net carton evolved to net nitrogen immobilized for 
0.3 g of different particle size fractions of cornstalk pith 
at different sampling dates during 52 days incubation in the 
laboratory 

Pith 
particle 

size 
(mm) 

Days incubation Pith 
particle 

size 
(mm) 

4 

(c:ir) 

c
o
?
 

0
 

16 

(cm) 
26 

(C:N) 
52 

(C:H) 

c 0.25 9.1a 5.4 9.2 12.4 19.7 

0.25-2.38 9.5 9.1 12.2 16.4 19.9 

2.38-4.76 10.0 12.0 15.3 18.2 22.0 

19 18.4 18.2 28.9 48.3 51.1 

a7alues represent the ratios for COg and immobilization data pre
sented in Tables 5 and 7. 

to the available energy of the added residue. That is, it would be 

expected that both the COg evolved and the nitrogen immobilized would 

decrease at the same rate with increasing particle size since the 

accessibility and therefore the availability of added carbon decreases 

with increasing particle size. 

Data of Table 29 show that the ratio of carbon evolved to nitrogen 

immobilized increased with increasing particle size of residue at all 

nitrogen levels from 4 to 16 mg of nitrate nitrogen per 100 g soil. 

With exception of the ratios for the 1Ç mm residue fraction at the 12 

and 16 mg nitrogen levels, the ratios decreased with increasing nitrogen 

rates. 

The increased ratio with increasing particle size would infer that 

relatively, decomposition of the large particles was occurring with less 
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Table 29. The effect of particle size of residue and nitrogen levels 
on the ratio of carbon evolved to nitrogen immobilized after 
32 days incubation 

Particle Nitrate additions (mg N x>er jar) 
size 
(mm) 4 8 12 16 

< 0.25 14.9a 15.1 13.6 11.1 

2.38-4.76 23.7 21.7 20.0 17.7 

19 39-6 30.1 78.1 56.2 

aValues are the ratios for COg and immobilization data presented in 
Tables 10 and 14. 

utilization of the added inorganic nitrate than decomposition of the 

small particles. Thus further evidence that this ratio increases with 

particle size will be presented at this time by using regression analyses 

of data from three experiments in soil discussed previously. More de

tailed incubation descriptions for the experiments are given on pages 

29 and 45. For purposes of the discussion in the remainder of the thesis, 

these experiments will be referred to as Experiments 1, 2 and 3 as shown 

in Table 30. The soil used in Experiments 1 and 3 was Clarion soil from 

the continuous corn plot while that of Experiment 2 was Clarion meadow 

soil. . Incubation conditions which were different and thought most likely 

to affect the analyses are listed in Table JO. 

Regression analyses as outlined by Snedecor (42, page 129) were used 

to adjust the COg and immobilization data for nitrogen and residue levels 

and length of incubation. The adjusted values were then used in re

gressions of COg-carbon evolved on the square root of the mean diameter 
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Table 30. Incubation conditions for the experiments from which data were 
combined to form the regression equations shown in Figures 
8, 9, and 10 

Days Residue rate Nitrogen added 
Exper en incubation g/100 g soil mg N/lOO g soil 

1 32 0.30 4, 8, 12 and 16 

2 24 0.15 2.5, 3.8, 5 and 6.2 

3 26 0.30 3-5 

of each particle size fraction and of the nitrogen immobilized on the 

square root of the mean diameter. Also the ratios of the adjusted carbon 

values to the adjusted nitrogen values were plotted against the square 

root of the mean diameter for each particle size fraction and a re

gression analysis made. Each dot in Figures 8 and 9 represents the mean 

of from 4 to 8 replications. Each dot in Figure 10 represents the ratio 

of the mean values plotted in Figures 8 and 9« 

Results for the regression of COg on particle size may be seen in 

yv , A 
Figure 8. The regression equation was T = 55«74-3»27X where Y is the 

estimated carbon evolved for each particle size fraction X. The r value 

of .80 was significant at greater than the 1 per cent level. Similarly 

results for the combined nitrogen data are shown in Figure 9 by the 

regression equation and regression coefficient (r = .87**). Both COg 

carbon evolution and nitrogen Immobilization show an inverse linear 

relationship with the square root of the mean diameter of each particle 

size fraction. 

Results for the regression of the C:îî ratios on particle size may 



Figure 8. COg carbon evolved during incubation of various particle size fractions of cornstalk 
pith (Data from 3 experiments adjusted for residue and nitrogen levels and for 

incubation time) 
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Figure 9. Nitrate nitrogen immobilized during incubation of various particle size fractions of 
cornstalk pith (Data of 3 experiments adjusted for residue and nitrogen levels and for 
incubation time) 
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Figure 10. The ratio of carbon evolved to nitrogen immobilized during incubation of variouo 
particle size fractions of cornstalk pith 
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ys 
"be seen in Figure 10. The regression equation vas T = 10.75 + 6.38 I 

and the correlation coefficient (r = .70**) was significant at greater 

than the one per cent level. The hypothesis that the regression 

coefficient was equal to zero was tested and rejected at greater than 

the 1 per cent level. 

Although the r value of .70 was highly significant, the r value 

was .4? signifying that only 4$ per cent of the variation could he 

accounted for by the regression, analysis. That both r and values for 

this regression are lower than those for the separate regressions of 

carbon evolved (r = .80 and r% = .64) and nitrogen immobilized (r = .87 

and r^ = .76) on the square root of the mean diameter of particles was 

expected. 

The ratio combines the error associated with the two variables, C0g 

evolution and nitrogen immobilization, whereas the regression of each 

separately involves only the error of one variable. The COg-carbon 

and nitrogen immobilization values were obtained on different jars 

treated alike. If COg and nitrogen immobilization were determined on 

the same jars, values for the ratio would be improved. Furthermore if 

true immobilization or true nitrogen assimilation could be determined 

instead of net immobilization as determined in this study, then values 

for the ratio would have more meaning. 

The ratio of carbon evolved to nitrogen immobilized is suggested 

as a measure of the efficiency of use of added inorganic nitrogen during 

decomposition of residue of different particle size. The use of the 

ratio in this way is limited, as noted above, and could not be used 

under conditions in which either (a) the supply of inorganic nitrogen 
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has been completely depleted, or (b) when net mineralisation is greater 

than net immobilization. 

Four hypotheses were considered to explain the phenomenon of 

greater efficiency of nitrogen use by large particles. 

Eitrogen deficiency 

A deficiency of nitrogen may be initiated around the large residue 

particles causing less of the added nitrogen to be used by these particles 

relative to that used during decomposition of residue of small particle 

size. In other words, the initial population, having been stimulated by 

available carbohydrates at the surface of the large residue particle, 

could deplete the site of decomposition of its available inorganic 

nitrogen. Further decomposition would then be a function of either (a) 

the rate of movement of nitrogen to the residue particle, or (b) the 

rate of recycling of microbial nitrogen immobilized earlier in the 

incubation period, or (c) a combination of (a) and (b). The distance 

nitrogen must diffuse or move in order to reach the decomposing site 

would be much greater for residue of large particle size than for finely 

ground residue. Reuse or recycling of microbial nitrogen is favored by 

both nitrogen deficiency and time. Recycling of microbial nitrogen will 

cause the ratio of carbon evolved to net nitrogen immobilized to increase. 

Cells formed under conditions of nitrogen deficiency might also be 

expected to be of lower nitrogen content. 

Experimental evidence of H deficiency Support in the present 

study for the hypothesis that nitrogen was deficient during decomposition 

of residue of large particle size may be found in the data of Table 22 

which shows that greater decomposition occurred when residue of 19 mm 
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size was saturated with nitrate nitrogen prior to incubation as compared 

to residue saturated with chloride ions, nitrogen concentration in the 

area of decomposition of the nitrate saturated particles was supposedly 

greater than the concentration in the area of decomposition of the 

chloride saturated particles. 

Additional evidence that nitrogen was deficient during the de

composition of the 19 mm particles may "be found in Table 28 which shows 

that the ratio of carbon evolved to nitrogen immobilized increased with 

time of incubation more rapidly when the residue was added as 19 mm size 

particles than when added as < 0.25 mm particles. 

Data of Table 4 would indicate that microbial cell material could 

become concentrated around the 19 mm residue after time since the num

bers of microorganisms found after 12 days incubation were from 100 to 

200 times greater at the surface of the residue particle than 1/2 to 

1 inch away from the particle surface. Thus if conditions such as 

nitrogen deficiency did exist at the surface of the large residue parti

cles, the magnitude of recycling of the microbial nitrogen could be 

large. Under such conditions less of the added nitrate would be used. 

Other lines of evidence for the deficiency hypothesis are less 

clear cut. Data of Table 31 show that differences in the ratio of 

carbon evolved to nitrogen Immobilized was essentially the same for the 

four smaller particle size fractions. Batios for the 19 mm fraction 

were approximately double those for the other four particle size 

fractions at all sampling dates. These data would suggest that possibly 

nitrogen was deficient at the site of decomposition for the 19 mm 

particles since size of residue particle was the main variable in this 
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Table 31. Batios of carbon evolved to nitrogen immobilized when 0.3 g 
of various particle size fractions of cornstalk pith were 
incubated in sand in the presence of a mineral medium 

Particle Time in days 
size 
(mm) 4 8 16 32 64 128 256 

< .25a 12.1 14.9 11.9 17.0 34.8 34.5 124 

.25-2.38* 12.4 11.4 10.3 17.2 30.3 33.6 64.6 

2.38-4.76" 14.2 11.8 12.6 15.6 36.6 39.2 103 

4.76-7.9° 22.9 11.4 17.5 18.4 34.7 39.8 77 

19c 51.6 39.0 69.4 34.9 79.2 84.6 274 

aValues for this size are the mean of 4 reps. 

^Values for this size are the mean of 6 reps. 

^Values for this size are the mean of 8 reps. 

experiment and the distance nitrogen would need to diffuse would be much 

greater for the large particles. It would be expected that if the con

centration of nitrate ions was increased (at low nitrogen levels) in 

cultures containing residue of different particle size, differences in 

decomposition between particle size fractions should narrow with in

creasing nitrate concentration. Data in Table 10 and 12 show that 

differences in 00^-carbon evolved between particle size fractions 

narrowed at the higher nitrogen rates of addition but the part of this 

effect which can be attributed to increased nitrate diffusion was 

obscured by salt effects at the high nitrogen level. Theoretically 

differences between the ratios of carbon evolved to nitrogen immobilized 

of different particle size fractions should narrow with increasing 



85 

nitrogen additions if nitrogen concentration was limiting decomposition. 

Data of Table 29 show a reduction in Cm ratio for each of the 2 finer 

particle sizes "but the significance of this reduction is uncertain due 

to salt effects. 

Soil organic matter decomposition 

Residue of different particle size may stimulate the decomposition 

of the native soil organic matter to different degrees. Treatments which 

stimulate the greatest decomposition of soil organic matter would be 

expected to mineralize the largest amounts of nitrogen. In other words, 

the ratio of carbon evolved to net nitrogen immobilized would be expected 

to be higher for treatments decomposing organic matter of narrow Cîlî 

ratio (10si) than for treatments decomposing materials of wide C:Z 

ratio (60:1), since relatively less of the added nitrate nitrogen would 

be utilized. 

3Jo experimental evidence was obtained which indicated this hypothesis 

could explain the greater efficiency of nitrogen use for large residue 

particles. This hypothesis would infer that the 19 mm residue particles 

stimulated soil organic matter decomposition more than the <. 0.25 mm 

residue since larger ratios for carbon evolved to nitrogen immobilized 

were obtained for the 19 mm residue. It appears more likely that the 

< 0.25 mm residue stimulated soil organic matter decomposition to a 

greater extent than 19 mm size residue as the finely ground residue was 

closely associated with greater amounts of soil organic matter. 

Soil colloids 

The soil colloids partially inhibit the decomposition of added 

residue by forming a colloid-degraded residue complex. Greater 
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inhibition would be expected during decomposition in cultures containing 

finely ground residue since this residue would be more intimately 

associated with the colloids of the soil than residue of larger particle 

size. During decomposition of the finely ground residue less nitrogen 

contained in the added residue would then be available for assimilation 

and greater amounts of the added inorganic nitrogen would be used. 

Alternatively a colloid-enzyme complex may be postulated. Then the 

reduced ratio noted for cultures containing the finely ground residue may 

be explained by the inhibition of COg evolution in these samples. 

Experimental evidence of soil colloid effects Ho direct evidence 

was obtained that soil colloids inhibited the decomposition of added 

residue. Data of Table 31 for incubations in sand suggest that soil 

colloids could account for the fact that no differences were noted among 

the ratios of carbon evolved to nitrogen immobilized for the 4 smaller 

residue fractions. Colloids of the soil may also have caused the 

inhibition of COg noted for incubations in soil of the < 0.25 mm residue 

since the inhibition was not apparent for incubations in sand. 

Experimental evidence obtained in this study indicated the nitrogen 

deficiency hypothesis most nearly explained the increasing ratio of 

carbon evolved to nitrogen immobilized with increasing particle size. 

Additional experimental work is needed to evaluate the rate at which 

nitrate ions diffuse in soil before the deficiency theory becomes a 

fact. More precise measurements of true nitrogen assimilation or "true 

nitrogen immobilization" are also needed since methods used in this 

study measured only net immobilization. 
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SUMMARY AI3D C0UCH75I0ÎÏS 

1. The influence of particle size of crop residue on decomposition 

as measured "by carbon dioxide evolution and nitrogen immobilization was 

studied. The laboratory incubations at 25° C of different particle size 

fractions of cornstalk pith and alfalfa root residues were carried out 

under conditions varied to include; (a) two Clarion sandy clay loam 

soils, one previously under continuous corn and one under meadow; (b) 

soil media with different amounts of residue or nitrate nitrogen; (c) 

sand media free of inorganic colloids. 

2. As the particle size of cornstalk pith or alfalfa root residue 

increased, COg evolution decreased when incubated in either sand or soil. 

In soil, an inverse linear relationship existed between the COg-carbon 

evolved and the square root of the mean diameter of residue particles 

for the range of particles of < 0.25 mm to 19 mm in size. Residue size 

fractions less than 2.4 mm in diameter decomposed at nearly the same 

rate but a tendency for the finest residue fraction ( < 0.25 mm) to 

decompose more slowly than the 0.25-2.38 mm fraction was noted in soil. 

The absence of this apparent reversal of particle size effects in sand 

indicated that soil colloids may have inhibited decomposition of the 

< 0.25 mm residue fraction. 

3- Carbon dioxide evolution from cornstalk pith was affected by 

the solid phase of the medium and decreased as follows: sand = or > 

Clarion sandy clay loam soil from meadow > Clarion sandy clay loam from 

continuous corn. 

4. Carbon dioxide evolution was inversely related to the amount 
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of nitrate nitrogen added for the range of nitrogen additions of 2.5-16 

mg T$ per 100 g incubation mixture containing 0.15 or 0.3 g cornstalk pith. 

The magnitude of the reduction of COg evolution with increasing nitrogen 

addition varied with particle size "but never exceeded 25 per cent. 

Greatest reduction in decomposition occurred when finely ground residue 

was added. When residue of the largest size (19 mm) was added, little 

or no reduction occurred. Since reduction in decomposition occurred 

when chloride salts were added, the reduction appeared to be due to salt 

concentration rather than to nitrogen per se. As the larger amounts of 

salt decreased the pB of the media as much as 0.5 p® unit, the reduction 

in microbial activity could have been due to both salt concentration and 

lowered Amounts of calcium nitrate as great as 52.7 mg per 100 g 

soil media did not alter the p- significantly; however, 00^ evolution 

decreased as the amount of calcium nitrate increased from 21.1 to 52.7 

mg per 100 g soil media. 

5. The amount of COg-carbon evolved from 0.6 g cornstalk pith was 

approximately double the amount evolved from 0.3 g pith, when adequate 

nitrogen was present. 

6. The maximum amount of nitrate nitrogen immobilized decreased 

as particle size of cornstalk pith increased during incubations in both 

soil and sand. For incubations in soil, an inverse linear relationship 

existed between nitrate nitrogen immobilized, at periods selected to be 

near maximum immobilization, and the square root of the mean diameter of 

residue particles. 

7. Greater amounts of nitrate nitrogen were immobilized when 0.6 g 

cornstalk pith was added to 100 g soil media than when 0.3 g pith was 
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added. Per unit of residue added, the smaller residue addition immo

bilized the greatest amount of nitrate nitrogen. 

8. The amount of nitrate nitrogen immobilized did not appear to 

change significantly when different amounts of calcium nitrate were added. 

9. Smaller amounts of nitrate nitrogen were immobilized and 

greater amounts of nitrogen were released when alfalfa root residue of 

15 mm particle size was incubated in sand than when the same residue of 

< 0.25 mm or 2.38-4.76 mm particle size was incubated in sand. 

10. The ratio of carbon evolved to nitrogen immobilized at incuba

tion periods near maximum immobilization was used as a measure of the 

efficiency of nitrogen used in the decomposition. The efficiency of 

nitrogen use in the 19 mm fraction was about 3 times greater than for 

the < 0.25 mm fraction. This means that more nitrogen would be available 

in the system for other uses, e.g., the growth of crops. Data presented 

suggested the increased efficiency for the 19 mm fraction was due to a 

deficiency of nitrate at the site of decomposition for this fraction. 

11. The ratio of carbon evolved to nitrogen immobilized increased 

as the particle size of cornstalk pith increased during incubation in 

all soil mixtures. In sand, only ratios for the 19 mm size particles 

were significantly greater than the smaller size fractions. Â direct 

linear relationship existed in soil between the ratio of carbon evolved 

to nitrogen immobilized, at periods during incubation selected to be 

near maximum immobilization, and the square root of the mean diameter 

of residue particles. 
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APPENDIX 



Table 32. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
COp-carbon evolution in Clarion soil (cultivated) 

Particle 
size 
(mm) 

< 0.25 

2.30-4.76 

19 

Check soil 

Nitrate N 
added 

mg N/lOO g 
soil 

Days incubation 

4 
8 

12 
16 

4 
8 
12 
16 

4 
8 
12 
16 

4 
8 
12 
16 

4 
(mg C) 

13.9e 

13.1 
11.7 
11.7 

13.5 
13.6 
12.1 
13.4 

13.8 
11.7 
10.7 
9.6 

3.5 
2.7 
2.9 
2.7 

8 
(mg C) 

27.0 
23.7 
21.7 
22.1 

29-3 
26.1 
26.9 
27.4 

25.1 
22.9 
18.9 
20.3 

6.3 
5.5 
5.2 
5.1 

16 
(mg C) 

52.0 
45.8 
38.9 
36.9 

47.7 
46.2 
44.0 
43.9 

39.6 
35.7 
35.6 
33.8 

9.9 
8.7 
7.4 
7.8 

, 32 X 
(mg 0) 

76.0 
68.8 
62.2 
58.2 

68.6 
65.3 
61.7 
60.9 

57.5 
54.3 
51.3 
49.6 

13.9 
13.0 
10.7 
11.4 

64 
(mg C) 

101.4 
90.4 
85.6 
80.5 

95.6 
90.9 
83.9 
81.7 

78.9 
76.5 
72.0 
69.8 

18.6 
18.3 
16.9 
14.9 

aValues refer to the mean of 4 replicates. 



Table 33» Influence of nitrate nitrogen rates, roaidue particle size and time of incubation on 
net COg-carbon evolution in Clarion soil (meadow) 

Nitrate N Particle size (mm) Check 

« 4°F™(£2;)6 2ïSr "iTo)9 (:'o) 

2 2.50 10.5 12.2 14.8 14.8 10.2 5.0 
3.75 11.6 11.9 14.8 14.8 9.6 4.7 
5.00 11.7 11.6 13.9 13.9 10.9 4.5 
6.25 11.5 13.0 13.7 14.6 11.7 4.8 

4 2.50 19-7 24.1 26.4 24.8 18.1 8.2 

3.75 20.0 22.3 26.6 25.7 17.3 8.1 
5.00 19.6 22.3 25.0 23.8 20.5 7.6 
6.25 20.0 24.5 25.9 25.5 22.3 7.8 

8 2.50 36.9 44.4 43.2 41.4 31.7 . 12.6 

3.75 35.7 40.0 42.5 40.9 32.5 12.5 
5.00 33.5 39.8 39.6 37.8 33.9 13.1 
6.25 33.1 40.8 40.7 39.8 34.8 11.4 

16 2.50 60.2 64.5 60.6 58.7 47.8 18.2 

3.75 59.0 58.9 58.7 57.3 50.3 18.3 
5.00 55.6 57.6 55.6 53.4 49.7 16.0 

6.25 52.8 58.3 56.4 54.7 51.1 16.2 



Table 33. (Continued) 

Days 
incubation 

24 

32 

64 

Nitrate N Particle size (nun) 
nda.d —' Check 

mg N/100 g 
soil 

< 0.25 
(mg C) 

0.25-2.38 
(mg 0) 

2.38-4.76 
(mg C) 

4.76-7.9 
(mg 0) 

19 
(mg C) 

soil 
(mg 0) 

2.50 76.5 80.9 76.0 74.5 63.0 24.1 
3.75 75.3 73.0 69.4 72.0 6 5.9 27.3 
5.00 70.9 72.6 69.5 66.9 63,1 26.3 
6.25 67.5 72.3 69.5 67.6 64.7 21.3 

2.50 84.5 88.5 83.7 82.1 71.0 27.2 
3.75 83.I 81.7 81.6 79.9 73.1 27.3 
5.00 77.7 79.2 76.8 73.9 71.2 26.3 
6.25 73.6 78.7 76.4 74.1 71.5 23.0 

2.50 118.1 119.4 117.3 114.9 106.4 42.3 
3.75 115.1 111.7 119.5 115.1 104.0 41.7 
5.00 106.7 108.3 106.6 104.8 102.6 39" 6 
6.25 103.2 106.8 108.3 98.8 98.3 36.3 



Table 34. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
nitrate nitrogen immobilized in Clarion soil (cultivated) 

Particle 
size 
(mm) 

Nitrate N 
added 

mg N/lOO g 
soil 

Days incubation Particle 
size 
(mm) 

Nitrate N 
added 

mg N/lOO g 
soil 

4 

(mg N) 

8 

(mg N) 

16 

(mg N) 
32 

(mg N) 

64 

(mg N) 

< 0.25 4 0.99* 1.59 3.49 4.18 3.03 
8 0.60 1.31 3.12 3.70 3.24 
12 0.18 0.75 2.54 3.79 2.65 
16 0.53 1.46 2.51 4.21 3.60 

2.38-4.76 4 0.53 1.28 2.23 2.31 2.15 2.38-4.76 
8 0.46 1.26 2.24 2.41 1.68 
12 0.38 0.50 1.62 2.55 1.28 
16 0.69 1.25 1.46 2.80 1.95 

19 4 0.20 0.30 0.78 1.10 0.60 19 
8 0.02 0.38 0.49 1.37 0.74 
12 0.00 0.00 0.52 O.52 0.2 5 
16 0.00 -0.13k -0.28 0.68 0.27 

aEach value refers to the mean of 4 replicates. 

^Negative values refer to net mineralization of nitrogen. 



Table 35. Soil reaction (pH) during 64 days incubation of Clarion soil (meadow) after addition of 
different particle size fractions of cornstalk pith and different amounts of nitrogen 

Days 
incubation 

Nitrate N 
added 

mg N/lOO g 
soil 

Particle size (mm) Check 
soil 

(PH> 

Days 
incubation 

Nitrate N 
added 

mg N/lOO g 
soil 

< 0.25 
(pH) 

0.25-2.38 

(PH> 

2.38-4.76 
(PH) 

4.76-7.9 
(PH) 

19 
(pH) 

Check 
soil 

(PH> 

8 2.50 6.8 6.8 6.7 6.8 6.6 6.6 
3.75 6.7 6.7 6.6 6.6 6.7 6.6 
5.00 6.7 6.7 6 . 6  6.6 6.7 6.6 
6.25 6.7 6.7 6,5 6.7 6.6 6.5 

16 2.50 6.8 6.6 6.5 6.5 6.5 6.5 
3.75 6.7 6.7 6.6 6.7 6.6 6.6 
5.00 6.7 6.7 6.6 6.6 6.5 6.6 
6.2 5 6.9 6.8 6.8 6.8 6.8 6.6 

24 2.50 6.9 6.8 6.7 6.6 6.7 6.5 
3.75 6.8 6.7 6.6 6.7 6.7 6.5 
5.00 6.8 6.8 6.7 6.8 6.7 6.7 
6.25 6.8 6.7 6.7 6.6 6.7 6.5 

32 2.50 6.8 6.9 6.8 6.8 6.6 6.6 32 
3.75 6.7 6.8 6.7 6.8 6.7 6.6 
5.00 7.8 7.8 7.8 6.7 6.6 6.5 
6.25 6.6 6.7 6.7 6.6 6.6 6.5 

64 2.50 6.6 6.6 6.5 6.5 6.5 6.7 

3.75 6.7 6.6 6.5 6.6 6.6 6.5 
5.00 6.6 6.6 6.5 6.6 6.5 6.4 

6.25 6.5 6.4 6.4 6.4 6.4 6.4 



Table 36. Influence of nitrate nitrogen rates, residue particle size and time of incubation on 
soil reaction (pH) in Clarion soil (cultivated) 

Particle 
size 
(mm) 

< 0.25 

2.38-4.76 

19 

Check soil 

Nitrate N 
added 

mg N/100 g 
soil 

Days incubation 

(pH) 
64 
(PH) 

Nitrate N 
added 

mg N/100 g 
soil 

0 
(pH) 

! 
~

 
! 

8 
(PH) 

16 
(pH) (pH) 

64 
(PH) 

4 5.6 5.7 5-9 5-7 5.4 6.0 
8 5.6 5.5 5.6 5.6 5.5 5.9 
12 5.6 5-5 5-5 5.5 5.5 5*6 
16 5.6 5.4 5.5 5.6 5.5 5.6 

4 5.6 5.7 5.9 6.1 5.7 6.1 
8 5.6 5.8 5.7 5.9 5.7 6.1 
12 5.6 5.6 5.5 5.7 5.9 5.7 
16 5.6 5.3 5-3 5.8 5.8 5.8 

4 5.6 5.7 5.9 6.0 5.6 6.0 
8 5.6 5.7 5.7 5.7 6.0 5.8 
12 5.6 5.6 5-5 5.8 5.8 5.8 
16 5.6 5.5 5.4 5.6 5.6 5.6 

4 5.6 5.6 5.7 5-7 5.4 6.0 

8 5.6 5.6 5.7 5.7 5.7 5.8 
12 5.6 5.5 5.5 5.6 5.6 5.6 
16 5.6 5.5 5.6 5.8 5.5 5.7 

H 
o 
ro 
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Table 37. Nitrate nitrogen recovered at various time periods during 32 
days incubation in sand of alfalfa root residue added at the 
rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 

Particle Days incubation 
size 
(mm) 

0 
(mg 5f) 

8 
(mg N) 

16 
(mg E) 

24 
(mg F) 

32 
(mg lî) 

< 0.25 6.2 3.20 4.14 5.98 8.74 

2.38-4.76 6.2 2.46 1.74 2.54 4.09 

15 6.2 4.87 5-27 5.22 5.02 

Check 6.2 6.15 5.94 5.98 6.15 

Table 38. Ammonium nitrogen recovered at various time periods during 
32 days incubation in sand of alfalfa root residue added at 
the rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 

Particle Days incubation 
size 
(mm) 

0 
(mg K) 

8 
(mg N) 

16 
(mg N) 

24 
(mg K) 

32 
(mg $0 

< 0.25 0.00 3.48 3.02 2.19 0.13 

2.38-4.76 0.00 3.51 4.76 3.40 1.80 

15 0.00 1.28 3.k4 3.06 3.80 

Check 0.00 0.00 0.00 0.00 0.10 
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Table 39• Ammonia nitrogen recovered at various time periods during 
32 days incubation in sand of alfalfa root residue added at 
the rate of 0.4 g residue per 100 g sand and in different 
particle size fractions 

Particle 
size 
(mm) 

Days incubation Particle 
size 
(mm) 8 

(mg H) 
16* 

(mg S) 
24 

(mg N) 
32 

(mg E) 

< 0.25 0.00 1.19 1.42 

2.36-4.76 0.00 1.61 1.78 

15 0.14 — 0.57 0.68 

determinations were not made at this date. 

Table 40. Culture reaction (pH) at varie as tine .^riods during 32 days 
incubation in sand of alfalfa root r'siàaç added at the rate 
of 0.4 g residue per 100 g sand 

Particle Days incubation 
size 
(mm) 

0 

(PH) 

8 

(?S) 

16 
(pE) 

24 

(P2) 
32 
(p2) 

<0.25 7.0 8.1 8.4 7.4 7.0 

2.38-4.76 7.0 8.3 8.5 8.0 7.3 

15 7.0 7.3 8.0 7.3 7.8 

Check 7.0 7.1 7.2 7.1 7.2 



Table 41. Culture reaction (pH) at various time periods during 256 days incubation in sand of 
cornstalk pith added in different particle fractions and at the rate of 0.3 g pith per 
100 g sand 

Particle Days incubation 

size 
(mm) 

0 

(P«) 

4 

(P«) 

8 
(pH) 

16 
(pH) 

32 

<PH> 

64 
(pH) 

128 
(pH) 

256 

<PH) 

10.25 7.2 7.3 7.8 7.5 8.3 8.4 8.4 8.0 

0.25-2.38 7.2 7.4 7.7 7.8 8.2 8.5 8.4 8.1 

2.38-4.76 7.2 7.4 7.6 7.7 8.0 8.4 8.4 8.1 

4.76-7.90 7.2 7.5 7.5 7.9 8.1 8.3 8.3 8.1 

19 7.2 7.6 7.8 7.8 7.9 8.1 8.2 8.0 

Check 7.2 7.6 7.8 7.8 7.9 8.1 8.2 8.0 


