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Table 20. The effect of celcium chloride and calcium nitrate on nitrate
nitrogen immobilized wher Clarion soil was incubated 24 days
with added cormstelk pith of < 0.25 mm size

Calcium chloride added (mg per jar)

Residue 0 9.91 - 19.82 20.74
added Nitrate nitrogen added (mg per jar)
grams/ Jar 5.0 5.0 5.0 5.0
(mg XN) (mg V) (ng W) (mg X)

0.3 2.36% 2.81 2.48 2.39

8Vzlues refer to mean of 4 replicates. Least significant difference
at 5 per cent level 0.81 mg K.

Table 21. Anelysis of variance of nitrete nitrogen immobilization data
obtained from incubating Clerion soil when varying amounts of
celcium chloride ard calcium nitrate were added in the
presence of cornstalk pith of (.25 mm size

Source Degrees ¢f Mean

ur fresdom squsre
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 microbiel
activity are not readily apparant. The soil used in this study had been
stored for approximetely 18 months longer than that used in the previous
studies.

The reduced activity due to the addition of calcium chloride may be
vartially a pE effect as well as a salt effect since celcium chloride

treated samples had lower pf 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 pE was near constant but microbial
activity decreased with increasing calcium chloride additions. These
results would ipdicate the reduction in CO, evolution was likely due to
salt concentration.

Expeiiment 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. XNineteen mm particles were
cut to weigh 0.2 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).

(a) NaXO3 30.35¢ (b) Fall 3.5¢
X, 3P0, 4.0 K,EFO), 4.0
KH, POy, 1.0 KH,P0), 1.0
MgSOy.7HE,0 1.0 Mgs0,.7H,0 1.0
KC1 1.0 KC1 1.0
Fesou.bﬂzo Trace Fe30j, . 4H0 Trace
B,0 2000 E,0 2000
pE 7.0 pE 7.0

The selt concentrations of both solutions were equivalent. The particles
were removed from the solutions, touched on 2ll sides with & 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 identicel with solution (a) except containing 6.07 g of FaKO

3
was added to botk groups. A fourth solution identicel with solution (b)
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except the content of NaCl was 0.7 g was added to additional samples
corteining residue which hed been soaked in the hkigh sodium chloride
solution (b). This latter treatment served as a check.

All three treatments were replicated 10 times &nd 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 concentreted soil suspension served as an inoculum.

Influence of pith particles seturated with nitrate on CO,-cerbon

evolution Greater amounts of Coz—carbon were evolved from cultures
containing the high nitrogen treatment as shown in Table 22. These
datza indicated that nitrogen was limiting the decomposition of the
residve in the low nitrogen treatment and further that this deficiency
was likely due to the positional aveilability of nitrogen.

In interpreting these data however, the assumption must be made that
during the preincubation soesking both the sodium chloride and sodium
nitrate solutions removed equal quantities of soluble msterials from the
residue. If more soluble materials were removed from the chloride
treated residue then less CO, would be evolved,

Results for nitrogen immobilization given in Table 23 show that
more nitrogen was immobilized by the low ritrogen treatment than by the
high pitrogen treatment. However since data were obtained at only one
point in time, then the values may only mean that the higher nitrogen
level sterted net mineralization earlier. Data shown in Table 20
indicated that the higher nitrogen treastments reached maximum immobilize~
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 incubetion of 19 mm cornstalk
pith previously soeked in solutions of equivalent salt con-
centrations of sodium chloride and sodium nitrate

Nitrogen ' Time in days
treataents 1 2 4 11 168 2k 32
(mg C) (mg C) (mg C) (mg C) (mg C) (mg C) (mgC)
1 7 mg/100 g sand 3.50  11.4 22.2 50.4 61.7 73.7 86.9
3 mg/100 g sand 3.1  10.2  19.5 43.0  55.0 68.6  8L.8

Check. 2.6 7.3 10,9 17.7  20.7 25.8  32.5

8Teast significant difference a2t 5 per cent level at this date was
6.01 mg carbon.

bValues are in mg carbon evolved.

Table 23. Nitrate nitrogen immobilization after 32 days incudbation
of 13 mm cornstalk vith previously soaked in equivalent
mineral solutions contzining sodium nitrate and sodium

chloride
Initial Nitrogen
Salt treatment nitrogen at 32 days Diff.
mg K/ jars mg N/ jar
Sodium nitrate 14,60 11.85 2.75
p? 7.0 8.1
Sodium chloride 5.84 2.27 3.75
e 7.0 8.0

=

the lower nitrogen treatments. This indicates further the importance of
considering time, nitrogen level and pazrticle size of residue when in-

terpreting immobilization data. Munson (33) found incubation time to be



64

highly significant and further that nitrogen treatments whick immobilized
nitrate at the greatest rate also mineralized nitrogen at the greatest

rate.

Decomposition of Various Particle Size Fractions of Cornstalk
Pith and Alfelfa Roots in the Absence of Soil Colloids

The following experiments ye:evcoqgngted”tb'eialuate the effect of
particle size of recidue on its decomposition in the absence of 5011'
colloids and native soil organic matter.

Decompogition of alfalfa roots in sand

Alfalfa residue containing approximately 2.5% nitrogen was added
to 125 g sard at the rate of 0.5 g per jar and in 3 differing particle
size fractions. Nitrate nitrogen was added ir z mineral sclution at
the rate of 6.2 mg nitrogen ver jar and the samples incubated 32 days.
Nitrogen added to sand alone served as & check treatment. Two ml of a
concentrated soil susvension was sdded to each jar as an inoculum. As
it was expected that some ammonia would voletilize, vials with 10 ml
of E.Hésob were placed in all jars with exception of those on which CO,
was ccllected. The acid was then neutralized with magnesium oxide and
distilled into boric acid at esach sampling date.

Influence of particle size of alfalfa roots on CO,-carbon evolution

Data for Coz-carhon evolved by each particle size fraction ere shown in
Table 24. Major differences due to particle size occurred in the early
stages of incubation with aporoximately 64 per cent of the toial 002
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. CO.-carbon evolved during 32 days incubation in sand of
al%alfa root residue fractions of differing particle size
Residue ‘ e
sarticle Days incubation
size L 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
o 2.38-k.76 . 76.2% 10005 113.5 0 120.0 1267
o mea®  Ees 1159 126.8 132
Check 2.3°

‘8Yalues refer
bValues refer

CYalues refer

to the

to the

to the

less 002 for the four day period.

meen of 4 replicates.
mean of & replicates.

mezn of § revlicates.

By the end of 32 days incubation

little difference in 002 evolution existed between the < 0.25 nm and

15 mm fractions. The large evolution of 002 during the early stages of

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

constituents present in alfalfa residues.

Influence of vparticle size of alfalfz 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 pB may be

found in Apvendix Tables 37 through 40.

Table 25 reveals that inorganic

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

dates after 8 days incubetion than at zero incubation time.

Tous in

this fraction, net immobilization of nitrogern apvarently did not occur.
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Table 25. Total inorganic nitrogen from alfalfa residue of different
particle sizes incubated in sand at 259 C

Residue Days incubation
pariicle 0 8 16 24 32
size , Inorganic nitrogen '
(mm) ng N mg N ng N mg N ng N
£ .25 7.058 6.68 7.16 9.36 10.29
2.38-4.76 6.93° 5.99 6.50 7.55 7.67
15 6.19° 6.29 8.71 9.68 9.5

Check 6,22° 6.38 5.98 6.00 6.2k

Values are the mean of & replicates.
DYalues are the mean of 6 replicates.

CValues are the mean of 5 replicates.

Net immobilization of nitrogen did océur in samples containing the two
smaller sized residue fracfions.
A comparison of particle size effects may also be made by observing

tgure 7. Since nitrogen analysis at zero time (Table 25) indicated
organic nitrogen breakdown by the anmlytical procedure used in samples
containing the < 0.25 mm and 2.38-4.76 mm residne fractions, values at
zero tiie were subtracted from values obtained at each sampling date
and plottéd against time. Nitrogen immotilization was less and nitrogen
release greater in samples containing residue of 15 mm particle size than
in samples containing residue of either < 0.25 mm or 2.38-4.76 mm size.
It was not readily spparent why residue of 2.38-4.76 mm size immobilized
greater amounts of nitrogen and released less nitrogen than did residue

of ¢ 0.25 mm size.



Figure 7. Net inorganic nitrogen present after different periods of incubation when alfalfa root
raegidue fructions of differing particle size were incubated 32 days in sand
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Decomposition of cornstalk pith in sand

Further krowledge of particle size effects in the absence of clay
minerals and native soil organic matter was obtained in the following
experiment. Cornstalk pith Qas édded in 5 different particle size
fractions; the 2 fine fractions were replicated % times, the 2.38-4.76
mm fraction 6 times and the 2 larger fractions and check & times. Four
aﬁd:six—tenths mg of nitratg'gitrogen ves added ir a mineral medium znd
the Jjars inoculated &s ia the:previOus expefiment.

‘€0,-carbon evolved during decomposition of cornstalk pith in sand

A comﬁa;isonfbf the data in Table 26 for net'Cozscarbon evolvéd iith:d;ta
previéﬁéiﬁf@?esented for net carbbn evolved when corngtglk_pith was
incdbaféd ;ﬁ both meadow and cultivated”soil, revéalsAthéﬁ equal or
greater émounts of carbon were evolvea_from incpﬁations in sanéogt
compafaﬁie'éampling periods, nitrogen amounts and éarticle sizes. Tﬁe
pE during incubétipn‘range& from 7.2 to 8.5 for the incubafioﬁs,in sand
(Apvendix Table 41) and thus may be a pertisl explanation for the in-
creased activity in sand. |
Différehces between the ¢ 0.25 mm and 19 mx fractions were about
the same'in sand as in soil. The reversal of particle size effects for -
the < .25.ﬁm»end 0.25-2.33 mm noted previouslyAfor 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 intermediete particle size fractions were not noted

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

Time of Particie size (mm)

incubation < 0.25 0.25-2.38  2.38-4.76 k.76-7.9 19
(days) (mg C) (mg ©) (mg C) (mg C) (ng ©C)
4 18,3 13.5% 13.5° 12.2° 8.8¢

8 25.0 21.2 21.7 21.6 16.0

.16 b2.7 34.8 .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 k.9 90.1 79.5

89alues refer to the mean of & replicates.
byalues refer to the mean of 6 replicates.

CValues refer to the mean of 8 replicates.

Nisrate nitrogen immobilized during decomposition of cornstalk pith
in sand Teble 27 shows that nitrate nitrogen immobilized decreased
with particle size of pith up to and including 32 days incubation.

. Thereafter 1ittle 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 immobllized by various particle size
fractions of cornstalk pith at various time perlods during
256 days incubation in sand

Time of Pith particle size (mm)
incubation < 0.25 0.25-2.38  2.38-%.76 4,76-7.9 19
(days) (mg ¥) (mg N) (mg N) (g ¥) (mg W)
b 1.51 1.12 0.95 0.53 0.17
8 1.68 1.85 1.8 1.89 0.41
16 3.58 3.38 2.72 2.01 0.37
32 4,18 k.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 Tgble 28.

Ratios for data at the 0.6 g levei‘ﬁéye no heaning since nitrate nitrogen
was depleted in culturesAcontéining the two finely ground residue
fractions. Dafa 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 carben evolved. However, the increased

ratio with increasing residue particle size would not be expected if

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

laboratory
pagzggie n - Days iigubation — =
(mm) (c:m) (C:N) (c:N) (C:N) (C:K)
£ 0.25 9.1 5.4 9.2 12.4 19.7
0.25~2.38 9.5 S.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 L8.3 51.1

8Values represent the ratios for (O, 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 CO, evolved and the nitrogen immobilized would
decrease et the seme rate with increasing perticle size since the
eccessitility and therefore the availability of added carbon decreases
with increasing particle size.

Date of Teble 29 show tkal the ratio of carbon evolved to nitroger
immotiiized increased with ircreesing particle size of residue at ell
nitrogen levels from 4 to 16 mg of nitrate nitroger per 100 g soil.

With excepiion of the ratios for the 1S mm residue fraction at the 12
end 16 ng nitrogen levels, the ratios decreased with increasing nit}ogen
retes.

The increased ratie with increasing particle size would infer that

relatively, decompositiorn of the large particles was occurring wiik 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 deys incubation

Pa:zigle Nitrete additions {(mg N per jar)
(zm) L 8 12 16
£ 0.25 14,62 15.1 13.6 11.1
2.38-k.76 23.7 21.7 20.0 17.7
19 39.6 30.1 78.1 56.2

8¥alues are the ratios for CO0, and immobilization data presented in
Tables 10 and 14.
utilization of the added inorgenic nitrate than decomposition of the
small particles. Thus further evidence thet this ratio increases with
particle size will be presented at this time by using regression anslyses
of data from three experiments in soil discussed previously. More de-
teiled incubation descrivtions for the exveriments are given on vages
29 eand 45, For purposes of the discussior in the remainder of the thesis,
these experiments will be referred %o as Zxperiments 1, Z and 3 as shown
in Table 30. The soil used in Experiments 1 and 3 was Clarion soil from
@he_cont;nﬁbu; éofn plot vhile that of Experiment 2 was Clarior meadow
soil.. Incubation conditions which were ;ifferent and thought most likely
to. affect the aﬁalyges are listed in Tafle 30.

‘Regression analyses &s outlined ﬁy Snedecor (hz, page 129) were used -
to adjusi the 002 and immobilization date for nitrogen and residue levels

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

gressions of COz-carbon evolved on the square root of the mean diesmeter
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Teble 30. Incubation conditions for the experiments from which date were
combined to form the regression eguations shown in Figures

8, 9, and 10
Deys Residue rate Nitrogen added
Experiment incubation g/100 g soil mg N/100 g soil
1 32 0.30 L, 8, 12 and 16
2 24 0.15 2.5, 3.0, 5 and 6.2
3 26 0.30 3.5

of each particle size fractien and of the nitrogen immobilized on the
square root of the mean diameter, Also the ratios of the sdjusted carbon
values to the adjusted nitrogen values were plotied ageinsi the square
root of the mean diasmeter for each particle size fraction and a re-
gression aralysis made. Xach dot in Figures 8 and 9 revresents the mean
of from 4 to 8 replicatiorns. Bach det in Figure 10 represents the ratio
of the mean values plotted in Figures 8 arnd 9.

Results for the regression of CO2 on particle size msay be seen in
Figure 8. The regression eguation was‘? = 55.74~3,27X where’? is the
estimated carton evolved for each particle szizs frection X. The r value
of .80 was significant at grester than the 1 per cent level. Similarly
results for the combined nitrogen date are shown in Figure 9 by the -
regressiorn equation end regression_coefficient (r = .87%%). Both CO2
caroon evolution and nitrogen immobilization show ar inverse lirear
reletionship with the square root of the mean diameter of each ﬁarticle
size fraction.

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



Figure 8. CO, carbon evolved during incubation of various particle size fractions of cornstalk
pi%h (Data from 3 experiments adjusted for residue and nitrogen levels and for

incubation time)



56.74 - 3.27 X

76

60

1 [
O O
L) <

30

J3ATTOA3 NOGYVDI 9N

3.0 4.0
A MEAN DIAMETER

2.0

1.0




Figure 9. Nitrate nitrogen immobilized during incubation of varlous particle size fractions of
cornstalk pith (Date 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 various
particle size fractions of cornstalk pith
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be seen in Figure 10. The regression eguation was §;=‘10.75 + 6.38 X
and the correletion coefficient (r = .70%*) was significarnt 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.

2 value

Although the r value of .70 was higiiy significant, the r
was .49 signifying that only 49 per cent of the variation could be
accounted for by the regressior enalysis. That both r and r2 values for
this regression are lower than those for the separate regressions of
carbon evolved (r = .80 and r2 = ,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 assocliated with the two variables, 002
evolution and nitrogen immobil ization, whereas the regression of eack
separately involves only the error of one variable. The COp-carbon
and nitrogen immobtilization values were obtained on different Jars
treated alike. If 002 and nitirogen 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 Getermined in this study, then values
for the ratio would have more mesning.

The ratio of carbon evolved to nitrogen immobilized is suggested
as & measure of the efficiency of use of added inorganic nitrogen during
decorposition of residue of different particle size. The use of the
ratio in this way is limited, as noted above, and could not be uneed

under conditions ia which either (a) the supply of inorganic ritrogen
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has been completely depleted, or (b) when net mineralization is greater
than net immobilization.

Four hypotheses were considered to explein the phenomenon of
greater efficlency of nitrogen use by large particles.

Nitrogen 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 decompositiom of residue of small varticle
size. In onther words, the initiel population, having been stimulated by
" available carbohydrates at the surfece of the large résidue-particle,
could deplete the site of decomposition of its available inorgenic
nitrogen. Further decomposition would then be a function of either (a)
the rate of movement of nitrogen %o the residue particle, or (b) the
rate of recycling of microbial nitrogen immobilized earlier in the
incubation period, or (c¢) a combination of (&) and (b). The distance
nitrogen must diffuse or move in order to reack the decomposing site
would be much greater for residue of large particle size thac for firely
ground residue. 3euse or recyclipg of micrcbisl nitrogen is favored by
both nitrogen deficiency and time. Recycling of microviel nitrogen will
cause the ratio of carbon evolved to net nitrogen immobilized to increase.
Cells formed under conditions of nitroger deficiency might also be
expected to be of lower nitrogen content.

Zxperimental evidence of N deficiency Support in the present

study for the hypothesis that nitrogen was deficient during decomposition
of residue of large particle size mey 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 deficlient 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 varticles.

Data of Table 4 would indicate that microtial cell material could
beccme concentrated around the 19 mm residue after time since the npum-~
bers of microorganisms found after 12z days incubation were from 100 to
200 times grester at the surface of the residue particle thar 1/2 to
1 inck 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.

Otzer 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. Ratios for the 19 mm fraction
were apvroximatesly double those for the other four particle size
fractions 2t all sampling dates. Thess data would suggsest tnat possibly
nitrogen was deficient at the site of decomposition for the 19 mm

particles since size of residue particle was the main variable ir this
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Table 31. ZXRatios 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

Perticle

size Time in days

(zm) 4 8 16 32 64 128 256
< 258 12.1 1k.9 11.9 17.0 34.8 4.5 124
.25-2.382 12.4 11.4 10.3 17.2 30.3 33.8 6y 6

2,384,767 14,2 11.8 12.6 15.6 36.6 39.2 103
L,76=7.9¢ 22.9 11.4 17.5 18,4 34,7 39.8 77
19°¢ 51,6 39.0 69.4 4.9 79.2 84,6 274

aValues for this size are the mean of 4 reps.
bValues for tais size are the meen of 6 reps.

CValues 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 anitrogen levels) in
cultures containing residue of different particle size, differences in
decomposition between particle size fractions should narrow with in-
creasing nitrate concentration. Dataz in Table 10 and 12 show that
differences in COz-cerbon evolved between particle size frazctions
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 immobdilized

of different particle size fractions should narrow with increasing
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nitrogen additions if nitrogen concentration was limiting decomposition.
Data of Table 29 show a reduction in CIN ratio for each of the 2 finer
particle sizes but the sigrnificance 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 soill organic matter to different degrees. Treaitments 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 CIN
ratio (10:1) than for treatments decomposing materials of wide C:XN
ratio (60:1), since relatively less of the added nitrate nitrogen would
be utilized,

No experimental evidence was cbtained 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
stimilated soil orgenic metter decomposition more than the < 0.25 am
residue since larger ratios for carbom 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 associsted with greater amounts of soil orgenic matter.

Soil colloiéds

Tahe soil colloids partially inhibit the decomposition of added

residue by forming a colloid-degraded residue complex. Greater
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izkibition 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 nay
be explained by the inhibition of 002 evolution in these samples.

Exverimental evidence of so0il colloid effects No direct evidence

was obtained that soil colloids irhibited 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 retios of carbon evolved to ritrogen immobilized for the 4 smaller
residue frections. Colloids of the soil may also have caused the
ichibition of CO, noted for incubations in seil of the ¢ 0.25 mm residue
since the inhivition was not apoarent 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 immodbilized with increasing varticle 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 AND CONCIUSIONS

1. The influence of particle size of crop residue on decomposition
as measured by cerbon dioxide evolution and nitrogen immobilization was
studied. The laboratory incubations at 25° T 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; (D)
soil media with different emounts of residue or nitrate nitrogen; (e)
sand media free of inorganic colloids.

2. As the particle size of cornstalk pith or alfalfa root residue
increased, 002 evolution decreased when incubated in either sard or soil.
In soil, an inverse lirear relationship existed between the COp-carbon
evolved and the square root of the mean diameter of residue particles
for the range cof particles of <« 0.25 mm %o 19 mm in size. Residue size
fractions less than 2.4 mm in diameter deccmposed at nearly the same
rate but 2 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 khave inhibited decomposition of the
< 0.25 mm residue fraction.

3. Carbon dioxide evolution from cornstelk pith was affected by
the solid phase of the medium and decreased as follows: sand = or >
Clarion sandyclay loam soil from meadow > Clarion sandy clay loam frem
continuovs 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 N ver 100 g incubation mixture containing 0.15 or 0.3 g cornstalk pith.
The megnitude of the reduction of CO0, 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) wes 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 of of the media s much as 0.5 oH unit, the reduction
in microbial activity could have been due to both salt concentretion and
lowered pH. Amounts of calcium nitrate as great as 52.7 mg per 100 g
soil madia did not alter the pE significantly; however, CO2 evolution
decreased as the amount of calcium nitrate increased from 21.1 to 52.7
mg per 100 g soil media.

5. The zmount of COz-carbon evolved from 0.6 g cornstalk pith was
approximately double the amount evolved from 0.3 g pith, when adeguate
nitrogen was present,

6. Tne maximum amouant of nitrate nitrogen immobilized decreased
as particle size of cornstalk vith increased during incubations in both
soil and sand. For incubations in so0il, an inverse linear relationship
existed between nitrate nitrogen immobilized, a2t veriods selected to be
nezr meximum immobilizetion, ani the sguare root of the mean diameter of
residue perticles.

7. Greater amounts of nitrate nitrogen were immebilized 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, ths smaller residue addition immo-
bilized the greatest amount of nitrate nitrogen.
8. The amount of nitrate nitrogen immebilized did not apovear 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 mn particle size was incubated in sand.

10, The ratio of carbon evolved to nitrogen immobilized at incubs-
tion periods near maximum imnobilization 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. ta presentsd
suggested the increased efficiency for the 19 mm fraction was due to a
deficiency of nitrate at the site of decomposition for this fractien.

11. The ratio of carbon evolved to nitrogen immobilized increased
as the varticle size of cornstalk pith increased during incubation in
all soil mixtures. In sand, only ratios for the 19 mm size particles
were significently greater than the smaller size fractions. 4 direct
linear relationship existed in soil between the ratio of carbon evolved
to nitrogen immovilized, at periods during incubation seiected 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
CO,-carbon evolution in Clarion soil (cultivated)

Particle Niz:;::z N Days incubation
size mg N/100 g N 8 16 32
(mm) soil (mg C) (mg C) (mg ©) (mg C) (mg ©)
{ 0,25 L 13.9% 27.0 52.0 76.0 101.4
8 13.1 23.7 45,8 68.8 90.4
12 11.7 21.7 38.9 6242 85.6
16 11.7 22.1 36.9 58.2 80.5
2.38-4,.76 L 13,5 29.3 7.7 68.6 95,6
8 13.6 26.1 L6,2 65.3 90.9
12 12,1 26,9 4,0 61.7 83.9
16 13.4 27.4 43,9 60.9 81.7
19 L 13.8 25.1 39.6 57.5 78.9
8 11.7 22,9 35.7 54,3 76.5
12 10,7 18.9 35.6 51,3 72,0
16 906 2003 3308 ’4’9-6 69.8
Check soil u’ 3.5 603 9-9 13.9 1806
8 2.7 5.5 8.7 13.0 18.3
12 2.9 5,2 7.4 10.7 16.9
16 2.7 501 7.8 11.4 14,9

&values refer to the mean of 4 replicates.
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Table 33. Influence of nitrate nitrogen rates, residue particle size and time of incubation on
net CO,~carbon evolution in Clarion soil (meadow)

5 Nitrate N Particle size (mm) Check
ays added < 0,25 0.25-2.38 2.38-4,76 4,76<7.9 19 soil
incubation  mg féigo € (mg C) (mg C) (mg C) (mg C) (mg ©) (mg ©)
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 L,7

5.00 11.7 11,6 13.9 13.9 10.9 b,s

6.25 11.5 13.0 13.7 14.6 11.7 4.8

[ 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 k.5 25.9 255 22.3 7.8

8 2.50 36.9 Iy, by 43,2 b1.4 31.7 12.6
3.75 35.7 ko.o h2.5 40.9 32.5 12.5

5.00 33.5 39.8 39.6 37.8 33.9 13.1

6025 33.1 40.8 %07 3908 3’4‘08 1101"

16 2.50 60.2 4.5 60.6 58.7 47.8 18.2
3.75 59.0 58.9 58.7 573 50.3 18.3

5,00 55,6 57.6 55,6 53.4 ko,7 18.0

6.25 52.8 58.3 56,4 sh,7 51,1 16,2
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Table 33. (Continued)
Nitrate N
Days ided Particle size (mm) Check
1ncu‘bation mg N/loo g < 0925 Oo25"2.38 2.38"&’076 L"o76"7.9 19 8011
soil (mg ©) (mg G) (mg C) (ng C) (ng ©) (mg ©)
24 2.50 76.5 80.9 76.0 4.5 63.0 4.1
3.75 75¢3 73.0 69.4 72.0 €5.9 27.3
5.00 70.9 72.6 69.5 66.9 63,1 26,3
6.25 67.5 723 69.5 67.6 64,7 21.3
32 2.50 84,5 88.5 83.7 82.1 71.0 27.2
3.75 83.1 81.7 81.6 79.9 73.1 273
5.00 77.7 79.2 76.8 73.9 7.2 26.3
6.25 73.6 78.7 76.4 4.1 71.5 23.0
64 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
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Table 4. Influence of nitrate nitrogen rates, residue particle size and time of incubation on
nit¢rate nitrogen immobilized in Clarion soil (cultivated)
Particle Nizzg:; N Days incubation
size mg N/100 g 4 8 16 32 64
(mm) soil (mg N) (mg N) (mg N) (mg N) (mg N)
< 0.25 L 0.998 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 b, 21 3.60
2,38-4,76 L 0.53 1.28 2.23 2.31 2.15
8 0.46 1.26 2.24 2.1 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 L 0.20 0.30 0.78 1.10 0.60
8 0.02 0.38 0.49 1.37 0.74
12 0.00 0.00b 0.52 0.52 0.25

@Fach value refers to the mean of 4 replicates.

bNegativa values refer to net mineralization of nitrogen.
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S0il reaction (pH) during 64 days incubation of Clarion soil (meadow) after addition of

Table 35.

different particle size fractions of cornstalk plith and different amounts of nitrogen

Nitrate N
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Days
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Influence of nitrate nitrogen rates, residue particle size and time of incubation on

soil reaction (pH) in Clarion soil (cultivated)

Table 36.

Nitrate N

Days incubation

Particle

added
mg N/100 g
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Table 37.
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Kltrate nitrogen recovered at various time periods during 32
days incubatlior in sand of root residue edded at the
rate of C.4 g residue per 100 g send and in different
particle size fractiors

el1falfs

S -

Particle Days incubetion
size 0 8 16 24 32
(mm) (mg X) (ng ¥) (rg N) (mg ¥) (mg )
< 0.25 €.2 3.20 4,14 5.98 8.74%
2.38-4.76 6.2 2.46 1.74 2.54 L,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 incabation in sand of alfalfa root residue zdded at
the rate of 0.4 g residue per 100 g sand and in different
particle size fractions
Particle Days incubstion
gize v 8 16 24 32
(mm) (ng N) (mg N) (mg ¥) {ug N} (ng M)
< 0.25 .00 3.48 3.02 2.19 0.13
2,38-L,76 0.00 3.51 4,76 3.40 1.80
15 0.00 1.28 3.4k 3.06 3.80
Check 0.00 0.00 0.00 0.00 0.10
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Teble 39. Ammonia nitrogen recovered at various time periods during
32 days incubetion 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
?;:‘)’ g 168 24 32
(mg W) (mg ®) (zg ¥) (mg ¥)
2.3Mo?6 0.00 — 1.61 1078
15 .14 - C.57 0.68

8Peterminations were not made at this date.

Table 40. Culture reaction (pH) at varicas tie .eriods during 32 deys
incubstion in sand of alfalfa root r-gicze added at the rate
of 0.4 g residue per 100 g sand

Particle Days incubation
size 0 8 16 2k 32
() (o5) (o5 ) ) (o)
< 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 73 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 ]
?;3 0 L 8 16 32 ian 128 256
(pH) (pH) (pH) (pH) (pH) (pH) (pH) (pH)
£ 0.25 7.2 7.3 7.8 7.5 8.3 8okt 8.k 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.k 7.6 7.7 8.0 8.4 8.4 8.1
I, 76=7.90 7.2 7.5 745 749 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 7e2 7.6 7.8 7.8 7.9 8.1 8.2 8.0
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