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Pendleton and Smith: Further Studies on the Nitrate Assimilating Power of Soils

FURTHER STUDIES ON THE NITRATE ASSIMI-
LATING POWER OF SOILS

Ravy A. PENDLETON AND FREDERICK B. Smrrm *

In a paper read at the meeting last year (3) it was pointed out
that when a soluble form of organic matter was added to soils
which were incubated in tumblers, a considerable quantity of
nitrate nitrogen could be used by the micro-organisms of the soil.
The amount of nitrate nitrogen assimilated was in a measure
determined by the amount of nitrate present at the beginning, the
form and amount of organic matter used, and the length of incu-
bation period. T'wo percent of straw furnished sufficient carbon for
the assimilation of 10 mgm. per 100 gms. of soil in one week, and
for about 15 mgm. in 3 weeks. Two percent of soluble starch or
dextrose permitted the assimilation of about 15 mgm. in 1 week.

Murray (2) added finely chopped straw to soils and noted the
disappearance of nitrate nitrogen. He used 50 mgm. per 100 gms,
of soil with chopped straw in varying amounts from 0.5 percent
to 5.0 percent. When he used 2 percent of straw he noted a loss
of 14.99 mgm. of nitrate nitrogen in 6 weeks and only 6.5 mgm. in
12 weeks. It is quite probable that if he had made his determina-
tions at an earlier date he would have found a still larger loss.

Meggett (1) in attempting to prevent large losses of nitrate
nitrogen from the soil by leaching, applied sugar to the soil at
periodic intervals during the summer and found that it prevented
the loss of nitrates. In his laboratory tests he found that when he
added 1 percent of sugar to his soil in tumblers plus 10.5 mgm.
of nitrate nitrogen per 100 gms. of soil (soil originally contained
13.2 mgm.), all of the nitrates disappeared in 7 days. In another
test he found the same disappearance in 3 days. He found no loss
loss of total nitrogen. Another point of interest in his work was
the acceleration of nitrification after the organic matter had been
all used. In work of this nature it is important to keep this fact in
mind, since it is desirable to make the determinations at the time
when the nitrifiers are least active and the nitrate assimilators are
most active.

1 The authors wish to express their appreciation of the assistance given by Dr.
P. E. Brown by his helpful suggestions and reading of the manuscript.
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In the fall of 1929 a quantity of soil was collected from 6 differ-
ent soil types. This was potted into four-gallon stone pots in the
greenhouse, using 3 pots of each type of soil. These pots were
then numbered A, B, and C for each type and were given the
following treatments: A — check; B — sodium nitrate at the
rate of 200 Ibs. per acre; and C — sodium nitrate at the rate of
200 Ibs. and finely chopped dry straw at the rate of 2 tons per
acre. The soils were kept watered and fallow. From time to time
samples were collected from each pot with a sampling tube so as to
get a representative sample, and determinations made of the ni-
trate content and the nitrate assimilating power.

Some previous work on studying the methods of measuring the
nitrate assimilating power by using 5, 10, 15, 20 mgm. of nitrate
nitrogen per 100 gms. of soil had indicated that a greater amount
might be used to advantage since the smaller quantities were assimi-
lated rather quickly. Accordingly 25 mgm. was selected as the
most desirable amount and this amount was used in the work
reported here. It was also previously found that where a soluble
form of organic matter was used, there seemed to be no advantage
of extending the incubation period more than 2 weeks, at least
unless a much larger amount of nitrate nitrogen was used. Con-
sequently it was planned to use 4 different incubation periods:
3 days, 1 week, 2 weeks, and 4 weeks. For the three-day and one-
week periods dextrose was used at the rate of 1 percent as a
source of carbon; for the two-week period starch was used at the
rate of 1 percent; and for the four-week period, cellulose acetate
at the rate of 1 percent.

Parallel with this test another test was made in which the same
amount of nitrate was added but no organic matter. In order to
check the results and also to correlate them if possible with the
original nitrate content of the soil, two sets of determinations were
made using like methods. The first set was made shortly after the
soils were potted when the nitrate content was moderately low
and the second set later when the nitrate content had materially
increased.

The results of this work which were secured from two of the
representative soil types are given in tables I and II. These data
portray very effectively the results secured from the whole series.

The Calhoun silt loam is a poorer soil than the Carrington loam,
i.e., a less productive soil naturally, and the difference appears to
be more or less mirrored in the biological activities. The nitrate
production was less and also the nitrate assimilating power showed
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less potential possibilities. It appears, however, that when a soluble
form of organic matter was added to the soil the nitrate assimi-
lating organisms were stimulated to such an extent that only small
differences could be noted among the different soils. '

The accumulation of nitrates in the soil, without a correspond-
ing increase in available carbon, seemed to cause a depression in
the vigor of the nitrate assimilating organisms. This same ten-
dency was noted in all of the soils tested. This can be best illus-
trated from the data of the one-week incubation period. At the
first sampling, Dec. 15, the average nitrate content of the three
pots of Carrington loam was 3.86 mgm. per 100 gms. of soil and
the average amount assimilated when tested without the addition
of organic matter was 5.8%8 mgm. ILater, on Feb. 15, when the
nitrate content had increased to 5.35 mgm., the amount assimi-
lated under the same conditions dropped to -1.38 mgm., or an in-
crease over the original content plus the 25 mgm. that had been
added.

In the Calhoun silt loam the average nitrate content on Dec. 15
was 1.57 mgm. and the average amount assimilated was 6.40 mgm,
On Feb. 15 the average nitrate content was 2.36 mgm. and the
average amount assimilated was 1.62 mgm. In each soil there was
a rapid drop in the nitrate assimilating efficiency as the nitrate
.content of the soil increased, when tested without the use of
organic matter. Also, at both dates of sampling the Calhoun silt
loam showed a lower nitrate content and a higher nitrate assimi-
lating power, when measured by this method, than did the Carring-
ton loam. These same general tendencies were exhibited by the
other soils.

When organic matter was added to the soils for incubation these
differences were largely ironed out and the Carrington loam by
this method showed slightly higher nitrate assimilating power.

It appeared also that it required some time for the nitrate to
have any appreciable effect on the nitrate assimilating organisms.
When the soils were first potted the soils of B pots had a higher
nitrate content due to the addition of fertilizer; yet this apparently
had no effect on the nitrate assimilating organisms at the early
sampling dates but did depress the nitrate assimilating power,
when measured without organic matter, at the later dates of samp-
ling.

In the C pots, where chopped straw was added in addition to
sodium nitrate, the nitrate content of the soils did not drop suffi-
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Table I — Nitrate Assimilation Studies on Carrington Loam in the Greenhouse

Mem. NOs-— N, per 100 Gums. or Dry SoiL

3 Days INCUBATION

1 WeEx Incusarion

2 WrEks IncusatioN

4 Wegks INCUrRATION

NO;—N. NO; —N. NO; —N. NO;—N.
Por TREATMENT ASSIMILATED A SSIMILATED AsSIMILATED ) A SSIMILATED
NOa NO NOa NO NOa NOa NOa+
Cox-} et | NO, | Con-} Fiet | NOy | CON-| NO, 4 | NO, | CON-} Criru-| NO:
TENT T Arong| TENT Arong| TENT | StarcH | AtoNE| TENT | 1osE | ALONE
ROSE TROSE ACETATT
Soil Sampled Nov. 28 | Soil Sampled Dec. 15 | Soil Sampled Jan. 6 | Soil Sampled Jan. 10
Check 2.75 8.65 1.70 | 345 ] 1291 6.15 4.72 | 1367 | —1.23| 4.72 2.22 0.52
Soil + NaNO; 3211 1057 241 ] 476 | 13.74 7.06] 5001 11.35 | —2.80/ 583 | 3.38 1.68
Soil + NaNOQO; + straw 370 1 1015 3051 3451 1340 445/ 4351 1210 —1.25| 4.67 247 047
Soil Sampled Jan. 25 | Soil Sampled Feb. 15 | Soil Sampled Feb. 4 | Soil Sampled Jan. 31
Check 6.45 9.90 020 | 4951 1215 | —0.75| 5.88 | 11.68 | —247| 642 | 2.52 0.92
Soil + NaNO; 7.14 | 1229 029 | 595| 12.30 —1.65] 736 | 1476 | —3.89| 694 | 284 1.24
Soil + NaNO; + straw 6.76 | 10.56 281 | 515 960 | —1.75 634 | 11.04 | —296] 542 1.82 1.02
Table II — Nitrate Assimilation Studies on Calhoun Silt Loawm in the Greenhouse
Mem. NOs-— N. pEr 100 Gums. oF Dry Soir,
3 Days IncusarioNn |1 WEeEk Incusarion |2 WEEks IncusarioN |4 WEEks INCUBATION
ANOa —N. ANOa -~ N. NO;— N, NO; —N.
SSTMILATED SSIMILATED ASSIMILATED ASSIMILATED
Por TREATMENT NO, NO, o NOs NO: Kot
Con- I;ID%: NO, | Con- DE;F NO. | CoN-| NO,4 | NO, | Con-| Cerru-| NO,
TENT IROSE ALoNE| TENT IROSE ALONE| TENT | SrarcH | ALONE| TENT| rosp | ALONE
. ACETATE
Soil Sampled Nov. 28 | Soil Sampled Dec. 15 | Soil Sampled Jan. 6 | Soil Sampled Jan. 10
Check 0.50 | 1049 5.50 | 0.50 | 11.05 610 | 1.33 963 | —147| 184 | 024 0.89
Soil + NaNOs 274 9.79 474 1 2551 11.10 7.55 | 263 | 11.53 028] 312 | 062 06.27
Soil + NaNOQO; + straw 3301 11.85 4951 166 | 1101 5.56 | 1.56 871 | —044 230 | 290 1.00
i Soil Sampled Jan. 25 | Soil Sampled Feb. 15 | Soil Sampled Feb. 4 | Soil Sampled Jan. 31
Check 1.89 7.94 239 | 206 11.21 201 | 2.33 443 | —0.52{ 197 | 327 2.72
Soil + NaNO:s 3.25 8.90 375 3.09 | 1294 159 | 3.78 6.78 | —0.42| 345 ] 345 215
Soil + NaNOQ; -+ straw 222 8.72 317 | 196 | 11.21 126 | 2.23 843 1031 2081 283 3.28
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ciently to have much effect. Consequently the results from these
soils was not materially different from that of the untreated soils.
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