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Fertilizer Treatment as Affecting Nitrate Production.

I. L. Baldwin, W. E. Walters and F. K. Schmidt.

Nitrate production is one of the most important problems of soil

fertility. The ability of a soil to produce sufficient amounts of nitrate

nitrogen for desirable plant growth over and above the natural losses,

as denitrification and leaching, depends primarily upon soil manage-
ment and treatment.

The problem of the farmer is to know the methods that can bs

employed to furnish and maintain this element in available form most
economically. Natural losses occur more readily than in the more
stable compounds of potassium and phosphorus.

There are many factors entering into the production and utiliza-

tion of this important plant food and it has been the purpose of this

investigation to try to throw some light upon a few of them.

Review of Previous Work.

It has been known for a long time that nitrates are formed from
organic nitrogenous substances in the soil. Investigators were discus-

sing the pi'ocess as far back as the middle of the nineteenth century.

At that time they considered it as a purely chemical process. The great

chemist Liebig held this view and his support was probably the reason

that the actual cause of nitrification was not discovered at an earlier

period. Boussingalt 1860 showed that the nitrogen of nitrate was not

derived from the air.

It was demonstrated by Schloessing and Muntz 1878 that micro-

organisms in the soil oxidized ammonia to nitrate. His conclusions were
drawn from the work he did on sewage disposal. Since this time many
attempts were made to isolate the organism in pure culture and it was
not until about 1890 that this was accomplished.

King and Whitson (2) found that nitrates were produced more
rapidly in stirred soil due to better aeration.

Brown (4) concluded that media prepared from soil extracts per-

mitted fewer organisms to develop than the modified synthetic agar.

Fresh soil offers conditions as closely approximating field conditions as

possible.

Lyon, Bizzell and Conn (.5) state that a very definite relation ex-

ists between the crop yields and nitrate contents of the soil. Higher
yielding plots show a larger accumulation of nitrates before planting

than do the very low yielding plots. Evidently higher yields in these

plots are associated with a more rapid formation of nitrates.

Brown (7) ran nitrification tests to find the nitrifying power of

the soil. He treated the soils with dried blood and with ammonium
sulphate. His tests show agreement to crop producing power of the

soil, that is, the high nitrifying soils produced large crops.

Brown and Halversen (10) concluded that the number of molds

present in the soils fluctuated from one sampling to the next but was
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apparently unaffected by moisture, temperature or soil treatment.

Some factors as yet uninvestigated probably account for the fluctuation.

The small nxmiber of molds in soil compared with bacteria may not

necessarily mean that they are less important and cei'tainly will not

prove that they are unimportant.

Greaves and Carter (12) found in their study of twenty-two soils

that each one gave a maximum ammonification when its water content

was sixty per cent of its water holding capacity. Nitrification was at

its maximum at fifty or sixty per cent and varied with specific soils.

Whiting and Schoonover (13) conclude that soil treatment is a very

important factor in nitrate production.

History of the Plots.

The field where this experiment was carried on is a part of the

Purdue Experimental plots and is located on a brown silt loam under-

laid with gravel at a depth of about two feet. It has been classified by
the United States Department of Soils as a Sioux Silt Loam.

The field consists of thirteen one-sixteenth-acre plots. The first, fifth,

ninth, and thirteenth plots are untreated or check plots and the other

nine received the treatments shown in Table 1. The crop rotation of

the field consists of corn, oats, wheat, clover and timothy. In 1920, the

year this experiment was conducted, the field was in oats followed by
fall sown wheat.

This field was laid out in 1889 and the different treatments were
begun in 1890. A different system of treatment was used at fii'st and
it was not until 1918 that the present treatment was started, the field

having received no ti-eatment during 1917. The object of the change
of treatment, which involved only the amount and method of applica-

tion, was to secure more efficient use of the nitrogen applied.

TABLE 1

Series IV Eist—Field 6—Purdue Farm

Fertilizer Treatment in Pounds Per Acre

Plot No.
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Although there is now more total nitrogen applied to the manure
plots than is applied to the plots receiving nitrogen in commercial

form, the nitrogen in the manure must be converted into soluble nitrate

while the commercial nitrogen is applied in the readily available form
of nitrate of soda, so that the available nitrogen on these plots is

probably comparable.

Object of the Investigation.

Although a great many investigations have been conducted in a

study of nitrification, few pertain to comparisons of the efficiency of

different fertilizer treatments for nitrate production. The following

points were deemed important in this study and they express the aim of

this work.

1. The comparison of the amount of nitrate nitrogen produced in

the same field but with different fertilizer treatment.

2. Correlation between amount of nitrate production and crop yield.

3. Correlation between nitrates found in ihe soil under natural con-

ditions with growing crops and amount accumulating under optimum
conditions.

4. Nitrifying power of a soil compared to crop growth and nitrate

content in a fresh soil.

5. Comparison of the effect of soil treatments on bacteria and
molds.

Technic.

There was no effort made to discover or try out new methods in

this work and the technic employed was adapted to the needs and con-

ditions of this experiment from methods already in common use in soil

nitrate and bacteriological studies.

The monthly sampling time varied from the twentieth to the end

of the month, but all samples for each month were taken on the same
day. The time chosen for taking samples was when all conditions were

_

most favorable thereby lessening the possibility of denitrification occur-

ring during the incubation period. Sampling was done with a soil

auger, ten borings made to a depth of ten inches were taken from
representative parts of a plot. -Judgment was exei'cised in taking the

samples to make them as representative as possible of the soil of the

plots.

The samples were taken from the field to the laboratory and all

work performed with the fresh samples was done immediately, thus not

allowing time for any matei-ial bacterial action to take place before

the tests were started.

The soil from each plot was used for the following five tests:

1. Fresh nitrates;

2. Nitrates after two weeks incubation;

3. Nitrates after two weeks incubation plus ammonium sulphate;

4. Plate count of bacteria and molds;

5. Moisture content of the fresh soil.

The colorimetric method employing the phenol-di-sulphonic acid

color reaction, as modified by Noyes (11) was used in determining the
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amount of nitrates present. Although the accuracy of this method has

been severely criticized it is the one most widely used and most prac-

tical for this type of work where comparative rather than absolute

results are sought.

A one hundred gram aliquot of soil was weighed into tumblers

marked for the respective plots lA to 13A. Each tumbler was covered

with a petri plate lid and set away in a locker. After two weeks incu-

bation nitrates were determined as before.

One hundred grams of each sample were placed in tumblers marked
IB to 13B and one cubic centimeter of a ten per cent solution of am-
monium sulphate was dropped over the soil in each tumbler. They
were covered and incubated two weeks then tested as in the case of

the fresh nitrates. In the ca.-e of both incubated samples when too

dry equal amounts of distilled water were added to each tumbler or

if too wet the covers were left off of each tumbler for equal periods

until of the proper moisture content.

Duplicate plates were made of dilutions 1 : 100,000 and 1 : 1,000,000

from each sample. A 1 : 10,000 dilution was also plated for a few of

the te^ts but the colonies were too crowded to make the count accurate.

Several different media recommended by soil bacteriologists were tried

in an effort to determine which of them would give the best growth
of bacteria and not encourage the spread of molds over the plates. The
following synthetic agar media seemed most satisfactory and was used

through the major part of the investigation

:

5 grams of sodium potassium tartarate;

.5 gram of di-basic potassium phosphate;

1 gram of peptone;

.2 gram of magnesium sulphate;

15 grams of agar;

1 liter of distilled water.

The plates were incubated for one week at room temperature be-

fore counting colonies of bacteria and molds. However, in two instances

low temperature in the room deterred growth so that they were in-

cubated longer.

TABLE 2.

Moisture Percentage.

Plot
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Ten gram samples wei^e weighed into tarred crucibles and dried

in an electric oven at a temperature of one hundred degrees centigrade

for moisture determinations.

All calculations in the tables were based on moisture free soil.

Nitrate parts per million were calculated on the average for the dupli-

cates, however there was little variation in the duplicates. The bacteria

and mold calculations were based on the average of the 1 : 100,000 dilu-

tion plates, except in a few cases where development was not normal.

Calculations were then based on the 1 : 1,000,000 dilution plates.

Moisture Percentages (Table 2).

Moisture determinations were made in order to calculate the amount

of nitrates produced on a dry soil basis. Although the moisture content

of a soil probably does greatly influence nitrate production it was not

primarily for the study of this factor that the moisture content of the

samples was made in this experiment.

Table 2 shows that the range of moisture content between the plots

in any one month is small, not over four per cent except in a few

instances. Plots 1 and 4 were high in June causing a range of 8.96

per cent while the range for the remaining plots was less than two

per cent. The highest moisture content occurred in March with a

gradual decrease to June and July, which were nearly equal and lowest

for the period.

The moisture content increased from August to the end of the

period and the average for November was a little more than equal to

April. But these figures cannot mean very much because this factor is

largely dependent on the season and weather conditions at the particular

time of sampling. The plot averages for the year showed a range of

only 3.24 per cent. The average deviation from the average was only

a .75 per cent. The moisture content of the soils of the different plots

varied so little that it was probably a very small factor in causing the

difference in the nitrate production of these plots.

TABLE 3

Molds

[Millions per gram of Dry Soil Cakulated on a Dry Basis)

Plot No.
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Mold Counts Expressed in Millions Per Gram of Dry Soil (Table 3).

The results of mold counts given in Table 3 show that the mold

counts of all plots averaged highest in March and April, gradually

decreasing for May, June and July. The lowest count was for Septem-

ber, growth being very low at that time. The averages for October

and November about equalled the average count for June.

The range in the counts for the different plots was wide, varying,

for March, from .26 for the nitrogen plot, No. 11, to 1.77 for the N K
plot. No. 8.

However, the range was usually much less as the count in Sep-

tember was from .11 for several plots to .40 for the N K plot. No. 8.

This plot had a rather constant count, never falling below .37. This

was much above the average for the July counts. The high average

of plot 6 may have been due to an error since the April count was 3.79

while in March the count was only .72 and in May .55.

Mold counts for manure plots Nos. 2 and 3 were consistently above

the averages for the monthly tests until October and November when
the counts were much lower than the averages for these months. The
cow manure plot, No. 3, had the higher count for March, April and
May. But the horse manure plot. No. 2, had a little higher count for

the remainder of the months, except in October when the failure of any
growth to appear lowered the average count of Plot 2 noticeably below

Plot 3.

Check Plot No. 9 had the low average count of .42 for the period.

The N K Plot No. 8, had an average count of .64, which is .22 above

this check plot. The P Plot, No. 10, had a count of .61, which is .19

above the check. But Plot No. 11, having only nitrogen treatment, has

an average count of .46 which is approximately equal to the count of

the check plot.

The potash and phosphoru.- treatments appeared to increase mold
growth while nitrogen treatment had but slight effect. The average

counts for check plots Nos. 1, 5 and 13 were considered equal to or

higher than all the chemically treated plots. It would seem that either

the source of error was very great, due perhaps to the small number
of molds gi-own, or the various chemical treatments influenced mold
growth but little.

Bacteria Counts Expressed in Millions Per Gram of Dry Soil

(Table 4).

Bacteria counts of all plots averaged high for March, April, and
October, medium for June and July, low for May and September with

November lowest of all.

The range of counts for March was from 2.61 for the N plot. No.

11, to 19.60 for the cow manure plot. No. 3. But the range for July

was only from 2.64 for the complete fertilizer plot, No. 4, to 5.48 for

the horse manure plot. No. 2.

The check plots Nos. 1, 5, 9, and 13 showed a lower average count

for the period than the intervening treated plots. Check plot, No. 1,
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TABLE 4.

Bacteria

(Millions per gram of Dry Soil Calculated on a Dry Basis)

Plot No.
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TABLE 5

Fresh Nitrates

{Parts per million cahulaied on a Dry

Plot
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TABLE 6.

Nitratss After Two Wee'is In:!abation.

(Pj,-(j -per million cilculated on a Dry Basis)

Plot
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seem to show that the addition of nitrogen to the phosphorus and

potassium treatments causes the higher nitrate content of those soils.

T.\BLE 7.

Nitrates After Two Weeks Incubation and Addition of (NH<)j SO,

{Parts ver million calculaiid on a Dry Bngig)

Plot
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results as measured by this test seemed to show the nitrifying power
of these soils to be very similar.

Comparing Tables 4 and 5 the results show that the nitrates in

the ammonium sulphate treated samples were increased more for the

fertilizer plots Nos. 7, 10, and 12 which received no nitrogen in their

treatments, than were the nitrates for plots Nos. 4, 6, 8, and 11, which

received nitrogen in their treatments. The average difference due to

increase for the plots receiving no nitrogen in their treatments was
15.98. But the average difference for the plots receiving nitrogen in

their treatments was only 12.74. The average difference due to in-

crease was a little lower for the check plots, it being 12.12. The
greatest increase occurred in the case of the manure plots which had
an average difference of 22.12.

The results of this test seem to indicate that manure treated soil

has the strongest nitrifying power because of the increased physiologi-

cal efficiency of the bacteria. The check plot shows the lowest nitrifying

power due to the lowered physiological efficiency of the bacteria. The
treatment with phosphorus, potassium or both increased the nitrifying

power of the soil. The nitrogen applied in the form of ammonium
sulphate at the time this test was started made doubtful the effect of

the original nitrogen treatments on the nitrifying power of the soils.

TABLE 8.

Table of Averages.
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FIGURE I.

Correlation of Bacterial Activities and Nitrate Pioduction.

Correlation of Bacterial Activities and Nitrate Production

(Figure I).

This graph is based on the figures in Table 8. It can be readily

seen that there is a marked correlation between these five basic factors.

One noticeable disagreement may be seen in the case of the treated

incubation test on Plot No. 9, when the nitrates were comparatively

higher than in the other tests. Another disagreement occurs due to

high bacterial counts for plots Nos. 10 and 11. With the exception of a

few other minor differences these curves follow each other very closely.

Comparison of Crop Production With an Efficiency Factor

(Figure II).

Any effort to compare the nitrate production and bacteriological

efficiency of a soil with crop production makes it desirable that some
common basis of comparison should be decided upon. For this purpose
an efficiency factor for each of the tested plots was secured by adding
together the parts per million of nitrates from the three tests with the

mold and bacteria counts per million for each plot using the last five

columns of figures in Table No. 8. The sums obtained for check plots

Nos. 1 and 5 were added, divided by two, and the resulting figure taken
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FIGURE II.

Comparison of Crop Production with an Efficiency Factor.

as 100. The intervening plots Nos. 2, 3, and 4 were then compared to

this standard.

This efficiency factor was determined for all plots in a similar
manner. The graphic crop yields based on a similar method of calcu-
lation were compared to the efficiency factor in Figure II. It is readily
seen from this graph that there is a correlation of crop yield with
biological activities and nitrate production. The closest correlation is

shown by the oats and timothy yields. The yield of corn shows the
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least correlation. Plot No. 3 has the highest efficiency factor and its

corn yield was lowest of all the plots. Again in Plot No. 4 the effi-

ciency factor goes down and the corn yield is highest of all the plot

yields. However, for the remainder of the plots the yield and the

efficiency factor show a close agreement.

Summary.

A general study of the result^s of this experiment seem to show that

the manure plots which were high in mold counts; highest in bac-

terial numbers; highest for fresh nitrates; equally high in incubated

nitrates and very high in the ammonium sulphate treated samples, had

the greatest efficiency for nitrate production. The cow manure treat-

ment seemed to be somewhat more efficient than the horse manure

treatment since the results of all tests were slightly higher in its favor.

Check plot No. 1, seemed to have been influenced by the manure

treatment due to its nearness to those plots. The results from plot 1

usually were as high or higher than the average for all the plots and

on the whole higher than the other check plots.

The use of nitrogen with phosphorus or potassium was superior

to either of the treatments used alone for bacterial count and all ni-

trate tests except the ammonium sulphate treated samples where the

difference was slight. Phosphorus and potassium treatments increased

mold and bacteria gl^owth, fresh nitrates and ammonium sulphate

treated samples.

The results of ammonium sulphate treated samples which were

least influenced by ci'op growth and seasonal variations seem to show

that the greatest nitrifying power of a soil is in May, June and July.

This power seems to decrease during the latter part of the summer and

increase in the late fall and spring.

There seems to be a general correlation, when averages are taken

for the entire season, between the amount of nitrate found in the soil

under natural conditions with growing crops and the amount accumu-

lating under optimum conditions. Purdue University.
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