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THE EFFECT OF GREEN MANURES AND
CROP RESIDUES ON SOIL REACTION

By WALTER G. SACKETT, ALVIN I(EZER, IDA W. FERGUSON,

JUSTUS C. WARD

In our previous publications* we have called attention to the
accumulation of excessive nitrates in certain Colorado soils, have
pointed out their harmful effect upon the growing crops and have
attempted to explain their origin thru bacterial activity.

I-Iaving established the cause of these nitrates beyond a reason
able doubt, the natural sequence of events demanded that we next
find some suitable means of controlling their formation or at least
of limiting the amount to such as could be utilized to advantage by
vegetation.

Inasmuch as any control measure which might prove to be effec
tive would have to stand the test of field practice, the wisdom of
carrying on our experiments under actual field conditions is obvious.
Accordingly, in the spring of 1922, work was begun on the Experi
mental Farm at Rocky Ford, Colorado, with the following objectives:

1. To determine the effect of different crops, crop sequences,
cultural practices and fertilizer treatments upon the development
of soil nitrates. .

2. To formulate methods for the control of excessive nitrate
production by employing the results obtained from 1.

3. To determine the crops best suited to soils containing ex
cessive nitrates.
The present paper is the first of a series of articles to be pub

lished, giving the outcome of different phases of our experiments. In
it are reported the results' of one season's study of the effect· of green
manures, crop residues and commercial fertilizers on the soil reaction.

We have taken up this aspect of the question because our problem
was primarily a matter of controlling excessive bacterial development,
particularly that of Azotobacter.

It is a fact well known to all bacteriologists that the reaction of
the cultural medium is a limiting factor to bacterial growth, and these
limits of acid and alkali have been established quite accurately by
several investigators, both for the growth of Azotobacter and its
power to fix atmospheric nitrogen.

Fred and Davenport 1 in their studies of the influence of reaction
on nitrogen-assimilating bacteria noted the extreme sensitiveness of

* 6, 7, 8, 9, 10, 11, 12, 15, 16, 17, and 18.
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...Azotobacter to slight changes in reaction. They established as the
growth limits hydrogen-ion concentrations expressed by pH 6.5 for
acid and pH 8.6 for alkali.

Johnson and Lipman 13 found that there was an abrupt decrease
in the amount of nitrogen fixed by Azotobacter between pH 6.0 and
6.2; that the alkaline limit was near pH 9.0; also that fixation of
nitrogen was not greatly affected between pI-I 6.2 and 8.8 and that the
most favorable reaction was between pI-I 7.0 and 8.0.

Gainey, 2, 3, \ 5, who hasmade a very extensive study of this
subject reported the acid limit for the g r 0 "V t h of pure cultures
of Azotobacter to be between pI-I 5.9 and 6.0. He states t hat
vigorous growth and nitrogen fixation took place at pH 6.1 and 6.5,
the optimum for nitrogen fixation being apparently somewhat higher
than for gro"vth. As a result of the examination of 418 soils from
different parts of the United States, he concluded that there is a
very close correlation between the absolute reaction of the soil and
the presence or absence of Azotobacter in the soil, and that very few
soils having a hydrogen-ion concentration greater than pH 6.0 contain
Azotobacter, while this group of organisms is usually present where
the hydrogen-ion concentration is lower. .A...ccording to Gainey's ex
periments, the average hydrogen-ion concentration for 119 soils, which
contained Azotobacter, was pH 6.72, while that for 205 where Azo
tobacter "vas absent was pH 5.44.

In the limited number of Colorado soils that have been exam
ined, we have never found Azotobacter present where the hydrogen-ion
concentration was greater than pH 6.5. With the exception of three
soils, and two of these carne from uncultivated mountain sides, Azo
tobacter has always been found where the reaction was between pH
6.5 and 7.7.

Evidence such as that just cited suggested to us the possibility
that the acid formed by the microbial Icrmentation of green manures
and crop residues might be adequate to limit the fixation of atmospheric
nitrogen by Azotobacter, if not sufficient to prevent its growth.

HISTORY OF PLOTS

The soil of the Experimental Farm is a silt loam and is representa
tive of the better class of agricultural land in the Arkansas Valley.
The normal reaction varies between hydrogen-ion concentrations ex
pressed by pH 7.6 and 7.7. It contains 3.184 percent of calcium car
bonate which might be expected to prevent the accumulation of any
appreciable amount of free acid. The nitric nitrogen has varied
in a single season between 10.00 and 113.55 parts per million, depend
ing upon the time 0 f year the sample was taken and the treatment
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the soil had received. Illustrative of the effect which the method of
cropping has upon the development of soil nitrates, the following case
may be cited:

Neighboring plots, on March 28, 1922. showed 10.00 and 8.17
parts per million of nitric nitrogen respectively. The first was planted
to onions and the second to barley. The onions were cultivated at
frequent intervals thruout the growing season, but the barley, of
course, was not. Determinations of nitric nitrogen made on July
31 showed the onion plot to contain 113.55 and the barley only 6.22
parts per million. On the one hand, nitric nitrogen equivalent to
688.99 pounds of sodium nitrate per acre had been formed in four
months in the surface 3 inches; on the other, only 37.74 pounds were
present, less than in the beginning. Similar results have been obtained
repeatedly under cultivated and non-cultivated crops. which points con
clusively to the stimulating effect that cultivation thru aeration has upon
nitrogen fixation, ammonification and nitrification.

PLAN OF THE EXPERI1VrENT

GREEN l\IANURES AND CROP RESIDUEs.-Organic matter, capable
of undergoing an acid fermentation, was added to the soil in the form
of alfalfa hay, barley straw, corn fodder. green barley and green cane.
The first three were finely ground before heing applied and were
mixed into the soil by sowing them in shallow furrows.

As commercial fertilizers are being used to a limited extent in
SOUle of the truck-growing sections of the state, we included dried
blood, superphosphate and sulphur in the experiment for the sake of
cornpari son.

RATE OF l\.PPLICATION.-For reasons irrelevant to this investiga
tion, the applications of the dried residues and blood meal were made
at the rate of 36.6 pounds of nitrogen per acre which amount repre
sented the weight of the nitrogen in 8000 pounds of dried corn fod
der. The nitrogen content being lowest in the fodder, then increasing
in the straw.. alfal fa and blood meal in the order named, it is apparent
that the mass of the material added would be inversely proportional
to the nitrogen content. In other words, so far as the materials of
our experiment were concerned, the bulk of the fodder was much
greater than that of the dried blood; that of the barley straw and
alfalfa occupying intermediate positions. These were applied April
21, 1925.

The barley and cane which served as green manures, were planted
on March 27 and plowed under on June 29. A second planting was
made immediately on June 30 and turned under on August 15. Thus,
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two crops of green material were added to the soil during the period
of the experiment.

The superphosphate was used at the rate of 500 pounds and the
sulphur at 1000 pounds per acre.

Each plot, including two checks, was irrigated and cultivated
thruout the season the same as if it had been planted to a crop.

SIzE OF PLO'rS.-The areas of the different plots were as follows:
Dried residues and blood meal 1/100 acre.
Superphosphate and sulphur 1/50 acre.
Green barley and green cane 1/2 acre.
Checks 1/12 acre.
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J\1ETHOD OF PROCEDURE

From April 1 to October 1, daily samples were obtained from
each plot for hydrogen-ion determinations. These were taken to a
depth of four inches and represented a portion of a composite sample.
All of the soils were air dried and ground to pass a 100-mesh sieve
before the reaction was determined.

'The measurements of the hydrogen-ion concentration were made
by the colorimetric method and were checked electrometrically, the
results obtained by the two different procedures agreeing so closely
that they can be considered identical for all practical purposes.

The soil extracts for the hydrogen-ion determinations were pre
pared by suspending 15 grams of the air-dried soil sample in 70 c.c,
of triply distilled conductivity water. These were shaken vigorously
for one minute and allowed to settle for 10 minutes after which SO
C.c. of the supernatant fluid were decanted to centri fuge tubes and
centrifuged for 15 minutes. Ten cubic centimeters of the clarified
liquid were removed at once with a pipette for the test, and the readings
were made according to the technique of Medalia 14.

The daily results for each plot are given in Tables 1 to 11.

Tnble 1.-H}'drog·en-ion Concentration in Soil of North Check Plot.

All Dates Are 1925.

Sam- Date of Date of Sam- Date of Date of
pile Collec- EXJa,mina- pl e Collec- Examina-
No, t i o n tion pH No. t io n tion pH

1 · ..... April 1 ~1ay 7.6 ~Ol · ..... April 27 lVIay 14 7.3

9 · ..... April 2 Ma.y 7.7 209 · ..... April 28 'l\1-ay 14 7.4

17 · ..... April 3 May 7 7.5 217 · ..... April 29 May 15 7.4

25 · ..... April 4 May 7 7.5 225 · ..... April 30 Ma.y 12 7.5

33 · ..... April 5 May
.) ...... ....... Ma y 1 May 12 7.58 7.5 ....).)

41 · ..... April 6 May 8 7.5 241 ....... l\1ay Ma.y 12 7.5
49 · ..... April 7 May 8 7.5 :?49 ....... May 3 May 11 7.5
57 · ..... April 8 Mav 8 7.5 257 · ...... .May 4 Ma.y 11 7.5
65 ...... April 9 l\lay 9 7.6 ~65 ....... l\lay 5 May 19 7.4
73 · ..... April 10 Ma.y 9 7.5 ~73 ....... May 6 l\l'ay19 7.5
81 ...... Aprill1 l\Iay 13 7.5 281 ....... Ma.v 7 May 19 7 .5
89 · ..... April 12 Ma.y 18 7.5 289 ....... Ma.y 8 Ma.y 19 7.5
97 ...... April13 May 18 7.5 297 ....... l\'1ay 9 l\'lay 17 7.6

105 · ..... April 14 May 18 7.1 305 · ...... l\laY 13 June 17 7.6
113 · ..... April 15 Ma.y 19 7.3 313 · ...... Ma.y 14 June 17 7.7
121 · ..... April 17 April 29 7.5 321 · ...... May 15 June 17 7.7
129 · ..... April 18 April 29 /.1 329 · ...... l\lay 16 June 17 7.6
137 · ..... April 19 April 30 7.5 337 · ...... May 17 June 17 7.6
145 · ..... April 20 May 1 7 .5 345 · ...... l\1ay 18 June 17 7.6
153 ...... April21 May 15 7 .:3 353 · ...... Ma.y 19 June 17 7.6
161 · ..... April 22 Ma.y 18 7.5 361 ....... l\1:ay 20 June 17 7.6
169 · ..... April 23 Ma.y 18 7.3 369 · ...... Mav 21 June 17 7.6
177 · ..... April 24 l\1:ay 18 7.5 377 · ...... Il\lay 22 June 20 7.7
185 · ..... April 25 May 15 7.5 385 ....... Ma.y 23 June 22 7.6
193 · ..... April 26 May 15 7.3 393 · ...... l\fay 24 June 22 7.6
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