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INTRODUCTION.

Although manures from farmyards and night-soil are in use in agriculture
all over the world from ancient times, the exact nitrogen requirement of plants
was not worked out till 1855, when Lawes and Gilbert published their classical
reports at Rothamsted. Even the great chemist, Liebig did not realise the
importance of supplying nitrogenous manure to the soil as is evidenced from
the following lines from his ‘ Chemistry in its Application to Agriculture
and Physiology ’ (1840) and his article in Farmer’s Magazine 1847, 16, 511 :—

* If the soil be suitable, if it contain a sufficient quantity of alkalis, phos-
phates and sulphates, nothing will be wanting., The plants will derive their
ammonia from the atmosphere as they do carbonic acid.’

In India the problem of the supply of nitrogenous manure to the soil
is of greater importance than in Europe because the nitrogen content of Indian
soils is generally half of that present in European soils. Dr. J. A. Voelcker
in his report on the ‘Improvement of Indian Agriculture’ (1893) stated as
follows :—

‘On looking into analysis of Indian soils which have been recorded and
others which I have made myself, I find that, with possible exception of black
cotton soil, Indian soils are generally very deficient both in organic matter
and in nitrogen.’

The Royal Commission on Agriculture in India (1928) also reported that
Indian soils are mainly deficient in combined nitrogen and the manurial
problem in this country is chiefly that of nitrogen deficiency. The uncombined
nitrogen present in the air is not directly absorbed by the majority of the
plants and cannot serve as a plant food material.

In European and more advanced countries of the world, ammonium salts,
urea, nitrates, cyanamide, etc. are manufactured and are supplied to the soil
as manure for the nitrogen need of plants and improving the crop yield. Urea,
cyanamide, etc. form ammonium salts in the soil. The advanced nations
are competing with each other in the manufacture of ammonium salts and
nitric acid by the combination of the Haber-Bosch and Ostwald processes.
The addition of ammonium salts to the soil largely improves the yield of crops
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and under favourable conditions the yield can be doubled, e.g. in Belgium
the yield of wheat per acre is double that obtained in India.

Tn India not a single firm exists for the fixation of the nitrogen of the air
and naturally ammonium salts manufactured in other countries have to be
used for the soil, but the Indian peasant in general is too poor to utilise the
imported and costly ammonium salts. They generally apply farmyard manure
(cow-dung), oil-cakes, green manure,etc. All these substances contain proteins.
The proteins are first converted into amino acids and ammonium salts, which
in their turn combine with the oxygen of the air present in the soil forming
nitrites. The nitrites are also oxidised to nitrates, which are the real nitrogenous
plant food material. The plants absorb nitrates from the soil and utilise
them for the building of proteins or nitrogenous compounds in their bodies.
Ammonium salts are very seldom, and nitrites not at all, used up directly by
plants. _

We have after a series of researches extending over several years discovered
an entirely new and at the same time an economical method for the conservation
of the soil nitrogen and fixation of atmospheric nitrogen in the soil itself by the
use of molasses and other carbonaceous substances. We have also investigated
various factors which influence the nitrogen transformation and loss in the
soil and have been able to elucidate the different stages in the nitrogen trans-
formation in the soil.

Regarding the importance of the investigations on these problems, the
Royal Commission on Agriculture in India (1928) reported as follows :—
‘ We have been impressed by the importance of research into the fundamental
problems connected with losses in nitrogen and with nitrogen recuperation.’
In the present communication a summary of our results and conclusions is
recorded.

Figation of nitrogen by the addition of molasses to soil in fields.
TasLe 1.

21,600 kilograms of molasses added per acre of land on 10-1-36.

Ammoniacal Nitrie Available Total Total Date of

nitrogen. nitrogen. nitrogen. nitrogen. carbon. analysis.
0:00466 9, 0-00329; 0-00799, -0561%, 0-6289%, original.
0-0064 0-0037 0-01016 0-0636 2:5b 10-1-36
0-0076 0-0028 0-0104 0-0748 2-06 17-2-36
0-0077 0-0037 0-0114 0-0758 1-921 3-3-36
0-0076 0-0037 0-0113 0-0759 1-912 13-3-36
0-0087 0-0026 0-0113 0-0781 1-852 4-4-36
0-0087 0-0036 0-0124 0-0782 1-844 25-4-36
0:0026 0-0041 0-0068 0-0603 1-012 17-7-36

(The last series of results were obtained after heavy rains).
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TasrLe 2.

42,200 kilograms of molasses added per acre of land on 10-1-36.

Ammoniacal Nitric Available Total Total Date of

nitrogen. nitrogen. nitrogen. nitrogen. carbon. analysis.
0-00469, 0-00329, 0-0079%, 0-05619, 06289,  original.
0-0052 0-0036 0-0088 0-0667 3-528 10-1-36
0-0066 0-0035 0-0102 0-0778 3-1026 17-2-36
0-0068 0-0035 0-0104 0-0782 2-652 3-3-36
0-0062 0-0036 0-0098 0-0783 2-582 13-3-36
0-010 0-0026 0-0126 00822 2-012 4-4-36
0-0104 0-0036 0-0140 0-0831 1-872 25-4-36
00031 0-0048 0-0079 0-070 1-214 17-7-36

(The last series of results were obtained after heavy rains.)

The foregoing results in Tables 1 and 2 show that there is an increase
in the total nitrogen and ammonia contents when molasses is added to the soil.
It will be found that the amount of ammonia decreases after a maximum has
been reached. But at this stage the nitrate content increases appreciably
due to the oxidation of ammonium salts formed by nitrogen fixation. When
the amounts of molasses added to the soil are not large, the maximum is
reached within two months. After this stage the nitrate increases due to
the oxidation of the ammonium salts produced from the nitrogen fixation
in the soil and there is a loss of the total available nitrogen and the carbon-
nitrogen ratio approaches the value 11:1. Hence, when the nitrate content
of the soil begins to increase appreciably, the soil is most suitable for the
sowing of crops. When larger quantities of molasses are added to the soil in
the fields more time is required to attain the stage of nitrate increase.

Previous workers have not been able to obtain uniformly good results
with molasses as a manure as will be evident from the following quotations :—

‘ Increased yields of sugarcane have followed the application of molasses
to soils at the Station Agronomique and on Mr. Ebbel’s estate in Mauritius
where the residual effect is well shown, and also in Antigua. Peck in Hawaii,
on the other hand, observed marked losses of nitrate, as also did Harrison in
British Guiana.’

‘ Laboratory investigations in humid climates suffer from the difficulty
that the soils already contain so much nitrogen that small changes are difficult.
to measure accurately, and there are losses of nitrogen which counter-balance
any fixation. Investigation would be easier in some of the soils very poor
m nitrogen found in hot, arid conditions. Rigid incontestable proof could
be furnished only by a demonstrated gain in nitrogen effected by Azotobacter
all other possibilities being ruled out. This proof has not yet been forth-
coming.” (Russell, 1932.)

‘In view of the fact that the energy added to the soil is not directly
available to the nitrogen-fixing bacteria and that small amounts of available
nitrogen are always present in the soil and the error in the laboratory determina-
tion of total nitrogen by the Kjeldahl method is greater than the possible
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amount of nitrogen fixed by non-symbiotic bacteria, we are still unable to
decide the question definitely.” (Waksman, 1927.)

¢ Wide use is being made in systems of agriculture of the bacteria, which
work with legumes, but the nitrogen fixing power of those which work outside
the plant is as yet not utilised extensively by man, since the methods of con-
trolling them are not well understood.’ (Miller, 1924). A. Koch, J. Litzendorff,
F. Krull, and A. Alves (1907) have reported nitrogen fixation in plates and
pots with dextrose but Pfeiffer and Blanck (1912) could not obtain any nitrogen
fixation with sugar. According to Hutchinson (1918) sugars show beneficial
results in autumn but not in spring.

Dr. H. W. Kerr has reported the following yield of sugar-cane on applying
10 tons of molasses per acre in the Bundaberg farm in Queensland.

No molasses .. .. .. 227 tons per acre.
10 tons molasses .. - L3 L, .,

On the other hand, Crabtree working in the Fairy Mead farm in Queensland
did not find any beneficial effect with molasses. In the discussion, Dr. Kerr
(1932) stated : ‘ The value of the molasses is probably due to its physical,
chemical, and biological influences in the soil.” On applying molasses to the
growing crop, no beneficial effect was obtained at Pusa. Recently, an increase
of yield to the extent of 36 per cent has been reported at the Shahjehanpur
Government Farm on applying 10,800 kg. of molasses per acre in the cultivation
of sugar-cane, before planting. Messrs. Parry & Co., Ltd., of Madras have
also obtained an increase of 40 per cent in the yield of sugar-cane. But when
molasses was added to the growing crop, no beneficial result was obtained.
We have observed that the energy liberated in the oxidation of the carbo-
hydrates present in molasses either through the agency of bacteria or sunlight
or induction or catalyst is utilised in the fixation of atmospheric nitrogen.
Moreover, as molasses contains lime, potash, and phosphates, it should
have a fertilising value. Previous workers determined only the total
nitrogen of the soil after the addition of energy-rich compounds, and as the
difference in total nitrogen is not very high before and after the addition of
energy-rich compounds to the soil, they were doubtful regarding the fixation
of nitrogen in the soil. But as both the available (ammoniacal and nitric
nitrogen) and the total nitrogen have been estimated, we have been able to
detect the increase of available nitrogen and also total nitrogen in all cases
of well aerated soils. Using three tons of molasses per acre of land, we have
obtained a fixation of 112 lbs. of nitrogen per acre.

The failure of previous workers to obtain definite evidence of fixation
is due to the lack of oxidation of the energy-rich materials in the soil due to
insufficiency of aeration or the low temperature of the soil.

The available and total nitrogen of soils, which have been molassed for
three consecutive years, are greater than in soils molassed once or twice, It
seems, therefore, that molasses exerts a residual effect on the soil.
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Azotobacter FIXES NITROGEN VERY WELL IN TROPICAL SOILS.

Incold countries, the soil temperature being low and due to lack of sunshine,
the velocity of the oxidation of energy-rich substances present in the molasses
may be small and thus the energy available from the oxidation of carbohydrates
may be too small for any marked nitrogen fixation. That is why many workers
like Pfeiffer and Blanck, Hutchinson and others were unable to find beneficial
effect with sugars. Moreover, in temperate climates, Azotobacter is not
suitable for nitrogen fixation as the fixation at 10° and at lower temperature
is practically nothing. The soil temperature in colder countries being lower
than 10° most of the time in the year, practically no nitrogen fixation by Azoto-
bacter is possible and that is why Azotobacter has not been utilised by agri-
culturists in cold countries. Thiele (1905) measured the soil temperatures
of arable and grasslands daily for three years at Breslau, Germany, and reported
that only rarely were they favourable for Azofobacter. Also Azotobacter
requires more heat than Bacillus radicicola and several other bacteria and is
enminently suitable for nitrogen fixation in tropical countries, except in the
months of May and June, when the soil temperature during the daytime exceeds
50°, beyond which Azotobacter is unable to fix nitrogen. This bacteria should
be widely used in the fixation of nitrogen in tropical countries when fed with
energy-rich substances like molasses, pressmuds, cellulosic materials, ete.
Recently Dhar and Tandon have measured the fixation of atmospheric nitrogen
by pure cultures of Azotobacter thriving on mannite medium at 10°, 20°,
30°, 35°, 40°, 50°, 60°, and 70°. It has been observed that the maximum
nitrogen fixation (largest amount of ammonium salt formation) takes place
at 35° which is, therefore, the optimum temperatire for tropical Azoto-
bacter as against 28° obtained in temperate countries. There is hardly any
ammonia formation at 10° on the one hand and at 60° on the other. At 70°
no nitrogen fixation by Azotobacter takes place. This is a very interesting case
where the lower limit of bacterial activity is much higher than with the nitrite
formers, Bacillus radicicole and several other bacteria. Moreover, the upper
limit for Azotobacter is also appreciably higher. ¥or example, even at 50°
Azotobacter can fix an appreciable amount of nitrogen and the fixation at 45°
is almost the same as at 20°. In the case of nitrite-formers, the bacterial
activity ceases completely at 50°; even at 40° the activity of the nitrite
formers is quite small in comparison to that at the optimum at 35°. These
results show definitely that Azotobacter can stand high temperatures better
than that of the nitrite formers and several other bacteria.

The optimum temperature for the nodule bacteria in temperate climates
lies between 18° and 26° and is appreciably lower than that of Azofobacter.
Moreover, Bacillus radicicola can thrive even at a temperature of 3° and that
is why this bacteria has been utilised to a much greater extent in Europe
and America than 4zotobacter.
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Molasses added to soil in heaps. Composis with Molasses.
Tapie 3.
Heaps were made on 20th February, 1936.

(A) containing 80 kilograms of garden soil 4 5 kilograms of molasses,

(B) N i) 2 33 ’y 133 + 10 ’” 0 I
(C) 28 tEd tad b4l kLl ”» +2O Ead 3 "
(D) » - ,» Usar (alkali) soil + 5 v ' .
(E) 2 s £24 " s k4l + 10 *y 23 E2)
(¥) » » » 5 » +20 » s »

The molasses contained 0-0021% ammoniacal nitrogen, 000019, nitric nitrogen,
0:5779%, total nitrogen and 55-29, carbon in an oven dried sample.

Ammeoniacal Nitric Total Total Date of

nitrogen nitrogen nitrogen carbon analysis

Original garden soil 0-00289, 0-00329, 0-05839, 06525 20-2-36
Original Usar soil 0-0016 0-0016 0-0254 02907 .

(A) 0-0060 0-0032 0-0933 2:612 5-3-36
(B) 0-0086 0-0030 0-1272 4-605 "
(C) 0-0102 0-0027 0-175 8604 '
(D) 0-004 0-0016 0-0583 2.287 .
(E) 0-0057 0-0016 0-0934 4-266 s
(F) 0-0062 0-0015 0-1261 8251 .

(A) 0-0052 0:0032 0-10 2-082 27-3-36
(B) 0-0102 0-0026 0-14 3-823 '
(C) 0-0162 0-0022 0-181 8423 "
(D) 0-0028 0-0016 0-0652 1-728 v
(E) 0-007 0-0016 0-099 3-576 M
(F) 0-0120 0-0014 0-1452 8:00 .

(A) 0-0074 0-0032 0-1058 1-583 17-4-36
(B) 0-0124 0-0026 0-1468 3012 4
(C) 0017 0-0022 0:1862 7-832 ’
(D) 0-0042 0-0016 0-0692 1-325 .
(E) 0-0088 0-0016 0-1152 2.781 .
(") 0-01562 0-0015 0-1522 7032 .

(4) 0-0076 0:0032 0-1055 1-573 28-4-36
(B) 0-0126 0-0026 0-1428 2-879 '
(C) 0-0174 0-0020 0-1858 7-253 v
(D) 0-0045 00016 00712 1-125 .
(E) 0-0097 0-0016 01212 2622 .
(F) 0-0156 0-0014 0.152 7-00 '

(A) 0-0072 0-0039 0:1122 1-325 10-7-36
(B) 0-0087 0-0064 0-1672 1922 .
©) 00114 0-0082 0-1987 3-246 '
(D) 0-0050 0-0021 0-0785 0-885 .
(E) 0-0093 0-0025 0-1428 1-5625 ve
(] 0-0084 0-0057 0-1728 1-985 '

(A) 0-0066 0-0036 0-112 1-312 25.8-36
(B) 0-0084 0-0062 0-1657 1-984 '
(C) 0-0088 0-0078 0-1972 3-226 '
(D) 0-005 0-0022 0-0778 0-895 .
(E) 0-0086 0-005 0-1425 1-542 =
(¥) 0-0082 00051 0-1724 1-984 ”
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Russell (Soil Conditions and Plant Growth, 1932, pp. 436-437) states :
¢ In neutral soils of cool countries Bacillus radicicola is the most active fixer
of nitrogen and Azofobacier is relatively inactive. . ........

‘In alkaline soils of warm climates, on the other hand, Azofobacter is
greatly stimulated ; Bacillus radicicola is not.........

In tropical countries if the soil is ploughed after the addition of molasses,
there is no reason why soil fertility regarding combined nitrogen should not
be increased.

The above results show that when molasses is added to seil (normal or
alkaline) in heaps and exposed to air and light, the available and total nitrogen
are considerably increased. The total nitrogen is more than double that of the
original amount present in the soil before the addition of molasses. Hence
considerable fixation of nitrogen takes place and excellent composts are prepared
with molassed soils, of which the carbon-nitrogen ratio becomes normal and
attains the value of 11°5.

Nitrogen fixaiion and Azotobacter count on the application of Molasses,
Carbohydrates, Starch, and Glycerol.

Dhar and Seshacharyulu (May, 1936) have investigated how the Azofo-
bacter in soils under natural conditions will be affected by the application
of molasses and whether there is any correlation between the Azotobacter
numbers and the amount of fixation of atmospheric nitrogen.

Different amounts of molasses, 10 and 30 kilograms, were added to two
equal plots of land of area 144 sq. ft. and a third plot of equal area was kept
as control without the addition of molasses. The Azolobacter count and
the nitrogen estimations (ammoniacal, nitric and total nitrogen) of all the three
plots were made before the addition of molasses and afterwards at regular
intervals. The plots were dug up twice a month and the same amount of
water was added to the three plots at the same time. The soil in all the
experiments was taken from depths varying from zero to nine inches. A
random sampling was made from 40 to 50 places in each plot. Azotobacter
counts were made by the plate method using Beijerinck’s mannite medium
to which 2%, agar was added. ‘
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TABLE 4.

Plot containing 30 kilograms of molasses.

A H [
i ! Number of |
Ammoniacal . Total . Azotobacter |
Date. nitrogen | nitrogen | in millions
% | % per 1 gm. of |
| dry soil |
T T T T T
22-10-35 e : e : 64 ! Nitric nitrogen varied from
26-10-35 | 0-00221 |  0-0953 66 | 0:003969% to 0:00464%
3.11-35 000247 |  0-0953 | 47 |
11-11-35 0-00266 | 0-0966 : 57-7
15-11-35 0-00273 ! 0-0966 583000
22.11-35 | 00028 |  0-0066 5960-0
30-11-.35 ' 0-002904 | 0-0976 ¢ 5040-0
7-12-35 000305 ' 01 1 25600-0 |
18-12-356 0-00373 ‘ 0-1024 . 276000
29-12-35 0-003904 |  0-1036 27500-0 |
18-1-36 00042 | 01076 | - 22600-0
5-2-36 000448 :  0-1076 | 25400-0 |
12-3-36 ‘ 0-003904 ' 01036 | 1410°0
TaBLE 5.

Plot containing 10 kilograms of molasses.

Number of :

{
i Ammoniacal l Total | Azotobacter |
Date i mtrogen ! nitrogen ! in millions |
1 i % ;per 1 gm, of
i 5 l dry soil |
e . & —ee - ‘ -
22.10-35 | : 51 | Nitric nitrogen varied from
26-10-35 | 000155 | 0088 | 52 0-003399 to 00037,
3-11.35 |  0-0024 0-0884 17-9
11-11-35 0-00285 0-0912 | 177
15-11-35 0-0029 0-0912 16-4
22-11-35 0-00305 00932 | 16-8
30-11-35 0-00287 0-0932 ! 17-2
7-12-35 0-00284 0-0932 17-8
18-12-35 0-00284 0-0932 1 22-2
29-12-35 0-00282 0-0922 | 20-4
18-1-36 0-0028 00922 | 210 |
5-2-36 0-0028 0-0922 226
12-3-36 0-0024 00912 10-7
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TaABLE 6.
Conirol plot.
I i !
[ 1 . Number of |
 Ammoniacal | Total = Azotobacter |
Date ! mnitrogen ' nitrogen | in millions
A i % . per 1 gm. of |
j | dry soil f
i e R e “’
22-10-35 ,‘ .. 2:3 " Nitric nitrogen varied from
26-10-35 0-:00124 0-082 2-3 0:003049%, to 0002880,
3-11-35 | 0-0013 ., 008 | 20 |
11-11.85 | 0-001216 | 00792 2.7
15-11-35 0-001216 0-0792 2-3
22-11-35  ,  0-001216 0-0792 2:5
30-11-35 | 0-:001216 0-0792 2-3
7-12-35 0-001216 0-0792 2-6
18-12-35 0-001216 0-0792 2-8
29-12-35 . 0-001216 0-0792 2:5 |
18-1-36 0-001216 0-0792 2:1 i
5-2-36 0-001216 0-0792 26 i
12-3-36 0-0012 0-078 1-3

|

From the foregoing results it is clear that A4zofobacter numbers in the
goil increase in abundance on the application of molasses and reach a maximum,
where they remain more or less stationary, but the rate at which they
develop is not proportional to the nitrogen fixed. Another interesting
fact is that whenever there was an increased fixation of ammoniacal nitrogen
there was almost a steadiness in the bacterial numbers. This fact leads us
to the conclusion that fixation of atmospheric nitrogen is not mainly bacterial
but is aided by other agencies. Moreover, in the case of the plot containing
30 kilograms of molasses, we observe that there was a slight decrease in the
Azotobacter numbers in the beginning compared to the blank, though there was
an increase in the ammoniacal nitrogen. These facts go to show that there is
no real correlation between the Azotobacter numbers and soil nitrogen increase.
The Azotobacter develop abundantly on the addition of molasses to the soil
and thus help in the nitrogen fixation in addition to the photochemical, induced
or catalytic oxidations going on simultaneously. Another important fact is
that not only the available nitrogen but also the total nitrogen of the soil
increases considerably by the application of molasses. No appreciable change
either in the Azofobacter numbers or nitrogen content of the control plot is
observed.

Nitrogen fization and Azolobacler count on the addition of cane sugar and
glucose to the sotl in basins.

In order to investigate further whether the fixation of atmospheric nitrogen
in tropical soils is mainly a bacterial one or due also to photochemical
and other agencies, experiments were done by the above authors by adding
cane sugar and glucose to the soil in basins and exposing them to the sunlight.
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1000 gms. of garden soil were mixed with 20 gms. of cane sugar or glucose
and 300 c.c. of water in enamelled basing and exposed to the sunlight daily
for seven hours. Some basins with the same substances were kept in a dark
room in order to exclude light. In one set of the experiments 2 gms. of calcium
carbonate were added. 160 c.c. of water were added twice a day to the exposed
bagins and 160 c.c. of water to the basins kept in the dark after every three
days for maintaining an uniform moisture content. Before the commencement
of the experiment estimations of nitrogen, total carbon, and Azotobacter
numbers of the original soil were done. At regular intervals, the nitrogen
content, total carbon, and Azotobacter counts of the exposed and dark basins
were determined.

The following results were obtained :—

TaABLE 7.

1 kilogram of soil +2 gns. calcium carbonate + 20 gms. cane sugar.

Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
30-12-1935
original soil 000124 0-0433 0-4677 12-5 Nitriec nitrogen
13-1-36 0-00152 0-0433 R 8-6 varied from
30-1-36 0-00215 0-0442 1-0356 9-3 0-003169, to
15-2-36 0-00364 00488 0.866 11-3 0-00369%,.
29.2-36 0-00464 0-0506 0713 18-3
16-3-36 0-00552 0-051 0-606 18-8
31-3-36 0-00488 0-0506 0-563 13-2
14-4-36 0-00392 0-0506 0-557 14-6
TABLE 8.
1 kilogram of soil +20 gms. cane sugar.
Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
30-12-1935
original soil 0-00124 0-0433 0:4677 12-5 Nitric nitrogen
13-1-36 0-00143 0-0433 e 60 varied from
30-1-36 - 0-00205 0-0442 10401 7-9 0-0031689, to
15.2-36 0-0035 0-0482 0-866 10-3 0-00369%,.
29-2-36 0-00436 0-05 0-718 19-2
16-3-36 0-00524 0-0506 0-602 18-2
31-3-36 0-00476 0-05 0-552 171
14-4-36 0-0038 0-056 0-549 16-2
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TABLE 9.

85

1 kilogram of soil +2 gms. calcium carbonate 20 gms. cane sugar.

Dark.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
30-12-1935
original soil 000124 0-0433 0-4677 12-5 Nitric nitrogen
13-1-36 0-00126 0-0433 e 95 varied from
30-1-36 0-00157 0-0433 1:1383 337 0-0031689, to
15-2-36 0-00215 0-0456 1-028 175-0 0-003259,.
29-2-36 0-00288 0-0472 0-928 250-0
16-3-36 0-0032 0-0472 0-837 3750
31-3-36 0-00372 0-0488 0-696 415-0
14-4-36 0-0036 0-0488 0-618 395-0
Tasre 10.
1 kilogram of soil +20 gms. cane sugar.
Dark.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
30-12-1935
original soil 0-00124 0-0433 04677 12-6 | Nitric nitrogen
13-1-36 0-00125 0-0433 e 7-4 varied from
30-1-36 0-00152 0-0433 1-1494 28-8 0-0031689%, to
15-2-36 0-0021 0-0456 1-028 170-0 0-003259%,.
29-2-36 0-00288 0-0472 0-922 245-0
16-3-36 0-00336 0-0472 0832 364-0
31-3-36 0-0038 0-0488 0-698 420-0
14-4-36 0-00372 0-0488 0-614 400-0
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Tasre 11.

1 kilogram of soil +2 gms. calcium carbonate 420 gms. glucose.

Exposed.
e : j 1 ; —
l j | | Number of
l Ammoniacal | Total ‘ Total | Azotobacter
Date ; nitrogen ' nitrogen | carbon in millions
| % : % i % per 1 gm. of
| ; ( \ dry soil
[N ‘{ - I IO ! —— _
4.2-1936 :
original soil 0-00123 |  0-0433 0-4677 112 | Nitric nitrogen
22-2-36 | 0-00168 0-0433 1:1734 10-2 varied from
7-3-36 : 0-0028 0-046 ! 1-0014 18-8 ; 0-0031689, to
21.3-36 | 0-00348 0-0488 | 0-836 173 | 0-003829,.
7-4-36 1 0-0044 0-05 0-691 154 !
21-4-36 | 0:00372 0-05 ¢ 0-638 | 15-8
7-5-36 | 0-00336 0-0488 0-586 j 15-1 .
21-5-36 | 0-0032 0-0488 0-526 ; 156
7-6-36 | 0-00305 00488 | 0518 150 |
.1 J j i i
TasLe 12.
1 kilogram of soil -}-20 gms. glucose.
Exposed.
i N S o T
| ! : . Number of
: Ammoniacal Total [ Total | Azotobacter
Date i nitrogen nitrogen : carbon ; in millions
\ % % %  per 1 gm. of
| i ’ dry soil
- ‘: - :l
4.2.1936 ’
original soil ] 0-00123 0-0433 0-4677 11-2 | Nitric nitrogen
22-2-36 | 0-00166 0-0433 1-1778 9-9 varied from
7-3-36 | 0-0028 0-0456 1-0014 17-4 0-0031689%, to
21-3-36 | 000336 | 00477 0-842 16-3 0-00399,.
7-4-36 ! 0-00452 0-05 ! 0-694 16-8
21-4-36 l 0-00388 0-05 0642 16-1
7-5-36 | 0-00343 0-0488 0-591 16-2
21-5-36 0-00336 0-0488 0-526 16-1
7-6-36 0-00305 0-0488 0-518 16-5
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TasLE 13.

1 kilogram of soil +2 gms. calcium carbonate - 20 gms. glucose.

0-00294 0:0466 | 0-5546

Dark.
—— ‘ :
i ! : ' Number of |
. Aramonisacal ; Total Total Azotobacter !
Date | nitrogen | nitrogen |  carbon | "in millions |
! % . % % per 1 gm. of
| ! : " dry soil
— 1} ‘ - e
j ] i ‘
4-2-1936 ! ‘ | | Nitrie nitrogen
original soil | 0-00123 |  0-0433 |  0-4677 | 11-2 | wvaried from
22.2.36 | 0-00142 | 0-0433 1-2066 185 9-003168 9, to
7-3-36 | 0-00168 | 0-0433 . 1-1232 36-5 0003280,
21-3-36 0-00204 0-0456 1-0221 ; 16800
7-4-36 . 0-00258 0-0466 906 232-0
21-4-36 0-0029 0-0466 0-8074 3150
7-5-36 0-00329 0:0472 0-6748 390-0
21-5-36 ~ 0-003 ;00472 . 06127 365-0
7-6-36 f 00029 . 00472 ¢ 0:5636 ‘ 3250
! ' 1 i
TasLr 4.
I kdlogram of soil -+ 20 gms. glucose.
Dark.
‘ ‘ [ Number of |
. Ammoniacal | Total ' Total i Azotobacter
Date © nitrogen = nitrogen  carbon | in millions °
! % : %, ; % | per 1 gm. of
1 . dry soil
l )
- R - T T T g -
4-2-1936 i i Nitric nitrogen
original soil 0-00123 0-0433 0-4677 11-2 | waried from
22-2-36 0-0014 0-0433 1-2016 18:0 ¢ 0-003168 to
7-3-36 0-00164 = 0-0433 | 1-1224 375 . 0-003289%,.
21-3-36 0-0021 = 0-0456 1-021 ; 170-0
7-4-36 . 0-00254 0-0466 ' 0-908 2280
21-4-36 0-0028 ¢ 0-0466 0-8078 32000
7-5-36 | 0-00323 | 0-0472 | 0-6662 395-0
21-5-36 . 0-00305 | 00472 | 06088 | 350-0 .
7-6-36 | | 3450
[

The above results show that although the 4zofobacter numbers in the bagins
exposed to sunlight for 7 hours daily are much less, the amount of ammonia
and total nitrogen are greater than in those kept in the dark. Moreover,
the amount of carbon in the exposed basins are less than in those kept in the
dark. Hence in presence of sunlight the oxidation of substances like canesugar
and glucose is greatly facilitated and causes the fixation of nitrogen in greater
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amounts than in the dark. It is clear, therefore, that in the presence of light
the photochemical oxidation of energy-rich substances can cause nitrogen
fixation just as the bacterial agency does under ordinary conditions. Therefore,
along with bacterial fixation of nitrogen in tropical soils there is considerable
fixation due to the photochemical oxidation of energy-rich substances and
that is why, although the number of Azotobacter in the basins receiving
sunlight is much less than in the basins kept in the dark, the ammonia and total
nitrogen contents are greater than in the dark ones.

It may be argued that when the basins are exposed to the light the tempera-
ture of the soil is increased and this leads to an increased activity of Azotobacter
and hence an increase in the nitrogen fixation. The temperature of the basins
receiving sunlight varied from 40°-44°, whereas the dark room temperature
varied from 25°-30°. In a previous paper, Dhar and Tandon (Proc. National
Academy of Sciences, India, 1936, 6, 35) have reported that the optimum tem-
perature for Azofobacter is 35° and the fixation at 45° is practically the same
as at 20°. Hence the nitrogen fixation due to Azotobacter alone should be
practically identical in the basins kept in the dark room or receiving sunlight.
In order to test this point further, 200 gms. of the garden soil mixed with 2 gms.
of glucose and 32 c.c of water were incubated at 32°-33°. Exactly another
basin was exposed to sunlight.

The temperature of the exposed basin varied from 42°44°, To the
exposed one 32 c.c. of water were added twice a day and to the incubated
one 32 c.c. after every five days in order to keep the moisture content the same.
Both the soils were analysed simultaneously on the following dates recorded
in the table.

TasLe 15.

Exposed to sunlight.

Number of
: Azotobacter
Date Ammoniacal Total To}:;al in millions

nitrogen nitrogen carbon per 1 gm. of
dry soil
10-3-36 0-00108 0-042 0-441 7-2

original soil
1-4.36 0-0024 0-00446 0-619 12-5
11-4-36 0-00304 0-00456 0-511 15-7
Incubated.

1-4-36 0-00186 0-0437 0-684 31-8
11-4-36 0-00214 0-0442 0-602 450

The above results show that although the soil is incubated at 32°-33°,
which is very near the optimum for Azotobacter, yet the ammonia and total
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nitrogen contents of the one incubated are less than that exposed, whose
temperature while receiving sunlight is 42°-44°. It appears, therefore, that the
greater nitrogen fixation in presence of light is chiefly due to the photo-oxidation
of the energy-rich compounds.

The size of the colonies developed on the plates containing the incubated
soil are much bigger than those obtained from the exposed one. In the soils
kept in the dark the colonies are also appreciably bigger than the colonies
obtained from the soils receiving sunlight. A tentative suggestion may be
offered as to the reason of the difference in size that the generation time of
those kept in the dark and also incubated at 32°-33° is less compared to those
exposed, probably sunlight inhibiting the growth. If bacterial metabolic ac-
tivity is considered to go hand in hand with the growth activity, the fixation
of atmospheric nitrogen in the incubated and dark basins should have been
more than the ones exposed, if no other agent was responsible in nitrogen
fixation. Therefore in tropical soils, along with bacterial fixation, photo-
chemical fixation seems to play a prominent role.

An interesting point can be deduced from our observations that the fixation
is not much affected by the presence of calcium carbonate. This behaviour
is due to the fact that soils with which we carried on our experiments are
rich in calcium.

Similar experiments are in progress with starch, glycerol, mannitol, and
mixture of molasses and soil in heaps. In the case of the starch, sugars were
detected both in the exposed and dark basins., The following results were
obtained.

TABLE 16.

1 kilogram of soil +-50 gms. starch.

Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % ‘per 1 gm. of
dry soil
10-3-1936 Nitrie nitrogen
original soil 0-00108 0-042 0-441 7-2 varied from
9-4-36 0-00109 0-042 e 6-8 0-00249%, to
30-4-36 0-00184 0-0433 2:4425 82 0-00262.
20-5-36 0-00232 0-0442 2-37 91
20-6-36 0-00294 0-0451 2.2765 15-6
16-7-36 0-00336 0-0461 21753 19-8
28-7-36 0-00372 0-0472 2-0932 28-2
7-10-36 0-0052 0-051 1-4411 38-6
7-11-36 0-0056 0-053 12592 31-2
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Tasre 17.

1 kilogram of soil 450 gms. starch.

Dark.
S 1 .
f Number of
Ammoniacal Total ‘ Total Azotobacter
Date nitrogen nitrogen | carbon in millions
% % % per 1 gm. of
dry soil
! [ .
10-3-1936 | Nitric nitrogen
original soil 0-00108 0-042 ’ 0-441 7-2 varied  from
9-4-36 0-00108 0-042 | e 8-1 0-00249, to
30-4-36 0-0014 0-042 2-5182 11-2 0-0025.
20-5-36 0-00152 0-042 2:4761 185
20-6-36 0-00184 | 0-0433 2-4137 26-8
16-7-36 0-0021 : 0-0437 2-3352. 46-0
28-7-36 0-00232 0-0442 2-2654 98-6
7-10-36  +  0-0031 0-0461 | 1-8286 | 205-5
7-11-36 |  0-0032 0-0461 1-7164 | 2650
| |
TaBrLE 18,
1 kilogram of soil + 50 gms. glycerol.
Exposed.
T T T [ = o— "77!"“" Se————— "_i’_" —— "_"'—'H“_‘__'_"""' i
: ! Number of ;
| Ammoniacal Total Total ; Azotobacter .
Date [ nitrogen nitrogen ,  carbon { in millions
| % % %  per 1 gm. of ;
i } dry =oil |
i | i i
B _5 B Y R
10-3-1936 : ‘ ! ! Nitric nitrogen
original soil 0-00108 ! 0-042 | 0-441 i 72 | varied from
7-4-36 0-00168 ! 0-042 ‘ 2-2726 9-1 . 0-00249, to
3.5-36 | 000232 | 00442 | 21737 97 | 0-002589.
29-5-36 000294 00451 |  2:0314 | 12-5 !
18.6-36 00034 ! 0-0451 . 1-9188 ! 21-5
16-7-36 0-00364 ! 0-0456 | 1-8123 27-0
29-7-36 0-00388 1 0-0461 1-7311 | 30-8 !
7-10-36 | 000464 |  0-0482 12685 | 362
3-11-36 0-00508 | 32-1
|

0-05 ! 1-0952 l
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TaABLE 19.

1 kilogram of soil 50 gms. glycerol.

Dark.

Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
10-3-1936 Nitric nitrogen
original soil 0-00108 0:042 0-441 72 0-00249%, is
7-4-36 0-00134 0-042 2-3354 12-2 constant.
3-5-36 0-00176 0-0428 2-267 22-7
29.5-36 0-00208 0-0437 2-1838 68-0
18-6-36 0-00232 0-0437 2-1066 865
16-7-36 0-00258 0-0437 . 2:0164 98-5
29.7-36 0:00264 0-0442 1-9582 1286
7-10-36 0-003 0-0451 1-6544 215-4
3-11-36 00031 | 0-0451 1-561 286-0
1
Tasre 20.
1 kilogram of soil --20 gms. mannitol.
Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
20-4-1936 Nitric nitrogen
original soil 0-00152 0-043 0-494 6-5 varied from
5-5-36 0-002 0-043 1-2087 11-8 0-003089, to
22-5-36 0-0028 0-0454 1-0725 16-6 0-00329,.
8-6-36 0-0035 0:0472 0-9539 20-5
24-6-36 0-00436 0-0489 0-8118 28-5
14-7-36 0:005 0-0506 0-7156 325
26-7-36 0-00536 0-051 0-6432 29-8
10-8-36 0:0052 0-051 0-5846 30-5
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TasLEe 21.

1 kilogram of soil -4-20 gms. mannitol.

Dark.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
20-4-1936 Nitric nitrogen
original soil 0-00152 0-043 0-494 6-5 0-00308 s
5-5-36 0-00174 0-043 1-2266 17-5 constant,
22.5.36 0-00207 0-043 1-1654 29-2
8-6-36 0-00252 0-0454 1-0912 110-0
24-6-36 0-00294 0-0454 1-0091 175-0
14-7-36 0-00341 0-0466 0-9299 235-0
26-7-36 0-00368 0-0472 0-8516 292-6
10-8-36 0-00384 0-0477 0-7634 355-8
TaBLE 22.
Heap (80 kg. of soil +10 kilograms of molasses).
Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
4-4-1936 Nitric nitrogen
original soil 0-0014 0-0365 0-431 8:6 0-00249%, is
21-4-36 0-007 0-1 3-8642 0-3 constant.
5-5-36 0-00932 0-1076 3-5931 3-6
25-5-36 0-0112 0-112 3-3511 84
14-6-36 0-0127 0-114 3-0707 19-6
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TaBLE 23.

Heap (80 kyg. of soil 410 kilograms of molasses).

Dark.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
4-4-1936 Nitric nitrogen
original soil 0-0014 0-0365 0-431 86 0-00249, is
21-4-36 0-00404 0-0932 | 4-0232 09 constant,
5-5-36 0-0056 0-096 3-8704 10-0
25-5-36 0-007 0-1014 3-7222 25-5
14-6-36 0-008 0-1014 3:6033 48-5

In order to find out whether the above conclusion, namely photochemical
fixation of atmospheric nitrogen in tropical soils, holds good in fields the follow-
ing experiments were also performed in fields :—

Six plots of equal area (6’ x4') were taken. To one set of 2 plots 10 kilo-
grams of molasses were added and to another set of 2 plots 5 kilograms were
added. The remaining 2 plots were kept as control. One plot from each set
was covered with wooden planks on raised bricks in order to exclude sunlight
and the other plots were exposed. The exposed plots were watered after
every 4 days and dug up and the covered plots were watered once a week
but dug up simultaneously with the exposed plots. At regular intervals the
Azotobacter count and nitrogen estimations of all the plots were carried on.
The temperature of the exposed plots during the months of April, May and June
varied from 59°'5 to 38° at depths varying from 1 to 6 inches and that of the
covered plots from 41° to 31°'5 at the same depths.
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The following results were obtained :—

TarLe 24.

Plot (6’ X 4’) containing b kilograms of molasses.

Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
14-4-1936 Nitric mnitrogen
original soil 0-00175 0-0874 0-7858 2-1 of the plot
27-4-36 0-00244 0-0874 1-2054 10-5 varied from
9-5-36 0-00328 0-09 1-1326 32-0 0-003119, to
21.5-36 0-00388 0-092 1-0474 405 0-00359%,.
31-5-36 0-00432 0-0932 1-0021 48-5
16-6-36 0-00444 0-094 0-9693 420
17-7-36 0-004 0-094 0-9562 49-5
15-10-36 0-0031 0-0932 0-9411 30-5
TaBLE 25.
Plot (68" X &) containing 5 kilograms of molasses.
Covered.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
14-4-1936 Nitric nitrogen
original soil 0-002 0-094 0-8648 1-9 of the plot
27-4-36 0-00233 0-094 1-3376 21-2 0-002949, i3
9.5-36 0-0028 0-094 1-2052 450 constant.
21-5-36 0-00308 0-096 1-2331 55-0
31-5-36 0-00328 0-0978 1-1945 62-0
16-6-36 0-00368 0-0978 1-1347 90-0
17-7-36 0-00388 0-0978 1-0504 115-0
156-10-36 0-00292 0-096 0-9824 56-2
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TaBLE 26,

Plot (8’ x 4') containing 10 kilograms of molasses.

95

Exposed.
Number of
] Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
11-4-1936 Nitric nitrogen
original soil 0-00236 0-08 0-7332 2:1 of the plot
23-4-36 0-0028 0-08 1-5364 4-3 varied from
6-5-36 0-00348 0-0822 1-4642 23-5 0-00359%, to
17-5-36 0-004 0-0832 1-389 32-5 0-003529;,.
28-5-36 0-00432 0-0848 1-327 40-0
15-6-36 0-005 0-0864 1-246 72-5
16-7-36 0-0056 0-0878 1-1216 88-5
4-8-36 0-004 0-0864 1-0014 82 Afterheavy rains.
18-10-36 0-00308 0-0864 0-9624 50-2
TasLr 27.
Plot (6’ x 4') containing 10 kilograms of molasses.
Covered.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
11-4-1936 Nitric nitrogen
original soil 0-00208 0:0932 0-9207 2.6 of the plot
23-4-36 0-00236 0-0932 1-7419 58 0-0035%, is
6-5-36 0-00274 0-094 1-6919 345 constant.
17-5-36 0-00294 0-094 1-6334 43-0
28-5-36 0-00308 0-0958 1-5872 50-5
15-6-36 0-0034 0-0964 1-5234 86-0
16-7-36 0-00388 0-0964 1-4236 135-0
4-8-36 0-00308 0-0958 1-2036 88 After heavy rains.
18-10-36 0-00274 0-094 0-9824 62-0
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TABLE 28.

Conirol plot (6’ X 47).

Exposed.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
16-4-1936 0-00175 0-1 0-403 2-4 Nitric nitrogen
28.4-36 0-00175 0-1 0-903 2:6 of ‘the plot
11-5-36- 0-00175 01 0-903 1-6 varied from
22.5-36 0-00175 0- 0-903 1-7 0-003289%, to
1-6-36 0-00169 0-0986 0-903 1-8 ’ 0-003339.
16-6-36 0-00169 0-0986 0-903 2-1
18-7-36 0-00169 0-0986 0-903 2-9
20-10-36 0-00169 0-0986 0-903 2-7
TaerLe 29.
Conirol plot (6" x 4).
Covered.
Number of
Ammoniacal Total Total Azotobacter
Date nitrogen nitrogen carbon in millions
% % % per 1 gm. of
dry soil
16-4-1936 0-00184 0-0902 0-8344 2:03 Nitric nitrogen
28-4-36 0-00184 0-0902 0-8344 2-8 of the plot
11-5-36 0-00184 00902 0-8344 2:4 0-00328%, is
22.5-36 0-00184 0-0902 0-8344 2:3 constant.
1-6-36 0-00184 0-0902 0-8344 2:6
16.6-36 0-001804 0-0876 0-8344 2-9
18-7-36 0-001804 0-0876 0-8344 30
20-10-36 0-001804 0-0876 0-8344 31

The foregoing results elearly substantiate the conclusion that in tropical
soils along with bacterial fixation, photochemical fixation of atmospheric
nitrogen is prominent. Another point we have observed is that the greater
the total nitrogen of the original soil the smaller the amount of nitrogen fixed
on the addition of molasses.
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PrOBABLE MECHANISM OF NITROGEN FrxaTiow.

It is believed that under both anaerobic and aerobic conditions, ammonia
is the first product of nitrogen fixation, as ammonia is easily detected in the
fixation of atmospheric nitrogen. Glucose has been found to decompose
into pyruvic acid and hydrogen under anaerobic conditions according to the
equation :—CgH,,0,=2CH,COCOOH+2H,+12 Cal. In presence of the
nitrogen of the atmosphere and on the soil surface, the hydrogen obtained
from the decomposition of glucose may form ammonia according to the
equation :—N,+3H,=2NH_+24 Cal.

In presence of oxygen, however, that is, under aerobic conditions, it is
difficult to assume that ammonia is also the first product of nitrogen fixation.
Because, in presence of oxygen, glucose can undergo one or more of the following
oxidations on the soil surface :—

(1) CgH ,04+4-60,=600,+6H,04676 Cal.

(2) CgHy304+430,=3C,H,0,4-3H,0-+493 Cal.

(3) CeH1304+130,=C,H,0,+2H,0+199 Cal.

(4) CeH;304+ 0,=C¢H,,0,4-H,0+-x Cal.

(5) CeH,;304+30,=C¢H,,0,4x Cal.

It seems that in the presence of air, the first change (1) is the most import-
ant. The above organic acids, which may be produced under aerobic condi-
tions, and the organic acids (e.g., acetic, propionie, butyric, lactic, etc.) and
traces of alcohol, glycerol, etc., which may be generated in anaerobic conditions,
are also easily oxidised to carbonic acid on the soil surface liberating energy.
Hence, a large quantity of energy is available on the soil surface for nitrogen
fixation on the addition of molasses or cane sugar to soil exposed to air and light.

We have shown that ammonium salts are also produced in the photo-
chemical or induced oxidation of carbohydrates in the complete absence of
bacteria. Hence in the soil containing compounds of iron, manganese, traces
of titanium, copper, etc. which are excellent catalysts in oxidation reactions
and exposed to sunlight and air, the oxidation of the carbohydrates added
with molasses is certainly due to bacteria, light and chemical catalysts all
acting simultaneously. For obtaining the hydrogen required for ammonia
formation, the following reaction has to take place :—H,0=H+OH—112 Cal.
The direct combination of nitrogen and oxygen forming nitric oxide, according
to the equation : Ny+0,=2N0+43-2 Cal., appears to require less energy than
the process leading to the formation of ammonia. It appears that the iron
compounds, traces of manganese and copper compounds, and sunlight, which
falls on the soil surface, can facilitate the formation of nitric oxide from oxygen
and nitrogen of the air. The nitric oxide can be readily oxidised to nitrous
and nitric acids, which form nitrates in the soil.

Dhar and Mukerji (1934) have shown that solutions of nitrates and
carbohydrates in presence of sunlight and titanium oxide (TiO,) can readily
form small amounts of amino acids, with copious production of ammonium
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salts. It is interesting to note that ammonium salts and carbohydrates
when exposed to the sunlight in presence of titanium oxide do not, however,
form amino acids. It is well known that in plants the proteins, which are
‘mostly the condensation products of amino acids, are only formed when
carbohydrates have already accumulated by photosynthesis. The carbo-
hydrates formed by photosynthesis in plants react with nitrates absorbed
by plants from the soil and this results in the production of amino acids,
proteins and ammonium salts in the plants. As a matter of fact, Waynick
and Woodhouse (1918-19) have obtained evidence of amino acid formation
in nitrogen fixation by Azofobacter. It is believed that in the first few
days of the growth of Azofobacter amino acids accumiulate and later on
proteins increase. In our experiments with pure cultures of Azolobacter
thriving in mannite we have been able to detect amino acids, by the
valuable ‘ ninhydrin’ test in the filtered liquids obtained by ocrushing the
Azotobacter cells with sand in a pestle and mortar. According to Jodidi
(1910), Schreiner and Skinner (1912), and Lathorp (1917), several amino
acids are of common occurrence in the soil. These amino acids may be obtained
either by the hydrolysis of proteins added to the soil as manure or formed
synthetically as explained above. It seems likely, therefore, in witro as well
as in the plant and in the soil, the nitrate is reduced to ammonia by the action
of carbohydrates or other carbonaceous compounds with simultaneous forma-
tion of amino acids in small quantities. Hence, it appears that nitrates are
first produced in nitrogen fixation and the nitrates react with the energy-
rich materials present in the soil with the formation of ammonium salts and
small amounts of amino acids,

No ANAEROBIC DENITRIFICATION ON THE ADDITION OF Morasses To FIELDS.

Our field experiments as well as those carried on in dishes show that
there is absolutely no anaerobic denitrification even when large quantities
of molasses are added to soil exposed to air and light.  The available nitrogen
(sum of ammoniacal and nitric nitrogen) and the total nitrogen contents of the
soil are never less than the original amounts present in the soil before the addi-
tion of molasses. As a matter of fact, even a few days after the addition of
molasses to the soil, the ammoniacal nitrogen is appreciably increased and the
available and total nitrogen contents also augment due to fixation of atmos.-
pheric nitrogen. When the amounts of molasses are large and the aeration
of the soil inadequate, a part of the nitric nitrogen of the soil may be converted
into ammoniacal nitrogen but it is never lost to the soil. The ammoniacal
nitrogen in course of time is again oxidised to nitrate. This is a very important
observation, which differs from the experience of workers in temperate climates.
It has already been emphasised that the fixation of atmospheric nitrogen
depends on the velocity of the oxidation of the energy-rich materials added
to the soil, and due to the sunlight and the high temperature prevalent in tropical
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soils, the oxidation of the carbohydrates and other energy-rich compounds
is much greater than in colder countries and hence, in tropical countries, the
soil condition from the view point of oxidation reactions are much more favour-
able than in temperate climates. Hence molasses even in large amounts
when added to tropical soils, which are well aerated, always adds nitrogen
to the soil and thus acts as an excellent fertiliser to crops and the question
of anaerobic nitrogen loss from tropical soils does not arise.

Moreover, our experiments on compost formation with molasses show
that the total nitrogen in the composts is double the amount originally present
in the soil. The soil organic matter and humus and carbon are also considerably
increased on the addition of molasses. Hence the increased nitrogen is stored
in the soil and is available to plants, the soil organic matter acts as a preserver
of the nitrogen. In a recent publication (1936) we have shown that the percen-
tages of available nitrogen in tropical soils are greater than in those of temperate
climates. Hence the total nitrogen which is added to the soil, due to nitrogen
fixation on the addition of molasses, can partially be converted into the available
form for absorption by plants. Due to the increase of carbon in the soil on the
addition of molasses, the increased amounts of nitrogen arising out of fixation
are well preserved, as it has been proved in our experiments that molasses
can preserve the nitrogen added to the soil as ammonium sulphate. Hence
molasses, which adds both carbon and nitrogen to tropical soils, is a distinctly
better fertiliser for tropical soils than ammonium sulphate. On the addition
of molasses to fields in two consecutive years there is a definite residual effect.
When large amounts of molasses are added, the residual effect may last for
more than two years. Hence molasses has several advantages over artificial
nitrogenous manures.

Another interesting fact that has been brought out by our researches is that
no flies or insects are attracted and no bad smell is given off even when 500 to
1,000 maunds of molasses are added per acre of land exposed to light and air.
It is well known that the soil surface is an excellent adsorbent. The organic
substances and the products of their decomposition are readily adsorbed
by the soil and they undergo decomposition and oxidation readily into carbon
dioxide and water and ammonia when the soil is properly aerated. Hence
molasses is a very suitable fertiliser for tropical countries, as it easily adds both
combined nitrogen and humus, which are the crying need of tropical soils.

Under temperate conditions, it is well known that the addition of carbo-
hydrate-rich material to soil tends to reduce the amount of nitrogen available
to plants, the nitrogen becoming fixed as microbial protoplasm or as humus.
In tropical conditions, however, the available nitrogen is not reduced at all
even when large doses of carbohydrates are added to tropical soils.

We have applied molasses to more than 30 plots of land in different portions
of the University compound and other places and we have always observed
a marked increase in the ammonia and total nitrogen content of the soils on
the application of molasses. In most of our field experiments the amount
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of ammonia after the addition of molasses and aeration inereased three
to four times the amount originally present in the soil. By the application
of 3600 kilograms of molasses per acre of land, and digging and watering the
soil once every 10 days for two months (May and June, 1935), 564 kilograms
of rice (Aus) grains and 1076 kilograms of straw were obtained by us in the
molassed land, while 340 kilograms of rice grains and 896 kilograms of straw
were grown in the control land. ‘

Recent work of Sethi, Batham, and Nigam in the U.P. and of Mirchandani
in Behar (private communication) shows that molasses not only adds nitrogen
to the soil by fixation and improves the crop yield with wheat, rice and sugar-
cane but improves alkali soils as well. These results are in entire confirmation
of the observations of Dhar and his collaborators.

TasLe 31.

Nitrogen fization in the oxidation of sodium salts of organic acids.

NH; -N. Nitric-N. Total-N. Total-C. Heat  of
combustion
Analysed on 14-3-36 of the acid
per 1 gm.
Sodium tartrate
12924 g.4+200 g.
s0il .o 0-00186 0-00164 0-0458 2-268
Sodium citrate 12-22
g.+200g. soil .. 0-00186 0-00164 0-0458 2:424
Sodium stearate 10-8
g.4+200g. s0il .. 0-00186 0-00164 0-0458 4-384
Sodiurn  palmitate
10:7 g.+200 g. soil 0-00186 0-00164 0-0458 3-887
Sodium oleate 10-86
g.+200g. soil .. 0:00186 0-00164 0-0462 4-02
Analysed on 16-7-36.
Sodium tartrate
12924 g.4+200 g.
soil .. 0-0014 0-00144 0-0467 1-872 1-88 Cal.
Sodium citrate 12-22
g2.4-200g. soil .. 0-0014 0-00144 0:05 1:91 2-48 Cal.
Sodium stearate 10-8
g.-+200 g.soil .. 0-00116 0-00194 0:0583 2-323
Sodium  palmitate
10-7g.+200 g. soil 0-0019 0-00268 0-054 2-212 9-21 Cal.
Sodium oleate 10-86
g2.+200g. soil .. 0-0014 0-0025 0-0534 2-4522

The foregoing results show that cellulosic substances like filter paper,
dry leaf, etc., when mixed with soil and exposed to sunlight or kept in the dark,
cause nitrogen fixation. When mixed with small amounts of molasses the
cellulosic substances undergo oxidation more readily and cause greater fixation
of atmospheric nitrogen. The nitrogen fixation in sunlight is greater than
in the diffused light or in the dark. Similar results have been obtained with
cow-dung and wood fibre. These results are most important, because they
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show that cellulosic materials, plant residues, leaves, cow-dung, etc. not only
increase the humus content ofithe soil, and improve the soil tilth, moisture
retention capacity, and act in the conservation of the soil nitrogen, but these
substances also add nitrogen to the tropical soil by nitrogen fixation. Hence,
cow-dung, which. is used as a manure, has been found to supply to the soil
not only the nitrogen it contains but it can also add nitrogen to the soil from
the nitrogen of the air by fixation.

According to Mutterlein’s calculation (Mutterlein, 1913) one acre of soil in
Germany receives yearly about 200 kgms. of cellulose in the form of manure.
It appears that this large amount of cellulosic matter added to the soil may be
partially utilised in nitrogen fixation in temperate climates. In tropical climates,
however, due to the high temperature and great intensity of sunlight and the
greater activity of the Azotobacter, the soluble carbohydrates, pentosans and
cellulosic substances are oxidised at the soil surface at a great speed with the
liberation of large amounts of energy necessary for nitrogen fixation. Hence
manuring of tropical soils by the addition of molasses and cellulosic materials is a
highly important practical proposition. We are of the opinion that Indian soils
would have been exhausted from the nitrogen point of view long ago had not
the compensating agency, e.g. the fixation of atmospheric nitrogen by the
addition of carbohydrates, pentosans and cellulosic materials to the soil, been
counteracting the nitrogen loss. Moreover, the researches of Dhar and Atma
Ram (1933) show that the tropical soil receives more available nitrogen from
rain water than in temperate climates.

The results recorded in Table 31 show that nitrogen fixation also takes
place when sodium salts of organic acids are allowed to oxidise in air on the soil
surface. Our experimental results show that the greater the amount of energy
liberated in the oxidation of the sodium salts of organic acids, the greater is
the amount of nitrogen fixed. Thus with sodium stearate, palmitate, and
oleate there is more nitrogen fixation than with the sodium salts of lower acids.

Raussell (‘ Soil Conditions and Plant Growth ’, 1932, page 362) has reported
that the nitrogen content of a grass land increased from 0:1529, in 1856 to
03389, in 1912. Similarly a land permanently covered with vegetation
for 24 years showed an increase from 0:108%, to 0:145%,. It appears that this
increase in the total nitrogen content of these soils is chiefly due to the fixation
of nitrogen from the air caused by the liberation of energy from the oxidation
of cellulosic and other carbonaceous substances on the surface of the soil.

INrLUENCE OF LiGHT ON NITRIFICATION AND AMMONIFICATION.

In publications from these Laboratories (Compare Dhar ‘ Influence of
light on some Biochemical Processes’.—Society of Biological Chemists,
Bangalore, India, 1935) we have tried to establish that light plays an important
role in the processes of ammonification, nitrification, denitrification and nitrogen
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fixation under agrobic conditions in the soil. From our experimental results
we are convinced that all these soil processes can take place in the complete
absence of micro-organisms provided light is available. It is gratifying to
note that soil bacteriologists like Dr. Corbet, working at Jealott’s Hill Experi-
mental Station, England, Dr. Allen of the Hawaii University, and Messrs.
Sarkaria and Fazaluddin of the Agricultural College, Lyallpur, Punjab, and
others are in general agreement with our conclusions, although some investi-
gators were unable to confirm our observations. The main difficulty of this
type of work is that in all these processes, ultraviolet light being more effective
than visible radiations, glass vessels are not much good as they cut off most
of the ultraviolet radiations. When proper precaution is taken regarding
the technique, our results ought to be easily reproducible.

Recently Wad and Aurangabadkar (1936) have obtained greater amounts
of nitrate formation in sunlight than in the shade using sterile and ordinary
soils in the nitrification of ammonium sulphate and composts, but these authors
attribute without proper evidence the greater nitrification in sunlight to higher
temperature rather than to sunlight. In this connection, the following state-
ments of Corbet (1935 ; 1934) are of considerable interest :—* The photochemical
ozidation of ammonia to nitrous acid. The recent investigations of Dhar and
his co-workers show clearly that nitrite formation can be effected in the absence
of micro-organisms. In the present research, experiments were carried out
to determine the extent of the photochemical oxidation of ammonium sulphate
and the results obtained by the Indian investigators were confirmed.

‘ The criticisms advanced by Fraps and Sterges against the work of Dhar
and Gopala Rao are without substance, since in their experiments, soil was
exposed to the sun in pyrex beakers covered with glass. The writer has
confirmed that no ultraviolet radiations of wavelength capable of oxidising
ammonium salts to nitrite can penetrate these materials.’

Moreover, O. N. Allen (1934) has made the following observations i—‘ Photo-
chemical nitrification :—The work of Rao and Dhar has done much to explain
nitrification in tropical areas upon a purely chemical basis. Their results
seem to warrant that to a certain extent nitrification is photochemical in nature,
the process taking place at the surface of various tropical soils in the presence
of certain photosensitisers under the influence of sunlight.’
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TasLe 32.
Nitrification of Ammonium salts exposed to sunlight for 550 hours.

Amount Amount
Condition Nf?‘ tuirle of salt of salt P, erggjl;taége
ot s0 unoxidised oxidised oxidise
NH,CIL
Sunlight unsterilised 1-98 gm. 2-6 gm. 58
Dark s 4-2 0-7 14
Sunlight sterilised 2-3 2-3 50
Dark v 4-4 0-5 10-2
(NH,)2HPO,
Sunlight unsterilised 1:85 gm. 2-8 60-2
Dark 9 4-4 0:55 11-1
Sunlight .. sterilised 2-15 295 55
Dark .. ' 46 : 0-30 6
. g (NH,4)280, ;
Sunlight; .. | unsterilised 3:36 gm. 1:15 23
Dark o » 475 | 0-15 3
Sunlight .. sterilised 4-2 i 0-8 16
Dark o ., 485 ! 01 2
! i

Influence of light on Ammonification.

In a recent communication Dhar and Atma Ram (1933) have shown that
aqueous solutions of amino acids like glycine are very readily oxidised into
ammonia, formaldehyde and carbon dioxide when exposed to air and light. Ex.
periments carried on in witro by Dhar and Mukerji and Gopala Rao and Dhar
show that the amounts of ammonia obtained on exposing solutions of amino
acids like glutamic acid, aspartic acid, etc. to light increase on passing air
through solutions of these amino acids. These are cases of oxidative deamina-
tion. The formation of ammonia from these amino acids is greatly increased
by the presence of the solid surfaces like TiO,, ZnO, Si0,, eto., the best results
are obtained with TiO,. The following Table shows the amounts oxidized with
different nitrogenous substances after 20 hours’ exposure to sunlight. In the
dark, there is no oxidation.

TasLe 33.
No surface With 5 gms. TiOy
Air not passed Air passed Air not pagsed Air passed
(percentage (percentage (percentage {percentage
oxidised) oxidised) oxidised) oxidised)
Aspartic scid 0-062 0-064 4-43 5:32
Glutamic acid 0-059 0-063 0-35 0-44
Egg-yellow 0-16 0-194 57 97
Egg-white 0-145 0-222 17-6 40-
Blood serum 0-844 0-996 10-8 12-8
Gelatine 0-762 0-822 39-9 45-1
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TasLe 34.

The following results show that proteins are more easily oxidised than the amino
acids :—

Percentage oxidation after | Amount of total nitrogen
20 hours® exposure in grams as NHs per
with TiOg litre
Glutamic acid . . 0-34 0-570
Aspartic acid 4-45 0-640
Gelatine 39-9 2-377
Blood serum 10-8 4715
Egg-white 17-6 3180
Egg-yellow 57 3-505

These experimental results show that on exposing ammonium salts to
light mixed with soil the greater part of the ammonium compound is oxidised
to nitrite and nitrate after 550 hours’ exposure with ammonium phosphate
and chloride. The sulphate is much less oxidised. The oxidation in vessels
coated with black Japan enamel (dark) is much smaller than those receiving
light. If nitrification is mainly a bacterial process as is generally believed,
the amount of nitrification in the vessels in the dark with unsterilised soil
should not have been materially different from those exposed to light. More-
over, the nitrification in the vessels kept in the dark and containing unsterile
soil is not widely different from those with the sterile soil. It seems likely
that due to the high temperature also prevailing in the dark vessels, the bacteria
considerably decrease in numbers. As the light and dark experiments are
exactly comparable, any bacterial contamination due to the introduction of
air containing dust particles would affect the nitrification in all sets equally,
because the experiments are conducted at the same place. The results of
our experiments, however, show that nitrification is only prominent in vessels
receiving sunlight and this is not likely to be a matter of chance only. Exactly
similar bebaviour is observed in our experiments on ammonification.

In a recent quantitative study we have been able to show that dilute
solutions of sodium or potassium nitrite are almost completely oxidised to
nitrate when exposed to light along with photocatalysts like TiO,, ZnO, Fe,O,
and sterilised soil in the absence of bacteria. In the following table the
results obtained with ZnQO as the photocatalyst are summarized :—
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TaBLE 35,

Photo-oxidation of nitrite to nitrate.

107

Amount of nitrite-nitrogen and total N in gm./100 c.c. after an exposure of—

O&glsré:ita;lg\ﬁnt 20 hours 40 hours 60 hours 80 hours
(, |
NO2-N [Total N | NOy-N | Totel N | NOg-N JTocalN l NOy-N ! Total N| NO,-N | Total N
0-0686 | 0-0686 | 0-0648 | 0-0684 | 0-06034 | 0-0684 | 0-050 | 0-0684 |0-0432 |0-0684
00343 | 0-0343 | 00280 | 0-03452 | 0-023¢ | 0-03398 | 0-01522] 0-03396/ 0-00761 | 0-0341
0-0171 | 0-0171 | 0-00934 | 0-01646 | 0-003226, 0-01599 | 0-00006] 0-01598] nil | 00162
0-00855 | 0-00855) 0-00108 | 0-00848 nil \0-00848‘ nil 0-00848] mil | 0-00848
i

The foregoing results show that in the more concentrated solutions the
amount of oxidation is less, but in the dilute solutions even after 40 hours’
exposure the oxidation of the sodium nitrite to sodium nitrate is complete,
It is clear, therefore, that aqueous solutions of a nitrite when exposed to light
and air undergo the following reversible change :—

2NaNO,+0,==2NaNO,

Thus from the experimental work carried on in these laboratories we find
that not only are ammonium salts oxidised to nitrite by air in the presence
of light, but the nitrites are also in their turn readily converted into nitrate
when exposed to light and air along with the photocatalyst. It seems, therefore,
that the whole processes of nitrification and nitrogen-fixation may be photo-
chemical.

The increase in the fertility of soil as a result of exposure to sunlight as
practised in India, Egypt and other countries from time immemorial can be
easily explained from our photochemical theory.

Influence of temperature on bacterial nitrification.

The bacterial theory of nitrification and of other soil processes have been
holding the field to a large extent. However, there are certain facts known
to us which do not find a solution on the bacterial theory. Our attention
was, therefore, directed to find out the cause of these divergencies and
various experiments are being conducted in these laboratories.

We made a study of the effects of temperature on nitrite formers and
Azotobacter in pure cultures. Bacterial decomposition of urea was also
studied by us. We further investigated the oxidation of nitrites to nitrates
in sunlight in presence of photocatalysts like ZnO, TiO,, Fe,0,, soil, etc.
We shall briefly summarise our results and the conclusions arrived at.
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Influence of temperature on bacterial nitrication.

For the study of nitrite formers, a pure culture of nitrite forming bacteria
was prepared from the garden soil by Omeliansky’s method of elective culture,
the medium employed being :—

Ammonium Sulphate .. .. . 2 to 25 gm.,
Potassium Phosphate .. .. .. )
Magnesium Sulphate .. .. .. 05 ,,
Sodium Chloride .. .. .. 2,
Ferrous Sulphate .. .. .. 04,
Distilled Water .. .. - 1000 c.c.
Magnesium Carbonate .. .. Excess

(05 gm, per 50 c.c. of the medium)

Equal portions of the medium containing a known amount of the culture
were taken in conical Jena-glass flasks and were kept at various temperatures.
The amount of nitrite formed was estimated by a Duboscq colorimeter from
time to time using a mixture of 0'8 per cent solution of sulphanilic acid in
acetic acid of specific gravity 1'04 and 0-5 per cent solution of naphthylamine
in acetic acid of the same specific gravity as the indicator. The results are

recorded below :—

TasLE 36.

Amount of nitrite formed at various temperatures (Gm. of NOg per litre).

Nitrite formed at temperatures of
Time
0° 15° 20° 25° 30° 35° 40°
Hours.

67 0-000253 0-0001525 0-001169 0-003066 | 0-00792 0-008848 | 0-00064
115 0-000281 0:0002884 0-00175 0-008505 | 0-02304 0-0438 0000689
163 0-000281 0-0004045 0-002779 0-01777 0-0497 0-09385 0-000844
187 0-000281 0-0006595 0-002953 0-02656 0-0673 0-1438 0-000950
211 0-000281 0-001318 0-00376 0-0386 0-08503 0-1987 0-001076
235 0-000281 0-002163 0-004468 005797 0-1026 0-2715 0-00141
259 ° 0-000281 ce 0-00559 0-08585 0-12595 0-3585 0:001781

At 50° the amounts of nitrite formed in the flasks containing the bacteria
were the same as in the control flasks containing no bacteria.

The results recorded in Table 36 clearly show that the optimum temperature
of nitrification with the tropical nitrite forming bacteria is about 35°. The
optimum temperature in colder countries is near about 25°. On account
of the high temperatures existing for the greater part of the year in the tropics
the bacteria in soils of tropical countries have so adapted themselves as to
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thrive best at 35°. It is interesting to note that Panganiban (1925) working
in the Philippines has also observed an optimum temperature of 35° with his
nitrite-forming bacteria.

Table 36 shows that at 0° the bacteria are capable of maintaining the life
activity for some days but a prolonged exposure to this temperature ultimately
results in the complete stoppage of their life activity. Such a culture when
brought back again to optimum conditions fails to show any further sign of
growth even after being kept for 9 months. At 50° also we find that the
bacteria are incapable of existence.

The study of the bacterial ammonification of urea at different temperatures
gave the following results :—

Influence of temperature on the ammonification of urea.
TasLE 37.

Amounts in 5 c.c. of the urea solution which was equivalent to 0-0444 gm. N.

|
Temperature 31°. ( 35° 40° 50° 55°
|
Time | % % % % %
in NH3-N am- NH;3-N atn- NHj3-N am- NH3-N am- NH;3-N am
hc;urs in gms. | monifi- | in gms. | monifi- | in gms. | monifi- | in gms. | monifi- | in gms. | monifi-
cation eation cation cation cation
36 | 0-00195; 4-39 |0-007613) 17-14 |0-01628 | 36.66 | (-00005 | 0-10 0-00004| 0-09
60 | 0-01473 33-18 |0-0225 | 50-7 0-02433 | 54-8 0-00006 | 0-11 0-00004; 0-09
84 | 0:02347 52:9 00322 | 7256 |0-03246 | 73-1 0-000067| 0-12 e .
108 | 0-02442 55-0 0-03466 ‘ 78-1 003495 | 78-7 R Cees
132 e ... 100374 | 84-3 0:0379 85-4

The above results show that the optimum temperature for bacterial
ammonification in the tropics is near about 40°. The maximum temperature
for the survival of the bacteria seems to be between 50° and 55°.

Thus we see that the optimum temperature for ammonification is higher
than the optimum for nitrification. This shows that ammonifying bacteria
have a greater resisting capacity with respect to temperature than is the case
with the nitrite-forming bacteria. A similar relationship has also been noticed
by workers in colder countries though there the optima for nitrification and
ammonification are much below those existing in the tropics.

Influence of temperature on nitrogen-fixation by Azotobacter.

The following procedure was adopted for the study of nitrogen-fixation
by Azotobacter kept at various temperatures.

A three-days-old culture of Azotobacter cells was prepared and 0°2 c.c. of
this was added to each flask containing forty cubic centimeter portions
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of the sterile mannite medium plugged with absorbent cotton. The flasks
were kept at various temperatures along with the control ones and the nitrogen
fixed in the form of NH; was estimated from time to time by Nessler’s reagent
in a Duboscq colorimeter. The results are recorded below :—

Tasre 38.

" Gram of ammoniacal N per litre.

At temperatures of
Hours |

10° 20° 30° 35° 40° 50° 60° 70°

86 nil 0-00086 0-00105 0-00243 0-00096 0-000782 nil nil
168 N 0-002169 | 0-00677 0-0161 0-002749 | 0-001674 ,, »
216 . 0-00565 0-0116 0-0254 0-0064 0-00357 » »
264 " 0-00862 0-012 0-0296 0-00924 0-00535 5 »
312 ” 0-01041 0-015 0-0354 0-01054 0-00654 2 .
360 . 0-01352 0-0167 0-0423 0-01375 0-00895 »s o
408 o 0-0152 0-0207 0-0504 0-0153 0-0094 . s

The foregoing results show that the maximum amount of nitrogen-fixation
by Azotobacter which we isolated from our garden soil is at about 35° whilst
at 10°, 60°, and 70° there is no nitrogen-fixation. The cultures at 10° and 60°
were plated on solid agar medium and it was found that a few colonies developed
on the plates containing the culture at 10°, while on the plates containing the
culture kept at 60° practically no colony appeared. This shows that although
a few Azotobacter cells may remain alive at 10° their activity is practically
nil, which is evident from the fact that no ammonia formation could be detected
in the experimental flasks kept at the said temperature.

Investigations carried on in different temperate countries show that
the optimum temperature is appreciably lower for Azotobacter in colder
countries than 35°.

In the summers of 1933 and 1936 we recorded the soil temperatures at
Allahabad ; in the month of April it rose to 50° at 2 inches depth. May and June
of 1933 were frequently cloudy and the summer was a mild one.

Leather, working at Pusa, India, stated that the maximum temperature at
Pusa may rise to 70° at the soil surface and 60° at a depth of 1 or 2 inches. In
Egypt the recorded temperature is 65° at the surface and 56° at a depth of
2 inches. From our measurements on the influence of temperature on bacterial
nitrogen transformations we find that 35° is generally the optimum temperature
for these processes in the tropics. Beyond 50° the bacterial effect becomes
negligible. Hence, in the tropics, nitrification and nitrogen-fixation in soil can
not be to any large extent of bacterial origin in the months of April, May,
June and July in the daytime when the soil temperature is much greater
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than the optimum for these bacteria. Tn these very months the nitrate in
the soil is, however, the greatest. Even in colder countries like England and
Germany, the soil temperature may rise to 35° or more in summer, although
the optimum temperature for bacterial nitrification there is stated to be 25°.

In these countries also the bacterial nitrification must be greatly reduced
in the summer months as a result of the soil temperature becoming greater
than the optimum temperature for bacterial nitrification, though the nitrate
content of the soil in these countries is also largest in the summér time,

It is generally agreed that nitrification is most active at the surface of the
soil. According to Prescott and Piper nearly 809, of the nitrate accumulation
takes place in the first 31 inches of the soil from the surface. The observations
recorded previously show that the soil temperature in the summer months
in tropical countries nust not be much below 50° even at the depth of 3} inches
from the surface, although the bacterial nitrification has the optimum tempera-
ture of 35°. It appears, therefore, that in the first 3} inches of the soil, where
there is maximum nitrification as observed by different investigators, very
few bacteria can exist in tropical countries in summer months, although the
amount of nitrate in the soil is maximum in summer. We are led to conclude,
therefore, that agencies other than bacterial must be active in causing nitri-
fication which is going on at a maximum speed in the soil in summer months
within 31 inches of the soil. As we have observed that light markedly acce-
lerates the oxidation of amino acids to ammonia, of ammonium salts t0 nitrites,
of nitrites to nitrates and the fixation of atmospheric nitrogen, and that all these
oxidations are accelerated by increase of temperature, we are led to believe
that light absorption and increase of temperature play a more important
réle than bacteria in nitrogen changes in soil in the summer months.

In publications from these laboratories it has been shown that the oxidation
of ammonium salts mixed with sterilised or unsterilised soil in covered vessels
coated with Japan black enamel, when kept in the sun along with the vessels
receiving light, is much smaller than in those exposed to light. If nitrification
were mainly a bacterial process the amount of nitrification in the vessels in the
dark with the unsterilised soil should not have been materially different from
those exposed to light. We have made numerous comparative experiments
like those on the oxidation of ammonium salts to nitrite and of nitrite to nitrate
with both sterilised and unsterilised soil kept in light and in the dark and we
find that the formation of nitrite and nitrate is always much greater in the
vessels exposed to light than in those kept in the dark.

From all the points discussed in the preceding sections it seems that
nitrogen transformations in soil are due more to light than to bacteria specially
in tropical countries.

AVAIEABLE NITROGEN IN TROPICAL SOILS.

Regarding the amounts of available nitrogen (sum of ammoniacal and
nitrie nitrogen) present in English soils, Russell (1932) has stated as follows (—
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‘In normal conditions, the nitrate and ammonia together rarely account
for more than one per cent of the nitrogen in the soil.’

‘ Usually the total amount of nitrogen is so large in comparison with the
amount of nitrate that the changes in amount fall within the limits of experi-
mental error.’

‘ Neither ammonia nor nitrate normally occurs in the soil in any great
quantity ; an usual range on land carrying vegetation is from 5 to 25 parts
of nitric nitrogen and about 5 to 10 parts of ammonia per million of soil, corres-
ponding to about one to three per cent of the total nitrogen.’

The amount of available nitrogen in Russian soils varies from 0-36 to 4:69,.

It bhas already been emphasised that the oxidation processes taking
place in the soil are facilitated to a greater extent in tropical countries due to
sunlight and higher soil temperatures than in temperate climates, It isexpected,
therefore, that the percentage of available nitrogen in the tropical soil is
greater than in cold countries. :

In order to test this point, we have determined the total, ammoniacal
and nitric nitrogen of samples of soils collected from different parts of India.
Our results can be summarised as follows :—

ASSAM (Nyagogra tea estate). Four samples of soil analysed ; the
available nitrogen varies from 25-1 to 40-49, of the total nitrogen, of which the
variation is from 0-092 to 0-1399 of the soil.

BENGAL (Dacca and Nadia). Six samples analysed ; the available
nitrogen varies from 14-3 to 29-79%, of the total nitrogen, of which the variation
is from 0-057 to 0-227%, of the soil.

BIHAR (Pusa). Five samples collected in July, 1932 and analysed in April,
1935 ; the available nitrogen varies from 28:1to 47-79, of the total nitrogen,
of which the variation is from 0-0238 to 0-0313%, of the soil.

UNITED PROVINCES (Allahabad). (z) Thirteen samples of ordinary
garden soil analysed ; the available nitrogen varies from 10 to 31-6%, of the
total nitrogen, of which the variation is from 0-0347 to 0-05829, of the soil.

(b) Five samples of molassed soil of which the C: N ratio is constant,
analysed ; the available nitrogen varies from 11-7 to 289, of the total nitrogen,
of which the variation is from 0-0437 to 0-099, of the soil.

THE PUNJAB (Ranjitkot, Hiyatpur and Chhanwali). Three samples
analysed ; the available nitrogen varies from 13-4 to 15-29%, of the total nitrogen,
of which the variation is from 0-04 to 0:05829%, of the soil.

MADRAS (Waltair). Two samples analysed; the available nitrogen
varies from 15 to 24:9%, of the total nitrogen, of which the variation is 0-0309
to 0:0625%, of the soil.

The foregoing results show that the amounts of available nitrogen varies
from 10 to 47-7%, of the total nitrogen in the soils collected from different
parts of India. The percentage of available nitrogen of a soil from Bangalore,
which is a cool place, is 8'5. Hence the portion of available nitrogen in com-
parison with the total nitrogen in tropical soils is much greater than that
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present in soils of temperate climates. It appears, therefore, that the solar
radiations, which fall on the tropical soil, help in the oxidation of the nitro-
genous substances present in the soil, which is rendered suitable for plant
growth, although the total nitrogen in tropical soils is generally less than in
those of temperate countries.

Significance of carbon-nitrogen ratio in soil.

It is well known that in soil which is well-aerated, the chemical changes
affecting the carbon and the nitrogen present in the soil are intimately
connected, It is generally believed that the combined nitrogen existing in
the soil can form nitrate only if the ratio of carbon to nitrogen is not greater
than 10 to 11; when the proportion of carbon is greater, the excess is
oxidised to carbon dioxide and the nitrogen remains as complex protein,
When, on the other hand, the proportien of nitrogen is greater than the above
ratio, the nitrogenous compound is changed into ammonia and nitrate.

From our researches on the nitrogen transformations in the soil, we are
of the opinion that when the carbon content of the soil is increased by the
addition of energy-rich substances like carbohydrates, cellulose, etc. the energy-
rich substances are readily oxidised on the soil surface causing nitrogen
fixation. This important factor tends to increase the nitrogen content of
the soil. The oxidation of carbohydrates, cellulosic materials, etc. on the
soil surface may take place through the agencies of bacteria, sunlight,
inductors, and catalysts. Whatever may be the agency which is effective,
these processes cause liberation of energy which is utilised in the nitrogen-
fixation. Under ordinary soil conditions, all these agencies are responsible
for the oxidation of carbohydrates and cellulosic materials, and in this process
the soil is enriched from the nitrogen point of view. In presence of large
amounts of carbohydrates and cellulogic materials, the proteins, amino acids
and ammonium salts present in soil are protected from oxidation and these are
conserved in the soil. When the carbonaceous substances are oxidised to a
great extent, ammonification, nitrification, etc., which are also mainly oxidation
processes accelerated by sunlight, high temperature, surface of catalysts,
inductors, bacteria, etc., become prominent in the soil. In these processes
appreciable amounts of loss of nitrogen in the gaseous state takes place.

The retarding influence of different carbohydrates and carbonaceous
compounds in the processes of ammonification and nitrification is observed
with different bacteria, fungi, ete. of different energy and food requirements,
and is not regulated by their demands, but forms a part of an universal pheno-
menon taking place in the animal, plant, and in soil processes as well as in

, vitro, in which it is always observed that a readily oxidisable organic substance
can act as a negative catalyst in the oxidation of another substance. We are
of opinion, therefore, that the carbon-nitrogen ratio in soils is not controlled
by the energy requirements of the micro-organisms, as advocated by Doryland
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{1916) but is regulated by the ease with which proteins, amino acids, ammonium
salts, etc. are oxidised by air, aided by bacteria, catalysts and light in presence
of carbonaceous substances under different conditions and the oxidations
taking place in the soil seem to be guided by the same laws, which rule animal
metabolism,

Influence of temperature on the carbon-nitrogen ratio in soils.

A garden soil was heated in a steam oven at 80°-85° for nearly 18
months and the carbon-nitrogen ratio was determined from time to time.
The following results show that the carbon-nitrogen ratio appreciably increases
as the heating is continued :—

TasLE 39.

Date of analysis Carbon Nitrogen C/N
23-2-35 .. .. 0-563 0-056 10-05
23.3-35 .. .. 0-57 0-0544 10-45
23-4-35 . .. 0-5608 0-0509 11-01
23-7-35 .. . 0-5646 0-045518 12-48

4-5-36 . .. 0-5581 0-04227 13-2

The foregoing results support our contention that the greater the tem-
perature of the soil, the higher is the carbon-nitrogen ratio.

Our experimental results show that the carbon-nitrogen ratio is highest
in the soils from the Punjab and the value is 14-4 ; in the United Provinces
it is 11-8, in Bihar it is 9-2 and in Bengal the ratio is 9-1. The carbon-nitrogen
ratio in soils collected from different countries seem to support the above
view-point. The average ratio of 50 English soils is 10. In Wales it is 9-2.
In the Washington State after long cultivation the value is 10-2. Tn the Sudan
it is 12-6 and in Transvaal it is 14-4.

NITROGEN LOSS FROM SOIL IN SUNLIGHT AND ITS RETARDATION.

The researches of Lipman and Blair, Soil Sci., 12, 1 (1921), Russell and
Richards, J. Agric. Sci., 8, 495 (1917), Shutt, ibid., 3, 335 (1910) and others
show that nitrogen in the gaseous stage is lost from soils when the conditions
are favourable for oxidation. The loss of nitrogen in this process may be more
than double the amount of nitrogen taken up by the plant grown on the soil.
Nearly 709, of the added nitrogen is said to have been lost when wheat plots
in Rothamsted, England, have received 14 tons of farmyard manure contain-
ing 200 lbs. nitrogen per acre.

A greater loss of nitrogen is observed when a manure is composted under
aerobic than anaerobic conditions. According to Niklewski, Rocz. Nauk.
Eoln., 9, 1 (1923}, there is more loss of nitrogen from stable manure in presence
of nitrifying bacteria than in their absence. It has also been reported that
in the nitrification of different oil-cakes, the loss of nitrogen is the greatest
with the most easily and quickly nitrifiable cakes. Recently Viswanath,
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Sci. Reports Dept. Agric. Madras (1930-31) has obtained greater nitrogen loss
and greater velocity of oxidation in the nitrification of ammonium salts than
with farmyard or green manure. It is established that when there is a large
amount of carbonaceous matter present in the manures along with nitrogenous
compounds, the velocity of the oxidation of nitrogenous compounds and the
-amount of nitrogen loss are also decreased.

Experiments carried on at different places show that the total amount
of nitrate present in soils containing crops is less than that in neighbouring
fallow soils even when a correction is applied for the amount of nitrate taken
up by the crop. The oxidation processes are more vigorous in soils with crops
than in those without them. Russell (Soil Conditions and Plant Growth, pp.
-368-369 ; 1932) has stated this problem of the loss of nitrogen in the following
words :—° There is considerable difficulty in accounting for the nitrogen lost
from the soil during the first 20 or 30 years of cultivation. It has, therefore,
been supposed that nitrogen is evolved during the oxidation, and as all attempts
to break off nitrogen from nitrate in these conditions have failed, it is assumed
to come from the organic matter. This assumption involved the difficulty
that no loss of nitrogen has been observed in the straightforward bacterial
-oxidation of organic substances such as albumin, asparagin or mixtures such

as urine or faeces.” ‘Yet somehow and somewhere gaseous nitrogen must be
-evolved to balance the considerable amount of fixation that is known to take
place.’

The results obtained by Dhar, Tandon, and Mukerji, J. Indian Chem. Soc.,
12, 67 (1935) show that the loss of nitrogen on exposing ammonium salt
solutions to light and air is always greater in light than in the dark. The
-oxidation of ammonium salts by air is greater in light than in the dark and
hence the possibility of the formation of ammonium nitrite is greater in light
than in the dark. Several years ago Dhar, Proc. K. Akad. Wet. Amsterdam,,
23, 308 (1920) observed that solutions of ammonium nitrite decompose into
nitrogen and water when exposed to sunlight and this photochemical decom-
position is facilitated by acids and different solid surfaces. Moreover, the
recent observations of Dhar, Tandon, and Mukerji (loc. cit.) show that solutions
of ammonium chioride and sodium nitrite decompose readily with evolution
of nitrogen when exposed to sunlight in glass beakers or quartz tubes mixed
with sterilised or unsterilised soil. This decomposition can take place under
completely sterilised conditions in the complete absence of bacteria. More-
over, this decomposition is less pronounced in dilute solutions of ammonium
nitrite and also when cane sugar is added to the solution containing ammonium
and nitrite ions. '

All these observations have been explained from the viewpoint that in
the processes of ammonification and nitrification taking place in the soil or
in solutions, ammonium nitrite is produced. Solutions of ammonium nitrite
have been found to decompose into nitrogen and water readily by increase
of temperature or exposing them to light. The formation of ammonium
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nitrite from ammonium salts or proteins requires oxygen and that is why
this type of denitrification is facilitated by increased soil aeration, and also soil
acidity, as nitrous acid also undergoes decomposition according to the equation :

3 HNO,sHNO,+2 NO+H,0.

This chemical change is also markedly accelerated by light.

There is also the possibility of the reaction of nitrous acid on amines,
amides and amino acids, which may sometimes be formed in the decomposi-
tion of soil organic substances. This important phenomenon first studied
systematically by Lipman and Blair and emphasised by Russell has now
been satisfactorily explained by Dhar and collaborators, Nature, 134, 572
(1934).

Addition of carbonaceous substances like molasses tends to preserve the
nitrogenous compounds present in the soil by decreasing the probability
of the formation and decomposition of ammonium nitrite.

Tarre 40.
Decomposition of ammonium nitrite solutions at 20° and 30°.

NH3-N added as (NH4)980,=0'14 g.=10 cc. NOg-N added as Ba(NO3)a=0-148 gr..
=10 cc. Total-N added=0-29 gr.

Light (1000 watt tungsten filament lamp).

Exposure at NH;3-N. NQOy-N, Total-N. WHz-N. NOy-N. Total-N. 9
left. left. left. lost. lost. lost. lost.
30° for 5 hours .. 0-1343g. 0-1422 g. 0-2786 g. 0-0057 g. 0-0058 g. O- 0114g 39
30° for 10 hours .. 01272 0135 0-2642  0-0128 0-013 0-0258 82
30° for 20 hours .. 0-112 0-12 0-234 0-028 0-028 0-056 19-6
20° for 5 hours .. 014 0-148 0-29 nil nil nil nil
20° for 10 hours .. 01312 014 0-271 0-0088 0-0098 0-019 65
20° for 20 hours .. 0-123 0-132 0257 0-017 0-016 0-033 11-3
20° for 40 hours .. 01152 01248 0-2402  0-0248  0-0232  0-0498 17
Dark.
30° for 5 hours 014 0-148 0-29 nil nil nil nil
30° for 10 hours 0-1372  0-1452 0-2855 0-0028 0-0027 0-0045 0-1
30° for 20 hours 0-1327 0-14 0-2754 0-0073 0-008 0:0146 5
20° for 5 hours 0-14 0-148 0-29 nil nil nil nil
20° for 10 hours 0-14 0-148 0-29 nil nil nil nil
20° for 20 hours 0-14 0-148 0-29 nil nil nil nil
20° for 40 hours 0-1318  0-14 0-2729 0-0082 0-008 0-0171 57
Loss of nitrogen in Percentage loss in
Dark+Light. Dark only.  Light only. Dark. Light..
5 hrs. at 30° . 00114 g. nil 0-0114 g. nil 39
10 brs. at 30° .. 0-0258 0-:0045 0-0213 01 81
20 hrs. at 30° .. 0-056 0-0146 0-0414 50 14-6
5 hrs. at 20° .. il nal nil nil nil
10 hrs. at 20° .. 0-019 nil 0-019 nil 65
20 hrs. at 20° .. 0-033 nal 0-033 nil 11-3

40 hrs. at 20° .- 0-0498 0-0171 0-0327 57 11-5
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The foregoing results show that solutions of ammonium nitrite decomposg
appreciably in the dark at 20° and 30°. This decomposition is appreciably
increased by exposing the solutions to the total light from a 1000 watt tungsten
filament lamp. .

TaBLE 41.

Influence of sunlight on the nitrification and denitrification of ammonium
sulphate added to fields.

138-6 kg. of nitrogen as (NH4)9SO4 per acre of land used.

Condition, NH;3-N.  Nitric-N. Available-N. Total-N.  Total-C.  Date of
Analysis.
Uncovered .. 00329 000289 003489, 0-14%  0-476%  18-1.36
Covered .. 0-0373 0-004 0-0413 0-148 0-48 ’
Uncovered .. 0-008 0-00934 0:01734 0-1081 0-481 30-1-36
Covered .. 0-032 0-0056 0-0376 0-1382 0-482 s
Uncovered .. 0-00582 0-01132 0-01714 0-1032 0-478 19-2.36
Covered .o 00224 0-0082 0:0306 0-1328 0-478 s
Uncovered .. 0-00504  0-01194  0-01698  0-0995 0-478 9-3-36
Covered .. 002176 0-00924  0-031 0-1324 0-472 s
Uncovered .. 0-00416 0:01224 0-0164 0-0982 0-478 4-4.36
Covered .. 0:0211 0-00976 0:0308 - 0-1312 0-478 »s
Uncovered .. 000324  0-01302 0-1626 0-09212  0-478 25-4-36
Covered .. 00185 0-01144 00299 ©  0-1308 0-478 »
TaBLE 42.

277-2 kg. of nitrogen as (NH)2SO4 per acre of land used.

Uncovered .. 0-04689; 0-00289;, 0-04969% 0-2009% 04769, 18-1-36
Covered .. 0-0624 0-004 0-0664 0-2 0-482 »
Uncovered .. 00234 0-01468 0-03808 0-167 0-481 30-1-36
Covered .. 0-0500 0-0048 0-0548 0-1902 0-482 ,,
Tncovered .. 0-020 0-01488 0-03488 0-1425 0-478 19-2-36
Covered .. 00442 0-00844 0-05264 0-1842 0-478 »
Uncovered .. 0-01844 0-01544 0-03388 0-1325 0-478 9-3-36
Covered .. 0-0425 0-00936 0-05186 0-1841 0-478 ’
Uncovered .. 001784 0-0157 0-03354 0-1281 0472 4-4-36
Covered .. 004024 0-01056 0-:0508 0-1834 0478 »
Uncovered .. 0-00862 0-01848 0-0271 0-1122 0-472 25-4-36
Covered .. 0-03824 0-:01242 0-0506 0-1832 0-472 .

These experimental results show definitely that the nitrification of
ammonium sulphate is much quicker in the plots receiving sunshine than in
those which are covered with wooden planks. Moreover, in the uncovered
plots there is more nitrogen loss than in the covered plots. Thus, when
138-6 kg. of nitrogen were added to the soil, the loss in nitrogen in the
uncovered plots amounted to 34-2% in about 3 months, whereas in the
covered plots the loss is only 11:6%,. Similarly with 277-2 kg. of nitrogen the
loss is 43-99, in the uncovered and 8:29, in the covered plot. These results
conclusively prove that in presence of sun]ight ammonium sul_pha,te is nitrified
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at a much greater speed than in the dark. Along with the greater velocity
of nitrification in sunlight, there is a concomitant greater loss of nitrogen in
sunlight than in the dark. These results strongly support our conclusion,
that sunlight plays an important part in the nitrification and in dénitrifica-
tion in tropical countries.

We have already emphasised that this type of denitrification, when the
conditions are favourable for oxidation and nitrification of the nitrogenous
compounds in the soil, is caused by the formation and decomposition of NH,NO,
in the process of nitrification. The formation of ammonium nitrite from
ammonium salts and proteins requires oxygen, and that is why this type of
denitrification is facilitated by increased soil aeration. In the process of
nitrification, the ammonium ion is replaced first, by the acidic NO, ion and
finally by NO,, and hence in the process of nitrification the acidity of the system
increases. It is well known that the nitrous acid decomposes according to
the equation

3 HNO,=2HNO,;+2NO+H,0.

Moreover, the acids have been found to facilitate the thermal and photo-
chemical decomposition of ammonijum nitrite, which is temporarily formed in
the soil in the process of nitrification. Murty and Dbar (1931) have also
shown that sunlight or artificial light markedly accelerates the decomposition
of nitrous acid according to the above equation. All these factors are
responsible for the nitrogen loss from soils, when ammonium salts or proteins
added or present in the soil undergo nitrification. In the previous pages it has
been emphasised that the presence of carbonaceous substances like carbo-
hydrates, fats, etc. along with the nitrogenous substances retard the nitrogen
loss from soils. It has been shown by us that in presence of the carbonaceous
substances, the velocity of nitrification of nitrogenous compounds is decreased
and consequently the nitrogen loss is concomitantly decreased. The following
field trials obtained with the addition of (NH,),S80, to the soil with or without
molasses show definitely that molasses retards the velocity of nitrification and
denitrification in soils.

TaBLE 43.
Retardation of nitrogen loss from field soils by the addition of molasses.

17-325 kgm. of nitrogen as (NH4)o80, per acre of land used and 3000 kilograms of
molasses per acre.

Condition. NH;-N.  Nitric-N. Available. Total-N. Total-C. Date of
N. analysis.
Unmolassed .. 0-008329, 0-003509, 0-011829, 0-05839%, 0-4169, 27-9-35
Molassed .. 0-00814  0-00350  0-01164  0-0588 0-587 »»
Unmolassed .. 000636  0-00556  0-01192  0-0583 0-416 12-10-35
Molassed .. 000778  0-00426  0-01204  0-0609 0-578 »
Unmolassed .. 0-00608  0-006 0-01208  0-0538 0-416 24-10-35
Molassed .. 000778  0-00582  0-01360  0-0625 0-501 .
Unmolassed .. 0-00438 0-00714 0-01152 0-0538 0-411 7-11-35

Molassed .. 00070 0-00636  0-01336  0-0636 0-498 »”



Condition.

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed
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NH;-N.

0-0042
0:0064

0-0064
0-00424
0-00622

0-0042
0-006

TABLE 43—-contd.
Nitriec-N. Awvailable-
N.

Total-N.
0-0538
0-0634

0-0532
0-0638

0-0532
0-06349
0-0532
0-0635

119

Total-C. Date of
analysis.
0-412 13-12-35
0-500 ’
0-422 10-1-36
0-489 "
0-422 11-3-36
0-4899 s
0-434 30-4-36
0-489 ’

34-65 kg. of nitrogen as (NH,)s804 per acre of land used and 3000 kilograms of molasses

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

0-01228

0-00768
0-01076
0-00754
0-0100
0-00538
0-00896
0-00502
0-0088
0-00488
0-008
0-00464
0-00644

0-0045
0-006

0-00714 0-01130
0-0064 0-0128
0-0064  0-0128
0-007 0-01124
0-0066 0-01282
0-007 0-0112
0-0066 0-0126
TasLre 44.
per acre.
0-012069, 0 00344% 0-01559,
0-00344°  0-01572
0-00636 0-01404
0-00436 0-01512
0-00636 0-01390
0-00636 0-01636
0-00776 0-01314
0-00874 0-0177
0-0078 0-01282
0-0088 0-0176
0-008 (-01288
0-008 0-016
0-0082 0-01284
0-0082 0-01464
0-0082 0-0127
0-0084 0-0144
TABLE 45.

0-0603%
0-0608

0-0609
0-0636

0-0593
0-0673
0-0583
0-0667
0-0583
0-0667
0-0574
0:067

0-0572
0:0668
0-0572
0-0668

0-4179,  27-9-35
0-587 .
0-416  12-10-35
0-573 .
0-421  24.10-35
0-507 ”
0-418 7-11-35
0-502 .
0-418  13-12-35
0-500 .
0-422 10.1-36
0-512 N
0-422 11-3-36
0-509 .
0-434 30-4-36
0-509 .

69-30 kg. of nitrogen as (NH)380, per acre of land used and 3000 kilograms of

Condition.

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed.

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

Unmolassed
Molassed

NH;-N.
0-02032%,
0-02044

0-00874
0-0140

0-00754
0-01272

0-00636
0-:0100

0-00578
0-0096

0-:0056
0-008
0-0047
0-00656

0-0044
0-006

molasses per acre.
Nitric-N. Available-
N.

0-003569, 0-023889,

0-00384

0-00932
0-00636

0-01040
0-00874

0-01166
0-00972

0-0116
0:0098

0-01144
0-0100

0-01176
0-01056

0-0117
0-0106

0:02428

0-01806
0-02036

0-01794
0-02146

0-01802
0-01972

0-01738
0-0194

0-01704
00180

0-01646
0-01712

0-0161
0-0166

Total-N.

0-07579%
0-0757

0-0700
0:0760

0-0636
0-0823

0-0612
0-0828
0-061

0-0830

0-0596
0-0842

0-0595
0-0844

0-0595
0-0841

Total-C.  Date of
analysis.
0-4169, 27-9-35
0-585 "
0-416 12-10-35
0-574 s
0-416 24-10-35
0-574 s
0-422 7-11-35
0-552 s
0:422 13-12-35
0'542 2
0422 10-1-36
0-532 .
0:4234 11-3-36
0-5312 v
0-428 30-4-36
0-5321 »
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TaBLE 486.
138-60 kg. of nitrogen as (NH,4)380, per acre of land used and 3000 kilograms of molasses
per acre.
Condition. NHz-N. Nitrie-N. Available- Total-N. Total-C. Date of
N. analysis.
Unmolassed .. 0-032 0-0028 00348 0-14 0-476 18-1-36
Molagsed .. 0032 0-0028 0:0348 0-14 0-7435 »
Unmolassed .. 0-0080 0-00934 0-01734 0-1081 0-4812 30-1-36
Molassed .. 0-0112 0-00972 0-02092 0-1179 0-7452 »
Unmolassed .. 0-00582 0-01132 0-01714  0-1032 0-478 19-2-36
Molassed .. 0-0100 0-0100 0-020 0-1185 0-7442 .
Unmolassed .. 000504  0-01194 0-01698  0-0995 0-478 9-3-36
Molassed .. 0-00984 0:0102 0-02004 0-1172 0-744 »s
Unmolassed .. 000416 001224 0-0164 0-0982 0-478 4-4-36
Molassed .. 000956  0-01048  ©0:0200 0-1092 0-742 .
Unmolassed .. 000324  0-01302  0-01626  0-09212  0-478 25-4-36
Molassed .. 000896 001104 002 0-1012 0-742 .
TaBLE 47.

2772 kg. of nitrogen as (NH4)9S04 per acre of land used and 3000 kilograms of
molasses per acre.

Unmolassed .. 004689 0-00289% 0-0496%, 0-200%  0-476%  18.1.36
Molassed .. 00468  0-0028 0-0406 0-200 0-743 .
Unmolassed .. 00234 001468 003808  0-167 0-481 30-1-36
Molassed .. 0029 0-01504  0-04404  0-1866 0745 ,
Unmolassed .. 0-020 0-01488 003488  0-1425 0478 19-2-36
Molassed .. 00294 001510 0-0445 01788  0-744 .
Unmolassed .. 001844  0-01544  0-03388  0-1325  0-478 9.3-36
Molassed .. 002774 001462  0-04236 01725  0-744 .
Unmolassed .. 0-0178¢ 00157 003354 0-1281  0-472 4.4-36
Molassed .. 00248 00164 00412 0170 0743 .
Unmolassed .. 0-00862  0-01848  0-0271 01122  0-472 25-4-36
Molassed .. 0-01856  0-02024 00388  0-1642  0-742 N

Thus with 138-6 kg. of nitrogen as ammonium sulphate per acre of land,
the loss of nitrogen amounts to 34-2%, in the absence of molasses, whilst with
molasses it is 27-19,; with 277-2 kg. of nitrogen the loss is 43-99, without
molasses, with molasses the loss is only 17-9%,.

It will be clear, therefore, that the value of ammonium sulphate as a manure
to be used in tropical countries should be greatly enhanced, if it is mixed with
molasses, fats or any other carbonaceous material. Recently oil-cakes con-
taining fats and nitrogenous compounds have been found to be effective in
tropical countries as nitrogenous manures, because fats are known to retard the
oxidation and nitrification of the nitrogenous compounds in the soil. 1t is
clear why farmyard or green manure produces better crop yield than am-
monium sulphate alone, because the carbonaceous substances present in the
farmyard or green-manure retard the nitrification of the nitrogenous com-
pounds present in the soil and decrease the nitrogen loss. As a matter of
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fact, when farmyard manure is added to the soil more nitrogen is conserved
and fixed in the soil than with ammonijum sulphate. This is evident from the
following important results obtained from the Rothamsted fields :—

Total N.
1. Receiving no manure since 1843 .. .. .o 00959,
2. Receiving farmyard manure since 1852 . .. 0256
3. Receiving complete artificials : (NH,),S0, .. .. 0099
4. Receiving complete artificials+farmyard manure .. 0253
5. Receiving potash and phosphate but no nitrogen ... 0090

Of course, too little oxidation of the protein present in the soil by the
addition of molasses will not make the soil suitable for the growth of crops.
It seems necessary that an equilibrium should be established between the
oxidised and the unoxidised proteins, ammonium salts and other nitrogenous
substances which are present in the soil for maintaining its fertility at a proper
level. Too much oxidation of the nitrogenous substances and ammonium
salts may entail marked nitrogen loss by this type of denitrification and too
little oxidation will not make the soil fertile enough for a good yield of crop.
Hence the molasses or other carbonaceous substances should not be added
in very large amounts, and after the addition of molasses or other substances
the soil should be ploughed to help oxidation. Moreover, molasses when
added to soil which is properly aerated for helping the oxidation reactions
causes nitrogen fixation as is evidenced by the increase of ammoniacal and
total nitrogen contents of soil.

This type of nitrogen loss may amount to 100 lbs. of nitrogen per acre
annually, whilst the amount of nitrogen required by wheat (for example)
per acre is 30—40 lbs. Hence it is highly important to investigate this pheno-
menon and control this loss without affecting soil fertility.

The greater value of organic nitrogenous compounds for the soil than
ammonium salts lies in the fact that not only is the soil texture improved by
the colloids added with the organic manure, but the carbonaceous matter
added acts as an agent in the preservation of the nitrogenous compounds of
the soil by behaving as a negative catalyst.

Apart from this influence of the carbonaceous substances, sugars, cellulose,
pentosans, fats, ete. on the conservation of soil nitrogen, these substances when
added to the soil along with farmyard or green manure, or straw, also leads to
the fixation of atmospheric nitrogen in the soil. Hence the carbonaceous sub-
stances, like sugars, cow-dung, cellulose, pentosans, fats, etc. added to the soil
are not only effective in nitrogen conservation, but cause nitrogen fixation
as well. In a recent article Jenkins has discussed the use of organic manures
but has not reported that organic manures help in the conservation and fixation
of nitrogen in the soil. This aspect of the importance of organic manures in
preference to artificials has been discovered by the present writers.

The foregoing results show that when 17-32 to 69'3 kgs. of nitrogen as
ammonium sulphate are added per acre of soil along with molasses, there is
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appreciable nitrogen fixation in the soil even in the presence of ammonium
sulphate, as the total nitrogen at the end in the fields containing ammonium
sulphate and molasses is always greater than at the beginning. These results
cannot be explained from the bacterial view point of nitrogen fixation, because
it has been assumed that in presence of ammonium salt hardly any bacterial
nitrogen fixation is possible. Hence our results showing an increase of nitrogen,
when molasses is added to fields to which" ammonium ,upha.te has already
been added, support the view that nitrogen fixation is partly bacterial and
partly photochemical and catalytic.

Molasses, press mud and oil cakes in the reclamation of alkali lond.

The late Dr. J. W. Leather carried on experiments for the reclamation -
of alkali soils in different parts of the United Provinces. His conclusions
are as follows :—

1. *The only experiment which can claim to have really reclaimed the
Usar land (alkali land) is the application of gypsum. The cost of sufficient
gypsum to effect this was very great—about 700 or 800 rupees per acre—and
is obviously prohibitive. Even if the cost of gypsum could be reduced to
one-half it would still be too expensive if required in the quantity that this
land did receive it.

2. The effect of deep and good cultivation.coupled with heavy manuring
has not been either what is indicated to the unaided eye or what might have
been anticipated. The surface foot of soil has been apparently reclaimed,
but below this the soil is as bad as ever.

3. Scraping of the salts is practically useless.’

Compare ‘ Investigations on Usar land in U.P.” by J. W. Leather, Allaha-
bad, 1914, p. 37. Recently Dr. Dalip Singh and Mr. S. D. Nijhawan (1932)
have tried to reclaim Kallar (alkaline) soil at Lyallpur, Lalakaku, Montego-
mary, and Bara Farm by the application of a mixture of gypsum and calcium
chloride. The pH of the soil was 9 before the treatment and it became 8-2
after treatment. They reported that the soil permeability appreciably in-
creases on this treatment after 4 years and the process of reclamation takes
4 years, which is also the time requl.red by the application of gypsum or
powdered sulphur,

Dr. A. N. Puri is carrying on some experiments in this direction at Lahore.
Regarding the success of the work on the reclamation of alkali land in the
United Provinces, the following statement of the Director of Agriculture, U.P.,
is of interest :—

¢ Usar reclamation experiments were carried on by this Department at
Juhi (Cawnpore), ahd Abbaspur (Unao) without appreciable results and the
Bagbul plantations at the places were transferred to the Forest Department.
The matter may, therefore, be please referred to that Deptt.’
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Vast tracts of land in India are alkaline.

It is estimated that the total area of Usar lands in the United Provinces
alone is more than four million acres. Dr. J. A. Voelcker, who examined
the extent of alkaline lands in Northern India, stated in his ‘ Improvement
of Indian Agriculture ’, London, 1893, p. 55, as follows :—

‘ Enormous -~reas, especially in the plains of Northern India, are thus
affected, and in the Torth-West Provinces alone there are between four and
five thousand square miles of Usar land.” In the Punjab (Lyallpur, Monte-
gomary, and other places), Behar, Mysore, Sind, and Bombay, there are vast
tracts of such unproductive land. Naturally the reclamation of these lands
is a problem of great importance to India. The salts which make these lands
unfit for growing crops are the carbonate, sulphate and chloride of sodium,
sodium carbonate is chiefly responsible for the unproductiveness of such lands,
which are generally heavy clay soils and are very often termed parti or waste
lands. In Sind and in other parts of the country, normal soils are being
converted into alkaline ones by irrigation water. Moreover, there are vast
tracts of sea water damaged lands in Bengal, Gujarat, Bombay and Madras
Presidencies. Due to various causes the amount of alkaline land is increasing
in India.

Defects of alkali lands.

The chief defects of alkali land are :—

1. The alkalinity. We have examined several samples of bad Usar
lands and we find that the pH is as high as 10-8. Neither Azotobacter nor
nitrite-formers are observed in cultures obtained with these soils.

2. The amount of caleium compounds is less in these soils than in normal
ones. The amounts of exchangeable bases are less than in normal soils.

3. The nitrogen content is small. In several samples examined by us
the total nitrogen varied from 0-008 to 0-02%, normal soils contain approxi-
mately 0-059%, nitrogen.

-4.  The soil is highly impermeable to water.
5. The soil particles do not settle readily when shaken with water.
6. Lacks bacterial activity.

Molasses, press mud and oil cakes in the reclamation of alkaly soils.

Molasses containing acids, carbohydrates, soluble calcium salts, phosphates,
potash, ete. can readily remove all these defects of alkaline lands.

Alkaline lands have been successfully reclaimed near Cawnpore, Allaha-
bad and in Mysore by the application of molasses at the rate of 1 to 10 tons
per acre and good rice crop has been grown in these reclaimed areas where
no vegetation ever grew. We have applied molasses in amounts varying
from 2-5 tons per acre of alkali land at Soraon (near Allahabad) and at the
Govt. farm, Unao (Oudh) and have obtained excellent results with rice. The
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Mysore (iovt. has been able to obtain 1,200 to 1,800 lbs. of rice grains per acre
of alkaline land using one ton of molasses per acre on plots where crops
failed previously. At our suggestion the Agricultural Chemists at Padegaon
(Bombay), Cawnpore, Rohtak (Punjab), Sabour (Behar) are reclaiming alkaline
land by using different amounts of molasses.

Our results show that for the reclamation of alkali soils of the dry tracts
of Northern India and Mysore molasses can be very usefully applied. It is well
known that molasses contains between 60 to 70 per cent of carbohydrates,
1 to 59, potash, 2%, lime, 0-53%, phosphoric acid, 0-5%, iron and aluminium
oxides and 0-5%, combined nitrogen and the rest water. Moreover, molasses
is distinctly acidic. Research work carried on in Allahabad, Bangalore, Java,
Hawaii and other sugar-producing countries shows that when molasses is
added to the soil along with carbonic acid, organic acids, like acetic, propionic.
butyric, lactic, etc. are produced in the early stages in the decomposition and
partial oxidation of the carbohydrates present in molasses. Consequently
the acids present in molasses and those obtained from the decomposition and
partial oxidation can neutralise the alkali of the soils rich in alkali. Moreover,
the carbonic acid, which is produced in large amounts from the decomposition
and oxidation of the carbohydrates, can convert the sodium carbonate into
bicarbonate. Also in the process of the escape of carbonic acid from the
molassed soil, the latter is rendered porous and its tilth is improved. The
investigations at Allahabad show definitely that the moisture content of the
molassed soil is appreciably higher than that of the unmolassed one. The
lime, which is added to the soil along with the molasses, is rendered soluble
by the organic acids formed from molasses and is helpful in the conversion
of the sodium soil into a caleium one.

The soluble calcium salts are beneficial in the improvement of the soil
tilth by their flocculating power on the clay particles. Moreover, in presence
of soluble calcium salts, the permeability of the soil is greatly improved. Our
results show that molasses is a better reclaiming agent for alkaline lands than
either gypsum or powdered sulphur, as there is nitrogen loss from soils when
these latter reclaiming agents are added to alkaline soil, whilst molasses adds
nitrogen. The reclaiming effect of molasses is much quicker than that of gyp-
sum or powdered sulphur, because the acids formed from molasses neutralise
the alkali quickly and the soluble calcium salts added with molasses improves
the tilth and permeability of the soil. It has been reported that four years
are necessary for reclaiming alkaline lands on treatment with gypsum or
powdered sulphur but with molasses two to six months are quite adequate.

Moreover, as the Usar lands contain much less total nitrogen, 0-008 to
0029, as against 0-049, to 0:05%,, in normal soils, and as there is nitrogen
loss from Usar lands on the addition of gypsum or powdered sulphur, it seems
improbable that these two substances could be used as reclaiming agents in
tropical soils ; they may be suitable for the soils of temperate countries as they
contain more nitrogen (0-1%, total nitrogen). -



NITROGEN TRANSFORMATIONS IN THE SOIL. 125

We have repeatedly observed that the pink colour of phenolphthalein
obtained by adding this indicator to Usar soil mixed with water is quickly
destroyed by adding molasses.

We have carried on comparative experiments on the permeablhty of water
through alkaline soils when treated with gypsum, powdered sulphur and
molasses and we have observed that the permeability is increased to a greater
extent on the addition of molasses to alkaline soils than with gypsum or
powdered sulphur. Moreover, our experiments show that suspensions of alkaline
soils in water readily coagulate with formation of aggregates, which settle
very readily on the addition of molasses to the alkaline soil suspensions.

Press mud from sugar factories containing large proportions of carbo-
hydrates and calcium compounds are also very useful in the reclamation of
alkali and Usar soils. Using & to 1 ton of oil cakes per acre, Usar soils have
been successfully reclaimed for rice cultivation.

Our work on nitrogen transformations in soil has been briefly summarised
in ‘ Nature’ (1936) in the following words :—

‘MOLASSES, NITROGEN FIXATION AND LAND RECLAMATION.

In his presidential address to the United Provinces Academy of Sciences,
India, on December 19, 1935, Prof. N. R. Dhar gave a general account of the
work carried out by himself and his collaborators on nitrogen transformations
in goil. Prof. Dhar leads the school of thought which believes that nitrifica-
tion in soils and nitrogen fixation from the atmosphere are, especially in the
tropics, photochemical. at least as much as bacterial actions. Prof. Dhar
has produced strong evidence in support of his theories, and the question
appears now to have reached the stage at which the protagonists of bacterial
and photochemical nitrification respectively are unwilling to admit any evidence
which might shatter their beliefs.

Meanwhile, other soil workers will be wise to keep an open mind on the
matter, for the philosophical implications of recognising that light plays a
part in soils analogous to photosynghesis in the vegetable kingdom are at least
as important as the practical possibilities of utilising that knowledge for the
enrichment of the soil. Given sufficient facts, their practical application does
not necessarily depend on their correct interpretation. The practical facts
of Prof. Dhar’s researches are that Indian soils are generally deficient in nitro-
gen, that more than half a million tons of molasses from the sugar industry
are annually wasted in India, and that the application of molasses to the soil
can double and may treble the soil nitrogen content, with a consequent large
increase in crop yield.

Molasses contains ahout 70 per cent of carbohydrates and small quantities
of nitrogen, phosphorus, potash, etc., these quantities, however, being much
too small to account for the observed manurial effect. According to Prof.
Dhar, the energy set free in the oxidation of the sugars in molasses is utilised,
either bacterially or photochemically, in promoting nitrogen fixation and
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nitrification. Whatever the nature of the process, Dhar has produced indis-
putable evidence of increases in available soil nitrogen and crop yields following
the application of molasses. Under temperate conditions, the converse result
would be expected, as it is well known that the addition of carbohydrate-
rich material to soil tends to reduce the amount of nitrogen available to plants,
the nitrogen becoming fixed as microbial protoplasm or as humus. An essen-
tial difference, however, between temperate and tropical soil requirements
is that, whereas in temperate regions the limiting factor to crop growth is
often the slowness, in the tropics it is the rapidity with which soil nitrogen is
made available to plants, soluble nitrates being formed and leached from the
soil before they can be absorbed by the crop. The general effect of molasses
on the soil should be the same everywhere, but only in the tropics will its
‘ braking ’ effect on the mobilisation of soil nitrogen be a positive advantage
to the cultivator, and only in the tropics will its stimulation of atmospheric
nitrogen fixation, whether bacterial or photochemical, be appreciable, since
temperate regions lack the heat necessary for bacterial and the light for photo-
chemical stimulation.

For these reasons, the potentialities of carbohydrate manuring—of which
molasses manuring is an example—have perhaps been overlooked by agri-
culturists. If Prof. Dhar can substantiate his claims, he may effect a revolution
in agriculture in India, where the supply of the ordinary organic manures is
far below the demand. Prof. Dhar suggests that a most valuable use can be
made of molasses in reclaiming alkaline land. The acids produced in the decorn-
position of molasses neutralise the alkalis, and at the same time and contrary to
experience, when land is reclaimed with gypsum or sulphur, soil nitrogen is
increased.

A period of about four years is usually necessary to reclaim alkali land with
gypsum, whereas with molasses applied at a rate of 3040 tons per acre, good
crops can be grown within six months. It is not stated whether such reclama-
tions have been found permanent—in view of the oxidisability of the neuntra-
lising acids, this is open to doubt—but the method obviously merits further
study. There are four million acres of infertile alkali land in India, and irriga-
tion practices are increasing the area. The economic reclamation of these
lands is one of the country’s greatest agricultural problems, to the solution
of which Prof. Dhar’s work is pointing the way.” Nature, April 11, 1936,
p- 629.

SUMMARY.

1. TField experiments with molasses, when mixed with soil, show that
there is an appreciable increase in the total nitrogen and ammoniacal nitrogen
contents. The amount of ammoniacal nitrogen goes on increasing up to a
limiting value when it decreases. But at this stage, the nitric nitrogen increases
due to the exidation of the ammonium salts formed from nitrogen fixation
and the C: N ratio tends to approach the normal value. This is the time when



NITROGEN TRANSFORMATIONS IN THE SOIL. 127

crops are to be sown on the molassed fields. Using 10800 kilograms of molasses
per acre of land and digging or turning over once in 15 days, the land is ready
for crops in about 12 weeks, with 3600 to 7200 kilograms per acre, it is suitable
in about 8 weeks. If quantities larger than 10800 kilograms of molasses per
acre of land are added, about four to five months’ interval will be necessary.
In all our field trials with molasses as a fertiliser we have always observed an
increase of total and available nitrogen. Moreover, as molasses contains
potash, phosphate, lime and as nitrogen is fixed in molassed lands, it is an
excellent fertiliser for tropical soils.

2. When molasses in different amounts is added to soils in dishes and
exposed to sunlight and air, the ammoniacal and total nitrogen are also
increased. This increase of nitrogen is alwayvs greater in sunlight than in the
dark.

3. When cane sugar solution is added to ordinary soils and exposed to
sunlight and air, the ammoniacal and total nitrogen are increased.

4. When cane sugar solutions mixed with sterilised soil are exposed to
sunlight for a long time in quartz vessels under sterile conditions, there is
appreciable increase in the available and total nitrogen contents of the sterile
soil.

5. Experiments show that 4 milligrams of nitrogen are fixed as ammonia
per gram of glucose or cane sugar oxidised by passing air through solutions of
these carbohydrates in presence of ferrous hydroxide. It appears that the
efficiency of nitrogen fixation obtained in the induced oxidation of carbo-
hydrates is of the same order as that with cultures of Azolobacter thriving in
flasks. ,
6. Our experimental results show that in the photochemical or induced
oxidation of carbohydrates, nitrogen fixation can take place. The oxidation
of energy-rich organic compounds by air either by light absorption or by
chemical induction or catalytic action or by bacterial action causes the fixation
of atmospheric nitrogen. It appears, therefore, that in tropical countries in
ordinary soils the fixation of atmospheric nitrogen by the addition of energy-
rich compounds is partially bacterial and partially photochemical and
catalytic.

7. Excellent composts containing double the amount of total nitrogen
as is originally present in the soil have been obtained by mixing molasses with
soil in heaps, which are exposed to air and light. The soil organic matter
and humus and carbon are also considerably increased on the addition of
molasses.

8. The available and total nitrogen of soils, which have been molassed
for three consecutive years, are greater than in soils molassed once or twice.
It seems, therefore, that molasses exerts a residual effect on the soil.

9. This new method of nitrogen fixation based on the principle of the
utilisation of the energy available from the oxidation of carbohydrates and
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other organic compounds in the soil should be largely utilised in tropical
countries, where the velocity of the oxidation of substances in the soil is high
under ordinary conditions due to the high temperature and light absorption.

10. In cold countries, the soil temperature being low and due to lack
of sunshine, the velocity of the oxidation of energy-rich substances present
in the molasses may be small and thus the energy available from the oxidation
of carbohydrates may be too small for any marked nitrogen fixation. More-
over, in temperate climates, Azotobacter is not suitable for nitrogen fixation,
as our experiments and those carried on in other countries show that nitrogen
fixation by Azotobacter at 10° and lower temperatures is practically nothing
as Azotobacter requires more heat than most other bacteria; this is why
Azolobacter has not been utilised by agriculturists in cold countries for nitrogen
fixation.

11. Azoiobacter should be widely utilised in the fixation of atmospheric
nitrogen in the soil of tropical countries when fed with energy-rich substances
like molasses, press mud, cellulosic substances, ete.

12. Our results obtained with ammonium sulphate added to the soil,
with and without molasses, show that the total and available nitrogen of the
molassed plots are always greater than those in the unmolassed plots. Hence
molasses not only fixes nitrogen in the soil but also acts as a sparer of nitrogen
in the soil and this is a very important application of molasses. In tropical
countries a mixture of molasses and ammonium salts is a better fertiliser than
ammonium salt alone.

13. Cane sugar has also been found to act as a sparer of soil nitrogen.
When molasses or cane sugar is added even in large quantities to the soil
exposed to light and air, there is no evidence of anaerobic denitrification in all
our experiments, although it has been generally believed that in such cases
anaerobic denitrification sets in.

14, The moisture content of molassed land is always greater than in
unmolassed land. _

15. Appreciable amounts of nitrogen fixation have been observed when
soil mixed with cellulosic materials like filter paper, dry leaves, cow-dung, etec.
are exposed to sunlight for oxidation of the organic substances on the soil sur.
face. Moreover, sodium tartrate, citrate, oleate, palmitate, stearate, etc. when
mixed with soil and exposed to sunlight leads to nitrogen fixation.

16. It appears that in aerobic nitrogen fixation through the agencies
of bacteria, light, catalysts and chemical induction, the nitrogen and oxygen
combine, forming nitrate, which in its turn is converted into ammonia and small
amounts of amino acids by the action of carbohydrates.

17. GQGreater yields of rice and sugarcane have been obtained with molasses
as a manure.

18. Our experiments as well as those carried on in Java show that the
increased fertility of the soil on the addition of molasses is chiefly due to the
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carbohydrates present in the molasses, as an equivalent amount of minerals
and combined nitrogen as present in molasses produce very slight effect in
improving the crop yield. It is quite clear from our experiments that the
nitrogen fixed on the addition of molasses to the soil is the chief cause of the
increased soil fertility observed.

19.  Azotobacter numbers increase in abundance and reach a maximum
where they remain more or less stationary and help the fixation of atmospheric
nitrogen when molasses or sugars are added to soil. No correlation or direct
proportionality between the Azotobacter numbers and the nitrogen fixed is
observed. In the control plot Azotobacter numbers remain more or less
stationary.

20. The Azotobacter count of the soil exposed to sunlight is always
less than that kept in the dark or covered with wooden planks, whereas the
nitrogen fixation is greater in the exposed than that in the dark or covered soil.

21. Total carbon of the exposed soil is always less than that of the dark
soil, showing thereby that sunlight facilitates the oxidation of energy-rich sub-
stances and thus causes greater nitrogen fixation.

22. Tt has been observed that the maximum fixation (largest amount
of ammonia formation) takes place at about 35°, which is, therefore, the op-
timum temperature for Azofobacter isolated from the garden soil at Allahabad,
as against 28° obtained in temperate countries. There is hardly any ammo-
nia formation at 10° on the one hand, and at 60° on the other.

The optimum temperature for bacterial nitrification in tropical countnes
is 35° as against 25° in temperate climates.

23. Experimental results in vitro show that ammonium sulphate, mixed
with sterilised and unsterilised soils, undergoes nitrification and amino acids
added to soil or other catalytic surfaces are oxidised to ammonium salts to a
greater extent in sunlight than in the dark.

Similarly, dilute sodium or potassium nitrite solutions are readily oxidised
to nitrate when exposed to sunlight. Hence it has been concluded that the
whole process of nitrification is accelerated by sunlight.

24. The amounts of available nitrogen varies from 10 to 47-79, of the
total nitrogen in soils collected from different parts of India, whilst in English
soils it is only one per cent of the total nitrogen.

25. The carbon-nitrogen ratio in soils does not seem to be controlled
by the energy requirements of the micro-organisms as advocated by Doryland,
but appears to be regulated by the ease with which proteins, amino acids,
ammonium salts, etc., are oxidised by air aided by bacteria, inductors, cata-
lysts and light in presence of carbonaceous substances under different condi-
tions, and the oxidations taking place in the soil seem to be guided by the
same laws which rule animal metabolism.

26. The carbon-nitrogen ratio in soils rises with increase of the soil
temperature.



130 N, R. DHAR, 5. K. MUKERJI, E. V. SESHACHARYULU & S. P. TANDON :

27. Marked loss of nitrogen in the gaseous state is observed when nitro-
genous compounds are added to soil in which the conditions are favourable
for oxidation by aeration. This loss of nitrogen is high when the amounts
of nitrogenous manure added is large and can readily exceed the amounts of
nitrogen required by crops.

28. When manures are composted in aerobic conditions there is greater
loss of nitrogen than under anaerobic conditions. This type of nitrogen loss.
is chiefly due to the formation and decomposition of ammonium nitrite and
nitrous acid from the nitrification of the nitrogenous substances and in the
reduction of nitrate by organic substances.

29. The decompositions of ammonium nitrite, which can take place
in the dark at temperatures from 20° upwards, are accelerated by sunlight.

30. Tield trials show that molasses markedly retards the nitrification
of ammonium sulphate and decreases this type of nitrogen loss. Moreover,
when the amounts of ammonium salts added to the soil are not large, there is
appreciable nitrogen fixation in presence of molasses. This nitrogen fixation
cannot be explained from the bacterial view point.

31. Exposure to sunlight causes greater nitrification and nitrogen loss
when ammonium sulphate is added to soil in fields.

32. Organic manures like molasses, leaves and cellulosic materials, green
manures, cow-dung, oil cakes, etc., when added to the soil not only increase
the moisture retention capacity and improve the soil tilth but also conserve
the soil nitrogen and adds nitrogen to the soil by fixation of the nitrogen of the
air. Hence fields manured by cow-dung and other organic manures contain
more total nitrogen than fields manured by artificials.

33. Experimental results show that molasses when added to alkali soils
and watered converts the alkali soils into acidic ones.

34. The carbohydrates present in molasses when mixed with soil, which
is not sufficiently aerated, are partially oxidised to carbonic acid and partially
converted into organic acids (e.g., acetic, lactic, propionic, butyric, etc.).
These organic acids neutralise the alkali of the alkali lands.

35. The soluble calcium salts added with molasses flocculate the clay
particles readily, and thus improves the permeability and tilth of the soil.
The molassed alkali soil is much richer in microbial activity.

36. In the oxidation of carbohydrates and the sodium salts of the organic
acids obtained from molasses nitrogen fixation takes place and thus the
chief defects of alkali soils are remedied quickly by the addition of molasses
to alkali soils. -

37. Using one ton of molasses per acre of alkali land the Mysore Govern-
ment have obtained 1200-1800 lbs. of rice grains per acre of land, where the
crop completely failed in previous years.

38. Comparative results show that a mixture of molasses and press mud
is a better reclaiming agent than powdered sulphur and gypsum hitherto used
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as reclaiming agents for alkali soil, because on the addition of molasses and
press mud the nitrogen deficiency of alkali land is rectified and the nitrogen
content of these reclaimed lands comes up to the normal level, whilst on the
addition of gypsum or powdered sulphur the alkali soil appreciably loses its
nitrogen content.

38. Press mud and different oil cakes have been found to be good
reclaiming agents for alkali fields.






