Symposium on the Problem of Nitrogen Supply to
Indian Soils.

The Council of the National Institute of Sciences in India considered that
a symposium on the nitrogen problem of Indian soils would be very opportune
as it would focus attention on the problems for scientific investigation and on
the progress already achieved and would also stimulate further work on this
most important problem of practical agriculture. Prof. J. N. Mukherjee
was requested by the Council to arrange the symposium which was held in
Calcutta on the 29th and 30th of August, 1936. Brigadier H. J. Couchman,
D.8.0., M.C., President of the National Institute of Sciences, presided.

Indian soils are known to be deficient in nitrogen. They are also generally
deficient in organic matter. Together these deficiencies constitute one of the
main problems of practical agriculture in India. But unmanured or poorly
manured soils have continued to yield in many instances more or less the
same average yield of crops. The recuperation, loss and supply of nitrogen
has, therefore, attracted in recent years a good deal of attention from scientific
workers in India. The problem of the disposal of molasses and bagasse
confronts the sugar industry of India and their possible utilisation for increasing
the productivity of the soil is also receiving considerable attention.

The papers numbering nineteen read at the Symposium by workers from
different parts of India and Burma may be classified for convenience, though
somewhat arbitrarily, under the following heads :—

Recuperation and Loss of Nitrogen Contents of Indian Soils.
Nitrogenous Manures.

Analytical Methods.

Nitrogen Status and Pedological Factors.

Saewmpe

A

1. Prof. Dhar has in recent years raised a point of fundamental scientific
and philosophic interest regarding the part played by photo-synthesis and photo-
catalysis in the recuperation as also the loss of nitrogen in tropical soils. While
not ignoring the part played by bacteria in these processes he emphasises
that the current bacterial theory ignores altogether the possibilities of photo-
chemical action. He and his collaborators have given data in several public-
ations showing beyond doubt an increase in available and total soil nitrogen
and crop yields following the application of material rich in carbohydrates, e.g.,
molasses. Cellulosic substances, cow-dung, sodium salts of higher fatty
acids, etc., when mixed with soil also lead to nitrogen fixation. His basic
ideas may be summarised as follows :—
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The oxidation of carbohydrates can induce the photo-chemical fixation
of nitrogen even in the absence of micro-organisms when suitable catalysts
or photosensitisers are present. Thus it is stated that when a current of air
is passed through a solution of carbohydrates, e.g., glucose or cane-sugar in
presence of ferrous hydroxide, as much as 4 mgms. of nitrogen are fixed as
ammonia per gram of glucose or cane-sugar oxidised. The efficiency is
comparable to that obtained with cultures of Azofobacter thriving in flasks.
It has been reported that the number of Azotobacter in the soil receiving
sunlight is much less than in that kept in the dark, although the ammoniacal
and total nitrogen contents of the former are greater than those of the latter.
The humus and the moisture contents of the plots to which molasses has
been added are greater than in the control plots. It is hardly necessary
to mention that the accuracy of such experiments depends on the care taken
in purifying the air. According to Dhar soil can also act as a photo-catalyst
in this reaction and molasses can be substituted with good results for the
carbohydrates in field experiments, Molasses also produces a residual effect
on the soil nitrogen. Besides, potash, phosphate and lime contained in
molasses render it a desirable fertiliser. The acids produced by oxidation,
bacterial or photo-chemical, greatly ameliorate alkaline soils such as are met
with in the United Provinces, Punjab and Mysore.

Dhar has investigated in detail the photo-oxidation of ammonia to nitrite
and the part played by the decomposition of ammonium nitrite formed from
ammonia and nitrite in the loss of nitrogen in the elementary gaseous form.
Dhar and his collaborators also give an account of the réle played by the
photolysis of nitrate and recombination of nitrite with oxygen in the presence
of light to form nitrate in the soil. This aspect is dealt with in a paper by
Dr. Gopala Rao. Dhar further postulates that the C : N ratio has a significance
different from what is usually ascribed to it. Mention has been made of the
dependence of the fixation of nitrogen in soil on the energy obtained by the
oxidation of organic matter by the various agencies at work, viz., bacteria,
sunlight, inductors and catalysts. He suggests, moreover, that easily oxidis-
able carbonaceous materials such as carbohydrates hinder ammonification and
nitrification and thus prevent, when present in excess, the loss of nitrogen from
the resulting ammonium nitrite and promote the conservation of nitrogen in
the soil. The general character of this retarding influence is emphasised and
it is concluded that the C: N ratio in soils is not controlled by the energy
requirements of the micro-organisms but is regulated by the ease with which
the nitrogenous substances are oxidised by air in presence of other types of
carbonaceous substances. These ideas form the basis of a correlated presenta-
tion of the work done at Allahabad in relation to the recuperation, loss and
supply of nitrogen to the soil. Whatever differences of opinion may exist
regarding some of the theoretical postulates and the conclusive nature of
some of the experiments, there is no doubt that the work at Allahabad has
given a great impetus to the scientific study of the nitrogen problem of soils.
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In connection with the paper by N. R. Dhar, S. K. Mulkkerji, E. V. Sesha-
charyulu, and 8. P. Tandon? ;

Discussion

Professor V. Subrahmanyan (Bangalore) remarked that it was not clear
whether micro-organisms were entirely excluded from the experiments with the
catalysts and photosensitisers. In any case, micro-organisms are present and
are active under soil conditions and the precise extent of their contribution
(both by themselves and in presence of the catalysts or photosensitisers) is
to be ascertained before concluding that they are inefficient. In Bangalore,
an attempt was made by C. R. Harihara Iyer, R. Rajagopalan and the speaker
to ascertain the relative contributions of micro-organisms and chemical oxidisers
in bringing about soil oxidations and it was found that the micro-organisms
were very much more active than the chemicals. It was also observed that
microbial action was, to some extent, enhanced by the presence of chemical
oxidisers such as manganese dioxide and ferric oxide.

There is no doubt that molasses assists in nitrogen fixation, but its con-
tribution is not always so much as observed at Allahabad. At Bangalore
it has been found to be very much less, the nitrogen fixed being equivalent to
only 10-15 Ibs. for every ton of molasses. Molasses is fairly rich in potash,
but it is comparatively poor in phosphates. The observations regarding the
production of organic acids are in agreement with the findings in Bangalore
and elsewhere and it is probable that they are chiefly responsible for. the
reclamation of alkali land. Judging from the nature of the acids, it is very
doubtful, however, if the reclamation will be permanent. There is a greater
formation of acids under anaerobic than in aerobic conditions. Acid production
in the soil is essentially a biological process and does not take place through
direct oxidation as envisaged by Dhar ¢t al. To be precise, there is both
reduction and oxidation, the former yielding methane and the latter carbon
dioxide and the acids. This is typical of most biological fermentations.

The data regarding the photo-oxidation on ammonia and ammonium
salts would require checking. No figures are available regarding the actual
guantities of ammonium nitrite produced in the soil from time to time. More-
over, it is not clear whether any attempt was made by the authors to collect
and estimate the nitrates moving into substrata of the soil, especially after
watering or rain as the case may be. The plots covered with zinc sheets
would not have suffered from this disability and would naturally have con-
tained more nitrate at the surface than the exposed ones. The possibility of
volatilisation as ammonia is also to be reckoned with before considering losses
and before enunciating any theory regarding the mechanism of the loss of nitro-
gen. The work of S. N. Gundu Rao at Bangalore would indeed suggest that at
temperatures of 30° and above, nitrogen added as ammonium salts is, to a

1 No. 1 in the list of papers, see p. 72.
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considerable extent, lost as ammonia. The theory regarding the loss of
nitrogen from manure heaps (which is similar to the one which has been
postulated by some previous workers) would also require modification. In this
cage, the evidence is very clear, as may be demonstrated by holding a piece of
moistened red litmus for some time over a heap of decomposing manure.

The observations relating to available nitrogen of soils, as also the influence
of temperature on the carbon-nitrogen ratio, have not been generally sub-
stantiated by other workers. This divergent observation is probably due to
the nature of the technique adopted by the authors. Some standardisation in
this direction will be highly useful.

Mr. T. J. Mirchandani (Bihar) said : He had been able to confirm some
of the observations of Dr. Dhar. He observed that the pH of alkaline soil
went down from 826 to normal when the soil was treated with 59, molasses.
Regarding nitrogen, though in his experiments he noticed a fixation of 4-9
mgms. per 100 gm. of soil, the effect was temporary. There was a loss of
nitrogen after 8 weeks of incubation.

Dr. Gopala Rao (Waltair) said : There was no doubt that the organic
acids formed from the sugar in the molasses neutralised the alkali and helped
to reclaim the alkaline soils but he doubted whether the reclamation could
be permanent as the oxidation of the organic acids would leave behind the alkali.

2. Dr. Gopala Rao and Mr. Murty described some interesting experirsents
showing that when a glass vessel containing a solution of KNO; is exposed to
sunlight there is no photolysis but in the presence of ignited ferric oxide photo-
lysis takes place. Potassium nitrate in the presence of ferric oxide does not
react in the dark. Sterilised soil also acts as a photo-catalyst in this reaction.
Further, when ammonia in the form of ammonium chloride is added to a
mixture of potassium nitrate and ferric oxide or red soil it is oxidised to
nitrite. The rate of oxidation decreases as the pH increases.

In connection with the paper by G. Gopala Rao and K. S. Muriy *:

Discussion

Prof. V. Subrahmanyan (Bangalore) remarked that while it is true that
nitrites are readily oxidised to nitrates in the soil, the reverse does not occur
except in presence of abnormal quantities of fermentable organic matter. The
nitrite content of the average soil is generally so small (often under two
parts per million) that most workers of the present day do not make a separate
estimation of that form of nitrogen. Furthermore, when considering the
transformations of nitrite, the reaction of the medium has to be taken into

1 No. 2 in the list, see p. 72.
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consideration. Nitrite is highly unstable in acid media, moderately so under
neutral conditions and quite stable in alkaline medium. While admitting
the fundamental significance of the findings of Dr. Gopala Rao and his colleague,
it is rather difficult to make out as to how they can be applied directly to
the soil conditions.

Dr. G. Gopala Rao (Waltair) said (in reply to Prof. J. C. Ghosh): The
reaction NOy+NO, 4 (0)—81 calories is endothermic, occurring with an
absorption of energy of 81 cal. per gram molecule of nitrate reduced. This
amount of energy corresponds to a quantum of radiation of wavelength 3500
A. Experiments showed that there is very little reduction with light of wave-
length greater than 3000 X. But in the presence of ferric oxide or sterilised
soil the reaction can occur in light transmitted by glass—the energy associa-
ted with a quantum of light in this region is much less than 81 cal.

He (the author) suggested that in the presence of a heterogeneous surface a
part of the energy required is obtained from the reacting molecule adsorbed on
the surface of the catalyst, the other part being supplied by a quantum of light
of longer wavelength. Tt might be of interest to note that the critical energy
increment of a reaction in the dark is much less in the presence of a heterogene-
ous catalyst than when it is occurring in a homogeneous medium,

3. Rao Bahadur Sahasrabuddhe summarised the work that has been
done at Poona! with a view to explain the maintenance of fertility of soils
of the arid and semi-arid tracts of the Bombay Deccan in the absence
of manure with reference to the available nitrogen. He concludes that
there must be considerable fixation of nitrogen from the atmosphere. The
amount of nitrogen fixed increases with the moisture content. An optimum
temperature is indicated. The fixation goes on even in darkness and no defi-
nite relation between the intensity of light and the fixation has been observed.
Sugar has a beneficial effect provided that the proportion of the original
organic matter is small and it has also a deleterious effect on the nitrifying
power of the soil. Alkali salts are harmful but in one case they have been
found to exert a stimulating effect. Field experiments confirm the laboratory
results, Definite evidence has been obtained of the recuperation of nitrogen
under field conditions in the dry farm tracts of the Bombay Deccan. The
moisture added by the monsoon rains is beneficial. A peak in the nitrate
and nitrite nitrogen content is observed about August. Organic and phos-
phatic manures have also a beneficial effect. The author has emphasised
the necessity of correlating the nitrogen content with the concomitant
factors, such as moisture and temperature. The results point to bacterial
activity being the main factor in the recuperation of soil nitrogen.

1 No, 3 in the list, see p. 72.
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4. 1Inthe absence of the author, Prof. V. Subrahmanyan read the paper on
the Vicissitudes of Nitrogen in the Soil System by Rao Bahadur Viswa Nath.
There are periodical increases and decreases of nitrogen in manured as
compared with similar unmanured plots in Coimbatore. The rate of nitrifica-
tion and the accumulation of nitrates is greatest with ammeonium sulphate,
least with cattle manure and intermediate with green manure., While such
results are expected it is pointed out that it is difficult to explain the loss of
nitrogen which occurs chiefly in the end-product stage. There is no evidence
of the movement of nitrogen into the deeper layers and of moisture satura-
tion leading to denitrification. The nitrogen loss follows the peak value of
nitrogen accumulation. Experiments with cane-sugar and sodium nitrate
show that there are varying degrees of losses of nitrogen but there is little
change with nitrate alone and the amount of loss increases as the C : N ratio
is lowered. The loss of carbon is a function of the C : N ratio. In soil cultures
containing sugar and no nitrate, the loss of carbon has been associated with the
fixation of nitrogen from the atmosphere to maintain the ratio at about 10 : 1,
In the experiments using sugar and nitrate in varying proportions there is a
loss of nitrogen and the action of entirely different biological agencies is con.
sidered to be indicated. Denitrification is inadequate to account for the loss
“and photochemical decomposition can explain fixed losses but there must be
some other factor.

In connection with the paper by B. Viswa Nath?!:

DiscussioN

After reading the paper, Prof. Subrahmanyan observed that it would not
be fair to the author to discuss the paper in his absence. He wished, however,
to point out that the Rao Bahadur’s observations were generally in agreement
with those of Dr. A. Sreenivasan and himself. Similar loss of nitrogen was
also observed under water-logged soil conditions, the loss coinciding with the
accumulation of ammonia in the medium prior to commencement of nitrifica-
tion. As indicated in his comments on Prof. Dhar’s paper, it would be useful
to determine the extent of volatilisation of ammonia from the soil from time to
time. Such a loss may be, at any rate, one of the unknown factors referred
to by the Rao Bahadur. The concluding paragraph of the paper which is of
the nature of a generalisation appears to have been based on results which
were not given in the text.

Prof. N. R. Dhar (Allahabad) said : He was gratified that the author
had accepted the explanation of nitrogen loss from soils under aerobic conditions
as advanced by himself and collaborators (Nature, 1934, 134, 572 ; J. Indian
Chem. Soc., 1935, 12, 67, 756). He referred to the mechanism of the loss of
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nitrogen in the gaseous form postulated by him and stated further that in
acidic soils nitrous acid was formed which underwent decomposition and also
increased the decomposition of ammonium nitrite. This explanation of
nitrogen loss held good under all conditions when the soil was manured by any
nitrogenous fertiliser.,

The greater loss of nitrogen from soil manured with ammonium sulphate
than with green and cattle manures were easily explained. In green and cattle
manures carbonaceous substances retarded the processes of ammonification
and nitrification and nitrogen loss. The increase of total nitrogen with green
and cattle manures observed in several cases pointed to the fixation of atmos-
pheric nitrogen and that his view points gave a satisfactory explanation. The
observations of Sahasrabuddhe and Bal showing an increase of nitrogen under
field conditions were clear from his results on the nitrogen fixation due to the
oxidation of cellulosic materials. When comparative experiments were carried
out, it was observed that the fixation in sunlight was greater than in the dark
or diffused light.

5. Rao Saheb Bal gave an account of the fluctuation of organic nitrogen
content of black cotton soils.! Considerable fluctuations and both loss and
recuperation of nitrogen are observed in agreement with similar observations
in the case of soils of the Punjab and of the Bombay Deccan. The organic
nitrogen and the nitrogen fixing capacity both under field conditions and in
pot cultures have been estimated. Recuperation of nitrogen is more frequent
than the loss. There is no definite correlation of the fluctuations in the nitrogen
content with the season but the nitrogen fixing power is somewhat higher
in May, June and July. At the end of a period of nine years the pot culture
experiments showed a definite increase in the nitrogen contents. Wheat has
been cropped annually for nine years without any deterioration in organic
nitrogen and a mixed crop of wheat and legumes does not show under the same
conditions any significant increase in organic nitrogen over that in soils growing
wheat alone.

6. ., The decomposition of sugars by Azotobacter and by mixed flora in
soils in relation to the non-symbiotic nitrogen fixation was discussed by Prof.
Subrahmanyan and Mr. Bhaskaran. The decomposition of sugar by even
heavy inocula of Azofobacter chroococcum proceeds comparatively slowly.
After the sugar is entirely used up, there is very little growth of the
organism ; nor is there appreciable fixation of nitrogen. The residual organic
matter is decomposed by the organism, but is not utilised in the fixation.
Tn contrast to the above the mixed flora of the soil rapidly decomposes the
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sugar and though all of it disappears in the first four days there is very little
fixation of nitrogen. From the 4th to the 12th day the organisms grow
rapidly and fixation takes place. The organic acids formed during the first
stage of decomposition are thus better utilised by the soil flora to fix nitrogen
than sugar. It has been stated that the mixed calcium salts of organic acids
formed during the aerobic decomposition of carbohydrates can be utilised in the
fixation of nitrogen. These products are decomposed comparatively slowly,
but the return of nitrogen fixed for the carbon utilised (under 1: 20) is more
than three times that obtained when a carbohydrate is applied directly to
the soil.

The efficiency of fixation by the mixed calcium salts under different
conditions has been studied. Tt has been found that the maximum fixation
takes place when the concentrate is applied in quantities corresponding to
about two tons of organic carbon per acre. The nitrogen fixed by this will
be about 2 cwts. and would correspond to 13:5 cwts. of protein, which, in turn,
would be equivalent to 25 tons of a good seed cake. The presence of sugar
or other fermentable materials does not appreciably interfere with the fixation
by the calcium salts.

In connection with the paper by T. R. Bhaskaran and V. Subrahmanyan® :

Discussion

Prof. N. R. Dhar (Allahabad) said (also referring to the paper by A.
Sreenivasan and V. Subrahmanyan): Léhnis and Pillai (Centrbl. Bakt.,
1908, 11, 20, 781) reported that the nitrogen fixed per gram of energy material
varied from 436 to 9-96 mgms. with different sugars, whilst with caleium buty-
rate, potassium oxalate, sodium citrate, etc. it varied from 016 to 0°96 mgm.
Hence the results recorded by the authors were very different from those existing
in the literature and needed further confirmation. Because nitrogen fixation
was an endothermal reaction, the amount of fixation must depend on the
energy available. It is well known that 676 calories are available in the oxi-
dation of a gram mole of glucose whilst 376 calories are obtained from the
oxidation of one gram mole of propionic acid. Hence from the energy point of
view less fixation was to be expected from propionic acid as an energy material
than with glucose. The results of his own experiments showed that when
soil was mixed with sodium acetate, sodium oxalate, sodium tartrate, etc.,
very little nitrogen fixation took place under aerobic conditions, whilst with
sodium salts of oleic acid, palmitic acid and stearic acid, glucose, cane-sugar,
starch, mannitol, ete., large amounts of nitrogen fixation was observed. More-
over, carbohydrates when added to soil under normal conditions could be
detected even after several months.
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He also referred to the nitrogen loss arising out of the decomposition
of ammonium nitrite and nitrous acid. He mentioned that Sir John Russell,
J. G. Lipman and others had frequently stated that the loss of nitrogen from
soils was mostly due to the escape of gaseous nitrogen and suggested that the
problem might be studied from this point of view.

Mr. T. J. Mirchandani (Bihar) said : In one of the tables an increase of
nitrogen from 1-25 to 1'67 was to be found in 4 to 12 days in the test solution,
whereas in the control (unsterilised soil) there was greater increase, viz., from
2-10 to 2°77. Again in the presence of calcium salts the Bangalore soil fixed
032 mgms. of N as against 0-50 mgms. in the Kalar soil of Sind. He
wondered whether this difference was due to high alkalinity or the authors
had some other explanation to offer.

He remarked that these researches, if confirmed, would give a new orienta-
tion to our concept of nitrogen fixation but a lot more data was required
before it could be accepted.

Mr. T. R. Bhaskaran (in reply) stated that his work was of a different
type from those referred to by Prof. Dhar. Very little systematic work has
so far been carried out with the mixed flora of the soil. A large amount of
work has been conducted with pure strains of Azotobacter, but, as may be
seen from the present study, such enquiries cannot throw much light on the
mechanism of fixation in the soil. As for the energy relations of fixation, very
little accurate information is still available. It may be stated, however, that
it has no direct relation to the calorific values of the materials concerned. A
large part of the applied material is utilised by the fixing organisms to form
side produects, so that it is not correct to argue on a purely energy basis.
Furthermore, no attempt has been made in the present study to correlate the
fixation with the utilisation of any one of the volatile fatty acids. Indeed,
the material employed was a mixture of calcium salts together with other
minerals (originally present in solution) such as iron and aluminium which are
precipitated by lime.

Inreply to Mr. Mirchandani, he stated that experimental material contained
only the soluble products of fermentation, whereas the control observations
related to the original sugars. The product resulting from the latter included
the nitrogen of the sediment as also the small quantities of nitrogen fixed by
the sugar during the first four days—hence the difference. The object of the
experiment was primarily to show that the supernatant liquid was responsible for
the major part of the fixation. TIn reply to the second question, he stated that
the difference was not after all very considerable and was made up by the
17th day when it was 0-91 mgms. in the Kalar soil and 0-93 mgms. in the
Bangalore soil. It is not improbable, however, that the alkalinity of the Kalar
soil was favourable to the fixation in the early stages.

Prof. V. Subrahmanyan drew attention to the practical significance of
the findings. He pointed out that if materials like molasses which are so
inconvenient to handle can be subjected to a preliminary anaerobic fermenta-
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tion, the resulting product can, after neutralisation, be concentrated to a
dry powder which is a more potent nitrogen fixating agent than the original
material. It can be stored in bags and will stand transport from one centre to
another. It has already been tried out on an experimental basis in Bangalore
with highly satisfactory results.

7. Mr. K. M. Pandalai discussed the mechanism of nitrification in soil.
When cultured in artificial media, the nitrifying organisms, Nitrosomonas
and Azotobacter, are paralysed even by minute quantities of organic matter.
On the other hand, nitrification in nature—particularly in soil and sewage—
proceeds in presence of large quantities of organic matter. This incom-
patibility of behaviour of the classical nitrifying organisms in pure artificial
cultures with that in their natural environments may be explained as being
due to one or more of the following.—(1) The nitrifying bacteria function
in association with the saphrophytes of the soil. (2) There are in soil several
strains of organisms other than the classical nitrifiers which could tolerate
fairly large quantities of organic matter and nitrifv ammonia. (3) All nitrifiers
are heterotrophic at some stage of their lives.

In conmection with the paper by K. M. Pandalai?:

Discussion

Prof. N. R. Dhar (Allahabad) said : He would draw the attention of the
author to the work of Fuller and Rettger (So¢l Sci., 1931, 31, 217) in which it had
been stated that Azotobacter could fix atmospheric nitrogen even in the presence
of different ammonium salts. It seemed that the greater nitrification observed
with a mixture of Azotobacter and Nitrosomonas was due to the greater
amounts of ammonium salts present in the system caused by nitrogen fixation
which is effected by Azofobacter fed by glucose.

Mr. K. M. Pandalai (Bangalore) stated: The ammonium compounds in
nitrogen fixing cultures of course increased the growth of the Azotobacter, but
in a majority of the cultures there was slight depression of nitrogen fixation.
Fuller and Rettger write ‘ the simple inorganic compounds seem to be utilised
easily by Azotobacter with the result that growth is increased and nitrogen
fixation either relatively or actually depressed ’.

The question of the formation of ammonia or its salts by the activity of
the Azotobacter in nitrogen fixing cultures was still unsettled (Compare Burk,
Soil Sci., 1936, 41, 81), He said that the increase in the concentrations of
ammonium salts by Azotobacter activity, if it occurs at all, was negligible.
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Fuller and Rettger also found that in presence of peptone, while there
was more growth of Azotobacter, there was depressed nitrogen fixation. These
were incompatible and the mechanism of the enhanced nitrification should be
explained as due to entirely different causes. Further, the explanation the
author offered also applied to B. mycoides in presence of which there was also
enhanced nitrification.

8. Mr. Mirchandani pointed out the beneficial effects of combining organic
manures with artificials. He has observed that there is a definite improvement
(about 4-9 mgms. per 100 gms. soil in 2 months) in the total nitrogen
content of the soil when incubated with molasses. He suggests that molasses
should be incorporated in the soil 4-8 weeks before putting the land to crop.
The addition of molasses increases the nitrogen content by 4-9 mgms. of nitrogen
per 100 gms. of soil in two months. Composts obtained from sugar-cane
trash have been found to be very suitable for wheat and maize.

In connection with the paper by T. J. Mirchandani!:

Discussion

Prof. N. R. Dhar (Allahabad) said : He was glad that Mr. Mirchandani
had been able to confirm the results of Dhar and his collaborators that, on the
addition of molasses to soils in Bihar, atmospheric nitrogen was fixed. He
{Mirchandani) himself had been able to obtain, using a large amount of
molasses, a fixation of 180 lbs. of nitrogen per acre of soil, whilst Dhar and
Mukherjee obtained 112 lbs. of nitrogen fixed on applying 3 tons of molasses
per acre. The soil with which he experimented contained a higher percentage
of total nitrogen (0-069%) than that used by Dhar and Mukherji (0:0459%,).
Mr. Mirchandani obtained less fixation than that recorded by Dhar and
co-workers, when the amounts of molasses used were identical. It is well
known that the greater the nitrogen content of the soil, the less is the fixation.

He was also glad to find that Usar and alkaline soils had been successfully
reclaimed by the application of molasses. If the experiments of Mr. Mirchandani
were continued, he (Dhar) believed that the observations of Dhar and his co-
workers, namely that the nitrogen fixed by the application of carbonaceous sub-
stances to the soil was retained for a much longer period than when ammonium
sulphate was used, would be confirmed. There was certainly a residual effect
of molasses and other carbonaceous materials but not in the case of ammonium
sulphate.

Prof. V. Subrahmanyan (Bangalore) enquired as to how in some of the
experiments, farmyard manure gave lower yields than the controls. There
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was also heavy loss of nitrogen from some of the control series. Was there
any explanation for this ¢ e suggested that in addition to nitrates, we should
take into consideration the releage of amides and amino-acids which could be
directly assimilated by plants.

Mr. T. J. Mirchandani (Bihar) said : (Replying to Prof. Dhar.) He was
unable to agree with Dr. Dhar that the green manuring would ultimately make
the soil more alkaline. In fact the immediate effect of decomposing green
manure was to make the medium slightly acidic but in the long run the acidity
disappeared.

(Replying to Dr. Subrahmanyan.) If one looked at the table more critically
it was found that the habitation manure had definitely given a higher yield
of grain as well as of straw in both the crops. That was really the main point
in the table. Regarding the use of amino-acids by plants he maintained that
the evidence was not conclusive though it was slowly accumulating.

9. Mr. P. K. De discussed the question of fixation of nitrogen in rice soils.1
Under water-logged conditions nitrogen is definitely fixed in rice soils and the
amount increases with the pH. Alge are considered to be responsible for the
fixation. These are important observations but it is not yet known whether
the algese themselves are capable of fixing the nitrogen or whether they do so in
symbiosis with other organisms. Under dry conditions fixation is much smaller
and is not so general as under water-logged conditions. Nitrogen fixing organ-
isms different from Azotobacter, but probably belonging to the same genus, have
been found to fix nitrogen and have been isolated pure. They have a slow
growth in nitrogen-free mannite medium and are characterised by copious slime
formation, non-motility and non-pigmentation. Rice plants do not thrive
in sterilised sand using sterilised seeds and there is no fixation of nitrogen.
Nitrogen fixing organisms are present in rice leaves. Regarding the loss
of nitrogen from water-logged soils decomposition of ammonium nitrite is not
responsible for it. The supply of oxygen being limited the ammonia is first
oxidised to hydroxylamine and then to gaseous nitrogen and water.

I'n connection with the paper by P. K. De :

Discussion

Prof. V. Subrahmanyan (Bangalore) observed: While it was possible
that there was some fixation of atmospheric nitrogen in rice soils, the nitrogen
thus added could not entirely account for the maintenance of the fertility.
The fertility of Bengal and indeed of the whole of the Indo-Gangetic plain
is largely traceable to the fine silt deposited by the rivers. Fresh river silt
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is generally rich in nitrogen, some samples containing over 2,000 parts per
million. In South India, with the construction of two huge dams in the
upper reaches of the Cauvery, the natural fertility of the Deltaic regions
had appreciably diminished in recent years.

He enquired whether any quantitative estimation of the hydroxylamine
formed or of the elementary nitrogen was carried out. His studies with sub-
stances of varying C: N ratios showed that the loss of nitrogen from the water-
logged soil could be largely accounted for by volatilisation of ammonia.

B

10. Prof. Subrahmanyan discussed sewage as a source of nitrogen supply.
It is one of the most economical methods of supplying nitrogen and other
fertilising ingredients to the soil. Tts application to land is attended, however,
by various problems—chemical as well as biological—the elucidation of which
is of the greatest importance both to agriculture and public health.

Continuous application of raw sewage or effluent (after one of the various
treatments) leads to soil sickness. The land becomes smelly and the crops
fail. The changes attendant on sewage sickness have been discussed. Methods
of reclaiming sick soils are indicated.

In connection with the paper by V. Subrahmanyan 1:

Discussion

Prof. N. R. Dhar (Allahabad) said : Experience at Allahabad had been
different because in the Naini Agricultural farms all crops were grown with
ordinary sewage water without purification or dilution all the year round.
The foods cooked from these crops were as healthy as from normal materials.
The large cattle population of the farms thrived very well on the grass grown
with undiluted or unpurified sewage water. Under the influence of the tropical
sun and high temperatures prevailing in India, the carbonaceous and nitro-
genous organic substances present in sewage are readily oxidised when mixed
with the soil yielding useful products necessary for plant growth. The problem
in this country was to save the carbon and nitrogen from too quick oxidation
and in the alluvial soils of northern India the sewage water without puri-
fication or dilution, when properly mixed with the soil, readily added ammo-
nium salts, nitrate, phosphates, potash, etc., for the growth of plants. The
soil sickness observed in colder countries on the application of sewage was
chiefly due to the deficiency of oxidation of the nitrogenous and carbonaceous
compounds and to the presence of soaps.

1 No. 10 in the list, see p. 72.
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Mr. T. J. Mirchandani (Bihar) inquired what would be the residual value
of the addition of such large quantities of sewage to the soil because all the
nitrogen could not possibly be utilised by the crops.

The interaction of nitrogen and P,0, was now well established in that
such combination resulted in better crop yields. It was necessary, therefore,
to have an idea of the phosphoric acid content of the sewage and sludge that
was applied and then to see the interactions with and without extra phosphoric
acid. He also inquired if any explanation could be offered by the author
of the low yield of potatoes obtained by him when he treated the soil with
super alone. The yield was found to be a little over half that of the control.
Regarding quality of crops he (Mr. Mirchandani) was in a position to
confirm by his own observations that in sugar-cane a high dose of nitrogen
tended to decrease its sugar content. All easily nitrifying fertilisers would
have the same effect.

He remarked that it would have been very useful if in the case of sewage
experiments on elephant grass and lucerne the application of the sewage had
been for a limited period only and not throughout the life of the plant and the
results watched.

Dr. A. T. Sen (Dacca) said : Prof. Subrahmanyan observed a failure
of grain in crops fed on effluent rich in available nitrogen. His experience
with rice was that if nitrogen absorbed by this plant be such that the percentage
of nitrogen in the straw at harvest exceeded 0°7, little or no grain production
took place. Was the percentage of nitrogen estimated in the crops which he
had tried when the grain failed ? A knowledge of the limiting nitrogen content
for grain production of most of the Indian grain crops was of obvious importance
in practical agriculture.

Prov. V. Subrabmanyan (in reply) stated that the Naini Farm might be
an exception, but his observations were nevertheless true of most sewage
farms in the world. Continued application of undiluted sewage would lead
to soil sickness under all climatic conditions. He had no opportunity to
examine the products of the Naini Sewage Farm, but had no doubt that they
would compare unfavourably (in general quality) with those raised on water
in the same locality.

Replying to Mr. Mirchandani, he stated that both the raw sewage and
sewage sludge had residual values, but diluted sewage effluent has practically
none. The bulk of the phosphorus of sewage passes into the sludge, so, if
only the effluent is used, it has to be supplemented by a phosphate fertiliser.
Sewage sludge contains two to three per cent of phosphoric acid (P,0;), a
large part of which is available to the plant. It is difficult to explain why
potato gave a reduced yield on application of super alone. The soil was
deficient in nitrogen and it is probable that the phosphate-stimulated roots
suffered more than the untreated ones. The experiments with elephant
grass and lucerne were carried out over a long period so as to stimulate the
usual grass-forming practice. Moreover, the extended experiments would
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show whether there was no falling off in yield or any abnormality observable
consequent on continued application of sewage.

He agreed with Dr. Sen that it would be useful to have an idea of the
limiting concentration of nitrogen but in case of heavy applications of sewage,

the issues were complicated by soil sickness, plant disease, insect pests and
such like.

11. Messrs. Pal and Rakshit discussed the most suitable time of application
of oil cakes to the field for quick-growing crops.! Three different kinds of oil
cakes have been used. The formation' of nitrate consequent on the decom-
position of the cakes has been followed. The addition of the cake at first
causes a small retardation in the nitrification. This, however, lasts only
for a short interval. Lime quickens the decomposition and also intensifies
the nitrification. The application of the cake during the Rab:i season is re-
commended and is considered to be more beneficial than its application in the
Kharif season. This is the present practice in some parts of Bengal for growing
potato. The succeeding crop, usually jute, can fully utilise the unspent and
freshly formed nitrate.

12. Prof. Subrahmanyan and Dr. Sreenivasan discussed the transforma-
tion of organic nitrogenous material in swamp soils.? A large part is converted
into ammonia. The conversion into ammonia and its loss increases with the
C:N ratio and the amount of added material. Volatilisation of ammonia
favoured by the high temperature is considered to be responsible for this loss.
Addition of carbonaceous material in quantities which would raise the C: N
ratio to 15 : 1 has been found to be effective in reducing the loss of nitrogen.

13. Dr.Sen discussed the nitrogen requirements of the rice plant in differ-
ent stages of its growth. Analysis of the plant shows that absorption of nitro-
gen continues till harvest. The percentage of nitrogen in the plant increases
during the first six weeks after transplantation and then decreases. Pot
culture experiments show that if the nitrogen supply is cut off at any stage
the growth is checked but even the four-week old seedling survives and
bears grain. On using excess of nitrogen failure of grain has been observed.
The presence of boron in the culture medium improves grain formation and
causes an increase in the dry weight of the plant. The maximum loss of nitrogen
from the culture solution takes place during the seedling and ripening stages.
The results indicate the desirability of increasing the available nitrogen status

1 No. 11 in the list, see p. 72.
2 No. 12 in the list, see p. 72.
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of the soil during the active vegetative stage and the beginning of the flowering
stage. The application of niciphos to paddy soil in conjunction with treatments
with various combinations of lime, potash and magnesia show a statistically
significant though not very marked increase in the grain yield as compared
with controls.

In connection with the paper by A. T. Sen':

Discussion

Prof. V. Subrahmanyan (Bangalore) stated : It was difficult to under.
stand the nitrogen loss from culture solutions. He wanted to know whether
the distribution was completely worked out and the balance determined. In
addition to possible loss in the elemental form, volatilisation of ammonia
may also be considered.

Mr. T. J. Mirchandani (Bihar) said : The nitrogen content of the rice
plant at transplanting appeared to be rather low. Was it possible that if
transplanting was delayed, the result was that with the increase in dry weight
the dilution effect on nitrogen was noticed ?* The author’s contention that
rice took up nitrogen till harvest required confirmation. It would be useful
to have tiller counts so as to correlate that function with nitrogen uptake.
If the nitrogen was cut off at a certain stage of plant growth there would be
a translocation of nitrogen from some tillers to the surviving ones.

Regarding the non-formation of grain when the nitrogen was supplied in
excess so as to give 1°2 per cent nitrogen in straw, such conditions were not
likely to occur in general practice. The observations of the author, however,
had importance in so far as they gave a warning against the excessive use
of nitrogen for the rice crops.

Prof. N. R. Dhar (Allahabad) said : In the rice fields of Bengal in the
dry season the straw, plant residues, etc., present in the soil are oxidised with
the liberation of energy required for nitrogen fixation. In the wet periods,
the oxygen dissolved in the water and the oxygen adsorbed on the soil surface
helped the oxidation and decomposition of the cellulosic materials and this
leads to nitrogen fixation in the soil. This addition of nitrogen to the soil
stopped soil exhaustion and maintained a fairly steady yield of crops year in
and year out under tropical conditions although the soil is not manured by
artificials.

Dr. A. T. Sen (Dacca) said: (In reply to Prof. Subrahmanyan.) Under
water-logged conditions nitrogen would be lost from the soil in the elemental

1 No. 13 in the list, see p. 72.
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form according to the equations developed by his colleague Mr. P. K. De and
given in his paper. The reaction would proceed according to equation (2) in
a normal aerated soil. Under submerged conditions oxygen supply becomes
limited and the reaction proceeds according to equation (3). The soils used
by them (Sen and De) being acid (pH—50) there was little possibility of
nitrogen being lost as ammonia.

(In reply to Mr. Mirchandani.) He agreed that 125 per cent nitrogen
in the rice straw at harvest could not be realised in the field. It was the
percentage obtained in the water culture but, as stated before, little or no
grain production took place if the percentage of nitrogen in rice straw at harvest
exceeded 0'7. The low percentage of nitrogen of the rice plants at trans-
plantation was obviously due to the fact that he (Sen) did not manure
the seed beds as heavily as Mr. Mirchandani or others did. It would be wrong
to say that manuring of the seed bed alone was the last thing to do in rice
cultivation. Large increases in yield were obtained in Japan, Italy and
elsewhere by top dressings of nitrogenous fertilisers following transplantation.
On the contrary his (Sen’s) results indicated the possibility of considerable
loss of added nitrogen if seed beds were manured heavily. As regards the
tillering of paddy he agreed with Prof. Agharkar that it was mainly eontrolled
by the oxygen supply to the roots. If the oxygen supply was large, as in
semi-moist soils, tillering would be limited ; if the supply was small, due to
excessive submergence, the tillering would again be limited. But it would
be wrong to say that the golden mean was 6 inches of submergence. The
optimum submergence might vary from a few inches to several feet depend-
ing on the variety of the paddy chosen.

Dr. H. Chaudhuri (Lahore) said : The failure of nitrogen fixation in the soil
with the increase of acidity mentioned by Dr. Sen was due no doubt to the
failure of the nitrogen fixing organisms to grow in acid media. In all rice
fields in E. Bengal green organisms grew abundantly and it had been shown
that the nitrogen content of the soil increased under those conditions. Some
two years back samples of soil and water from the rice fields in Faridpore were
sent to the speaker by Sir Bryce C. Burt (then Mr. B. C. Burt) for analysis. The
soils were put in different sterile flasks containing distilled water, and during
six months following the green organisms appearing in the culture flasks
isolated. These consisted mostly of blue green alge and only a few green
alge. When examined under the microscope after proper staining, the mu-
cilage coatings of the blue-green algse were found to be full of bacteria. Next
the bacteria were plated and by growing in nitrogen free media it was found
that they fixed atmospheric nitrogen. When these were grown in media of
different pH. values, it was found that more nitrogen was fixed on media having
pH value 7°0 or over. The organisms ceased to grow in definitely acid media
and so no nitrogen fixation could take place. The alge without the bacteria

had no power of fixing nitrogen nor had the rice unaided any power of fixing
nitrogen.
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14. Mr. H. N. Pal described his experiments conducted at Jorhat in Upper
Assam on the manurial treatment of sugar-cane soils.! The average nitrogen
content of the (top) soil is 0°09 per cent. Sugar-cane grown on this soil shows
signs of nitrogen starvation and gives a poor yield. A rotation of crops and
the application of cow-dung and oil-cake give satisfactory results. The
application of about 300 mds. of cow-dung along with 1000 Ibs. of oil-cake
has been observed to produce the best yield.

G

15. Prof. Subrahmanyan and Dr. Sreenivasan discussed the errors ot
analytical methods of sampling and the errors arising out of soil heterogeneity in
relation to the observed fluctuations of nitrogen contents of soils.?2 They have
compared the dry and wet methods of digestion and have observed a difference
of as much as 25 per cent in some soils. The official dry method gives low and
discordant values, The distribution of nitrogen in finely ground samples within
each plot shows great variations from time to time which might be mistaken as
periodic fluctuations. It is suggested that the movement of soil albuminoids
as a result of a partial peptisation by the dilute salt solutions in the soil should
also be taken into account.

16. Mr. K. M. Pandalai proposed methods for determining nitrous and
nitric nitrogen in solutions. The inaccurate results (generally low) invariably
obtained for the nitrous nitrogen content of soils were stated to be due to (1)
the extreme instability of that form of nitrogen and (2) the inevitable presence
of organic matter in soil extracts.

The addition of a fair excess of slaked lime suspension clarified the extract
and at once stabilised the nitrous nitrogen. A further addition of small
quantities of copper sulphate and lead acetate solutions rendered the extract
protein-free, sugar-free and entirely colourless and facilitated filtration.

The method described in the paper took only 1 to 14 hours and yielded
very satisfactory results with a variety of tropical soils, and the author recom-
mended it for the study of nitrogen changes in soil.

In connection with the paper by K. M. Pandalaz3 :

Discussion

Dr. G. Gopala Rao (Waltair) said : It was necessary to study whether
the oxidation of nitrite to nitrate by hydrogen peroxide in acid solution

1 No. 14 in the list, see p. 72.
2 No. 15 in the list, see p. 72.
8 No. 16 in the list, see p. 72.
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was complete. His results showed that it was not complete and he
suggested that the conditions of quantitative reaction should be studied in
alkaline solution,

When the unused hydrogen peroxide was back titrated against standard
permanganate it should be borne in mind that the permanganate would interact
with any unoxidised nitrite as well. It was well known that permanganate
could oxidise nitrous acid.

Mr. K. M. Pandalai (Bangalore) said : (in reply to Prof. J. N. Mukherjee)}
control experiments with the reagents were done.

(In reply to Mr. Mirchandani.) A mixture of acid and salt could not be
used. The whole question of oxidation of HNO,~HNO, was one of pH so
that if nitrite was to be stabilised an alkaline medium would have to be used.

(In reply to Dr. G. G. Rao.) A large excess of H,S0, (1 :1) should be
used ; the oxidation was instantaneous and the stoichiometric quantity of
nitrate was obtained.

17. Mr. R. Rajagopalan in presenting the paper by himself, Mr. C. R.
Harihara Iyer and Prof. V. Subrahmanyan ! said : The procedure consisted in
treating the material to be digested with a small quantity of mercuric oxide and
sufficient excess of 2 : 1 sulphuric acid. The mixture is then raised to
boil and treated with either solid dichromate or an aqueous solution of
chromic acid. The boiling was continued for 30 minutes after which the
digest was cooled and reduced with excess of alkali sulphite followed by
zine. The product was distilled in the usual way.

D

18, Dr.S.P. Aiyar gave a systematic account of the nitrogen status of the
soils of Burma, in relation to various pedological factors.? Burma soils have been
classified into five groups on the basis of rainfall and altitude. The percentages
of carbon and nitrogen, and the pH, rainfall and the soil texture expressed as the
sum of the percentages of clay and silt fractions for each of the groups have been
tabulated. The following conclusions have been arrived at : () In agreement
with Jenny’s law the mean nitrogen content has been observed to increase
with the rainfall ; the nitrogen content also increases with fall in temperature ;
large differences in rainfall are counterbalanced by small differences in tempera-
ture ; (b) water-logging increases the soil organic matter ; (¢) the organic matter
content also depends on the covering vegetation and cultivation ; (d) no definite
relation seems to exist between the nitrogen content and the texture of the
soil but it is pointed out that the method of expressing the texture is liable
to give wrong results. Manurial experiments on paddy crops in pots and

1 No. 17 in the list, see p. 72.
2 No. 18 in the list, see p. 73.
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in the field show that nitrogen when added as ammonium sulphate always
induces a good response. Nitrates, ammonium bicarbonate, urea and calcinm
cyanamide are less effective. Phosphate when used in combination with
ammonium sulphate very often produces better results than with ammonium
sulphate alone. Potassium sulphate produces no response. Green manure
and other organics which liberate ammonia show marked increase of the
vield. In tropical paddy growing areas there seems to exist a limit
beyond which the yield cannot be increased, whatever be the treatment.
Experiments with sugar-cane show that ammonium sulphate is more effective
than nitrate, and potash or phosphate appears to be unnecessary. It is to
be hoped that further systematic work on similar lines will be carried out
in other parts of the country.

19. Messrs. Wad and Aurangabadkar gave an-account of the carbon and
nitrogen contents of typical soils of Bundelkhand, Malwa and Rajputana.
These quantities have been estimated at different depths of the soil profile
and their relation to temperature, rainfall, moisture holding capacity, produc-
tivity and mechanical composition have been discussed. The carbon and
nitrogen contents of these soils are usually low compared to those in temperate
regions. The C: N ratio seldom exceeds 10:1. No relation has been found
to exist between the C : N ratio and the temperature, humidity and the moisture
holding capacity. Lysimeter experiments with profiles of different soils
show that the yield of cotton is not related to the nitrogen content. The
application of nitrogenous manure does not always produce a response in the
crop yield. Nitrogen content of the surface horizon of virgin soil is lowered
by cultivation and the lowering appears to be inversely proportional to the
content of the sand free fraction. The behaviour of the second horizon seems
to differ from that of the first and sometimes works in an opposite direction.
It is considered that differences in productivity depend chiefly on the extent
to which the supply of nitrogen and moisture is similarly maintained by the
first two horizons of the soil.

In connection with the paper by Y. D. Wad and BR. K. Aurangabadkar? :

Discussion

Prof. V. Subrabmanyan (Bangalore) wanted to know if the authors
had got data to prove their statement that the C:N ratio varies with
temperature.

Mr. R. K. Aurangabadkar, in reply, said : They had not made a statement
to that effect. On the other hand they found no correlation between the
carbon or nitrogen contents or their ratios in the different soils and the
climatic factors like temperature, humidity or rainfall.

1 No. 19 in the list, see p. 73.
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Prof. N. R. Dhar (Allahabad) said : The observations in this paper
became clear if the authors would take into consideration the fact first empha-
sised by Dhar and Mukherjee (J. Indian Chem. Soc., 1936, 13, 233) that the
percentage of available nitrogen in tropical soils is much greater than in the
soils of temperate climates. As the soils used by the authors contained a
fairly large proportion of available nitrogen, it was not expected that a favour-
able response to nitrogen manuring would be observed and this had been
actually reported by the authors. Dhar and Mukherjee (J. Indian Chem.
Soc., 1934, 11, 883; 1935, 12, 436), from the analysis of well-aerated soils
from different parts of India and other countries, had shown that the C: N
ratio of soils was greater the warmer the country. This is in agreement with
the observation of McLean (Journ. Agric. Sci., 1930, 20, 348). Jenny (Soil
Sei., 1929, 27, 168) reported contrary results because his conclusion was based
on extrapolations, If the authors carried on experiments with well-ploughed
soils they were likely to obtain C: N ratios of their soils larger than 9 or 10.

Mr. R. K. Aurangabadkar, in reply, said : A higher percentage of available
nitrogen may not necessarily result in the supply of greater quantities of
nitrogen to plants. Because the total available quantity depends upon both
the total content of nitrogen and its availability. It is equally essential that
the superior availability of nitrogen should not be short-lived, but persist suffi-
ciently long. This may not happen in many tropical soils, as shown by the
results of nitrification tests carried out at Indore.

NITRIFICATION IN UNMANURED SOILS, MONSOON CONDITIONS, INDORE, 1933.

Mgms. of nitric N per 100 gms. of oven-dry soil.

Interval in days from start.

Surface soil.

0 21 l 42 ‘ 63 84 l 105 126

Black cotton, Indore .. | 0-17 1:08 1-93 2-32 1-98 1-03 0-82

Sandy loam, Jaipur .. | 0-12 .. 1-32 .. .. 0-52 0-53

The percentages of carbon and nitrogen in soils and consequently their
ratios indicate the kind of residue left in them as a result of the various types
of decay of organic material possible in the prevailing environment. The
nature of the decomposition is determined by the combined influence of the
prevailing temperatures, moisture and oxygen contents and the chemical nature
of the substances taking part in the processes. Hence, it is natural that the
C: N ratio is not determined solely by a single factor. An apparent dominance
of one factor may be found on an examination of soils, otherwise similar,
but exposed to variations in its intensity, larger than those of the others.
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Inferences based on such observations may not be universally applicable.
This is shown in this paper by the carbon and nitrogen contents and their
ratios found in soils—both virgin and cultivated—formed under widely
different conditions and in regions with prevailing temperatures equally varying.
The influence of temperature is modified by that of differences in the moisture
and air regimes as well as the chemical and physical nature of the clay complex.
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