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SECURITY IHFERMATION
PART III

- ; NITROG HE AGRICULTURE OF THE USSR

INCREASING YIELDS AND THE ROLE OF NITROGEN

IN AGRICULIURE

The whole history of agriculture in Western Europe gives
evidence that the principal condition determining the average yield
in different periods was the degree to which farm crops were supplied
with nitrogen. There was a thousand-year period during which the

three-crop method predominated -- from the time of Charles the Great

to that of Lavoisier -- when there was no systematic flow of nitrogen

from the outside into farming as a whole, and nitrogen was merely

transferred from the meadows into the fields (through hay and manure) .

But, as the meadows were plowed up with the growth of the population,
this source of supply became more and more scarce, and by the 18th
Century, ylelds were stabilized for most of Europe at 7 centners per
hectare. Later, when clover began to be grown, toward the end of

the 18th Century in England, and even earlier in Belgium and Holland,

the crop rotation system was substituted for the three-crop method,

and soil was enriched with air nitrogen through clover, both directly
through the root remnants and indirectly through the manure obtained

by the use of clover hay as fodder. As a result, yields were gradu-

ally doubled, becoming in the above-mentioned countries twice as high

3 Rl
(15 to 16 centners) as in the Middle Ages. '
For a long time no notice was taken of this relative saturation
of farming with nitrogen, just as no notice is taken of the air ore
i ; breathes, until the problem of the importance of nitrogen in the life

5 of plants was explicitly stated by Bussengo. He proved first of all
! ? SECURITY INFORMATION
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(1837 to 1838) that the favorable effect of leguminous crops on sub-
sequent crops is connected with their having access to an abundant

source of nitrogen, not accessible to grain crops, and, secondly,

he established the fact that the most efficient fertilizers for the ‘

latter appear to be the nitrogenous ones (guano, liquid discharges i ‘g

by cattle). Although the source of nitrogen available to legume

crops was not exactly determined at that time, Bussengo had stated i ;
g rather definitely even in 1837 the proposition that this nitrogen
came from the air. After the supply of nitrogen was increased in ;

the Buropean soils through the use of clover, the positive action of

a4 phosphorus on crops began to be evident, although Libich came out
| : preaching mineral feeding, particularly emphasizing the significance

of ash elements (especially phosphorus and potassium), without noting

7 the importance of the clover background and thinking that nitrogen
comes by itself from the air as NHuHCOB. Only the adoption of the

system of synthetic cultures (in the 60's of the past century)

proved that it was necessary to synthesize the ideas of Bussengo (M)
and Libich (PK). "“NPK" became a motto in the use of fertilizers,
and this was the direction followed in the search for raw materials

for the growing fertilizer industry.

Therefore, the new era in agriculture began not in the L4O's,
when Libich advanced his theory, but LO to 50 years later, when the
development of plant physiology and agricultural chemistry pointed
out just what substances are needed by plants and the chemical industry
started to supply mineral fertilizers in great quantities and at low
prices. At this time the nitrbgen of clover was combined with the
nitrogen of niter, but it was already necessary to add "PK" to it,
while in the past individual crop yields had still been increased

o,

-~
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by clover nitrogen alone, at least on "clover" soils. From approx-
imately 1885 on, the adoption of mineral fertilizers (on the basis

of crop rotation) was gradually increased and came to be widespread.

A new factor appeared at this time which, in not replacing
but supplementing the former, strengthened the combined action of
clover and manure, Mineral fertilizers take effect in two directions
simultaneously: They immediately increase the effective fertility
of the soil and, in addition, they raise the quantity and quality of
manure. With increased grain crops, more straw is harvgsted to be
used in bedding. With increased sugar beet crops, more beet-tops
and pulp are obtained for fodder. Mineral fertilizers and liming
increase the clover crop, and with it the accumulation of nitrogen,
make it possible to grow clover on soils where it was not formerly
grown, and increase the hay harvest and the nitrogen content of the
meadows -- all this having its effect on the quantity and quality of
manure., In this way the quantity and quality of manure is raised,
not only through the influence of clover, but also through the influ-

ence of mineral fertilizers.

While at the end of the last century and the beginning of the
present one niter played the leading role among nitrogen fertilizers,
after the War of 1914-1918 this role was taken over by synthetic
ammonia. It follawed that nitrogen fertilizers became cheaper still
(in the 30's the price of ammonium sulphate fell by as much as 50
percent as compared with the price of whéat), and in the leading

BEuropean countries yields attained a level three and four times as

high as that of the Middle Ages (25 to 30 centners in Belgium and
Holland). T »
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At the beginning of this century our yields were 2 to 2%
times lower than yields in a number of Western European countried.
In Belgivm, Holland and Denmark the average grain yield was almost
three times as high as ours. At that time we were inclined to blame
this difference on more favorable natural conditions -- climate and
soil. But this explanation is entirely incorrect. Oﬁ the contrary,

the soils in the West are by nature worse than ours; their fertility

is second rate, brought about by the application of labor and know-

ledge, and while the climatic conditions of Holland and England do
not include the summer droughts of the Trans-Volga region and our
severe winter frosts, on the other hand they do not have the sun of

Kiev, or even the summer sun of Moscow. In any case, not the climate

in the West, but its soil has been made over by human hands, and 150

to 200 years ago, the West with the same climate had the same low
yields as prerevolutionary Russia (around 7 centners). Two factors

played a role in the alteration of Western soils. They are: (1) clover
sowing and (2) mineral fertilizers (including liming), both factors
influencing the fertility of the soil directly, as well as through

the agency of manure. Clover as a nitrogen-collector, on the one

hand, enriches the soil through its root remnants, and on the other,
it increases the quantity of fodder, and therefore of manure, in farm-

ing. At the same time, thanks to clover, the nitrogen content in

forage and manure is also increased.

Since in Western Europe the introduction of crop rotation and

of mineral fertilizers were separated by & considerable time interval,

about 100 years for England, even more for Belgium, it is therefore

possible to measure the effect of one and the otﬁer process: by the’

change in the average level of yields ovef'the past

AESTRICTED
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P 3 .
The Epwarg novement of crop yields in Western Burope, in
which nitrogen was the main factor (at first completely, and labter
for the most part), may be represented diagrammatically by three
steps (Figure 33). ;
L
30 | - centners per hectare 3;‘;”&“”
25 | -
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Figure 33, Changes in the level of wheab yields in Western BEurope

during a period of 150 years (graph)«

{ Tn corroboration of our graph we can present the following v :

factual information on the progress of crop yields in Holland, Belgium,

and Germany.
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Movement of Yields in Holland, Belgium and Germany
(In Centners)
I 1T 11T
3-Field Period Influence of the
Period of Introduction of Mineral
Countries (Middle Crop Rotation Fertilizers
Ages) :
181,0-1870 1880 1891-1900 1909-1913 1926-—1930 l936~1938

—e— R
Holland 7 15.5 17,7 19.L 2245 29.8 31,0
Belgium 7 15.0 15,3 193 2543 2545 28.5
Germany 7 13.0 1.0 7.4 22.7 (19.9) 2L.3

he change alone from the three-

t can be seen that U

From this i
jon with cultivation of clover and root-

£ield system Lo cXOP rotat

crops had gradual];y“ resulted, over a number of decades, in 2 doubling
st the medieval 1evel of 6 to 7.centners, had

of zields , which, again
13 to 17 centnerse

risen to They remained stable at this level for
a long time, and only later, under the influence of the introducbion
of mineral fertilizers, did a new wave follow of even greater and
swifter increases in crop ylelds -~ up to three and four times as
high as the original 1evel (7 centners)e This ‘orend. began in the
with an interruption at the time of the

ontinued increasing
(We see that Belgium and

80's and ¢
First World War, especially for Germany .
Holland kept pace with each other in increasing yields up to 15 cent-

ond that a differenc

in favor of Holland, --

¢ may be observed

ners, but bey
and this is because Holland, participating ﬁth England‘in supremacy
of the seas, began using Chilean 'Sal_jbp‘e'({er‘befbrewBelgium‘did, and be-

sides, by creabin ‘ﬁqllahd‘ secured cheap

s and cansls;

£ r‘xighf;f sdilyi“i‘om _the citie . touthe fields.

g a network of dam

er transportation o
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Germany, by comparison with her Western neighbors, was late in intro-
ducing grass-sowing, 0 that only in the middle 80's did she attain
such yields as Belgium already had in the 40ts of the past century.)

that the growth

his when he assumed

ction would lag behind the growth of population.

Malthus had not foreseen t

of agr:'\_cultural produ

ential to add that the production effected

general growbh of

It is ess
d to the

n of crop rotation could not be attribute

by the conversio
growth of grain yields alone. The fact was that the introduction of ! .

nt of the acreage operated to the

[_Eultiv:ateg row-crops on 25 perce
tatoes yield a production of dry mabter per

same effect, since po
ot-crops with very

hectare three times as high as grain-crops, and ro

high yields base may yield even more. Besidess the elimination of

£allow, which under the three-crop systen occupied 33 percent of the
area by 50 percents

If all this

arable area, increased the sowing
is taken into account and the yield for all crops is translated into
grain equivalents, the growth of production per hectare of sowing

and Holland is as follows (in

ares under the conditions of Belgium

centners per hectare):

Food Value Ditto :
Grain Equivalents Including Fodders 1

e —
Under the 3-crop systemescesanaceeces Le3 5.9 :
Under crop rotation (before the
introduction of mineral fertilizers 19.0 29.0 !
i ' |
Ditto, afver the introduction of |
mineral fertilizerseceeeeces 38.0 5240 |

1 centner of ub t and rye represents 1 unit,

(In this conversion,
of potatoes bty 1, roots by

the yield of oats is divided by

5, clover hey by 245 ,‘Lo‘a“c ‘swtrajv andTye. s"b‘ra’w;b‘y‘s.’) ‘
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In this way the growth of production went on at a rate close
to the ratio of the squares 12 22 32; i.e., fourfold and ninefold,
and not as Malthus had thought (in arithmetical progression). In
calculating the rate of increase of population Malthus made the con-
verse error, strongly exaggerating this rate. (In Malthus' time the
population growth in England was 13 per 1,000, i.e., close to the
Russian growth during the period 1860 to 191l;, which corresponded
to a doubling of the population in 50 years, while America's pgpula-
tion doubled in 25 years (but immigration also contributed to this).
Even France had a gain of 9 per 1,000. But one hundred years after
Malthus, France's population growth decreased to 0.6, almost coming
to a stop (and it was not the poor people, but the bourgeoisie that
pioneered in the conversion to the "wo children system'), while
agricultural production in France can still be greatly increased.
Germany, during the period 1885 to 191, was an example of production
growing more rapidly than the population. In the United States,
where they did not kmow what to do with surpluses of wheat and corn,
population growth was gradually decreasing. It is twice as low
as in Poland, Yugoslavia and Bulgaria and, according to statistical
calculations, by 1970 the number of births and deaths should be equal,
i.6e, the US will find itself in France's situation with respect to
population growth, in spite of the fact that the means of food pro-
duction in the US are greater)than anywhere else.) But all this need
not be argued in detail, sinee-k:;u‘:b turned out that in the capitalistic

countries crises reéult,no%’ f;t;orri a“ ’hor,tége‘ of : p:joducté s but from.

over-production..

That the rapid rise o

Century was ma:"miy éaused by,
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fact that in other respects there were no other significant changes
in this period (i.e., during the period when Europe took the path
of chemistry, America took that of mechanization, but its yields re-

mained at the previous level,) *

At the end of the 19th Century nothing new happened in Belgium
and Holland, either in the field of soil treatment or that of /plant]

selection, Nor did crop rotations undergo any new changes. In effect,

mineral fertilizers were the only new factor affecting crop yields

during this time, but they, of course, also heightened the importance

of previous factors -- clover and manure.,

Tt is precisely to this period that K. A. Timiryazev referred

in his statement when he said that European agriculture became what

it is solely because of agricultural chemistry and plant physiology.

The mechanization of agriculture in Europe was then ingignifi-
cant, except for the introduction of reapers, but reapers do not in-
crease crop yields. The United States was the center of development
of mechanizatioh, but the process of increasing crop yields, charac-

teristic of Europe, did not take place there. In general, mechaniza-

tion is above all a means for the encompassment of wide areas in
countries where labor is expensive; it directly decreases the amount

of labor for grain grovfir_xg,l while the application of chemistry decreases

such expen itures_ by the act that yields are increased while the

amount of labor per hec ins ‘practically constant., These
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Yield Index of Index of Density
(Centners per the Application Mechanization of
Hectare) of Chemical Fer- (Number of trac- Population
tilizer tors per 1,000

(N-Pp05-K,0 in kgs sown hectares)
per “Hectare)

Holland 30 109 217
Belgium 27.5 89 ‘ 257
Japan 27 75 1 157
Germany 22 67 138
France 15 22 75
United States 9 12 10 13
Uzbekistan 17 106 8 -

If we turn to our own conditions, it will appear that the
problem of nitrogen played an important role in the development of
our own agriculture as well, and in practice the cheapest ways of
solving it were unconsciously sought for, -- only originally in our
country the main role was played not by clover nitrogen, but the

nitrogen of the chernozem soil Z_Black soiy.

As soon as the southern steppes were safe from the invasion
of nomads, they became the goal of a spontaneous peasant colonization,
attracted by the possibility of not having to expend energy on grub-
bing and of obtaining, without recourse to manure fertilization, good
yields of bread grains at the expense of the abundance of nitrogen
in the c’hérnb - true, these yields were not at all very
'l',,‘cheap bread was obtained from them.
s of high yields and drought years

é, highest average yields were

DP82-00039R00010020000:
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Nevertheless, thanks to the large sowing areas and sparse population,
the South served as the supplier of bread for the North.) Besides,
not only was the plowing area in the South growing more and more, but
also the land for plowing in the North was shrinking in proportion

to the development of railway communication with the South.

If we do not concern ourselves with the shrinking of the plow-
land on the landowners' estates in the North as a result of the aboli-
tion of serfdom, but consider the subsequent period, when peasant
acreage predominated on the non-cherozem soil strip, its systematic
shrinking can still be noticed. For example, in Moscow Guberniya,
rye sowings in 186l occupied around 400,000 hectares, in 1900 ~-
around 220,000 hectares, and in 1916 -~ only 150,000 hectares (while
the total plowland area decreased from 1,200,000 hectares to 160,000
hectares). Meanwhile the chernozem soil strip was being plowed up
more and more, the land along the Volga yielded durum wheat grain
rich in albumen, and manureless farming reigned for a century. In
1830, around Khar'kov, the employment of manure was still considered
harmful, and when manure was called for, it acted initdially through
its phosphorus, and not its nitrogen. Thus, the Khar'kov Station
at the beginning of the 20th Century had observed gains of 50 poods
in the yield of winter rye both equally from the application of super-
phosphate and from manure, and no gain at all from saltpeter. True,
this was only for bread grains, and winter grains at that, coming
after nitrate-rich black (bare) fallow, although sugar beets had
already shown a demand for nitrogen., The sugar beet's demand for
nitrogén had previously been met by the fact that it, too,«as planted
on black (bare) fallow (an unprecedented occurrence in non-chernozem

soil Western Europe), although later (at the end of the 19th Century)

RESTRICTEY
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saltpeter began to be applied also with respect to it, while in
the 20th Century bread grains also began to respond to nitrogen.
Thus clover, as also in Western Europe, turned out to be a wonder-

ful predecessor for bread grains (experiments at the Nosovskaya and

Sumskaya stations). Thereupon, direct experiments by the NIUIF
(Research Institute of Fertilizers and Insecto-Fungicides Under the

i People's Commissariat of Chemical Industry of the USSR) network @f

& : station§7 managed by Lebedyantsev, showed that spring bread grains

on black soil responded strongly to nitrogen fertilizers., Thus the

period of "nitrogen Eldorado" began to draw to a close, so that for

the black soil region, at least in its western section, it became

necessary to adopt the same measures as in the northern non-black-
s0il strip (clover and manure for bread grains, and a still consider-
able amount of nitrogen fertilizers for industrial crops) for a solu~

tion of the nitrogen problem,

Surprisingly, the role of nitrogen in the agriculture of the
non-chernozem-soil zone was not immediately appreciated in full

measure: The reason for this was the fact that experiments were

based on the economics of current production, instead of considering
the state as playing a role in the organization of future production.
Thus, when the agronomists of the Moscow Zemstvo, under the influence
of Timiryazev and Chuprov, decided (in 1908) to begin experiments ‘ 1
with mineral fertilizers on peasant lands, in these experiments they
either would not apply saltpeter at all, or they used it in insigni-
ficant quantities, as a sort of stimulant, reasoning that imported
saltpeter (from Chile) was too expensive for peasants to buy, i.e.,
they confused scientific research goals with propaganda for the use

of saltpeter. For this reason mineral fertilizers did not yield the
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expected result, which was incorrectly attributed to the unfavorable
physical properties of our soils, and reference was nade to England,
where a whole century went by between the introduction of grass sow-
ing and of mineral fertilizers, and therefore, it was claimed, to
introduce the latter here would also be premature. The same mistake
was repeated later, too, namely, in the 20's, The leadership of the
People's Commissariat of Agriculture of that time did not give experi-
menbal stations the means to set up experiments with mineral fertili-

zers, "because the peasant does not ask for them",

But even in those individual cases where experimental stations
did set up experiments according to the eight E‘bage‘_?] plan, they
followed the example of the first experiments of the Moscow Zemstvo
(1908 to 1912) and put in only 15 kilograms of nitrogen, with 4O to
50 kilogram doses of phosphorus and potassium. (It was just these
doses that proved to be the most unsuitable on poor soils (see below)).
I was able to verify this on a tour of the experimental stations in
the Ural and Volga regions in the fall of 1926, and of course, as
compared with manure, into which 150 to 200 kilograms of nitrogen
were introduced, the effect of mineral fertilizers was weaks. (By
the way, results of the experiments were briefly reported to me at
the Kazan' Experimental Station in the following form: 'We are not
getting any results either by the Pryanishnikov or the Doyarenko
methods", i.e., neither mineral fertilizers nor fallow cultivation i
were of any help. "Manure is the only thing that has any effect'. \
Upon having acquainted myself with the fertilizing doses, I advised ” l
that the nitrogen quantity be increased. After two years, in 1928, ;
when the periodical Mendelian Congress took place in Kazan, new data

from the Kazan' Station were included in the reports of the agricul-
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tural-chemical section in which the action of mineral fertilizers

no longer differed in extent from that of manure.) This gave me

the opportunity to write in the spring of 1927 an article entitled
uChronic Error of Evaluation When Determining the gffect of Mineral
Fertilizers," and that year turned out to be the turning point in
the sebtting up of experiments with fertilizers, for it was then

that the Agricultural—Chemistry Department of NIUIF, which I headed,
organized the so~-called ngeographical network of experiments". The
data of these experiments gave smmediate evidence of the fact that
where the same doses of nitrogen as in the West are applied in the
region of podzolic soils and on the serozems of Middle Asia, the same
effect is obtained (experj_ments with cotton, flax, and pota’ooes).
Moreover, 1t appeared later on, that industrial crops also respond
%o nitrogen on the Chermozem soil (such as sugar beets and hemp),

but grains also definitely respond to nitrogen, where they do not
follow bare fallow. A1l this made it possible for the chemical
industry to seb up a plan on a large scale and to start carrying it
out in the First Five-Year Plan. During the second Five-Year Plan,
data of the VIUAA (A11-Union Seientific-Research Tnstitute of Fertili-
ZeTS, Agricultural Soil Science, and Agrovechnics Under the People's
Commissariat of Agriculture USSR) showing that the use of mineral
fertilizers gives good results, not only on the experimental fields,
where the experiments of the NIUIF were seb up, but also in conjunc-
tion with the agricultural techniques that were already in use in
1932 to 193l on the fields of collective and state farms. Thereupon
the Stakhanov movemént, in its powerful development, showed SO clearly
the impartance of fertilizers, that hardly anyone would maintain.that
we should firét_go thrqugh some 6therl stages before coming to the

application of mine:al,fertiiigeps;j Tt is characteristic that record.
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crops obbtained by the Stakhanovites coincided with the period when

the production of mineral fertilizers in our country became large-

scale.

We must, of course, take into account the historical develop-
ment of agriculture in Western Europe, but this does not at all mean
that we must, as some have thought, go successively through all the
stages which took place there. (It was maintained that first we had
to introduce grass-sowing, go through a stage of pure manure farming,
in order to improve the physical properties of the soil, and only

then consider using mineral fertilizers. ("Why, in England they

started using mineral fertilizers 100 years after the introduction

of grass-sowing"). Besides, an incorrect account was often given of
the history of agriculture in Wesbern Europe, and the fact was con-
cealed that it was not the field-grass rotations, but a pure crop-

rotation system, utilizing a one-year sowing of clover without timothy

which had first led to a doubling of crop yields in the West and later
to their further increase after the introduction of mineral fertilizers.)
Our task consists in catching up with and surpassing within a short
period of time the economically advanced capitalistic countries, and

we can and must do this, availing ourselves simultaneously of all the
possibilities which are at the disposal of a systematically develop-

ing socialist agriculture, and not slavishly imitating any ready-made

patterns.

AESTRIGTED
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STRUCTURE OF THE NITRCGEN BALANCH IN DIFFERENT COUNTRIES

3 : SYNTHETIC AND BICINGICAL NITROGEN

The rapid development of the nitrogen industry after the
first World War caused non-agricultural circles to think that
this factor crowded out all others and that it was mainly re-
sponsible for the high crop yields obtained in countries with a
1 highly developed nitrogen industry. But, in practice, nowhere did
the new sources of nitrogen (synthetic ammonia, calcium nitrate,
etc.) replace clover nitrogen and manure nitrogen; in all cases

they re-supplemented the earlier-known procedure and increased the

E, ) total amount of nitrogen introduced into the farming cycle, thereby :
raising to an even higher level those yields which in Western Europe

1 were already rather high, thanks to clover-sowing with simultaneous

use of phosphates and potassium salts.

In all the Western countries they are even now continuing

to proceed by complex means, with two methods being utilized for
fixing air nitrogen, namely, the technical method, feasible with

the help of expensive equipment only in specific places, where there

are concentrated sources of energy (coal deposits, waterfalls), :

and the biological method, practicable everywhere because it

utilizes solar energy and requires no equipment, but uses instead

clover, lucerne and other nitrogen-collectors which fix the air
nitrogen with the same source of energy that aids them in fixing

: carbon.

Both methods of solving the nitrogen problem have their

positive aspects and their difficulties; they mutually supplement .. i E
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one another hut cannot completely replace each other. Synthetic
nitrogen is characterized by: (1) very swift action in connection
with the solubility and high assimilability of synthetic factory
products (making poseible a rapid tempo of yield increase); (2)
easy transportability relsted to the high concentration of nitrogen
content (for example, in synthetlc urea there is a hundred times
more nitrogen than in manure) , and the possibility of transporting
it to any locality at wills (3) the pogEibility of considerably
greater saturation of the crop rotation with industrial crops ta
than in the absence of synthetic nitrogen (thus, we could not de-
vote to cotton for a long time such a large percentage of the area
in Middle Asia if the cotton-growiﬁg regions were nov mostly supplied
with nitrogen fertilizers); (L) at the same time the large-scale
nitrogen industry develops for other reasons too besides the agri-

cultural ones -- above 21l it is connected with the war industry.

But synthetic nitrogen is always more expensive than manure
nitrogen, end therefore even in countries with a highly developed
industry the mein role in supplying agricultural plants with
nitrogen is not played by synthetic nitrogen but by biolopical
nitrogen since the nitrogen of clover hay is transferred to marure.
In effect, the biological method of fixation of air nitrogen costs
nothing where all the expenses of clover or lucerne cultivation are
paid for by livestock-raisinge. Nevertheless biological nitrogen
with the indisputable advaentage of cheapness has its shortcomings
in comparison with synthetic nitrogen; it is not transportable and
is very slow-acting, and, of course, it cannot be directly utilized

for defense purposes. We point out, however, that the more clover
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sowings there are in the country, the richer it is in livestock

and manure, the less would bread-grain yields be affected in a !

drawn-out war by a lack of technical nitrogen.

The quantitative relation between both nitrogen sources, of
course, is different in varioue countries;and in principle, if there
were no causes of a military-politicel order, it should depend |
in the first instance on the density of population: namely, the
greater the latter, the larger the percentage of acreage that would
have to be occupied by food crops and the smaller the area that
could be occupied by fodder crops (and among the latter the first
place is taken precisely by nitrogen-collectors). In this
connection we have the greatest possibility of expanding the area
under nitrogen-collectors (at the expense of enlarging the plowing
area), but within the limits of Western Burope a significant
variation mey be observed in contiguous countries. Iet us compare,

for example, industrial Germany with agricultural Denmark; Germany

having (before Hitler) a high level not only of industry but of
agriculture too -- much higher than in France. Demnmark has no
rew materisl for developing its industry; livestock products take

firet place in its exports; and it is considered primarily an

agricultural country although in effect the peasants constitute

only one third of the total population of the comntry. The principal

difference which is of interest to us in this particular instance

is the fact that Germany had 133 persons per square kilometer and i
Dermark, 80; and this difference will be still more apparent if we |
take into account the factthat the share of sowing area per person E

in Denmark reached as high as one hectare, while in Germany it was
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just about one third of a hectare (see below)e Consistent with

this we find in Tenmark a much larger portion of sowings under

clover mixtures than in Germeny, and therefore more manure per hectare

of plowlend -- mamire, moreover, which is richer in nitrogen than

neual, owing to extensive use of concentrated fodders of import origin.

GCermany, having a highly—developed chemical industry, made use of

, calcium nitrate) as

synthetic products (ammonium salts, cyanamide

i
. a source of nitrogen on a lerger scale than Denmark. Nevertheless,

: even with the nitrogen factories reaching their highest production,

this source of nitrogen was relatively not in a dominating po-

cition; in Germany the principal role was played by the organic

matter of manure and clover, as can be seen from the following

Synthetic Nitrogen . . -

| comparison.

3 In 1,000 tons In Percentages
Nitrogen Balance Germany Demmark  Germany Denmark

% Nitrogen used up by Cropse 1775 270.,0 100.0 100.0

; Sources of Compensations:

100 27.0 22.5 10.0

Manure nitrogen, includ-
ing part of clover ni-
Lrogen o o o« e s os v o0

Nitrogen in the root
remnants of legumin-
ous plants « « ¢ « o ¢

Deficit
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(For Germany we made use principally of Iohnis' previous compu-

- tation but with certain corrections to bring it closer to post-

Versaoilles conditions, nemely: the amount of manure has been com-

puted according to livestock conditions during the pre-crisis

period (Statistiches Jahrbuch f. d. Deutsches FKeich); and, similarly,

more recent figures were taken for the smount of nitrogen ferti-

lizers than those used by ILohnis; for the nitrogen used up by crops,

as well as for the nitrogen in clover root remnants, Lohnis'

fipures were used without modifications.

For Denmark we made the computation on the basis of data in ?

the symposium L'agriculture en Danemark (1930). For manure the

average nitropen content was used in view of the difficulty of

making a correction for the increased influence of the extensive
e

use of concentrated foddrs in Denmark. Nitrogen brought in by

precipitation is not taken into account anywhere on the assumption

that the nitrates washed out of the soil are equal to this source

of intake.)

Consequently, even in such an industrial country as Cermany,
the nitrogen industry Jdid not meet even one fourth of the total de-
mand for nitrogen. In more agrarian Demmerk, rich in clovers,

and therefore also in manure, technical nitrogen constituted only

10 % of the total nitrogen used up by crops. # converse relation,

of course, is true for the nitrogen of clover plants, which in

Denmark plays a much greater role. But in both countries manure

nitrogen takes first place; it covers more than half of the total

nitrogen withdrawn by crops in Denmark and L2 % in Germany. These
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Nitrogen Balance in the Agriculture of the US (as per ILipman)

(in 1,000 tons of MNitrogen)

Loss

3

Removal of nitrogen by crops (from

an area of 1L6 million hectares) L600

Gain

Nitrogen supplied by manure . . .

Nitrogen supplied by mineral

. 2600

i

Waghed out by precipitations . . . 4,000 fertilizers . . . . . . . . . .. 300

Erosion (from the same area) . . . 2500 Added through precipitation . . . .2750

kemoval of nitrogen from Left by irrigation waters . . . . . 30

meadows and pastures (LOO mill- Accumulation of nitrogen through

ion hectares) . . . .. .. .., 3000 leguminous plants . . . . . . . . 900 »’ ]

Washed out from this area . . . . 1000 Fixation of nitrogen by other

Erosion « . . . . .. .. ... . 1000 MEANS « & v v 4 0 4 4 o« .. . . 6800

Total 16,100 Total 13, 380 ';' .

The deficit which must be put down to the account of the

. consumption of nitrogen out of the basic /nitrogen/ capital in the

§0il consists of 2720 thousand tons of nitrogen, or 16.9%. But
fince in Dr. ILipman's article ("The Stuff of Life", reprint from ‘ ?

Industrial and Engineering Chemistry, vol 27, p 103, 1935) no ’

indication is given of how the individual components were calculated,

we cannot take these figures as directly compsrable with those pre-
sented above for Germany and Denmark. Our attention is drawn
particularly to two fipures -- i.e., the high estimate of manure
nitrogen's share in the total balance (it is 56.5% of the nitrogen

withdrawn by crops) and the even higher share of nitrogen fixed by

other means (beside leguminous plants). But if this figure is in

general hard to determine, the accumulation of nitrogen by lepumi-
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nous plents lends iteelf much more eagily to computation, and it
is interesting that according to this article we find the figure

for the nitrogen withdrawn by crops to be 900 thousand tons, OT

a1most 20% of the totale

qranting provisionally the possibility of comparing the
various forms of intake and outlay of this calculation for the US
with the calculation presented above for Denmerk and Cermarny, and
taking only the corresponding headinge, we obtain a picture of a

gimplified balance for the US as follows:

Femoval of nitrogen . . - * 1,600 thousand tons, O 100%
Supplied by manure . - ¢ 2600 thousand tong, OT 56.5%
gupplied by mineral ferti-

Tigers . . o0 et ottt 300 thousand tons, or 6.5%
Fixation by leguminous plants 900 thousand tons, OF 19.6%

Deficit o o o ¢+ * " " 800 thousand tons, Or 17.L%

As may be seen, the share of synthetic nitrogen in the total
balance for the US results somewhat lower than for Denmerk and
flermany, being only 6.5% of the nitrogen withdrawn hy cropse Cn
the whole, then, the nitrogen returned to the coil with ferti-

1izers is more than 80% of that withdrawn by plants.

The calculations made by us on the nitrogen balance in the
agriculture of the USSR present a completely different picture.
For the time being we shall consider only the general character of

this balance in the form thab it actually took during the prewar

yearss
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The total amount of nitrogen withdrawn by crops, as com-
puted by the VIUAA for 1937, was in this country approximately
L9 million tone (with a grain yield of nearly 10 centners per
hectare, beets 200 centners per hectare, potatoes 115 centners

per hectare, etc.).

The restitution of nitrogen to the soil was effected here
too, not only and not so much with mineral fertilizers as with manure ,
with the organic mass of nitrogen-collectors, waste products (ex-

crements) and peat.

How much of this removal of ),.9 million tons of nitrogen was

returned by manure?

Assuming that in 1937 nearly 200 million tons of manure
were taken out, we obtain 1 million tong of nitrogen. As for the
root remnante of clover and lucerne, we can assume that they left
in the soil around 200 thousand tons of nitrogen (the nitrogen of
the parts above the ground should not be counted separately here;

it was already included in the make-up of manure.)

Industry, tuo, in 1937 was producing around 200 thousand
tons of nitrogen. Counting utilization of waste products (peat-
excrements), we may allow the restitution of 100 thousand more
tons of nitrogen. Thus, only about 1.5 million tons were returned,
which is 30.65% of the total removal (4.9 million tons), while

the deficit equals 3.1 million tons, or 69.35%.

This deficit was covered in this country mainly at the

expense of the nitrogen supply in the soil (nitrates of fallow
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fields, sutumn plowing etc.).

Iet us now compare the nitrogen balance with what took
place in the Western European countries, which went through the
process of raising yields from the Middle Ages level (7 centners
per hectare) to the present one (22-28 centners per hectare), and

in the US (see Table).

From this comparison it is apparent that the characteristic
trait of our nitrogen balance consists in the presence of a much
larger deficit reaching almost 70%, while the Western countries
had a much smaller nitrogen deficit lying within the range of 9 to

21%.

How was this relative deficit in nitrogen made up in the West,
where fallow fields had disappeared and the rate of soil depletion
became incompatible with the problem of a steady increase of yields?
The German microbiologist Lohnis was inclined to attribute the
main role here to the action of free-living bacteria (not tubercle)
of which the most prevalent in cultivated soils is Azotobacter,
but it is not easy to take into account the degree of fixation of
nitrogen by this method. Under this heading fall,in part, some
cources of nitrogen not fully accounted for, such as the nitrogen
of waste products -- composts, etc., or the portion of nitrogen
supplied by atmospheric precipitation (assuming that the leaching
out of nitrates by these same precipitations does not altogether
offset this source of supply when the soil is occupied by plants

whose roots energetically abrcorb the nitrates).

In any case, the fact is that a deficit of such degree as

RESTRICTED

. | .
Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1




Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1

RESTRICTED

occurs in Germany and Denmark was not made up through soil de-
pletion eince their crop yields not only did not decrease, but,
on the contrary, were at this time much higher than L0-50 years

before.

This means that a deficit of 20-21% (or, in absolute
figures for Germany, 13-1k kilograms per hectare), according to the
given method of computation, does not present any danger. We shall
take this circumstance into account later when we determine our

nitrogen bhalance for the future.

Furthermore, as has already been pointed out, even in
countries such as Germany with a highly developed industry, the
nitrogen industry did not play the role of principal supplier of
nitrogen. The main role belonged to biological nitrogen, i.e. to
manure nitrogen, including the nitrogen of the above-ground portion
of clover and to the nitrogen of clover root remnants. In Den-
mark these two sources taken together compensated for 81% of the
nitrogen withdrawn by crops and in Germany -- 56.7%. Although
possessing the most land, we have until now taken absolutely not
enough advantage of the possibility of expanding clover and lucerne
sowings, as may be seen from the following comparison:

Sowing Area

Percent of Sowing | Hectares of To-| Per person of per person of
Countries| Area Under Nitro- | tal Land per total popula- rural popula-

gen Collectors Inhabitant tion (in hec- tion (in hec-
tares) tares)

Germany 10 0.7 0,30 1.3
France. 20 1.35 - 0.53 1.3

Dennmark 32 ‘ 1.25 - 0.90 3.0

USSR . . b 1y 0 (s 0.80 1.2
. '\wukfagl)
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st If we take off 50 percent of the acreage for unusable
land (deserts, tundras, mountain ranges, glaciers), we still have

7.1 hectares of usable acreage per inhabitant.

While industrial Germsrny, though suffering from lack of

sufficient land to provide itself with indispensable agricultural

products, was nevertheless able to put 10 percent of the acreage
under nitrogen-collectors, we were devoting to them only L per-

cent of the total sowing area in our country. (ILet us note that

this figure is not stable; in égomg7 individual years the per-
centage of land under clover fell even lower, while with the

introduction of correct crop rotstions it should rise considerably.)

Industry, as previously stated, compensated in Denmark 10

percent, in Germsny 22.5 percent, of the total nitrogen depletion.
This is readily understandable when we consider that German in-
dustry, as that of the United States and our own, produced on the
order of 200-L00 thousand tons of nitrogen, while nitrogen removal

in crops is measured in milliones of tons.

Iet us return, however, to the nitrogen balance of the USSR.
As we have seen its main item is utilization of chernozem nitrogen
which in the southeast still makes it possible to farm so far on a
negative nitrogen balance basis, but in areas of ape-old cultivation
(Northern Ukraine, Kursk and Voronezh oblasﬁs) even the chernozem
now requires a return of removed nutrients. This shows that we
cannot delude ourselves by assuming that the major portion of the
tremendous deficit is compensated 69 percent by Azobacter activity;

and sn agricultural system wherein only 31 percent of the nitrogen
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is returned to the land cannot ensure crop yield increase.

Even on making the improbable supposition that our crop
yvields are based not on a gradual depletion of chernozem but wholly
on Azobacter activity, this would only constitute a system in
equilibrium and not a means of increasing the yields. If, however,
we wish to produce in lieu of § billion poods of cereal grains,

7-8 billion, and to increace in proportion yields of industrial
crops, this amounts to a 50-60 percent increase in nitrogen removal
while to rasise depletion of nitrogen by 2.5 million tons it is
necessary to meke it good in fertilizers (and in clover) to a con-

siderably greater extent.

While it is true that for a certain length of time, some
increase of winter grain crops yields can be attained in the
chernozem areas by better utilization of early-fallow nitrogen on
incorporation of phosphates, in the long run it is not poscible to
withdraw nitrogen continuously from the soil without any return;
and furthermore this does not solve the problem of spring crops,

especially industrial crops. Hence, it is indispensible to in-

crease nitrogen intske by way of industrial nitrogen fixation, as

well as by means of greatly expanding cultivation of nitrogen fixing

Crops.

The acute nature of the deficit existing between removal of
nutrients by crops and return of nutrients by fertilizers? with the
major portion of the removal made up not by an addition of ferti-
lizer but at the cost of exhausting the nutrient resources of the

19nd,is incompatible with the task of steady yield increases.

RESTRICTED

i

Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1




Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1

) «x%vi-» s

o
i
29

We still do not appreciate sufficiently to what extent

our agriculture lage behind industry in the rate of reorganization,

It has merely undergone modification in its superficial mechanical

methods, but the essential cycle of substance exchanges in agriculture

has retained the old, prerevolutionary nature. The major part of

nutrients utilized by the plante and removed in the crops is still

not being returned by fertilizers} and yield is obtained primarily

by exhausting the land; whereas western countries, in order to

attain a three to four fold yield increase over those produced in

the Middle Ages, have long since been compelled to revise the nitrogen

balance and to return 80 percent of the nitrogen removed by crops

(as well as 100 percent and more of the phosphorus). §

In any event, on considering the nitro en balance system
) s g g ¥ s

it becomes clear that to obtain concistent yield increases, ensure

their stsbility, and raise fertility of our soils, it is necessary ‘ ﬁ

to strive for a drastic change of this balance along lines which

enhance credit itemg,end this is necessary not only to lower the

present deficit in the balance of nitrogen, but also to ensure

compensation of still greater nitrogen removal in future Crops.
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QUTLOOK AND PROBLEMS OF NITROGEN BALANCE AMEL TORATION

IN THE AGRICULTURE OF THE USSR.

On passing from the analysis of actual nitrogen balance
status to the problem concerning prospects of its future amalidra—
tion, it is necessary %o try, first of all, to determine, if only
approximetely, the magnitude of nitrogen removal by crops, which
in itself would resolve the problem of catching=up with and out=

stripping economicelly the leading capitalist countries.

To do this we must specify what we propose to consider as
the problem of catching up with and outstripping the West in the
domsin of agriculbture. Can the problem be considered as being
thet of attaining an average yield per heckare, equal to or excead~

ing the average yield produced in West-European countries?

This question mst be answered negatively. The problem
cannot be solved by mere comparison of yields, end the goal is
not, for example, to overtske Holland and Denmsrk in average yield

1evel - (30 centmers per hectars) for the entire country.

We must find our own approach to the determination of yield
> =

level, so as to know how much acresge should go under cultivation.

Neturelly, it is not only the yield per hectare, but
acreage wnder cultivation as well, that are the factors upon which
depends the rate of supply by agricultural products of a country.
The following comparison (see Teble below) is sufficient to show
thet yield per hectare gives but little information relative to

the magnitude of this supply.
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Theat Yield Grain Yield
Comntries with in Centners Countries with (in Centners

Grein Deficit per Hectare Grain Surplus per Hectare)

Holland Argentine 8.7
England Cenada

Germeny ] United States 1069

(Average yields over the 1930-1934 period)

It can be seid in general that the highest ylelds per
hectare are characteristic of densely populated, land-poor countries
which import grain, while countries having surplus grain and export-
ing it, produce much lower yields per hectare, but do have plenty of

land and considerable arsas of cultivation per capita.

In our case both routes are open toward an increase in over=
all production, and, in contradistinetion to Western Europs, we are
free to adjust either factor in incrsasing our production, since
the acreage under cultivation constitutes but 7-8 percent of the
total arsa of the USSR, or approximately 15 percent of the arable
land, on excluding that which consists of tundra, desert, crags,

and glaciers.

Computation of total production, which is the result ob=
tained on multiplying the yield level by the acreage under culti-
vation, must alweys include determination of the ratio of total
production to number of inhebitants. This was frequently over-
looked, especially in earlier prerevolutlonary days, through
captivation by the huge value of total yield (" we can swamp
Europg"), in lieu of taking into sccount the total obtained per

capite. Actually, such caleulation shows that even during the
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so~celled good years, when Russia exported grain abroad, it pro=
duced in fact no more then many of the Wesbern countries import-
ing our grain, as is apparent from the fol lowing tabulation of

date covering the period 1908-1913.

Production of Grain (All Varieties) per Capita (in Centners).

Russia 460 Exporter
France 4.3
Germany 4.6 Impor%ers
Sweden 5.0
Denmark 7.0

United States 1043
Argentina 10.0 Exporters

Caneda 19.0

1t is known that the ebility of Russia to export grain de-
pended solely upon the fact thet the Russian peasents were involun-
tary vegetarians end forbore from fatbening hogs, while in Germany
and Denmark our grain was extensively utilized for this very

purpose e

What production level per capite is then desirable in our

Let us consider the production of graine

We shall start with the assumption that & necessary foundation
is provided by & liberal fulfillment of the needs in food and feed
grains, of the growing populetion within the Union, fully taking

into account yield deviations from the average due to inconstancy

RESTAICTED
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of climatic conditions, but that development of grain export is
not one of our immediate problems. (Danish and American practice
has shown that when an excess of grain exists for a country, it

is more advantageous not to export the grain as such, but the
animal products obtained therefrom, such as butter, eggs and
bacon.) We can thus postulate as a goal the provision on the
average of 8 centners of grain of all kinds per capita of popula-
tion, which in normal years would provide 4 centners of grain for
animal feed, in addition to a steady minimm of 4 centners of food
grain per inhabitant. Obviously, delimitations between food and
feed grain are not strict ones. Grain of value as food, such as
rye, is used as feed if available in excess, whereas feed grain
(barley, corn, oats), becomes food when a harvest is poor. It is
2ll a matter of quantity available. The 8 centners figure exceeds
two-fold the prerevolutionary 1evel of our production per capita
and is intermediate between Danish production (the highest in
Europe), amounting to 7 centners per capita, and that of the

United States.

Although Denmark is listed among the importers, it is es-
sentially an exporter. Originally it did export grain, but sub-
sequently ascertained that it was not worthwhile to deal in such
a cheap commodity and began to convert grain into bacon, butter
and eggs, and also to buy foreign grain for the same purpose.

Thus, the Danish crop-yleld per capita is a very good one, bub the
climate of Denmark is very stable, while we require additional pro-
visions to meet the eventuality of poor crops due to climatic

fluctuations. On the other hand, the United States, with its
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production of 9-10 centners per capita, was in a position to con-
duct on a large scale both stock-feeding and grain export to
Burope. The proposed average production level of 8 centners per
capita includes provisions made to meet the conditions of ex-
ceptionally dry years, when hog feeding must be reduced (This level
corresponds, taking into account the size of our population in
1939), to the goal of producing g billion poods of grain set by
Comrade Stalin in his report to the 18th Congress of VKP (b ).

of course this is the immediate éim, and subsequently we must fur-

ther increase grain producbion, bearing in mind not only a direct

increase of grain consumption for food purposes, bub also the
necessity of greatly increasing grain production for use as feed.)
during average years, and the more so in good years, it would per-
mit export or a possible increase in such export of grain, if
necessary, or the utilization of this surplus for industrial pro-
cessing and increased production of animal products suitable for
prolonged storage (cheese, hams, smoked sausages, etc.). (1f,
following a bumper crop season, the 2-centner surplus of grain per

capita is used for export, the total amount would exceed 40 billion

tons, which is four times more than the maximum export attained

under the Tsars.)

Assuming that in lieu of the 185 million population of the

1939 census, the USSR were to compute 230 million people, then ac-

cording to the proposed scale, 184 million tons of grain would be
required. To what yield per hectare does this amount correspond?
In answering this question we must take into consideration the

following:

AESTRICTED
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the present area (about 119 million hectares) of their cultivation,

Let us consider egch of these cases Separately,

would be necessary to use large amounts of mineral fertiligeps for

scale is g difficult broject fopr two reasons: (a) the area under
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Total production can be raised to 184 million tons in three

different ways:

A. By producing on the present acreage devoted to grains
(about 110 million hectares) a higher average yield of 16 centners

per hectare without expanding the acreage under cultivation.

B. By increasing the grain producing area while maintain-
ing a lower yield; for instance, by producing a 1/~centner yield

over an area of 130 million hectares.

C. By expanding the area under cultivation not for the
production of grain crops, wut for an increase in the acreage under
clover and other nitrogen fixing plants, so as t0 develop livestock
raising, obtain more manure, and increase yields of grain crops on

the present area (about 110 million hectares) of their cultivation.
Let us consider each of these cases separately.

Due to the small percentage of acreage under nitrogen-
fixing plants, and the correspondingly lower availability of manure
supply, in order to attain an average yield of 16 centners grain
per hectare on the present area of cultivation (variant h), it
would be necessary to use large amounts of mineral fertilizers for
the production of grain crops in order to compensate deficiency in
nitrogen and other nutrients induced by inadequate manuring and
the small role of clover and other legumes in the nitrogen balance.
But application of mineral fertilizers to grain crops on a large
scale is a difficult project for two _reasons: (a) the area under

industrial and other crops requiring intensive cultivation in our

AESTRICTED
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country exceeds the total acreage under cultivation in Germany

and until these crops are pro-

(approximately 20 million hectares)

i
} i vided for by the chemical industry, grain crops cannot be allo-

cated substantial amounts of mineral fertilizers. (b) Mineral

fertilizers (at least the most effective of them, the nitrogen

fertilizers) can be applied on a large scale to grain crops only

with a proper coordination of grain and fertilizer costs.

Hence, since the first of the three above-indicated vari-

: ants, (&), is found to be the least suitable, we could not adopt

such a course.

The second method (B), would make it possible to forego .

application of mineral fertilizers, at least of nitrogen ferti-

] lizers, to grain cropsj but it would be more acceptable if there : A

were to be used the old source of power, horses (or oxen), rather

than the tractor. The latter requires additional yearly expen-— ,

ditures for fuel and fuel transportation, which are more diffi-

cult to meet precisely in those areas best adapted for expansion

of land under cultivation (in Siberia).

The third variant (C) does not require an annual increase

of tractor operations, inasmuch as an acreage expansion of

25-35 percent needed for planting of forage crops would necessi- i :

n first utilization of new areas) of the

tate but one plowing (o

land, since areas under forage crops need not be plowed every

year, Further development of this variant must be coordinated

with the problem of livestock development. This variént deserves

: most consideration, but there are possibilities of combining it
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Declassified i - iti;
in Pa anitiz y Approved for Release 12/03/08 : CIA-| 8. 0 0001 8.
Part - S ed Copy Approved for Rele: 2012/03/08 : CIA-RDP82-00039R000100200008-1



Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIFA»RDP82-00039R000100200008»1

RESTRICTED

with a partial utilization of variant B.

In sumarizing what has been said before, we arrive at
the conclusion, that essentially we must adopt the course of
increasing grain production by raising the grain yields to about
the 16 centners per hectare level and utilize to a lesser extent,
in the near future, the expansion of acreage under grain cultiva-

tion for the attainment of this goal. A total expansion of

plowland should thus afford the possibility of increasing pri-

marily the percentage of our cultivated land devoted to clover

and other nitrogen fixing crops without decreasing the area used

for grains, the production of which is to be raised considerably

mainly by increasing yields,

Insofar as industrial crops, potatoes, vegetables, and
fruits, are concerned, we must naturally utilize both methods ex-
tensively - that of expanding acreage under cultivation, and that
of sharply increasing yields, in which a tremendous part would be
played by application of organic as well as mineral fertilizers.
(The necessity of increasing yields is based upon the fact that
with low yields we expend at least twice the amount of labor in

the mechanical treatment, that is, in pre-planting plowing, and

in tending during the growing stage (if this labor is computed not

on the hectare basis but per unit of product)., Thus, to obtain the

same amount of potatoes we cultivate and nest twice, or even three
times, the area required in Western Europe, because our yields of
potatoes are but half as large. And the more effort is spent on
cultivation and care of plants during growing (as in the case of

beet, cotton and tobacco crops) the more disadvantageous becomes

ﬁESTchE[; - 37 -
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the production of crops with yields as low as those we have been
obtaining hitherto, and the higher the cost per labor unit ex-
pended in mechanical operations with further application of fer-
tilizers. Hence, an increase in yields is our primary problem,
while expansion of acreage under cultivation, in combination with
a certain amount of transfer northward for grain crops, constitutes

our secondary, reserve means. )

To what extent will the total amount of nutrients removed

in the crops increase should our agriculture be developed along

such lineg? Obviously during the course of this process consider—
able changes should occur in the ratio of nitrogen removal on the
one hand, and those of phosphorus and potassium on the other,
since removal of phosphorus and potassium would increase as a
result of higher yields and also through expansion of the area
under cultivation. Higher percentage of area cropped to clover,
alfalfa and other legumes, would further raise removal of phos-
phorus and potassium, since these plants draw from the soil more
ash-producing elements than the grain crops. As to nitrogen, the
main factor inducing increased removal is the increased yield of
grain and industrial crops, but, if expansion of total plowland
area is to be utilized mostly for an increase of acreage under
nitrogen fixing crops, this should not cause increased nitrogen

removal from the soil, which takes place only by increasing yields.

On the basis of the figure of 4.9 million tons of nitrogen
corresponding to the total nitrogen removal by crops, as produced
in 1937, and assuming a proportionally greater removal of nitrogen

or increase of average grain crop yields up to 16 centners per
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hectare, the total nitrogen removal should amount to 7.84 million
tons per anmim. More detailed compubations, made at the VIUAA

by Scientific Associate M. Kurasheva, resulted in a somewhat
higher value amounting to 8.2 million tons of nitrogen. These
computations presupposed an increase of acreage under grain crops
to 115 million hectares and an average yield of 16 centners per
hectare; that under sugar beet to 1,7 million hectares and a

yield of 270 centners per hectare; the acreage under potatoes to
10.7 willion hectares and a yield of 150 centners per hectare.
yield levels of other crops were assumed as follows: cotton,

22 centners of cotton wool per hectare; flax, 5-6 centners of fiber
per hectare; sunflower seeds, 15 centners per hectare; tobacco, 14
centners per hectare; kok-sahgyz, 100 centners per hectare, and SO

forth.

Thus we find that in order to raise the output of agricul-
tural prodvction to the extent required to meet the problem of
catching up with and outstripping the leading capitalistic coun-—

we_must ensult o-=

fries with respect to per capita production, ¥We must _ensure the

possibilitv of a total, anrnual nitrogen removal in the crops of the

order of aboub 8.2 million tons, that is, more than 3 million tons

above that of 1937. Naturally this problem could be solved satis-

factorily only under conditions of & maximum utilization of all

available resources that contribute to an increase on the intake

side of the nitrogen palance, since no single item of this intake

would ensure compensabion of an increase in nitrogen depletion of

such magnitude.

Let us consider now those means that we mist resort to in
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solving this grandiose problem.

consider synthetic nitrogen., This item in

omected with the general

First of all,

the nibrogen balance is most closely ¢

Jevel of the country's technological might, with its industriali-

zation, and also with its military potential. Application of

chemistry to agriculture, as well as mechanization of the latter,

are tasks closely connected with problems of national defense:

tractors and tanks, ammonium pitrate and ammonal, nitrates and

nitroglycerin, all of them are based upon identical industries.

Only that country which in time of peace is capable of creating
d on economic considera-—

a nunber of such branches of industry base

tions can be always ready for defense. :

In this respect there is a complete dissimilarity between )
Russia of bygone days, which entered the War of 1914, completely i b

unprepared, and the present position of the Soviet Union. It is

+ a foundation has been

only due to Stalints Five-Year plans tha

griculture.

created for the application of chemistry to our a

Stalin's Five-Year

In order to assess the achievements of

plans in the field of agricultural development in the USSR, it

is necessary to consider, if only in brief, the prerevolutionary ) .

past of our country.

Although the old Russia was referred to in Europe as an

agricultural country, it was in fact a country having a very poor

agriculture, and a partial justification in support of such a i

designation, is to be found only in the fact that industrially

things were even worsej industry was almost non-existent, and
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hence such a country had to be called an agricultural one. Bygone
Russia had very low yields of crops, 7 centners per hectare, which
correspond to Germany's level in the 18th century, and to even
more remote periods for Belgium and Holland. In addition, due to
small acreage under cultivation and excessive rural population,
cultivated land amounted only to 0.9 hectare per rural inhabitant
(as compared with 3 hectares in Denmark and 5 hectares in the
United States); consequently the total grain production was low.
As we have seen, it reached only 4 centners of grain per capita
for the period of 1908-1913, while in Germany it was 4.6 centners,
in Denmark 7.0, in the United States 10,3, and in Canada 19 cent-

ners per capita for grain of all kinds.

This was, moreover, combined with a great instability of
crop ylelds, as a result of the low percentage of cultivated land
in the forest belt, having a more settled climate, and extensive
cultivation in the steppe zone, where the climatic conditions
undergo extensive fluctuations and result periocdically in famines
during drought years. But as a semi—-colonial country, dependent
on Western Europe, with no industry of its own, Russia had to ex-
port grain, and this was possible, as indicated above, only because
of the involuntary vegetarianism of the Russian peasant., It can be
easily calculated that if the peasant of those days were to think
of increasing his meat consumption to the extent of providing even
a pound of pork for each member of his family once a week, the 125
million peasants would require about 12 million tons of grain as
hog feed, which in turn would absorb and exceed the total pre-

revolutionary export. This the peasant could not doj hence
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Russian I ye ba: le y ar d bran fed the n Denmar k and Germany
X ) Jol hogs 1 s
S Bl

but not in Russia.

i om the
Without discussing the period of chaos, resulting fr
ivi ntion, or
First World War and the subsequent Civil War and Interve s

to the
the reconstruction period that followed, we shall pass

er od of ab t ia a (o) the ™Y al econo-
1 I'Bh ill ation and lnd\ls‘tvrl liz tion of n
P

my.

AESTRICTED .

Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1



Declassified in Part - Saniti
ized Copy Approved for Rele: )
ase 2012/03/08 : CIA-RDP82-0 ‘
e : -00039R000100200008-1

AESTRICTED

In 1927, Comrade Stalin, at the 15th Party Congress, de-
scribed the hopeless position of small peasant farming, and
asﬁed wihatc is to be done?" He then indicated that the solu-
tion resided in npagsing to collective farming of land, based
on new, superior technology «see with application of scientific
methods of intensive agriculture.“ (Symposium,"Lenin and Stalin'

Partizdat, 1936, Volume III, Page 235.)

. Reverting repeatedly te this problem, he expressLly stressed
the necessity of intensifying the gevelopment of the metallurgi-

e cal and chemicel industries, and said in 1929, "every effort mst

be made, to provide agricultural mechinery, btractors, fertilizers

and so forth..." (Ibid, 357) e

| Hven prior to this there were increased efforts on the

part of geologists to discover resources not only of coal and

metals but also of raw materials for the production of ferti-
lizers., This led to two discoveries of exceptional importance,
namelys: in 1925, there were located potassium salt deposits at

Solikarnsk, the investigation of which in subsequent years showed

to be unequaled in size anywhere in the world; in 1926 there
were discovered apatite deposits in the Khibinsk Mountains : i
of Kola Peninsula, which development during later years has *
shown that these also were deposits of exceptional size. Coal g
resources of much larger scale than those previously known p

were also discovered. It was found that in the Kuznetsk Basin

alone, the coal deposits equaled the combined deposits of Ger-

many, England and France. Water power resources were found

to be just as large; those of the Arigara-Baykal system alone

- 93 -

- AESTHIGTED

Declassified in Part - Saniti
ized Copy Approved for Rele:
ase 2012/03/08 : CIA-RDP82-0
: -00039R000100200008-1



Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1

RESTRICTEL

are capable of yielding 20 times as much power as the Dneproges.

Thus, there were made available supplies of raw materials

and power necessary for the creation of a phosphate, potassium

and nitrogen industry. The First Five-Year Plan (1928-1932)

was devoted to more intensive mining and technological pros-

pecting; this was followed by the sinking of mine shafts under

the most difficult conditions at Solikarnsk, then the estab- i A

lishment of mines and outfitting of industrial installations.

Peginning with the second Stalin Five-Year Plan, there was

ipitiated intensive production of fertilizers, which had in-

creased with each subsequent year.

It wes in lOBBihat Comrade Stalin made the well-known

statement "We had no serious modern chemical industry. TWe

? have it now". (Symposium "Lenin and Stalin", Volume I1T, ‘; -

Page 547).

The rate of increase in fertilizer production during

: ‘ the second Five~Year Plan is shown by the following figures

g (in thousand tons):

RESTRIGTE]
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Nitrogen Potassium Superphosphates?hosphate Total

Tertilizers Salts (18 per cent) Ferzilizer
(41 per cent)

Kzo

1932 (I) R2.2 477.6 9

1937 (II) 659.0 14541 315489

29.7 5.1 3.05 1.6

% This refers to that portion of phosphate fertilizers which is

utilized directly in fertilizing acidic soils (in addition to phos~

phate and apatite used in the production of supexphosphate).

Taking into account that superphosphatesproduced in
the USSR contain a higher percentage of P20§$han those pro—
duced in other countries, and reducing the data to a common
denominator, we find that with respect to superphosphate pro-

duction (1897 thousand tons in 1938), the USSR has attained

first place in Europe and second. in the world (the United States

leads on a world-wide basis), and, in total fertilizer produc—

tion, has passed from the hindermost position, which it occu-

pied prior o Stalin's Five-Year Plans, to third in Burope, and

fourth in the world (in million tons):

Germany us France USSR Italy England

7.66 4,78 4435 3.86 2.05 2,00

Even during the second Tive~ Year Plan, the utilization
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of mineral fertilizers had a very pronounced effect on yield
increases of those crops which were supplied with them in
sufficient quantities. Thus the yields of cotton wool ob—
tained with irrigation methods in Uzbekistan, are illustrated
by the following juxtaposition of data showing yield increases
resulting from increased applications of fertilizer (mostly
nitrogenous and phosphate fertilizers, as only small amounts

of potassium salts were used) .

Year 1933 1934 1935 1936 1937 1938 1939
Quantity of

¥ineral Fertili-

zers Used (in 0.15 1,66 2,70 5,10 5,64 5,32  5.66
centhers per

hectare)

Average Yield of
Cotton Wool 8.9 7.9 11.6 16.2 16.1 16.8  17.0
(in centners per

hectare)

Thus, we have for the entire Republic a two-fold increase
in yields for the five-year period (1934-1939), while at in-
dividual collective farms yields of 35 centners per hectare were
obtained which constitutes a five-fold increase, not to mention

mich higher yields attained by some Stakhanovites.

An analogous situation is found in Georgia, in the tea

crop production, the yield of which hasvincreased more than twice
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as a result of applying mineral fertilizers, nitrogen ferti-

lizers being the most effective (average over a three-year

N period):
1932-1.934 1935-1937 1938 -~ 1940
Fertilizers
Delivered
f (Thousands tons) 1.3 28 51

- Tea-Leaf Harvest
: (kilograms per

hectare) 891 1681 2252

In addition to cotton and tea, increased yields were
obtained in the case of sugar beet and flax (for fiber), al-
though rnot to the same extent, because less mineral fertilizer

i per hectare, is used in these instances.

. Clover is of greater importance in crop rotation and

manure is of much greater significance than in cotton crop ro-

tation.

s An interesting picture is displayed by the progress of

the yield in the production of sugar beet in Kirgiziya, where

utilization of mineral fertilizers is more effective, than in

the Ukraine, since irrigation obviates the limitirg factor of

precipitation rate. Average yields in Kantskiy Rayon (the

leading one in Kirgiziya) are as follows:
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Year 1934 1936 1938 1940
Amount of Fertilizer

(centner/hectare) 3.5 8.2 11.9 , 1445

Yield of Roots

(centner/hectare) 166 345 349 471

To evaluate the significance attained by mineral fertilizers
at the beginning of the Third Five-Year Plan, the following compu-
tation, made by professor P. A. Baranov, may be used., If we
consider only the total increase in the yield of four crops (cot-
ton, sugar, tea and flax fiber) attained in 1939 by the use of
mineral fertilizers, theﬁ, in terms of the market price, this
increase in the above-listed iltems amounted to 4 billion rubles,

while fertilizer costs aggregated 600 million rubles.

According to the plan for 1945, total producticn of the
fertilizer industry is to be doubled (in comparison with that of
1937), hence the value of yield increases for all the crops

should attain 9 billion rubles.

Inasmuch as the areas wherein industrial crops are raised
are far from being fully provided with the necessary quantities
of fertilizers, a substantial increase in value of industrial
crops production as a result of fertilizer utilization iz assured

for a number of five-year periods.

With respect to the application of fertilizers to indus-—

trial crops, we have in a number of instances caught up with

RESTRICTED  _ 45
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and outstripped Western European countries,

in the amount of

fertilizer applied to each hectare of land. This applies to

the irrigated areas of Central Asia and the humid subtropical

L
regions) Fhere we are limited in available space, and high

yields are of paramount significance,

In Uzbekistan, where irrigation is used, with cotton o E

growing predominating the amount of fertilizer per hectare of

cotton(in prewar years) was 106 kilograms of NPK, which is

considerably higher than the average rate in Germany, and which : 4

approximates the average figure for Holland (109 kilograms),
the latter occupying the first place in the amount of ferti-
lizer applied per hectare for the total sown area. Georgian
tea plantations receive about one ton of fertilizer per hectare
{196 kilograms of NPK). This exceeds the average figure for
lolland. Of course, in the case of Georgla, We are consider—
ing here only the area occupied by the tea plants, the culti-
vation of which does not involve crop rotation, while the corre- : ;
sponding figure for Holland represents the average value com- ‘
puted on the basis of total cultivated area. With an analog~

ous reservation, it can be pointed out that Ukrainian sugar

beet plantations were supplied with 8 centners of fertilizer per

hectare (or 150 kilograms of N f Pp054-K20), which is more than

one and a half times the overall German average.

Thus, in the case of industrial crops we utilize an in-

tensive cultivation, which has caught up with and is even out~ ;

stripping Belgium and Holland in the amount of mineral ferti-

lizer used per hectare., But this does not mean that we will
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have to use the same method in the case of grain crops, wherein

we are nob limited in space. Here an entirely different ap~

proval must be resorted to,

That wrich is suitable for selected crops does nobt at

all apply to all crops, to the entire cultivated area of the
USSR. Here we do not strive at all for attaining the Dutch

standard in the amount of mineral fertilizer used per hectare.

However, we nust excel all Western countries in the amount of

grain and other agricultural products, produced per capita by

; taking advantage of that factor which is lacking in Holland

k and Belgium, i.e. the extensiveness of our land area. Indeed
we cannot compare the USSR with a country like Holland, which
is situated entirely within a single climatic and soil-type zone,
with identical economic conditions throughout, and is densely
- populated and deprived of any possibility of increasing its

tilled areas, with the exception of very costly recovery of

small parcels of land from the sea, The Soviet Union, on the
other hand, consists of most diversified zones, differing not

only in climatic conditions and soil, but also in population

density, and above all amply supplied with still unutilized

arable land. Hence we can not only increase the yields of our

crops, without however aiming at overtaking Holland in yields :

ey

per hectare, but also raise the total yield of grain by expand-
ing the acreage under cultivation as a whole, and that cropped

to clover in particular, and thereby increasing grain yields

without resorting to extensive use of mineral fertilizers by the

beneficial effects of clover upon the soil, either directly or by £

means of manure derived from the clover,
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S' (What has been said above applies to the general scheme

of allocating mineral fertilizers te industrial and grain cropsa.

But the diversity of natural md economic conditions encountered

‘ in our country precludes, of course, any hard-and-fast rules.

Wore specifically, even at present it is timely to raise the

] question relative to the possibility of a gradual change to the

next phase in the intensive application of chemistry to our

agriculture, namely: the use of mineral fertilizers not only 0 4

for the production of industrial crops, but to a certain extent, ¢ ;

/ for the areas cropped to grains and other food (and feed) crops.

Tn this connection it is important to select properly those

conditions, under which such a method would result in maximim

-+
technological and econoimlc attainments., To begin with, thexe
=] J

can be planned creation of large centers of intense applica~
& tion of chemical means in agriculture within oblast's and
rayons including industrial centers, and within zones adjoining t

main transportation lines. Sharp yield increases of all crops
by means of chemicals attained by such regions (under favorable

] soil and climate conditions) may be an important factor in facil-

% itating the solution of food supply problems pertaining to such

industrial centers, and at the same time alleviating transporta— :

f tion difficulties.)

Ol PROSPECTS FOR THE IINERAL NITROGEN

FERTTLIZERS PRODUCTION AND UTILIZATION

Yhat means are available to us for further increasing

the supply rate of mineral nitrogen fertilizers to agriculture?

1t must be pointed out, that measures taken during the war to en-—
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sure the needs of military industries’ transfer of a portion

of the nitrogen industry eastward, putting into operation new

installations), will have a benficial effect upon the total

output of nitrogen fertilizers, being allocated to agriculture.

It must be assumed that reconstruction of chemical in-
dustry establishments within the territory of areas which were

devastated during the German occupation, will not involve de-

creased output at those plants which were set up in the East

during the war, since Corlovka and Stalinogorsk are to be

supplied with new equipment. But in addition construction at

new sites will also be needed, taking into consideration the
most efficacious distribution of industrial installations of
this type, and solving the problem of production trends with

respect to selection of basic synthetic methods and choice of

products to be manufactured.

The distribution of nitrogen fertilizer production cen—
ters, and the establishment of their putput capacity, do not
involve problems of raw material supply,— air always contains
the same amount of nitrogen, irrespective of location; decisions
1 are based on availability of power sources - biack and white coal,

{(iind power as yet is not utilized for this purpose).

With respect to coal resources the Soviet Union is in a
very favorable situation, a fact ascertained only after the
Revoluticn., In 1913 our resources were estimated at 220 billion
tons, whereas now they are stated to be 1654 billion tons, that
is 2.5 times the total,cbal resources of West~European countries

(but the, United States has 3795 billion tons).
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in the European portion of the Unicn the largest coal

resources are located in the South in the Donbas which has

about 90 billion tons, and in the North, in the basin of the

Pechora River, whereto a main railroad line was built during

the War. But best provided with coal is siberia (including the o ;

area from the Urals to the Pacific Ocean), it contains about
90 per cent of our total coal resources; the Kuznetsk basin a-
lone contains deposits amounting to approximtely 450 billion
tons, which is 5 times as much as in the Donbas, and is almost

equal to the total resources of Cermany, England and France e

(480 billion tons). It is knowm that in addition to supplying

| the needs of local industry, such as the nitrogen plant at

Kemerova, and a number of other installations, The Kaznetsk
coal is used to supply the largest metallurgical plant of the

South Urals (Magnitogorsk), while iron ore from the liagnitnaya

Jountain is carried by trains on their return trip to Kuzbas

produced from Kuznetsk coal

Dual-Purpose Combine., Since coke i

partly at the site of mining, and in part at Magnitogorsk both

locations afford extensive possibilities for establishment of

Synthetic ammonia plants.

With all its huge capacity the Kuznetsk Basin is not
the largest coal deposit site in Siberia, since even greater
amounts are in prospect within the Tungus# Basin, occupying a i
tremendous area (about 1 million square kilometers) bound by

the Yenise and Lena, the Krasnoyarsk Railway and the Artic Ccean,

But utilization of these coal resources is a task of the

future; the same applies to coal of Tayifyr, that within the ILena
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Basin,in Yakutiya (not less than 200 billion tons) and the
northeastern part of the Arctic region. L% present blere are
in production mines drawing upon the deposits of the more south-
crn portion oﬁSiberia, such as those at Kansk, Chulymo-Yenisey,
and ¥inusinsk basins, the Irkutsk Basin having a 73 billion ton
deposit of coal., (The Cheremihovo deposit is being mined).
AMlso of great importance are the Bureya coal fields in the
Priamur'ye, the Suchansk region supplying coal to Primor'ye;
there is coal also on Sekhalin and in Kamchatka. In central
Asia, Kazakhstan has large deposits such as those of Karagenda,
computing 52 billion tons; there is coal, although in lesser

amounts, also in Xirgiziya, Uzbeldstan and in Turkmeniya.

Vie have also huge resources of ‘white coall; while “Great
Volga' is the current project, we still have to put to use the
tremendous power resources of Angara, Yenisey and other rivers
of Siberia. lowever, utilization of water power on that scale
is beyond the scope of the Fourth TFive~Year Plan and in the mean-
time coal deposits can be used, In this also, as in problems

relzting to phosphorus and potassium, besides the huge figvres

iving the total resources, the problem of most advantageous geo-
craphical location is of great importance, when though it e for
the time being that small portion of the resources available,

which is available immediately, direct utilization.

Until recently insufficient determinaticn of distribu-
tion and in part also inadequate development of known coal mining
areas, have caused such abnormal situations as the shipment of
nitrogen fertilizers over distances of 3 - 4 thousand kilometers.

The cotton growing areas of central Asia are our main consumers
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of these fertilizers, since grey desert soils are naturally
deficient in nitrogen, and the area of possible cotton culti~
vation is limited by temperature conditions and still more

by the impossibility of raising cotton in Gentral Asia without
irrigation., This creates an ocasis-like type of cultivation,
precludes allocation of substantial areas to forage crops, re-
sulting in lack of manure and the necessity of using more nitro-
gen fertilizers than in growing beets or flax. But our nitro-
gen plants were located far from cotton-growing areas, opera-
ting as they were on Kizel, lMoscow and Donets coal; and Uz—
bekistan was then not known to contain any deposit of coal fit
for coke production, This led to constructicn of the Chirchik
Combine (near Tashkent) which utilizes water power for electric
current production, to manufacture hydrogen by electrolysis of
water; nitrogen is obtained by fractional distillation of

liquid air, This method is utilized, however, only perforce

in countries without coal and water falls, since it requires
expenditure of a large amount of power per unit of fixed nitro-
genie According to Casale, at least 18 kilowatt-hours are needed
to procuce 1 Rilogram of fixed nitrogen, but in operating on coal
by the Haber method the expenditure is only 4 = 4.5 kilowatt-

hours.

It is readily apparent, therefore, why Germany, France,
and England who have coal, do not use the Casale method, which
is utilized only in Italy and Norway, where no coal is mined,
and hence these countries are compelled to expend 4 -~ 5 times
more power in the fixation of a unit of nitrogen than those

countries which have coal, While it has been contended that there

BESThigTEy
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is no reason to have a hydroelectric power, since it is
nfree", actually however it is always found to be costly
because of large expenditures necessitated by capital con-
struction. (The influence of this factor is being felt at

Chirchik.)

In the past, expenditure of large amounts of water power
was deemed unavoidable in the case of Central Asian nitrogen
industry, but as early as 1937 there were indications that the coal
situation was undergoing a change in Central Asia. After better
commuications were established with the remote Yagnob Valley,
which had been thereto completely isolated from the rest of the
world (within its limits there even survived a distinct dialect,
closely related to Persian, wrich had become extinct in other
parts of Tadzhikistan), geologist were able to reach this area
and found there a large deposit of good coking coal., Since the
distance from there to Tashkent probably does not exceed 300
kilometers; this discovery may change the Chirchik situation.

If the Yagnob coal becomes readily available it would be more
advantageous to utilize the electric power for industrial needs,

and convert the Nitrogen conbine to the Haber process.

Tn addition to Yagnob coal, coal deposits were found in
Fergana (Naryn Valley). ©On final analysis it 1s more advantage-

ous to transfer the plant to the coal mine, then.to ship coal to

H
i
i

the plan, since it is much easier to ship the final product

(NHZ NO3) than to ship coal.(Should the local deposits be found to
be insufficient in quantity or consist of low-grade coal, considera~
tion might be given to using karaganda coal, being guided in this

by the same principle: Wiohammed is geing to the mountain, and not
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the mountain to Johamned", that 1s, the plant is built at
Karaganda, and Tashkent is supplied with ammonium nitrate.

But here the difficulty comes in with respect to the lack of
water at Karaganda. An intermediate solution could then be adopted.
Since the plant is built beside such a rich supply of fresh water
as is afforded by hake Balkhash (at its western portion, not at

the bvakish eastern one) the ammonium nitrate will have to be
shipped by rail (Second Turksib) about 400 =500 kilometers, and

this distance, considering the concentrated nature of the pro-
duct, does not constitute an obstacle to its conveyance into

cotton-growing areas.)

fhat has happened at Chirchik can happen again also in

of only one of the possible Angara

other instences. For example,
River dams is built, at first a huge surplus of glectric power

would become available. It would be only natural to apply this

surplus for production of fixed nitrogen; but later on as indus-

trial centers develop, thls power would be required by other

consumers, and then production of synthetic ammonia should be

shifted from white coal to black ccal. Fven so, the temporarily

available supplies of hydroelectric pover can be more advantage-—
ously utilized not for water electrolysis and ammonia synthesis but

for production of cyanamide,‘beCause this production requires one

and & half times less power in the fixation of a unit of nitrozen,

e
th%n the Casals Pprocess, about 11.5 = 12 kilowatt~hours in lieu

of 18, which means that the plant output can be increased by

50 per cent. For this reason production of cyanimide in Ttaly

increased not only as such but also in relation to total fixed

nitrogen production. Furthermore, cyanamide shared with am-

monium sulfate the predominant position on the nitrogen ferti-

1izer market.
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(Utilization of nitrogen fertilizers in Italy increased as

follows (in thousand of centners):

Ca Ny  (WH)oS0, Ca(liog)y Naliog NhyNo

1930 762 1046 3L 640 158

1934 1396 1312 857 553 284

Tt is true that in cyanamide productioqﬂot all of the
i

12 Iilowatt-hours are supplied as electric power, and for each 10.5

3 kilowatt hours of the latter it is necessary to provide also 1.5
kilograms of coke. But this amount of coal, it would appear, could
be supplied even from Karaganda, Another advantage of the cyana-
% mide process over the ammonia synthesis should be borne in mind.
In the former process, nitrogen fixation is conducted at ordinary
pressure, while ammonia synthesis requires at least 200 ~R50 at— f
mospheres. Thus the need of expensive equipment is eliminated,

for providing such equipment is one of the limiting factors in

the development of the nitrogen industry. In general the com- i
bination of nitrogen with carbide proceeds very readily (with
evolution of heat), considerable expenditure of power is needed

3 only in the production of carbide which further required the

kmow-how for production of large-size electrodes.

| But we have already mestered this production method., In

any case carbide production should be developed on a large l 4

scale, bﬁt us for other reasons as well, It is an important

intermediate in the synthesis of rubber from acetylene, This

g l ‘ method of producing synthetic rubber from coal and water (its

1 RESTRICTEW

M Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1



Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1

RESTRIGTED

hydrogen) would release a huge amount of potatoes which are so
badly needed both as food and in the development of animal

husbandry (hog feed).

In addition to the simplicity of the moratin process,
the cyanamide that is produced may be used directly in pre-
pared fertilizer, whereas ammonia must be combined with sul-
furic acid, or one half of it passed through oxidation units in

order to obtain ammenium nitrate; and oxidation of ammonia in

addition to its cost results in a certain loss of nitrogen,

#hile in the old cyanamide plants there existed con-

ditions detrimental to the Workersyiealﬁh (inhalation of cyana-
!

mide dust), most modern grinding units provide for a complete

sezregation of air in working areas from air containing cyana~-
mide dust. Another contention, that it is more difficult to

produce nitric acid from cyanamide than from ammonia, can be met
by providing cyanamide-~ producing plants not in lieu of ammonia
plants but in addition to such plants, any number of which can
be provided by using coal (not only in the Donbas and in the
Urals, but also at Prokop'yevsk, Kemerova, Cheremkhovo, etc),
and manufacture of ammonia using coal requires four times less

power than is consumed, for instance, at Chirchik.

Since our agricultural requirements in nitrogen greatly
exceed all others, but to the huge expanse'of our cultivated areas,

we can fulfill to the utmost degree all other needs and still re- '

tain a wide margin for further development of the nitrogen in-

dustry solely for agricultural requirements, and within this mar-

§

gin nake a free selection of those nitrogen fixation methods, in
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which power is expended more productively than in the electro-

lysis procedure.

Incidentally it is characteristic, that in the West,
cyanimide production is being developed not merely in those
areas provided with hydroelectric power, but also where the
coal is éf such a quality as to render it unsuitable for use
in ammonia syhthesis. Thus in Germany the largest cynamide
plant at Piesteritz utilized electric power supplied by a
neighboring plant which utilized most conveniently located brown
coal deposits consisting of a large stratum situated near the
greund surface, so that mining could be conducted by open-—
pit excavation with automatic dredging and comveying to the
surface, in a manner somewhal analogous to that used in the
production of peat (the coal layer being however of mich greater
thickness). It is charscteristic that the cheap electric power
thus obtained was used not for any electrolysis of water, but
to produce carbide which was then converted to cyanamide. We
certainly do not lack extensive brown coal deposits, such as

those near Chelyabinsk and in different areas of the Kuzbas.

Tt must be noted that as soon as short-duration field
experiments were replaced by experimental stations where the
after-effects were taken into account, it was found that cyana-
mide is the best nitrogen fertilizer for podsolic soils. Thus
at the Luberetsk experimeﬁtal area of the WIUIF located in a
poor fertility region of pgdsolic sandy loam repeated applica=-
tions of cyanamide_résultedxin yields which gradually increased
over a perioq(of‘yEa?s, while’all ammonium salts used pro-

ducted not only annually decreasing results but also a negative
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effect in the absence of liming. (Segﬁable): ™

Gonsecutive Yield Alterations on Repeated Appliation of

Nitrogen Fertilizers in Per cent of Yield on KP.Plots

Yeons Cyanamide Nall03 Ca(NO3)2  NH,NO3 (NH,)2d0y NH4CI
2 188 156 145 163 149 156
4 182 198 153 109 88 79
6 225 R12 192 67 38 30

Thus cyanamide constitutes not only a nitrogenous but also
a lime-containing fertilizer, and the lime is added without any extra
cost to the nitrogen content. It does not follow, of course,that
cvamide should be produced everywhere; it still requires more
power than the Habgi process. but cyanamide can be produced where
there is little good coal and an abundance of brown coal. In
other cases ammonium salts should be supplemented by calcium, "lim-
ing if not the soil then the fertilizer." This can be done by
adding ground limestone to the NHANOB’ for podsols in proportions
used in England (40 Per cent); and for long-distance shipments

to Central Asia where the soil is rich in calcium a different

method of lime addition must be applied (a minimum amount of ‘ i
CaCoa necessary to improve the physical characteristics of am~
monium nitrate). The most interesting component of ammonium
nitrate containing mixture is dicalcium phosphate dihydrate;
this was established in France., But at present our production of }
dicalcium phosphate dihydrate is as yet too little developed, !

that it is desirable to test admixtures of ammoniun nitrate and

AESTRIC 25
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prhosphate powder, using one ration to improve the physical
characteristics and another to promote digsolution of the
phosphate rock powder on combined application (experiments i

conducted at NIU have long since established the beneficial

L effect of a preliminary admixture of phosphate rock powder to

4 ammoniun salts, which promotes their mutual commingling in

the soil.

In England they add calcium carbonate to improve the

physical characteristics of ammoniun nitrate. This, however,
does not exclude the possibility of some loss of ammonia.

In this respect a better component is clay, by&he addition of
which granulated amsonium nitrate is produced. The present
author saw such granulated ammonium nitrate when he visited
the Ude plant at Dortmund in 1932, The mixture contained 30
per cent nitrogen, but it is quite possible that the propor-
tion of clay (properly selected, of course, not just any clay)
could be further decreased. In any event in the West, ammonium
nitrate is considered to be not a finished fertilizer product
but rather as a good material for its manufacture (by mixing
with dicalcium phosphate dihydrate or ammonium phosphate and

Potassium salts).

Taking into, consideration what has been said up to now

concerning the possibility of planned application of mineral

fertilizers to grains and industrial crops in relationto the

desirable allocation of synthetic nitrogen to agriculture, we
mist in the first place consider as fundamental the problem of

meeting the requirements of industrial crops, vegetables and
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[
fruit, fur such fertilizers, and to a considerably lesser de-

gree those of grain orops. (The latter may be considered also

of primary importance under conditions of irrigation farming.)
The nitrogen supply for grains mst be provided, not only by the
mahure, but also By expéndihg £ﬁe acreage under niﬁrogen'colleét—
ing crops, because only thus can the tremendous nitrogen require~

ments be satisfied which arise on increasing the average yields

of grain to 15 - 16 centners per hectare.

Among the first claimants to a heavy application of min-
eral fertilizers we will include, together with industrial crops,
potatoes and root plants, because of the fact that these crops
pay for the fertilizer cost about three times, on the basis of

dry products' increase.

Tetermination of the amount of mineral fertilizers needed
for national agriculture is, of course, a fairly complex problem.

The potential intake capacity of our agriculture for mineral

fertilizers utilization is indeed a huge one. iHence requirements
that we may meke to our nitrogen industry must be determined, on
the one hand, by the potential development rate of this industry,
and, on the other, by the demand for synthetic nitrogen for
raising yields of agriculbural crops, and in so doing we must
always bear in mind the possibility of utilizing other sources of

supplying credit items of the nitrogen balance, the increase of

which can be resorted to compensate shortages of symthetic ni-

trogen.

We have already indicated that if we were to utilize, for all

crops, mineral fertilizers on the scale they are used in Holland,
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Belgium and Germany, We should arrive at figures that are ab-
surd. Our acreage under cultivation had reached 150 milliﬁn
hectare#beforethe War, and if mineral fertilizers were to be
used thereon on a scale such as that on which they are used in
Holland, that is, two-thirds of a ton per hectare, we would

e need 100 million tons of fertilizer, which is 30 times more t@an

we produce at present, and twice the amount manufactured by the

fertilizer industry of the entire world, Furthermore, Holland

utilizes six times as much manure as we do, but to do so, she

has one half of the acreage under cultivation devoted to fodder
plants and in addition has a huge area of good pasture.land

equal in size to the acreage under cultivation.

We cannot burden our chemical industry with excessive | &
; assignments; the acreage under cultivation cannot be utilized in
the manner it is done in Holland, because there animal husbandry
has superseded grain crops, and a large amount of manure is ob-

tained for a small area cropped to grains, so that they have long

since switched to imported grain. But we have no need to attempt

production of 100 million tons of fertilizer and to imitate Holland

in overemphasizing animal husbandry, because attainment of average

yields obtained in Holland (30 centners per hectare) is not our

aim insofar as the entire territory of the Union is concerned,
With 110 million hectares devoted to grain (including the ﬁ R
Western republics), we would have a total harvest of 330 million ‘é

i tons, or 20 billion poods, an amount we have no need for at

present, since one half of it is all that is required, even

on taking into account export possibilities.

Generally speaking it is an error to take Holland as

ESTRIGTE) P
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an example which is crowded against the gea, Or land-poor

These

Belgium, where 211 that can be tilled is being tilled.

small countries are homogeneous in natural and economic con=

h of the world's

ditions. In our Union, occupying one sixt

dry land, consisting of a number of republics and Krays dissimi~

evailing conditions, the problem of raiging crop yields

differently in different instances, and the

- lar in pr

must he solved

4 statistical average for the entire Union, in our case is com—

posed (and should be composed) of much more diversified com-

ponents than in the above-named, smll, and more homogeneous

countries, |

the future as well,

Jence, not only at present but in
bl o >

on using mineral fertilizers, as a matter of principle, a definite

bid must be made for industrial crops, as more adequately com—

pensating for fertilizer cost, and also becsuse on substantial

saturation in crop rotation, as for example by cotton (which is

msde necessary by limitation of cultivation areas by climatic

+ion of nitrogen

conditicons) it is impossible to develop cultiva

fixing crops (See below, on conditions inducing nitrogen :

starvation in cotton growin7of central Asia.) and to increase

mexure production, as this can be done, for example, in Moscow ;

or Smolensk oblast's, Sometbimes it is even necessary to resort

to single-crop cull svation (tea plantations in Georgia). In. i i3
£ A

ntial limitation of crop rotation by the main

other instances substa

industrial crop is caused by the necessity of maintaining within i

the vicinity of a processing plant, fields yielding a bulky raw

material (beets, flax, potatoes), or to maintain the agrowing of

vegetables close to population centers. But limitation of crop

rotation by these crops which require much fertilizer, also
L
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resbricts the area cropped to manure producing plants (fodder)
and thus makes it necessary to utilize mineral fertilizers,

ConsequentlyJ mineral fertilizer requirements of industrial

crops must be met in first priority. However, on our scale,
the total area devoted to these more valuable crops is still
very large. Industrial crops, within the strict meaning of the

term, occupy 1l million hectares vegetables (including field po—
£ « 3

tatoes) 2,5 million hectares, orchards and vineyards 2 milliom

hectares. The total adds up to 22,5 million hectares.

The assessing of mineral fertilizer requirements of

these crops can be effected in various degrees of detail, If

we assume 50 - 60 kilograms of nitrogen per hectare for the

entire area as an average requirement we obtain a figure of

the order of 1.2 - 1.3 million tons of nitrogen. Naturally,

not all industrial crops require the same amount of mineral

fertilizer,

The dosage as well as the percentage of fertilized

area can obviously differ widely, due either to peculiarities

of the crops, cuch as flax and cotton, or dissimilar soil con-

ditions in cultivation., Therefore within the limits of total

average requirement there is room for substantial possible sd—

Justments to attain maximum utilization of fertilizer,

We must point out that the relaticnship between the

amount of fertilizer and magnitude of yield increase is not at

all of such a simple nature, as is sometimes represented. For

example, an addition of small amounts of nitrogen fertilizers,

especially on poor soils, frequently results in increased effective—

v
ness of fertilizer corelated to increases in the dosage (contrary

ﬁf«?mm]'m -G£ -
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to the well-known curve of Mitscherlich) In the old experi-
ments of Wagner on application of different doses of ammonium

sulfate to winter rye applied in the spring: the following

vield increases were observed.

Amount of
Fertilizer 1.6 2.0 2.4

(centner/hectare )

Grain Yield Increase

(centners/hectare) b3 6,87 2.33

| On. computing average yield increase per centrer of fert—

i ilizer, we haves

s Ampount of

Fertilizer

(centners/hectare) 1.6 2.0 2.4
CGrain yield Increase
(per centner of fertilizer)2.71 3hdy 3.89

Consequently in these experiments the first centner of
fertilizer is compensated for less well than the succeeding one.
Wagner not only determined this fact but gave it an explanation

that cameto be well-knovm at the time.

He ascribed the following reasons for the inadequate effect

of small amounts of nitrogen in.poor soils:

BESTRICTED .
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(1) Nitrogenfﬁ%arved plants have an abnormal composi-
tion. They contain less nitrogen., On introduction of a limited

amount of nitrogen a portion thereof is consumed to remedy the

§ abnormal composition, and only the remaining part is utilized

to increase the yield, hence the inadequate compensation when i

using small amounts,

(2) In starved plants, the ration in development of the

organs does not correspond to a normal; the percentage of root

is higher in them than usual, and the percentage of parts above

3 the ground is lower. The first portions of nitrogen are used

4 up to correct this ratio (intensified development of vegetative

organs — stems and leaves), and only the succeeding amounts

manifest their actlon primarily in grain formation. Thus in oats,
without any fertilizer, the parts above the ground constitute

. 42 per cent of the total mass of the plant, and the roots 58

V per centufallowing the first dose of nitrogen this relationship

was 65 per cent to 35 per cent, and on a further addition of

nitrogen it became #1 to 190 percent. Ir other words the plant has

1 a certain necessary outlay, so to speak, and only after these

have been met, is there a possibility for a productive utili- . 4

zation of subsequent doses of nitrogen. ) .

On this basis Wagner reached the following conclusion: :
On poor soils producing yields of 10~ 12 centners of grain,

but not inferior in physical properties, fertilizer must be ap-

plied in amounts of not less than 2,5 - 3 centners per hectare
(calculated as salpeter)., If there is a shortage of fertilizer,
it is better to apply it at this rate over a smaller area, than

to provide the entire area with a smaller amount. If on the

RESTHIGTED g5
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other hand the soil is prepared and yields on a potassiume—
phosphorus base 20 ~ 25 centners of grain, a lesser amount of
nitrogen (20 -~ 30 kilograms) can be used with a good chance of

attaining the proper yield increase per each centner of ferti-

§ lizer,

The first case, where small doses should not be used

i was met with in prerevolutionary experiments, when poor land

ovned by peasants was treated with 1 centner of salpeter per

i hectare and no adequate effect was attained,

In 1926, however, when NIU conducted large-scale experi-

ments using amounts of fertilizer like those utilized in
Western practice, that is, 45 kilograms of nitrogen per hec—

tare, it was found that in our country the effect of ferti-

lizer was no worse than in other lands. This feat is of sub-
stantial practical importance, since it indicates that with in-
sufficient fertilizer, its application should not be effected '

on the basis of covering the largest possible area, but that

it should be used, even if not over the entire area, in amounts ;

to ensure the highest return per unit of fertilizer. In this we

will, of course, encounter a wide variety of conditions (farming i
with or without irrigation, type of crop, etc.), but it is still
3 important to keep in mind the basic premise that too small amounts

i of fertilizer frequently cannot produce the proper result,

On the other hand it should be remembered that incresse

3 of fertilizer dosage beyond a certain level (this level will vary

depending on specific conditions), can in its turn lead to a

lesser return of fertilizer costs by yield increases. If we

Wty
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should increase the dosage beyond that quantity of nitrogen

called forth by the given conditions, would use less by in-
creasing the denominator when the numerator remains constant;

that is, we are decreasing the compensation factor, just as in the
case of too low a dosage the compensation factor cannot attain

its optimum value. Such a relationship was observed by Wagner

on comparing results of collective experiments conductéd by the
German Agricultural Society, a8 well as of results obtained un-

der different conditions. On the average, the following cor—

relation wes observed between nitrogen amounts and yields of

winter rye (on the PK base):

Amount of Ammonium Sulfate per Hectare
1 2 4 5 6 7
Grain Yield Increase

(centners/hectare)

Average Return in
Grain for 1 Centner of

Fertilizer 4.0 . 3.8 3.3 2.9

Return on the last

Centner.,

Ve thus ascertain that there is a certain optimum dos-
age for a given crop level, at which the highesg average return
in grain is obtained for each centner of fertilizer. The op-
timum varies, of course, depending on the base upon which the

experiment is conducted.
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Phenomena analogous to those just described are ob-

served also in experiments conducted with industrial crops.

We can cite an example derived from data of the Kaunchinsk Sta-

tion in Central &Asia relative to increasing dosage of nitrogen

applied to cotton ( 30 — 60 ~ 90 kilograms nitrogen, etc., up to

300 kilograms of nitrogen per hectare) under conditions of ir~

rigation culture. Optimum return in yield increase per unit

of fertilizer was found to be in this instance to come with

higher dosages. Of interest also are the differences observed
on using (NH,)280, in place of NH,NO3. Tet ug consider both

experiinents,

Here are the results of the NHANOB experiment, taking

into ac-ount effects obtained uring the first year and the
after-effect taking place during the second year following the
application of fertilizer.

Nitrogen Added 30 90 120 180 300

(xilograms/hectare)

Cotton Wool Yield
Increase 3,5 10.3 19.8 22,9 2445

(centners/hectare)

Cotton Wool Obtained

(in Kilograms) per

Kilogrgm of Nitrogen 11,6 1l.4 16.5 12,7 @,2

Within a certain interval, the increase of cotton wool yield

per each kilogram of added nitrogen, increases with higher dosage.

AESTRICTED
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Return in yield on the nitrogen rose gradually on in-—

creasing the dosage from 30 to 120 kilograms, On further in-

crease of dosage, yield increase rose more slowly, but a yield

drop as a result of excess fertilizer was not observed in this

instance,

In the experiment with <N34)2504 we have at first the

same correlation, but the highest yield increase in this case

was only 17.9 centners (as compared with 2445 centners in the

case of NHANO?), Furthermore, the right-hand portion of the

curve shows a drop as a result of excess fertilizer,

(&)

Hitrogen added 3 0 120 180 240 300

(kilograms/hectare)

Cotton Wool Yield

Increase 2.3 6.7 12.89 15,5 17.9 15,0

If we plot the curve of yield increase for increasing

doses of fertilizer, and also show the curve of return varia-

tion for each additional unit of fertiligzer applied (in this

instance with each 30 kilograms of nitrogen), as well as the

average return for an increasing number of such units, we have

in the case of an experiment using NH,NO, the following graph;
4773, &

Figure 34. Effect of Increasing Amounts of NHzNO3 on yield of

[ e
Cotton Wool, (,Jkﬁ Ctegrrads ‘%izz/

I ~ increase of cotton wool; IT return in yield for each addition-

al unit of fertilizer; ITI average return in yield per fertilsgzer

unit,

. - 00008-1
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The curve of yield increase shows in its initial portion
a deflection not to the left bubt to the right (In contradiction
o Mitscherlich's curve) from an ascending straight line. The
curve returns on each successive unit of fertilizer (30 kilo-

grams of nitrogen) shows a definite optimum at 120 kilograms.

On either side of this optimum the return decreases., With
increasing dosage this curve tends toward the abscissa axis, bub
does not intersect the latter. Average return per unit of ferti-
lizer is also at its peak at 120 kilograms, but, for readily

apparent reasons, declines more gradually on either side of the

optimum,

Figure 35 shows the results of the experiment with

(NH,, 1250y,

flere we note the following peculiarities. The lefte
hand position of the yield-increase curve, shows also a grad-—
wal increase with augmented dosage. When the dosage is in=—
creased from 240 to 300 kilograms, a pronounced drop is shown,
as a result of fertilizer excess. The curve of return per each
additional unit of fertilizer shows an optimum ab 120 kilograms,

but in contradistinction to the NHZNO3 experiment, it crosses
b

at higher dosage the axis of obscissa and acquires negative

values.

In these experiments there is to be observed the same
progress of change as that noted in Wagner's experiments with
cereal grains., But, whereas Wagner's experiments which were
conducted in the absence of irrigation, the optimum was reached

at 60 kilograms of nitrogen, in the experiment with the irriga-

BESTRICTED
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crop the optimum was attained at twice as high a

disage.

Figure 35, Effect of Tncreasing Doses of (NHA)2SOA on Yield of

Cotton Wool.

T — increase of cotton wool yield; II return in yield for each

additional unit of ferbilizer; IIT average return in yield per

unit of fertilizer.

Thus the size of an optimum.fertilizer dosage 1s a
relative one. In addition to such facbors as irrigation, ‘the

ues by changing the

optimum can be shifted toward higher val

method of applying the fertilizer as well as the agrotechno-
lozical level in general, Selection of suitable kinds of ferti-

lizer, and so forth,

In_stances of record-breaking cTop yields obtained by

leaders of socialist agriculture may be used as examples il-
lustrating this relationship, where on increasing the general

level of agrioultural technology, it was found possible to apply

successfully much higher amounts of fertilizer than those usually

applied on a large scale.
In these instances, however, one should not be over-

of!
h the useAinordinately'high doses, since a

preoccupied‘wit
certain optimum is present here also, although it is found at

a higher level.

At the same time it mst be pointed out that concurrently

4 to an improvement of the overall system of

with efforts directe
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agricultural technological methods, it is necessary to utilize
the combined application of mineral and organic fertilizers in
order to attain high vields. Under these conditions it is pos—
sible to attain very satisfactory results, as stated herein
before, even by the use of relatively small amounts of mineral

fertilizer. In any case the primary aim of attaining a maxi-

mum return on each unit of mineral fertilizer used must be

adhered to, while we should refrain from use of too small
amounts (to cover large areas), as well as preoccupation with

excessively liberal application of fertilizers.

Fertilizers mst be used extensively, in amounts mich
higher than those corresponding to a statistical average
standard, in the case of a congiderable portion of valuable
industrial crops, which yield high returns on fertilizing
expenditures, with variations depending on the conditions of

tnnigalions

cultivation (climate, soil, and technolog®g , care etc.)

4o ensure adequate provision of food Stuffs.

Among these are for example, tea and cotton plantations,
which received in our country (in 1937 -1941) an amount of
fertilizer exceeding, on the per hectare basis, the average
amount of fertilizer used in Holland, which leads among
Western European countries in the utilization of chemicals in
agriculture. In the %ase of beets and flax, the use of mineral
fertilizers was practiced on a considerably lower level, and
for these crops the immediate problem would be attainment of the
intense use of chemicals appréximating that average level main-—

tained Before the war in West~European countries. Sunflowers,

on the other hand, grown as it is on the rich chernozem areas
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areas of Kuban' do not as yet require large quantities of min-—

eral fertilizers.

There were made, in this country, attempts to compute
on such a more particularized basis mineral fertilizer require-
ments of different industrial crops, with allocations of a por-
tion of nitrogen to the grain crops as well., (M. L. Kurasheva

(VIUAA); see also V. P. Kochetkov, Xhimizatsiva Sotsialistiches-

koyo Zemledeliya - the use of Chemicals in Socialist Agriculture,.

Nov 7, 1937.) Without considering in detail these computations,
we can merely point out tlat on maintaining the general princi-~
ple of first priority allocations to meet the needs of indus—

trial crops, the minimum requirements of mineral nitrogen ferti-

lizers approximte in this instance the figure of 1.3 millien

T
tons of nitrogen. 5f this value is adopted on a basis, in the
establishment of a proposed nitrogen balance for the USSR, it
is readily apparent, that in order to increase crop vields within
a major portion of our territory, there must be utilized on a
most extensive scale, methods of solving the nitrogen problem,

other than that of using mineral fertilizers,
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ON TWCREASING INTAKE OF BIOLOGICAL NITROGEN., PROSPECTIVE

NITROGEN BALANCE IN USSR AGRICULTURE

In order to express more forcibly the magnitude of acreage
under cultivation within the USSR it is sufficient to say that even
prior to changes which oscurred in 1940, our acreage under: cultiva-
tion (140 million hechares) was equal to that of all other European
countries vut together, including Turkey. Alteration of the wesb-
ern border has raised it to 150 million hectares, arable land
including fallow computing 175 million hectares, or 205 million

hectares counting wiused land.

Yie recall that the total removal of nitrogen by crops
approximates in our country 5 million tons (according to 1937 data),
and with the vroposed increase of average grein yields to 16 centners
pef hectare it should increase to about 8 million tons, which is more
then three times the annual production of nitrogen industries of the

entire world,

Obviously with a cultivated arem of such size and the huge

nitrogen removal that goes with it, it is out of the question to

solve the entire nitrogen problem as a whole, with the aid of the

chemical industry. Basically it must be solved by growing nitrogen

gathering crops, since our land area allows increasing acreage
cropped to them in a proportion commensurate with grain crops. ‘This

source of nitrogen may be considered as involving no extra expense,

since costs of growing clover (and other forage crops) are defrayed

by livestock raising.
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But in order to utilize fully the biological nitrogen of

clover and of other feed legumes it is necessary, concurrently with
extensively expanding the screage of such orops, to ensure a sub-

stantially more complete and efficacious utilization of manure.

Tn the absence of this condition it is impossible to equate ade-
quately the balonce of nitrogen and attain the necessary rate of

yield increase. Indeed, a considerable portion of the nitrogen fixed

by legumes is present in their overground parts, and this nitrogen,
on final anslysis (insofar as feed legumes are concerned) is found in

the menure.

Consequently only under conditions of careful management of
menure nitrogen, can a basic improvement of nitrogen balance be ef«
through the concurrent expansion of acreage cropped to nitrogen

plants.

Insufficient manure ntilization is the main cause of our most

unfavorable intake snd expenditure balance not only in the case of

nitrogen but of other plant nutrients as well. In the last decads,

unfortunately, a decrease rather then an increase of menure utiliza-

tion has teken place. At the beginning of the First Five-Year Plan

the quantity of menure utilized annually, was estimated at 300

million tons, during the Second Five-Year Plan this figure shrank to

200 million tons, and in 1940 according to date of NKZ USSR, only

125 million tons were used, that is, less than one ton ner hectare

of the acreage under cultivation.

It is true that over this period there took place a certain

expansion of the srea cropped to forage grasses, with a corresponding

-7 .
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increase of nitrogen amount in clover root residues in the soil,
but the total nitrogen deficit still resched almost 74 percent.

(See Teble).
Balance for 1940

of That Removed DY Crops

(100 percent), There Yas Nitrogen Phosphorous Potassium
Returned Through ¢ in percent in percent in percent
Menure 14.8 18,1 19.1
fiineral PFertilizers o2 15.6 4.8
Legume Roots 8.2 - -
Total 26.2 317 2349
Deficit 7601

We st-EBuropeal practice shows ‘that to ensure & systematic yield
increase it is ascessary to return nitrogen and potassium to an ex-

tent of about 80 percent and phosphorous 100 percent (even 110 percent).

The problem of more sdequate manure uhilization is of greatest
importance, and in eddition to the putting into effect of & number of
commonly lknown measures for efficient storage end ubilization of
menure, in some 1solated instences one is met with the necessity of
far-reaching reorgenization of farming econoily in generale. Herse, &s
well as in meny other problems of agricultural production, the question
cannot be solved DY means of some ready-made scheme, put must be

handled by adopting & suitable system of appropriate measures which

take into account actual conditions.

ESThigre;
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Let us consider one instance, cotton—growing economy in

Uzbekisten, which can be used to demonstrate how inadequately locally
available nitrogen resources in an economy ere being ubilized. With
25 percent of the srea cropped to alfalfa these are Very substential,
but in actual practice a large portion of this nitrogen is lost,

nemely the nitrogen conteined in the parts ef alfalfa sbove the
ground, and which excesds the percentage of nitrogen present in root

residues.

The gist of the metter is that bedding is not available; cer-

eal grains have peen driven off the irrigated erea. By displacing
grain, cotton has practicslly deprived itself of manure, since with=

out straw menure preparation cannot be carried out properly. It is

impossible to collect liquid excretions: they either flow off, or

undergo decomposition on the oremises, with most of the alfalfa
nitrogen escaping into the sir in the form of ammonia. Thus, lack
of straw in an agricultural establishment greatly decreases the value

of alfalfa as a nitrogen collector. How extensive such losses are is
shown by the following compubation.’ In Centrel Asia alfalfs yields

four harvests, which corresponds to at least 100 centners of hay,
or in 3 years, 300 centners. Since elfalfa hay contains 2.3 percent
of nitrogen, this would amount to a totel of 690 kilograms of nitro-
gen. Alfalfa is followed by cotton which takes up 6 fields in the
nine=field crop rotation system. Bach cotton field should receive
in menure one sixth of the total alfalfa nitrogen, or 115 kilograms

per years Figures of manure utilization show however, that each

hectare of cotton receives on the sverage not 115 but only 15

kilograms of nitrogens.

S
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The huge loss of alfalfa nitrogen is being tentatively
compensated by application of 40-45 kilograms of costly ammonium
nitrate nitrogen, in place of utilizing nitrogen in the form of a

good manure fertilizer.

The ebnormal situation of nitrogen balance in cotton growing

is made apparent by the following comparison. Vhile even among the

most highly industrislized dotntries of Western Iurope of the total i

amount of nitrogen removed by crops (100 percent), there is returned
(according to prewar dsta) 20-25 percent in mineral fertilizers and n o
over 40 percent in manure, in Uzbekistan we have the opposite ratio,

only up to 17.5 percent of nitrogen removed in the cotton crop is

being returned in manure while mineral fertilizers mst compensate

for 48 percent of the removed nitrogen. (Occasionally the nitrogen

portion returned in menure drops to § percent, as was shown for )
Andizhen Oblast'! by Professor S. A. Kudrin.) This is the reason why :
Uzbekistan outrsnks France, Germany and Belgium in the amount of

minersl fertilizer used per hectare, and, while competing in this = ,
respect with Holland for world wide leading position, produces iower
yields of cotton (16 centners per hectare) than would heve been ob-
tained on using mineral fertilizers on a manure base (32 centners

per hectare). This is the penalty for the lack of bedding and the

lack of proper orgenization in the handling of manure.

I put forward in 1942 the proposal to introduce into irrigated

areas grein crops yielding straw in such a proportion as to amply i
i)

compensate in yield for the allocation to grains of cotton acreage

by the increased crops obtained from the remaining acreage. Since !

grain orops produce in Uzbekistan two harvests within one vegetative 3
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period, while cotton yields but one, a large gain in both straw

and grain would be thus realized.

The problem of a more adequate utilization of manure and other

local resources throughout the entire Soviet Union is of tremendous

importance. In order to give en ides. of the possible part that

menure could play in the general food balance, it should be pointed

out thet according to the celeculations of Acsdemician Ye. F. Liskun

the total amount of manure that would be available annually in the

USSR would equal the huge total of 1 billion tons if livestock were
to be incressed to the level where it fully met the national needs

in enimal husbendry products (computed on a per capita basis).

Assuming that 70 percent of this amount would be used as fertilizer

(taking into sccownt incomplete manure recovery and part of it used

for fuel), we have e potentiel ntilization fipgure of possibly 700
million tons, which is equal to 3.5 million tons of nitrogen. This
amount by itself would supply about 40 percent of the total nitrogen

removed (8.2 million tons), as compared with the 20 vercent avail-

eble in 1937, If absolute velues are taken, then the development
- ; of mamure utilization to a quantity of 700 million tons per ennum
constitubes approximately a 3.5 fold increase in comparison with
the 1937 figure. Taking into account that even before the war the
actusl utilization of manure in our country decreased to as low as
125 million tons anmually (as in 1940), and nebturally became even
smaller during the war, it becomes readily apparent what it would
mean for us to achieve an annual ubilization of 700 million tons of

menure. (See below for the alleviation that would result in the

trensportation of such large amounts of manure through effective Q

wbilization of green manures (in the form presently proposed) on
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more distant fields while concentrating the use of manure on nearer

fields devoted to crops requiring intensive cultivation.)

We must once and for all put an end to underestimation of
the tremendous importance of manure as the main basic link in the

well-orpganized system of fertilizer epplication.

We must understand that without a radical departure from the

present level of orovisions mede for supplying our fields with manure,

it is futile even to contemplate establishment of normal correlations

between intake and expenditure items in the balance of nitrogen and

other nutrients in our agriculture; to improve systemetically soil

fertility, or to raise to an adequate level the yields on our fields,

At the same time it must be reslized that in spite of its
tremendous importance, manure can play a due part in the nitrogen
balance of our agriculture, only if we increase sharply nitrogen iﬁ—
take through expanding the cultivation of clover, and other nitrogen

fixing plants.,

Yle must remember that by itself manure does not provide a new
supply of nitrogen; it contains nothing that has not been oreviously
a constituent of plants, and its utilization would be merely re~
utilization, as factories reuse water of cooling systems, if there
were not introduced into the mamire a new supply of nitrogen from
the clover. But manure is also g great source of nitrogen loss,
especially in improper storage. Only through a simultaneous increase
of nitrogen fixation by nitrogen fixating plants and improved manage-
ment of manure can we attain liquidation of the unduly high deficit

of our nitrogen balance with respect to biological nitrogen, that is,
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- nitrogen fixed by the nodular bacteria of clover and. other legumes.

Tt cen be estimated approximately that of the total nitrogen fixed

by nodular bepcteria of clover, one helf remains in the soil (with

the root residues while the other half passes with the hay into

manure after having gone through the animsl organism. Therefore,

clover has a dual function in the nitrogen balance: first as a

direct source of nitrogen intake for the soil in the form of root

residues, and second, by increasing the nitrogen content of manure
with that portion of the fixed nitrogen contained in the parts of

clover (as well as of alfalfe and other forage legumes) which ar

above grounde

Thus, manure nitrogen, in the debit column of the balance,

5 consists of twe items, the new amount of nitrogen fixed by the
: Jegumes, and the nitrogen being returned to the soil a second time,
which originally had been incorporated into the menure as & consti=-

tuent of the bedding end through feeds other than clover end alfelfa

hay., (&n even more detailed subdivision is possible here. For

I
i
i : exemple, when peat bedding is used, new amounts of nitrogen are also

introduced through the manure; then, on utilization of the manure,

o transfer of nitrogen and other nutrients utilized by the nlants

takes place from meadows %o oultivated fields. We shall not further

discuss these details here.)

On establishing the nroposed balance of nitrogen it is

therefore, to keep in mind the close association of the

necessary,

two inteke items of legume nitrogen end menure nitrogen.
& L

What acreage should then be devoted to legumes, in order to

attain s satisfactory balence of nitrogen with the proposed average

RESTRICTED
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vield of 16 centners per hectare snd the corresponding annual
removal of 8 = 8.2 million tons of nitrogen? To answer this question

it is necessary to determine how much nitrogen carn be accumlated

yearly by one hectare cropped to clover, alfalfa, lupine, etc.

Naturally, the amount of nitrogen accumulated by clover de=
pends on the degree of development of the latter. Let us consider,

however, what cen be attained from a good growth of clover (assume

ng that we cen supply the clover with phosphorus end potassium).

If the clover is of one year ubility (two-year growth) then
gocording to the fairly old data of Schultze (Breslau) it leaves in
the root residues 177 kilogrems of nitrogen (see compilation of
earlier data in Reiner's book Ackerbenlehre (1933), pages 152 and
202) while according to the data of Werner and Weisk the figure is
152 kilograms. Since in the parts above ground there should be
about 100 kilograms of nitrogen if the crop is a good one, then the
totel amount of nitrogen conteined in the clover is 250 -~ 280 kilo-

grams. Assuming that two thi

ds of this nitrogen is obbained from
the air, we see that a hechare of good clover can assimilate about

160 - 180 kilograms. On this basis I reached the figure of 150 -

160 kilograms ner hectare as an estimate for possible fubure balence

of nitrogen.

Published material contains also other data according to
which nitrogen assimilation by legumes takes place on a smaller
scale; 1t is characteristic that Lyon end Bizzell, in carrying out
these well-conducted experiments in the United States which took

place over a period of 10 years, found that the amount of nitrogen

dEsT RioTEp
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fixed by red clover reached 182 kilograms per hectare annually.

(see below).

Hence, in making the proposed sstimates, I cen assume that
clover accumuletes 150 - 160 kilograms of pitrogen per hectare in
one yesr, with the provision that the necessary potassium and

rhosphorus are provided. Under identical conditions we cen take a

similar figere (160 kilograms) for lupines, while considerably

larger quantities of nitrogen asre accumulated by alfalfe, which
yields four harvests per swmer with irrigation under Central Asian
conditions.

Boussingault (1836-1833) had established even earlier that
alfalfa can contain as mich as 200 kilograms of nitrogen in the
above~ground parts without being supplied with nitrogen fertilizer.

In our Central Asian regions this smount }

5 been found to be 227

kilograms (data of Ioffe, over a four~year period). The experiments

of Lyon and Bizzel, previously menticred, gave even a larger smount,

up to 272 kilograms (on the average a ten~year period, while at the

same time the so0il content also incresses in nitrogen, The extent

of this increase is estimated differently by various researches,

Thus zccording to data of the Akkawvek Station for clay soils,

alfalfe accumilated over g three-year neriod 1200 kilograms of nitro-

geu in a 40 centimeter soil layer, or an average of 400 kilograms per

year. (See pamphlet of Gel'tser and Lasukove Effects of Crops on

ity, Teshkent 1934; also dats of Toffe and Zhorikov, given

therein,) At Bayaut Sovkhoz there was found a 527 kilogram accumule-

tion cver 3 years in the cultivated layer alone. According to date

of Shirabudinsk Station thrqe¢Year alfalfa,had accumilated in the
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soil 943 kilograms, snd a five-year one 1219 kilograms of nitrogen.
(1t is, however, ver? difficult -to obtain accurate results in
determination of nitrogen increase, since it must be debermined by
differences in small samplés ageinst the presence of large nitrogen
contents of the soil, and then is multiplied by en infinitely

large quantity, i.e., ratio of soil weight per hectare to weight

of Kjeldahl Semple.)

But on the other hand, American literature contains fre-

guently lower values for nitrogen accumuilated in the roots. (See

i review in article "Biological Nitrogen in Agriculture"

Sotsialisticheskays rekonstrukisiya sel'skogo ¥Khozyaystye, October

1955, page 126, and also erticle by Hishustin and Bernard in

Khimizatsiye Sotsialisticheskogo zenledeliya 1936, No 11-12).

Therefore, we shall consider the probable ennual accumulation

% of nitrogen to be 100 kilograms for alfalfa roobs and 200 kilograms

for the aboveground portions, a tobtal of 300 kilograms per years .o
However, as shown above, under Central Asian conditions it has been

necessary until now to teke into account the fact that most nitrogen

of above-ground portions of alfelfa is lost, and only the root resi-

dues of nitrogen are certein to escape losses. In the future when

grains ere introduced in the crop-rotation system of cotton cultiva=-

tion, the conditions under which manure is produced and stored

should improve.

Among forage grasses we can also consider the vetch and oat

mixture; but here the amount of nitrogen accumulation cannot be

large because of the short growing period of the vetch and also d

sty
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because of its dilution with oats.

We frequently sow veteh with oats due to Jack of clover

seed, but vhen clover seed is svailable it would be mich more

advantageous to have a one-year stand of clover than of vetch with

oats. The advantages of clover ag compared with g vetch-oat mix-

ture are primarily determined by the fact that clover, because it

is sown during the preceding year, begins %o grow mich earlier,

and with the fipgt days of spring starts to assimilete carbon, sup-

plying carbohydrates fop its own use gs well as for tubercle bact=

eria in the roots, thereby effecting nitrogen fixation. On the

4

other hand g vetchw=oat mixture requires time for the growd to dry

sufficiently 4o permit use of agricul tural machinery; then one st

walt until the shoots appear, while essimilation begins to outweigh

the respiratory vrocesses

of the young plants., Then also, although

vetch is a nitrogen collector, oats are & nitrogen consumer, so that

the final results appesr most uncertain, insofar as incorporstion of s

nitrogen into the 50il is concerned. Observations have been made

which showed gl] the nitrogen recovered from the ajir by the veteh

to be found in the above-~ground portion of g vetch-ogt mixture, and

passing from thare into manure which was later applied to other

crops, while the avtumi-sown crop which followeq immediately the

vetch-oat mixture, coulq have found the 50il even poorer in nitrogen.

Such would be the case where oats remove More nitrogen from the soil

than the wvetch hes time to accumulate in itg root residues,

Hence there is the pPossibility of instances where all nitrogen

increase due to veteh would be foungd in above-ground parts and not in

:
3
g
4
:

i

the soil, Therefore, clover, even of one-year stand, is g much better

e .

ey e
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precursor of winter c¢rops than vetch with oats. An example of
general nitrogen belance improvement in which an annual legume was

combined with cereal grains and resulted in soil nitrogen decreases,

(i is cited in the previously referred to oublication of Lyon and

Bizzel.

[6]

Since their results are interesting in many respects, it i

instructive to consider them in some detail. (Journal of the

s

American Society of Agronomy, 1934, Wo 8).

The experiment was sonducted as follows: Over a 10 year

period different legumes werc sown slternatively with ceresl grains,

following the two-field type crop-rotation system, and 2l) harvest

. yields were analyzed; the amount of soil nitrogen was also determined

before and sfter the experiment. The average figures ere shown in

: the following table (kilograms of nitrogen annually, per hectarse):

4 Increase or Nitrogen in Total

? Decrease of Above-ground Nitrogen

% Soil Nitrogen  Portion Increase
Red Clover © B6.5 116.0 182.5
Swedish Clover T4 95.6 170.0
Alfalfa 7549 224.3 30042
Sweet-clover 5245 151.2 20347
Veteh with Wheat 12.1 89,1 8l.2

} Mixture of Red and

Swedish Clover 7242 131.5 203.7
Sweet Clover and Vetoh 51.2 143.8 195.0
AESTR <7
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Soybeans ~ 5.2 132.7 127.5
Peas with Oats - 4.0 61l.5 57.5
Lentils ~12.5 8347 712

Alfalfa Continuous

Cultivation 63,1 271.9 335.0

Here it is of interest to note that in slternation of annuel
legumes snd grains the soil of a siven area can, on final enalysis,
lose a portion of nitrogen, and all excess nitrogen derived from the
air is found in the above-ground plant portions (together with nitro-

gen taken from the soil).

But if this result lowers the value of vetch as a crop pre-
ceding a winter crop in the total balance one must, of course, take
into account the nitrogen found in the above-ground portion of the
vetch. One may assume that vetch sown in admixture with oabts, yilelds

a 50 to 80 kilogram increase of nitrogen teken from the aire

Probably, an increase of the same order can be assumed as
being the minimum in the case of seed legumes, the acreage under
which should be considerebly increased in this country, since they
afford & dusl adventage over other spring crops - they do not require
nitrogen fertilizers, contein in the seeds twice as mich protein as
cereal grains, and their strew is much richer in protein than the
straw of cereal greins; hence they can constitute an important source
for supplementing the total deficiency of proteins in food and feed
balance which is present in our country (especially within regions
which have suffered from the Germen occupation). The genus of

leguminous plants is rich in species and makes it possible to select

ESieryy T
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varieties best adapted for any given conditions of soil and
climate. Thus in the south there is possible cultivation of beans,
soybeans and peanuts; in the north, peas and lentils are of great
importence; in the forested steppe belt they are supplemented by
horse beans, and in the arid south-eastern zone chick-peas and

vetchlings are of primary importance . (In addition to being spring

cropg some legumes can be grown for fallow. Among, these are len=

. n :
tils, which ripen in the cherwozem belt before aubum sowing of

winter crops, and also such late crops as beans, when winter crops
are sown in-between rows (45-50 centimeters) prior to harvesting of

the beans. Where the beans carnot be grown because of excessively

dry climabic conditions, it is worthwhile to try "sweet" lupines
(as a seed crop) and chick-peas (tall verieties). Unlike other
crops, these plants partially compensate the nitrogen decrease of

fallov land and also loss of moisture, if a sufficiently tall stubble

is left on harvesting, so as to ensure snow retention).

1t must be noted that the ten-year experiment of Lyon's con-

ducted to produce nitrogen acoumulation by meens of clover, yielded

results similar to those figures which we took as a basis of our

aprroximate computations relative to nitrogen sccurmlation by means

of this crep. And if we assuwe that one hectare of good clover sup-
plied with potassium and phosphorus can orovide 150 ~ 160 kilograms
of nitrogen in one year, counting the nitrogen of clever hay as well

as that of the root residues, it follows that 200 thousand hectares

of clover can, on proper management, £ix 30 thousand tons of nitrogen

per year, that is, be equivalent to the output of a fairly large in=-

dustriel nitrogen fixation plent. The same can be said of lupines,
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as well, but alfalfa, in yielding four harvests per summer, can
orovide twice os mch as clover. Naturally, for biological
nitrogen to acquire due significance in nitrogen balance, it is

indispensable that proper crop rotation be introduced and incul-

cated throughout. We have seen that in Western Europe adoption of

crop rotations with 25 percent of clover resulted in a two-fold

increase of grein=-crop yields, and an even higher incresse of over=

all field crop production. True, the primary part in that case was

played by the four-field crop rotation (Morfolk) system, while the

predominant system in our country is presently the eight-field one,

but we usually have clover for two years for 25 vercent of the acre-

age. Naturally, in order to devote more space to clover it would
have to be introduced into the crop rotation system not only by de-
creasing the amount of fellow land (for example, down to 12.5

percent) but also by increasing somewhat the acreage under cultiva-

tion within the chernozem belt (see above). 1If the total acreage

wnder cultivation were to be raised to 160 million hectares, under
en eight-rield crop rototion system, the acreage cropped to legumes
could equal 40 million hectares, which in the case of clover would
correspond to an accummlation of 6.4 million tons of nitrogen, that

three-fourths of the total future

is, would cover by biclogical mesns

nitrogen requirements. (Bight-field crop rotation, with two-year

clover, two fields of each winter grain and spring greins and one or
two fields of row crops, would be linked geneticelly to the classic
rotation of crops, namely the Norfolk four-field system (row crop,

spring grain, clover, winber grain). The next link was provided by

the Denish eight-field system in which saving of clover seed was

effected by introducing two-year clover. The following sequence

o ¢y - 702‘ -
TR rEp
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was then obtained: row crop, spring grain, clover, clover,

winter grain, row crop, winter grain, spring grain. Dus to climatic
conditions in our country it is necessary to replace one of the row
crops by fallow, retaining the other essential features of the crop
rotation., FEven though the sequence is altered somewhat depending
upon whether clover is grown prior to autumi-sown grain or to
spring~sown grain, the percentage of ares under clover in the basic
rotation usually would still not exceed 25, which is characteristic
of rotation of the grain crop type. Only when farming practice in-
cludes a second (additiomal) rotation system for the supply of live-
stock feed, it may compute 60 percent or more under forage grasses,
that is, assume the charamcter of & field-grass rotation system.

But basic rotations are usually of the grain-crop type, with the ex-
ception of the dry Southeast where the fallow-row crop type (with-
out perennial grasses ) prevails). But since for the time being, only

introduction of ennual le

umes of the seed-yielding type may be con-
sidered for the Southeast, and not of clover énd alfalfa, we shall
confine ourselves to a more 1imited goal -~ the gathering by legumes
of one half for future nitrogen removal by crops, or 4.1 million
tons of nitrogen, which can be attained by allocating to clover and

alfalfe 27 million hectares,

Of the total amount of nitrogen fixed by legumes (4.1 million
tons) one half (2,05 million tons) would remain directly in the soil,

with the root residues, while the other half would be supplied %o

the soil in manure.

On the whole, wo can outline in a generel menner the following

proposed system of nitrogen balance for agriculture in the Soviet

93 .

R

"
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Union, based on first priority allocation of synthetic nitrogen
1 crops which would

to meet requirements of more vysluable industrie

for the entive screage under eultivation up to

rop vields

in per hecltare (and & corresoonding increase of
other crov yields).
Bfggpective plen of Hitrogen Balance
for UEBR Apriculture
Toteal
1n 1000 In Per- Tp 1000 In Per=
Tons cent Tons cent
1, Nitrogen removal
from & 160-million
hectare area in ¢crop
yields of 16 centners
of grain per hectare
and a sorresponding ’
yield 1evel for other
crops 6200 100.0 8200 10040
17. Return:
(1) WNitrogen of minersl .
1400 1549 1300 15.9

fertilizers
(2) Witrogen fixed by

1egumes (over 8o ares.

of 27 million hectares 4100 50,0

Including:

(a) In rToOb residues

_qY -
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(b) Nitrogen of above=-
ground portions re-

turned to the land

with marnure 2050 2540 - -

(3) Hanure Nitrogen

(700 million tons)

<A
w
Q
o

42,7 3500 42.7 . 1

Including:

(a) Witrogen in above-

ground portion of

H
o
15}
3
I
=
&
wn
fa=]
o
(3]
o)
™
o«
.
&)
i
H

(b) Nitrogen withdrawr £ .
i ! from the soil
plants, and returned . ;

in manure re~ubil

tion 1450 17.7 - -

Total - - 6850 8% .6

III. Deficit, compensated by
activity of free-~living

nitrogen collectors - - 1350 16.4 2

o

1 This tabulation of items of the »rospective nitrogen balance ;
shows, in our opinion, by what route and in what general direction we
rust nroceed to selve the vroblem of supplying our sgriculture with

nitrogen, striving essentially to alter our nitrogen balance so as to

eliminate its excessive deficit, and to ensure further yield increases

s
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as well as pgreater soil fertility. This general direction, in our

opinion, must be cne toward more biological nitrogen, primarily

clover and alfalfa nitro is precisely in that direction

that we perceive the solution of the nitrogen problem concerning
- < " “}

Ayt rt A o ' 3 1
our most importent crop -~ cersal same time, closely

comnecbed with this orimery bid for biological nitrogen, there looms
3 1

ortant guestion of manur

in the foregrownd the tremendously

DRV

1 tion, which must ensurs gathering into the agriculturel cycle

N

approximately one helf

the total awount of nitrogen fixed by

clover and alfalla.

more clearly the charscteristics of the path o
peth

T R T S [ 30N y Yy, " FU .
be followed in solving the problem atb hard, let us compars the corve-
sponding items of our actual prewar uitropger balonce, accordiag to

[a¥d 3 b wWh A Fhoaa A - ) T R TR :
1637 data, with those of the outlined, orosvective plan (see Tubls),

of Nitrogen

Retura
Minerasl

)

F

srtilizers Clover  Manurse Deficit

4

1937
Prospective
Plan

Difference .30 1.10

Colum § common to both clover and manure includes nitrogen of abovew-

. e . ' . .
ground portions of clover and other legumes, incorporated into the

fi’ES'mmr -7 .

Declassified in Part - Sanitized Copy Approved for Release 2012/03/0: |IA-RDP82-00039R000100200008-1



Declassified in Part - Sanitized Copy Approved for Release 2012/03/08 : CIA-RDP82-00039R000100200008-1

AESTRG i Ew

4

soil with the manure. Colum 4

the nitrogen of root residues
of clover (and alfalfa). Colum 6 includes thet portion of nitrogen
iy manure which constitutes re-ubilization (nitrogen gathered from

the soil by the plants and returned to the soil through manure ).

Thus, according to the nrospective plan the increasse of
nitrogen removal by 3.3 million tons, is comﬁensated only to one
third by a corresponding increase in synthetic nitrogen requirements;
the remaining two thirds of the sdditional removal must be compensabed

through en increase of other sources of nitrogen intake, primarily of

biological nitrogen and manure nitrogen. These same sources must also

=}

vield a further amount® of approximately 2 million tons of nitrogen bo

decrease the initial deficit of the nitrogen balance.

Tnsofar as that portion of menure nitrogen is concerned which
consists of nitrogen gathered from the soil by vients and returned
with the merure (Colum 8), its increase mist be secured by increas-
ing the amount of bedding and feed, resulting from increased yields
of grains and non-leguminous feed crops, and also by decrsasing
nitrogen losses in manure storage, and by more efficacious manure

utilization.

Lecording to the plan for = nitrogen balance given above, as
stated previously, only the mein intelke items are considered, while
certain additional sources, which must alsoc be utilized, have not
been taken into account. Bven though hitherto they hed no decisive

part in solving the nitrogen problem as & whole, these secondary

sources nevertheless deserve serious consideration in the fubure.

| .97 -
RESThIgTED
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This must be borne in mind in the immediate future because there
has taken place a sharp decrease in basic sources of biological
nitrogen intake due to a number of causes caused by the war, which
include a smaller number of livestock (especially within areas of
former German occupation), decresse of manurs production connected
therewith, and destruction of clover crops and consequent inadequéte
supplies of clover seed. The last has csused in many instances a

decrease i

s}

acreage cropped to clover, etec. It must also be rememe

bered that the full elffect of those measurss which are going to be

taken to meke a basic improvement in the bslance of nitrogen by in-

creased planting of clover, will not be felt lmuediately.

o

5 that in our system of nersanial clover cultivation, there is a

te

time interval of 4 ~ 5 year duration between sowing of clover and

ing of that crop, whose growing is utilized for foil ameli-

It is true that the effect of nitrogen~enriched manure

derived from clover may be felt before that, but not sooner than o
three years alter sowing of the clover. Korsover, only on gradu-

ally pessing from fisld %o f£ield of the rotation system can the ;

clover produse an overall effect on vield increase.

Therefore, an

of acreage under clover effected in . 1
1946, would give a yield incresse for subsequent crops vlanted only
in 1849-1850. To ensure expansion of screage cropped to clover it i
is necessary first of all to develop vigorously and rapidly measures

for increasing the output of seed at sovkhozeg and kolkhozes located

within given aress, since it is lack of clover seed and not of
average that limits at present the development of our clover-growing

prograin,

| -9
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Naturally the increased accumulation and utilization of

manure, no matter how much effort is devoted to this measure,
will also progress only gradually, concurrently with the rehabi-

litation snd further development of enimal husbandry, and expen-

sion of feed resources, that is, primarily of the growing of

clover.

In connection with what has been said at the present time,
of especially presat importance in our country are all those addi-
tional resources and potentislities, that can be drawn upon for
supplying the intake items of the nitrogen belance. Let us briefly

consider some of them. !
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