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S 4 One of the pr1mar tasks in sugar-beet production is to study the
natural resoures for the purpose of introducing sugar-beet growing in
new areas and to increase the yield and sugar content of the beets. This
especial3y concerns Siberia where sugar beet production is just beginning
in man areas, and in other arma sugar beets have been cultivated for a
relative2y long time (AltaS), but not all sugar-beet growers have secured
rich and stable yields. Due to these facts, a consideration of clmatic
conditions in org•"nii suPar-beet production in Siberia presents mn
of the ost important lIn in economic zoning of this crop as a whole.

Principally, agroolimatic soning can be reduced to establishing
the presence of c0Umtic conditions determining a certain level of yield,
then to mapping these conditions and to outlining on this basis agro.
climatic areas for swar-beet production. One of the most difficult
problem involved Is the elaboration of Oantitative agroolimatic indexes
for sugar beet.

Investigations in this field (1, 2, 4, 6, 7, 8, 9, 10, n, and 121
indicate the necessity of further detailed elaboration of quantitative
indexe describing the interrelations between the plant organism of the
sugar beet and the climte. Some sources present established indexes of
a hig tentative nature [2]. In other sources, the dependence of the
Yield and sugar. content of beets on cliuatic conditions comes to the
elucidation of separat data on the process of root ring and suar
"aoumUation tor a particular time md locality [1, 6, 7, 10, end others].
The usage of quantitative indexes established In the course of saw a•'. -
meteorological Investigations (4 and 91 is difficult due to the absence
of necessary agromteerologioal data far new area of sugar-beet grolrg.
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Data en the zrot yield wre evidently on page 3, data om the
sug- prodU -ten page 2. Compame Table 1.
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w 0.6 is effectlvenes;

Zta le the amout of precipitation during the nonvegetative
period (from the last yea" a harvesting till the nun-t
year's soing)l

I,," s the mvut of preciptation during the vegetative period;
r.- ...

I. r 10 Is the si of tsueratures during the vegetative period
divided by 10 (conditionalls it presents a possible vaeLi
of evaporstim).

The coefficient of moistening was calculated according to
Selvanino'• method but with to into account the winter prIeOpita-
tion.

Ratons' hi.pe estab~lbshed between the Indexes desoribing hbet and
istare conditions mid the sugar-beet productivity (Figure 1) wer used

as a basis for zoning. Orphs were constructed an the basis of data on
yearly sugar-beet yiseds and on sugar production taken from reports of
sixty crop-testing stations attached to the State Comission on Strain
Testing of Cropes, for the period of 3S5-296&. In the process of data
anaysis1, the 7yars wure moiaded when the snow retention was app2led or
other noolimtio factors had an inf2uenoe on 7ields. A possibi•ty of
the infJlme of differences In sil on the beet " ield 7U s minded by
using data secured only from crop-testing stations located within the
chernose so"n.

In addition to establLshing basic relationships between ol/istio
factors and sugar-beet yielding capacity and productivit', we also
anabued the inf2u•oe of climste on the sugar content of the bee*s. We
found that sufficient moisture and Iluuination facltitate the sugar
accumulation. We tried to establish a quantitative relation between the
sugar content and the e actors. As the mndex of lumination, we took
a number of days with clear sky (taking Into account low clouds) during
the period of sugar acomulation beginning with the somtn of root forma-
tion until harvesting. The coefficient of voLstenng reflects the moisture
conditions throughout the vegetative period. We assmed that the formation
of the assimilative apparatus, which is an Important factor In sugar
accmulation, depends on oiLsture conditions In the ititial period of
vegetation, ild2o the proceee of sugar ae ai depends on Msture
oeditions In the period of this a~ain

-14.
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To facilitate the usage of established relationships in aroleattie
smoing, Table 1 presents an Interpretation of quantitative indexes by
introducing a classification of climates with reference to sugar-beet
growing. The listed types of climate# were outlined on the basis of rola-
tionships established from materials secured In the steppe and forest
territories of the USSR. It is natural that some types of climates, per-
tiou2arly hot and moderately hot climates, do not occur In Siberia.

Thermal resources of the territory were evaluated an the basis of
the mp presenting sums of active temperature. in the period from the date
of the spring transition of the air temperature over r [21 to the date
of the fall transition below 5•o For the construction of this map, average
sums of temperatures, secured from vmn years of observation, were taken
from graphs showing the annual march of air temperature. Data of 200 hydro-
meteorological stations of Western Siberia were used. Then, on the basis
of regularities in fluctuations of the sums of temperatures in individual
years established by F. F. Davitaya Ell, the sum of temperatures with 8C
expectancy us computed, i.e., it uws expected that this sm of temperature
will occur in 8 out of 10 years. The latter temperature %as mapped. On
the basis of this up sIhoing therml resources of the tew etow and on the
basis of data on the heat requirements of the sugar beet (Table 1), zones
of thermal conditians with reference to the sugar beet wmre outlined. The
following thermal somes were distinguished within the territory of Western
Siberiaa cool (with the som of temperatures les than 16000), moderately
cool (the sm of t erates rang.e from 1600 to 20000), moderately wm
(the am of tempates ranges from 2000 to 2W00O) and wara (the sm of
tmpe rr than 24000).

The soning of the sugar beet on the basis of thermal conditions
gave an opportunity (1) to establish the northern boundary of commercial
sugar-beet growing, and (2) to draw the conclusion that within the greatest
part of the territory of Western Siberia, thermic conditions are rather
favorable for obtaining good and fair sugar-beet yields.

We found that the sum of active temperatures lower than 16000, under
any moisture conditions, present a limit below which sugar-beet yields
become poor and the cultivation of this crop becomes unprofitable. Honce,
the 16000 isoline of the sm of temperatures passing through the localities
Ziatoust, Narpinak, lvdel, Vasiss, Staritea, Kargasok and Dirl~yussy
presents (on the basis of thermal conditions) the northern boundary of
commercial sugar-beet growing in Western Siberia. East of this territory,
this boundary passe over Anshero-Sudshenak and Tayga, then skirts along
the Kusnetek depression and Salair ridge from all sides, in Mountainous
Altai it passes soewhat to the south of Ouday. In the cool s, is, the
sugar beet can be cultivated everywhere as a forage crop especially in the
south. In areas lying south of the 16000- isoline, under cendititnn of
sufficient moisture, it would be possible to obtain yearly an ehernosea



soils Yields ranging from 200 to 400O contmers per hectare, If techniques
of the same level aSO at strain-testing stations NXweesed. As the tech-
nique improvs, the sugar-beet, yields would ratOUalyineam"e. However,

*In areas with favorable climate, yields winl be higher ui lower ucpmndi-
tures of labor and funds wi33 be involved.

There is no doubt that Insufficient or Otcessiv Moisture lOweS"
considerably the value of the thermic reourcess of a territory. We used
the coefficient of moistening as the principal Indez of moisture condi-
tions. it we coqmpted on the basis of materials obtained from 2S5
meteorological stations. Then, takidng Into account the moisture require-
mints of the sugar beet and the coefficient of moistening the following
areas with idiffrp degrees of moifture were dsngihdwithin the
territory of Westirn Siberias dry (I --- 0.6)p edrd( ranging from
0.6 to 1.0), moderately dry (K rangi- from 1.0 to 1.4i)0 Insufficimntly

* Moist, (I ranging from 1.11 to 1.8),vn moist (1 >1. 8). These areas Were
obtained Watebai fmoseig oefcnt of OC zpany
sImilarly a" for the thermio conditions.

The saAMug of a terrior based on Its moistue onditongs9 with
reference to a certain crop# is of great importance from the viewpoint
of diffrsnAtiatng the agricultural techniques for ensuring moisture for
this crop. This sowing helps to separate areas where Irrigation Is neces-
sary, as vall as areas vwher Yields can be considerably increased by addi-
tional moistening through snow reteation and other methods. The amount
of additional moisture needed for sugar-beet, crops in certain agrocltmatic
areas can be tentatively compute from the formula of the coefficient of
moistening.

A general evaluation of climatic conditions in Siberia favorable
for sugar-beet growing can be done by means of the complex agroclimatic
soniing with reference to this crop. This soning includes the evaluation
of heat and moisture condition and takes into account other factors, such
as the Influence of frosts, a duration of jillunatine and others.-

Figure 2 shows the agroolmamtic soning of the sugar beet In Western
Siberia. On the basis of heat and umoisture conditionfs 23 agOolima-tic
areas Wee dstg he here, each having a certain tqpe of cllitst with
reference to this crop.

Table 2 presents data on the expectancy during the vegetative period
of certain thermi~c and moisture conditions determining Yalues of sugar-
be" Yiema in each agroclimatic sones. These date give an opportunity to
use as a climati boundary the moisture and thealde codition mest favor-

* able for eomurin~aX sugar-beet growing.



ftguz'. 2. Agrocliaatlc zoduig of the sugar beet In Westerni
Siber-ia (geographic basis - a cop frou the m~p of Western
Siberia in Atlas wira (the Wor2d Atlas), an a scale
1 8 .' o w



Off to Figure 2

1 - Iso.inea of sums of tewuerature
2 - Coefficient of moistening ------
3 - Boundary of the sane with 12 frost-free days
4s - AgoclsIatio son" thermal and molture conditions

with eco expectancyl

Cool, Isuffioiently moist

Y.Weately Moderately warm, zIn-
cool, win sufflent NOLstOmi4

Cools• Moderately uarm,
Moist moderately' dry

Moderately ool, in- Noderat.2 Warms
sufficient Umoitening sesdarid

moderately dry ,S~Moderately cowls

semiarid- Warm, semiarid

S!1ta Kod" t* wa°s Wam, dry
moistwam

6- Svezrdlovsk "
6 - Chelyabinsk
7 - Nustanay
8 - Tyumen
9 - lurgan

10 - Tobol
n1 - rtysh
12 - Petropaviosk
13 KokchetAv
3J4 Tselinagrad

. Karaganda
16 - Paviodar
17 - Tomsk
18 - Kemerovo
19 - Novoslbir.k
20 - Ob
21 - Barnaul
22 - Seaipalatinsk
23 -Omak
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MW to 11WG. 3

Iholmes showing equal values of ollimeti. oonditlons

soils an plains

* Fodsolio and soddq'-podsolio soil..
MR0G'rey forest soils unde broad-leaved and for-eaedteets

leached and podsolised cbewnoseMIS In the tweet ste""
Chernoseme In the steppe sons

* Chestnut soil~s In dry steppe

B___ rown soils of memdeserts
Peat-bogf 801U32 &I in ampact m55e5

91 Mg esadw, chernossoic soils
SSodcb-aflulia meado soils

11VSolouiets (black alkali) soilso a~ inlarge missmes
P * Solods (degraded solonets)

Mountaln soils

'Mountain-meadow soils
Mouantain-forest soils

'Mountain-forest podsolic soils

I ,l~IiMountain-forest, (chernsem, chestnut, and serosem) soils

Insoriptiona an mps

1 - Sverdlovsk I rtysh 25 - Yenisey
2 - Chelyabinsk 9 - IS1MS 16 - Chu2.ym
3 - Tymen 10 - Petropavlovsk 1? - Tomesk
4 - xurgan n - xokohetav 18 -Keurm"W

5-Nftny12 - Omk 19 -Novosibirsk
6 - Xhanty-kmIbnysk 13 - Tselingrad 20 - Darnaul

7 -Ob24-Karaganda 21 -S3eipal. nsk
22 - Pavlodar
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A short frost-free period is the prinoipal factor limting the use
of heat and noisture resources In Siberia. A reduction-of the vegetative
period is the moat dangerous in northernmost areas of sugar-beet growing,
where on a background of rather low sums of temperatures, the spring frosts
occur late and the fall frosts arrive early. On the map showing the aro-
climatic sons, a sone of northern and mountainous areas in distinguished
where, due to frosts, sugar-beet yields are too low to substantiate
oouercial production. A mwnimm duration of the vegetative period equal-
Ing 125 days may earve as the boundary of this son*. North of this boundary,
under conditions of ' generally low thermal level, it In impossible to
obtain sugar-beet yields high enough to be used comaerotia2y.

The influene, of other climatic factors is not taken into account
for the soning, partly because this influence on the yield Is insignificant
(such as the interrelation between the day and night lengths), or because
the values of thWe factors do not exceed the necessary limits (the minimm
mean temperature of the warmest month). Also high temrature should not
be taken into account because in Siberia, under conditions of sufficient
moisture, no temperatures high enough to be harmful for sugar-beet roots
are observed.

Illuination in the period of sugar accumulation is an important
factor for this accumulation and should be taken into account in the process
of soning. We established that the sugar content in roots exceeds 20% when
thero were from LO to 100 clear days in the period of sugar accumulation,
and w*en the coefficient of ois•tening ranged from 1.0 to 2.0. However,
due to the fact that in Siberia the number of clear days is well correlated
with the sam of temperatures used for the evaluation of the thermic re-
sources of the territory, the factor of illumination Is used indirectly
which simplifies the map showing the agroclimatic zones.

From the standpoint of climatic conditions In Siberia, the most
favorable scws for sugar-beet growing area the moderately warne and moist
(VII), moderately warm and insufficiently moist (VIII), and moderately
warm and moderately dry (IX) sones. Here good yields are possible In most
yers and osto would be such lower than those in other areas.

Satisfactory noisture condition permitting yields of 200 to 300
centners per hectare (on oherosem soils) are found in the moderately cool,
moist (in) and moderately cool, insufficiently moist (IV) areas. Very
high yields can be obtained in moderately wmrm and warm areas but a certain
coplez of cultivation metbods should be elaborated to Impove moisture
conditions in soil.

A relative agricultual evaluation of the climatic conditions of
the territory can be expressed also In relative vales shobw•ing the chanres
In the sugar-beet poodwmetiiy throughout the territory. The use of

1 -15-



relative indexes Is based on the 100-point scale where the moder.
moist climate in arbitrarily taken as corresponding to 100 points .
sm of temeatures from 3000P to 3,40CP, the coefficuiet of moistening K
from 2.0 to 3.0).

Then according to our computations, climatic conditions within the
agro-limatlot sones of Western Siberia with reference to the sugar beet
win be evaluated In term of the above points as follows:

Zone! I -e-0 Zone V 5-60 Zone !! 70
Zone n -c 40 Zone VI 60 Zone X 50-60
Zone III 4o Zone VIr 75-80 Zone XI e.50
Zone IV 40-50 Zone vin 70-75 Zone 111 55-70

Zone iXi! <5o.

In order to fistinguish the area most profitable for sugar-beet
growing it Is advisable to take into accoont not only climatic but also
soln conditions. This can be achieved by plotting on • soil map data on
the evaluation of the climatic conditionu (Figure 3).

Proceeding from the soil requirements of the sugar beet and using
a map showing a relative evaluation of soil-c2imtic conditions, it is
easy to outline within the territory of Western Siberia areas where
sugar-bot growing and sugar production would be profitable. For example,
principal areas where sMar-beet growing Is possible without considerable
additional expenses for large-scale agricultural projects, such as irriga-
tion and other-s, lie in the forest steppe in the sons of leached and
podsolised chernosem and are bounded by the 60-80 point isoline describing
the relative evaluation. The use of climtic resor-oes of other areas
would Involve large expenses for projects to Improve the water supply or
the thermic conditions. Rere the degree of the profitability of sugar
beets would be determined wholly by economic conditions.
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