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AGROCLIMATIC ZONIMG OF SUGAR BERTS
IN WESTERN SIBERIA

Vestnik Sel'skokho: Nauld , L. <8. Kelchevskaya
on of Yorecas
R '0. 9’ lﬂ’ w Mg.
v 10ns of the primary tasks in sugar-beet production is to study the

natural resources for the purpose of introducing sugar-beet growing in
new areas and to increase the yield and sugar content of the beets. This
especially concerns Siberia where sugar beet production is just beginning
in many areas, and in other areas sugar beets have been cultivated for a
relatively long time (Altai), but not all sugar-beet growers have secured
rich and stable yields. Due to these facts, a consideration of climatic
conditions in orgsnising sugar-beet production in Siberia presents one
of the most important links in economic toning of this crop as a whole.

Principally, agroclimatic soning can be reduced to ostablishing
the presence of climatic oonditions determining a certain level of yield,
then to mapping these conditions and to outlining on this basis sgro-
climatic areas for sugar-beet production. .One of the wost difficult
problems involved is the elaboration of guantitative agroclimatic indexes
for sugar deet.

Investigations in this field (1, 2, L, 6, 7, 8, 9, 10, 11, and 12)
indicate the necessity of further detailed elaboration of quantitative
indexes describing the interrelations between the plant organism of the
sugar beet and the climats, Some sources present established indexes of
8 highly tentative nature {2]. In other sources, the dependence of the
Tield and sugar content of beets on climatic conditions comes to the
elucidation of separate data on the process of root and sugar
accumulation for & partioular time and locality [1, 6, 7, 10, and others].
The usage of quantitative indexes established in the course of some agro- ~-
meteorological investigations (4 and 9] is difficult dus to the absence
of necessary agromsteorological data for new aress of sugar<beet growing.
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We elsborated quantitative indexes in the first approximation by
establishing & relationship between climatic factors and the sugar-beet
Yield, the sugar content of the beets, and the sugar yield, :

Taking into socount the simplicity of determining the sum of active
temperatures and the availability of data for computations, we tried to
use them for both charscterising the heat requiremants of the sugar beet
and evaluating the thermic resources of the territery. As the principal
index desoribing moisture oconditions, the coefficient of nodstening was
talons .

082, +%,
K= =




where 0.6 is effectivensss;

Z, ie the smount of precipitation during the nonvegetstive
- period (from the last year's harvesting t11) the next
yoar's sowing);

3, 18 the swount of precipitation during the vegetative period;
r!"—ﬂ) is the sum of temperatures during the vegetative period
' divided by 10 (conditionally it presents a possidle value
of evaporation).

The coefficient of moistening was caloulated sccording to
Selvaninov's method but with taking into acoount the winter precipita-
tion, .

Relationships established between the indexes describing heat and
moisture conditions and the sugar-beet productivity (Figure 1) were used
a8 a basis for soning. Oraphs were constructed on the basis of data on
yearly sugar-beet ylelds and om sugar production taken from reports of
sixty crop-testing stations attached tc the State Comnission on Strain
Testing of Crops, for the period of 1955-1961. In the process of data
analysis, the years were exoluded when the snow retention was applied or
other nonolimatic factors had an influence on yields, A possibility of ~
the influence of differences in soil on the beet yield was excluded by
using data secured only from orop-testing stations located within the
chernosen sone.

In addition to establishing basic relationships between climatic

factors and sugar-beet yielding capecity and productivity, we also

the influence of climate on the sugar content of the beets, We
found that sufficient moisture and illumination facilitate the sugar
acoummlation. We tried to establish a quantitative relation between the
sugar content and these factors. As the index of illumination, we took
& number of days with clear sky (taking into account low clouds) during
the period of sugar socumlation beginning with the moment of root forma-
tion until harvesting. The coefficient of moistening reflects the moisture
conditions throughout the vegetative period. Ve assumed that the formation
of the assimilative spparatus, which is an important factor in sugar
socoumulation, depends on wmoisture conditions in the initial period of
vegetation, while the process of sugar accumulation depends on moisture
oonditions in the period of this asoumulation.

g s N ity i e R
.



(penugauog)

eZuaeay SL - 08 osn = 0S¢ 0°t< 000¢ qea Lreatsseoxy
. sl - ol oSt - oof 0°¢€ - 0°2 000E 9Tl
poop sl -0l oS - oof 0°C - 9t 000€ s70m L[uetotiusul
oJuasay oL - 0§ 0S€ = 00¢ 9°t - 2°1 000£ Lxp Lrejeaspoy
o3vasaw noTeg 0S - S2 00€ = 002 2°t - g0 000¢ pPrIeIEeg
3004 s 002 s 80> 000€ Axq
t WISH
poop | 00T - SL 00S - 0ON 0°€< 00ne o8 LreaTeseoxy
pood Laey 00T 00$ 0°€ - 0°2 oone 1970l
poop | 0OT - S 00S = 00 0°2-91 oone | 3stom Arjuetorimsur
o3eanay Sl - 05 007 - 00€ 9°T-21 oone Axp Lyejeaspoy
93saeae noteg 05 - S2 00€ = 002 2°t~-g0 oone pPIIsTmeg
J004 sz 002> g0s 0ofE Lg
) : q0H L[ejerepoy
pood Liep 00T < 00s < S'€-2¢ 00fE IsTol
pood | 00T - SL 00S - oo eT-9't o0t j8Tom ATJueTotijusul
e3saeay SL - 08 oot = 00€ 8Tt ooNe Lxp Areyeaspoy
oZwamae molog | 0S5~ SZ | 00€ - 002 17"t ~0°T 00NE PrIvymeg
J00g s 002 o't > 00oNE ) £xq
908
(seeuBep)
uoy3oupoad (exw3oey oIv300q - pot.zed
Judne pue Jxeajued) IQURUSD) Sutueystonm 0AT}9030A
PIOIL 300q | uopjonpoxd PLOH Sutmp o3wTL)
-Jedns Jo asdag q004 QUOTOTIJe0) | seanjesedme)
uopjengeay | Jo wng

UOTeATIIN) jeed Jelug oq3 03
q00dsey YITA SOTISTINIORIVY) JTOUL PuUv S930aTL) Jo sodAl °T erqel

et et bt -




<
[~ 002> 9°0 > Q09T 1009
2004 > 0S2 - 0025 g°z< 009T = 0002 qon Lreapssecxy
0S ~ 2 00f = 002 g°2 - ¢°T | 009T - 0002 38ToH
. » s2 0S2 - 002 8T~ N'T |009T - 0002 | 3eTom ArIustorjjusuy
e3saeav noTed s2 002 't < 0°T | 009T = 0002 Lap Areyvaspon
. S2 002 0°T -~ 9°0 | 009T = 0002 praepeeg
J004 > 002 > 9°0> 009T =~ 0002 Lxg
100D
Aroreaepoy -
oZvasay 0S - S2 | 0St - 0S2 §2< 0002 - Q02 jen Areatsssoxy
poop | SL - 05< | 0Of - 00E< §°2-¢'L | 0002 = OON2 ST
eBuasay 0S < 05€ = 00¢ 8T =T |0002 =~ 0042 | IsTom ALuetoRyjueul
e3u10aw moTeg S2 0s2 1°T - 0°T | 0002 = OO Azp Arejeaepoy
2> o> 0't - 9°0 | 0002 =~ OO pPlavimeg
J00d [~ 4 002> 90> 0002 = 00" L3
wrep Lrejesepoy
‘ (sesaBep)
uopionpoad | (exwjoeq oxeI00q - potaed
Jefus pue /aeaueo) I0UUN0) SupuereTom sAT3v080a
PLOTL 398q | uwotrompoxd 0373 30 Supamp 9IWTLD
~Jedae Jo Jedng q00¥ 2ueToTIIe0) | seumjeieduey
uogIUNTYAY Jo wng

(uoryenuriuog) T eTqel




ot e

To facilitate the usage of established relationships in agroclimatis
soning, Tsble 1 presents an interpretstion of quantitative indexes by
introducing a classification of climates with reference to sugar-beet
growing. The listed types of climates were outlined on the basis of rela-
tionships established from materials secured in the steppe and forest
territories of the USSR. It is natural that some types of climates, par-
tioularly hot and moderately hot cliwates, do not ocour in Siberis,

Thermal resources of the territory were evaluated on the basis of
the map presenting sums of active temperatures in the from the date
of the spring transition of the air temperaturs over {2] to the date
of the f£all transition below 5°. For the construction of this map, average
sums of temperatures, secured from many years of observation, were taken
from graphs showing the amnusl march of air temperature. Data of 200 hydro-
meteorological stations of Westsrn Siberia were used. Then, on the basis
of regularities in fluctuations of the sums of temperatures in individual
years established by F. P. Davitsya [1], the sum of temperatures with 80%
expectancy was computed, 1.e., it was expected that this sum of temperature
will occur in 8 out of 1O years. The latter temperature vas mapped. On
the basis of this map showing thermal resources of the territory and on the
basis of data on the heat requirements of the sugar beet (Table 1), sones
of thermal conditiins with reference to the sugar beet were outlined. The
following thermal sones were distinguished within the territory of Western
Siberis: cool (with the sum of temperatures less than 1600°), moderately
cool (the sum of tewperatures ranges from 1600 to 2000°), moderately warm™
(the sum of temperatures ranges from 2000 to 2L00°) and warm (the sum of
temperatures larger than 2400°),

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 obiaining good and fair sugar-beet yields.

We found that the sum of active temperatures lower than 1600°, under
any moisture conditions, present a limit below which sugar-beet yields
becoms poor and the cultivation of this crop becomes unprofitable. Hence,
the 1600° isoline of the sum of temperatures passing through the localities
Zlatoust, Karpinsk, Ivdel, Vasiss, Staritsa, Kargasok and Birilyusesy
presents (on the basis of thermal conditions) the northern boundary of
coumercial sugar-beet growing in Western Siberia. East of this territory,
this boundary passes over Anzhero-Sudshensk and Tayga, then slkdirts along
the Kusnetsk depression and Salair ridge from all sides; in Mountainous
Altai it passes somewvhat to the south of Onguday. In the cool = 1e, the
sugar beet can be ocultivated everywhere ss a forage orop especially in the
south., In aress lying south of the 16000~ isoline, under conditioms of
sufficient moisture, it would be possible to cbtain yearly on chernosea

-7-




80ils ylelds ranging from 200 to LOO centners per heotars, if techniques
of the same level as at strain-teating stations were used. As the tech-
nique improves, the sugar-beet yields would naturally increase. However,
nmunthftvonblocnuu,nom:mlbomm1mw
tures of labor and funds will be involved.

There is no doubt that insufficient or excessive moisture lowers
considerably the valus of the thermic resources of a territory. We used
the coefficient of moistening as the principal index of moisture condi~
tions. It was computed on the basis of materials obtained from 255
meteorological stations. Then, taking into account the moisture
ments of the sugar beet and the coefficient of moistening, the following
areas with different degrees of moisture were distinguished within the
territory of Western Siberis: dry (K = 0.6), semdarid (X ranging from
0.6 to 1.0), moderately dry (K ranging from 1.0 to l.h; » insufficiently
wmoist (K renging from 1l.h to 1.8), and moist (X >1.8). These areas were
obtained on the basis of moistening coefficient of 80K W
sixdlarly as for the thermioc conditions.

The soning of a territory based on its moisture oonditions, with
reference to & certain crop, is of grsat importance from the vi
of differentiating the agricultural techniques for emsuring moisture for
this crop. This zoning helps to separate areas wvhere irrigation is neces-
sary, as well as areas vhere ylelds can be consideradly increased by addi-
tional moistening through snow retention and other methods. The amount
of additional moisture needed for sugar-beet crops in certain agroclimatic
areas oan be tentstively computed from the formula of the coeffiocient of
noistening.

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

Figure 2 shows the agroclimatic soning of the sugar beet in Western
Siberia. On the basis of heat and moisture conditions, 13 agroclimatioc
areas were distinguished here, sach having a certain type of oli ate with
reference to this crop.

Table 2 presents data on the expectancy during the vegetative period
of certain thermic and moisture conditions determining values of sugar-
beet yields in each agroclimatic sones. These data give an opportunity to
uoulonnmmmmmmthﬂomumnnfm
sble for ecmmercial sugsr-best growing.

o — —
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FPigure 2. Agroclimstic soning of the sugar beet in Western
Siberia (geographic basis - a copy from the masp of Western
Siberia in Atlas miva (the World Atlas), on a scale
1 s 5,000,0000.
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Isolines of sums of temperature
Coefficient of moistening = = = = - ~

3 ~ Boundary of the lMﬂﬁmm%m.mm
L ~ Agroclimatic sones thermal and moisture conditions
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1 -
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2 -
23 -

PZZ7ToZ]  Moderately cool, 4n- P2
Z07] - eutficient molstening -z

with 8Q0f expectancy:

Cool,
noist

Moderate 1 777
moderate c:ro’, .Z”/

o e

- A BN/ 7/

Kurgan

Tobol

Irtysh
Petropavlovsk
Kokchetav
Tselinograd
Karaganda
Pavlodar
Tomsk
Kemerovo
Novosibirsk
Ob

Barnaul
Sexipalatinsk
Omak

=—1=—] Cool, insufficiently moist

BB o

Moderately warm, in-
sufficient moistening

Moderately warm,
mnoderately dry

Moderately warm,
semiarid

Moderately warm,
dry

Varn, semiarid

Varm, dry
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~-——Isolines showing equal values of climatic conditions
Soils on plains ‘

/ / 54l Podsolic and soddy-podzolic soils

: £3): Orey forest soils under broad-leaved and small-leaved foreets
Sk Leached and podsolised chernosems in the forest steppe

» 8 ,?ﬂs-‘f.} Clm'nou- in the steppe sone

chostnut s0ils in dry steppes

‘[FZfes) Brow solls of sexideserts

_ g - ¢ Peat-boggy soils: a) in ot masses
e == b;m-pog:mothwnm
TP Meadow chernosemic soils

/\- . Soddy-alluvial meadow soils
%-/. « ¥ Solonets (black aliali) soilss n; hﬁt,g om

¥ ¥ % Solods (degraded solonets)
Hountu'n soils
ZZ77) Woutain-tundra soils
] Mountain-neadow soils
Mountain-forest soils
V777 Mountain-forest podsolic soils
IIII[IIII]IHH]J""""“"‘""‘” (chernosem, chestnut, and serosem) soils

° -

—

Inscriptions oo maps h

1 - Sverdlovsk 8 - Irtysh 15 ~ Yenisey

2 = Chelyabinsk 9 =« Ishim 16 « Chulym

3 « Tyuen 10 - Petropavlovek 17 = Tomak

4 - Xurgan 11 - Kokchetav 18 « Kemerovo

5 = Xustanay 12 - Omsk 19 - Novosibirek

6 = Xhanty-Mansiysk 13 - Tselingrad 20 - Barnaul

7-m 1k - Karaganda 21 - Semipal iinsk
22 - Paviodar .
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A short frost-free period is the principal factor limiting the use
of heat and moisture resources in Siberis. A reduction of the vegetative
period is the most dangerous in northernmost areas of sugar-beet growing,
vhere on a background of rather low sums of temperatures, the spring frosts
occur lste and the fall frosts arrive early. On the map showing the agroe
clizmatic sones, a sone of northern and mountainous areas is distinguished
vhere, dus to frosts, sugar-beet yields are too low to substantiate
comnercisl production, A minimum duration of the vegetative period equal-
ing 125 days may serve as the boundary of this sone. North of this boundary,
under conditions of a generally low thermal level, it is impossible to
obtain sugar-beet yields high snough to be used commercially.

The influence 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 thése factors do not exceed the necessary limits (the minimum
mean temperature of the warmest month). Also high temperatures should not
be taken into account because in Siberia, under conditions of sufficient
moisture, no temperatures high enough to be harmful for sugar-beet rootes
are observed.

Illumination in the period of sugar accumulation is an iwportant
factor for this accumlation and should be taken into account in the process
of soning. We established that the sugar content in roots exceeds 20f when
there were from LO to 100 clear days in the period of sugar accumulation,
and when the coefficient of moistening 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 sum 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 somes,

From the standpoint of climatic conditions in Siberia, the most
favorable sones for sugar-beet growing ares the moderately warm and moist
(VII), moderately warm and insufficiently moist (VIII), and moderately
vara and moderately dry (IX) sones. Here good ylelds are possible in most
years and costs would be much lower than those in other areas.

Satisfactory moisture conditions permitting yields of 200 to 300
centners per hectare (on chermosem so0ils) are found in the moderately cool,
woist (III) and moderately oool, insufficiently moist (IV) aress. Very
high yields can be obiained in moderately warm and warm areas but a certain
complex of cultivation methods should be slaborated to improve moisture
conditions in soil.

A relative agrioulturel evaluation of the olimatic conditions of
the territory can be expressed also in relative valuss showing the changes
in the sugar-beet produstivity throughout the territory. The wse of

-15 -




relative indexes is based on the 100-point scale where the moderr- t,
noist climate is arbitrarily taken as corresponding to 100 points ...
sum o: muh)uu from 3000° to 3L00°, the coefficient of moisteming X
1" L] “ Co o

Then sccording to our computations, climatic conditions within the
agroolimatic sones of Western Siberia with reference to the sugar best
will be evalusted in terms of the above points as follows:

Zone I <l0o Zone ¥V 5560 Zone IX 70

Zone I <0 Zome VI 60 Zone X 50-60

Zone III L0 Zone VII 75-80 Zone XI <50

Zone IV  L0O-50 Zone VIII 70-75 Zove XII  55-70
' Zone XIII <50.

In oxrder to distinguish the areas most profitable for sugar-beet
groving it is advisable to take into account not only climatic but also
s0il conditions. This can be achieved by plotting on § soil map dats on
the evaluation of the climatic conditions (Figure 3).

Proceeding from the soil requirements of the sugar beet and using
a map shouwing a relative evaluation of soil-climatic conditions, it is
easy to outline within the territory of Western Siberia areas where
sugar-beet growing and sugar production would be profitable, For example,
principal areas where sugar-beet growing is possible without considerable
additional expenses for large-scale agrioultural projects, such as irriga-
tion and others, lie in the forest steppe in the sone of leachsd and
podsolised chernosems and are bounded by the 60-80 point i1soline desoriding
the relative evaluation. The use of climatic resources of other areas
would involve large axpenses for projects to improve the water supply or
the therumic conditions. Here the degree of the profitability of sugar
beets would be determined wholly by economdc conditions.
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