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HYDROTHERMAL REGIME OF THE CENTERS
OF THE MOBILE BARCHANS FORMED AS A RESULT OF
ANTHROPOGENIC DEGRADATION OF SANDY SOILS OF DESERTS

Abstract. The article provides the data of the seasonal hydrothermal regime of the centers of the mobile
barchans formed from sandy soils as a result of anthropogenic degradation, which were widely spread in Southern
Balkhash region. The results of observations which are carried out in March-August months on a middle part of a
slope of barchans at depths of 0-20, 20-40, 40-60, 60-80, 80-100 cm in the direction of the summer dominating
winds show that the highest humidity was observed in March (4.71-7.06%) which gradually decreases in May up to
3.62 — 4.73%, in June up to 1.55-4.54%, in July up to 1.16-3.63% and in August up to 0.71-1.45%. In July-August
months, at a depth of an arrangement of root system of saplings (20-60 cm) of sand binding shrubbery it decreases
lower than the level of wilting moisture of plants (1.7%). Such condition of humidity of sand under optimum
conditions of its temperature does not give the chance of saplings survival. It is also established that because of the
mobility of the top layers of barchans and falling asleep or blowing of saplings leads to exposure of root system.
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Introduction. Sandy soils of deserts suffered by anthropogenic degradation are widely spread as the
integrated or separate form in semi-desert and desert regions of Balkhash-Alakol and Ili valleys of Almaty
district. Average vearly temperature in these regions in the period of 1935-1995 was increased up to
1.4°C, in vegetative season of plants up to 1.0°C, and in October-March was increased up to 2°C [1]. It
took place around terrestrial globe from 1980 up today under the conditions of increasing of air average
yearly temperature up to 0.4°C [2]. Such case was not observed in our planet for the last 1000 years. It is
expected that in the new 21st century the increasing of global warming up to 1°C will propel borders of
desert and semi-desert regions to the north and south [3]. Then it becomes evident that the above
mentioned cases increase the risk of adverse influence on design and structure of gray-brown, uncovered
and sandy soils of deserts which were formed in the given region.

Since the mid of 1990s due to disappearance of state agriculture and head of cattle distribution
between private farms, every farm begun to settle in scattered form separately in the territory of former
state farms. After a while, within 5-7 days, in places of their settlement sandy soils of deserts suffered to
degradation changes and begun to become the mobile barchans. Nowadays they become constant
companion of every farm and give rise to economic expenditures by worsening their ecologic and social
situation. For this reason, in order to find out the effective phytomeliorative ways of restoration of these
lands, it is necessary to investigate their seasonal hydrothermal regimes, the peculiarities of land terrain
and other properties.

Object of research and methods. Object of our research is the center of the mobile barchans formed
from sandy soils of deserts because of anthropogenic degradation in Southern Balkhash region. Area of
research is located on west side of Bakbakty village. Because of the fact that a rice state farm was formed
here previously (up to 1960) scrubs which initially grew on an ordinary sandy soil of desert were weeded
out, as a result of which they formed the mobile barchans. Today they cause some inconveniences for
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citizens of Bakbakty village, especially citizens of the end houses located on west of village have to force
to mess around with sand scouring which covers their houses.

Area of research consists of three mobile sandy barchans which are interconnected in the form of an
ellipse (picture).

View of sandy barchans

Barchans stretched out from southward to north. High fluctuations between their highest (accu-
mulative) and the lowest (deconstructive) parts is 4.4 meters. The angle of their slope changes from 15 up
to 250.

Identification of the seasonal temperature regimes of sandy barchans was carried out on a middle part
of west slope of barchans with establishing special thermometers at depths by 0, 20, 40, 60, 80, 100 cm;
measurements were carried out in the middle of every month from March till September at 01.00 PM by
Astana time. In this area soil field moisture was identified with soil temperature at depths by 0-20, 20-40,
40-60, 60-80, 80-100 mem. It was explored through drying of the given soil in a thermostat at a tempe-
rature of +105 °C within 6 hours [4].

The results of research and discussion. To strengthen the mobile barchans by phytomeliorative
method it requires to identify how much its humidity conditions and temperature correspond to the
requests of plants which grow there. This is the reason why we investigate the regime of humidity of west
slope of barchans towards a prevailing wind.

“Wilting moisture” of soil is connected with its properties and type of vegetation also with stage of
development [5]. By efficiency of the plant, it refers to categories of humidity which is very difficult to
absorb. It includes a full and some freely connected part of the water which secured to parts of soil [6].
Thus, the degree of wilting moisture of soil is considered as boundary humidity identifying useful and
useless degree for plants. In a case when the degree of humidity in a soil rises up to the degree of wilting
moisture then physiological and biochemical processes occurring in plants are violated, plant stops to
grow and withers. If it continues within several days then plant dies. Taking into account this situation in
2017, we measured the seasonal water regime of the mobile barchans located near Bakbakty village. Their
results are in table 1.

Data on table show that in March humidity of barchans gradually increased from the top layer to
bottom one. In this period its humidity of 0-100cm layer hesitated between 4.71-7.06%, i.¢., it shows that
it is enough for saplings production because wilting moisture of soil is about 1-1.5% [5]. In our case
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Table 1 — The seasonal water regime of the mobile barchans located near Bakbakty village

Depth, Humidity by months of the year, %
£m I v VI viI VII
0-20 471 3.62 1.55 1.16 0.71
20-40 6.45 3.85 2.42 1.47 1.26
40-60 5.62 3.77 3.36 1.70 1.33
60-80 7.06 4.73 4.26 2.73 1.32
80-100 5.44 3.88 4.54 3.63 1.45

research which carried out specially showed that it is equal to 1.7%. In bottom by 60-80 cm depth of
barchans the degree of humidity reached maximum (7.06%), and in its top by 0-20 cm depth humidity
composed 4,7%.

The substantial decreasing of humidity of soil was marked in May. In the layer (20-60 ¢cm), where
roots of saplings are located, the degree of humidity have decreased, but not yet approached to wilting
moisture. The decreasing of humidity flows intensively in summer months. In June humidity of the top by
0-20 and 20-40 cm layers of barchans has substantially decreased (1.55-2.42%), its humidity at depths by
0-20 cm has decreased up to 1.55%, herewith it reached up wilting moisture at depths where roots of
saplings are located (1,7%). In this period humidity of depths of barchans (20-40, 40-60 ¢m) where roots
of plants are located has decreased up to 2,0-3,36%. In such degree we can say that there is no risk of
wilting of plants. In July-August humidity of soil of barchans has substantially decreased and reached
wilting moisture of plants and in August in the top layer of soil by 0-20cm humidity has decreased even
more (0.71%).

Observations which were carried out showed that the seasonal temperature of barchans has changed
substantially (table 2).

Table 2 — The seasonal regime of temperature of the mobile sandy barchans located on west of Bakbakty village

Depth, The temperature by months of the year, °C

cm I v VI viI VI
0 13.0 64.1 46.5 454 46.1
20 4.0 272 26.1 273 32
40 2.5 23.0 252 27.1 26.7
60 1.0 20.5 23.0 26.5 26.5
80 1.0 18.5 215 26.3 26.1

100 1.0 16.5 21.0 245 26.0

If in March the degree of meridian surface temperature of barchans was 13°C, then subjacent layers
were not yet warmed up, but at thickness by 60-100 cm the temperature was merely 1°C. In May the
temperature has changed suddenly especially in bottom layers, the temperature has increased substantially
in comparison with March. The temperature in layers of barchans (20-40, 40-60 cm) where roots of plants
were located was approximately the same in June, July and August (25-30°C).

Above identified the seasonal regime of humidity of barchans showed that it could not provide
saplings production of phytomeliorant seated for its strength. The main reason is that in summer months
especially in July and August in layers where roots of saplings are located humidity of soil is lower than
wilting moisture of plants. Also there is a risk of falling asleep or blowing of plants up to depth of root
system in summer months due to low humidity and the mobility of barchans in watershed.

Strong heating in summer and autumn months of 0-20cm layer of barchans can adversely effect on
growth of saplings. Exposure and kilning of root isthmus can happen. High temperature begins in May.

The temperature of barchans increases a little in autumn, and in August at depths by 20cm reaches up to
32°C.
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Thus, the results of research which carried out on the mobile barchans formed from sandy soils of
deserts as a result of anthropogenic degradation showed that there is always a risk of full or partly
covering of plants by soil during phytomeliorations or vice versa blowing of soil and exposure of roots,
and in other cases low degree of humidity at depths where roots of plants are located arises a huge risk for
growing and strengthening of planted saplings in comparison with wilting moisture of plants. Also in
summer months very strong heating (46°C) of soil surface causes a risk of kilning of root isthmus.

Conclusion. In southern Balkhash region sandy soils of deserts as a result of industrial activity of
farms or population which located there turned into the mobile barchans for a short period (5-7 years); in
summer months blowing of their windy slope significantly complicates their phytomelioration; when field
moisture of soil in the highlands of barchans at depths of saplings root location (20-40cm) in the hottest
period of the year (July-August) is equal or lower than wilting moisture of plants (1.7%), then exposure of
isthmus of saplings root causes a risk of their drying-up; therefore, it is necessary to keep the degree of
reserve of humidity of soil which root in spring months and also in summer months for saplings growth of
forest and shrubs that strengthen sand.
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IIOJIATH KYMEI TONBIPAKTAPEIHEIH AHTPOIIOTEH/T
JETPAJAITASIFA YIIBIPAYBIHAH TY3UITEH KBLTKBIMAJIEIL
IIAFELT OINAKTAPLIHBIH T'HIPOTEPMUSIILIK KYBBLILIMIAPEI

Annoramusa. Makanana OHTycTik banmxamr eHipiHIe COHFBI KE3A¢ KCH TAPANBIN KEJIC )KATKAH ITOAIH KyM/IbI
TOTBIPAKTAPBIHBIH, AHTPOIMOTCH I JETPANALFa YIIBIPAINl >KbIDKBIMAJGI INAFBIIFA AHHANFAH OIIAKTAPHIHBIH MAay-
CBIMIBIK THAPOTCPMESLIBIK KYOBLIBIMIapsl OasHmanraH. LIIarsuigsiH ka3 aWaapelHAA COFATHIH JKCIAIH OachM
OarpITel OcTieHiHIH opTa meHiHae 0-20, 20-40, 40-60, 60-80, 80-100 cM TCpCHIIKTCPIHIAC, HAYPHI3—TaMBI3 aiia-
PBIHZA JKYPTI3UITCH aHBIKTAMAJAp, OHBIH HAYPBI3 aHbIHAA OAHKANATBIH CH YKOFAPFbl BUFANIBLIBIK (4,71-7,06%)
MamsbIp afierama 3,62-4,73 %-ra, MayceMm aiterama 1,55-4,54 %-ra, mimgene 1,16-3,63 %-ra sxoHe Tambga 0,71-
1,45 %-ra peitin OipriHzenm TOMEHICT KyMAbI OCKITCTIH OpMAaH-OYTaK KOMICTTCPiHIH TaMBIP JKYHECI OpPHANACKAH
Kabarrapmarsl (20-60 cM) BUTFAIIBIH ACHICHI MIUTAC JKOHC TAMBI3 AHIAPBIHAA 6CIMIIKTIH CONY BUFATIBLIBIK ICH-
refiineH (1,7%) TeMeH TyckeH. Bysr KyM TeMIepaTrypachIHbIH 6CIMIIKKE «KAJIBIITHD JKAFTAHbIHBIH ©31HIC KOIeT-
TEPIiH eHIN-ecinm O¢kiHyiHE >k011 OepMmeiiai. OChLIAPMCH KaTap MAFbUIIBIH OCTKI KAOATHIHBIH KbUDKBIMATBLTBIFBIHAH
KOIIECTTEPAIH KYMMEH KOMITIIT HEMECE KEPICIHINE, KYMHBIH YPICHIN KETYiHCH TAMBIP KYHECIHIH JKalTaHAIITAHy bIHA
OKCTIy1 AlKBIHAAIIEL

Tyiiin ce3aep: KyM, Aerpaganusi, e, NIAFbLI, THAPOTCPMILIIBIK KYOBLTBIM.
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TUJIPOTEPMHUYECKHI PEXKUM OYATI'OB HOABHKHBIX BAPXAHOB,
OBPA30OBABIINXCA B PE3YJIbTATE AHTPOIIOTEHHOU AETPAJAIITUA
MNECYAHBIX TOYB TYCTBIHb

Annotamus. B cTatbe NPHBCACHBI JAHHBIC CC30HHOTO THAPOTCPMHYUCCKOTO PEKUMA OYATOB IIOJBHIKHBIX
OapxaHOB, 00PA30BABIINXCSA B PE3YJIBTATC AHTPONOTCHHOW ACTPAJAIMH TMCCUAHBIX IOYB, MOJYYHBIIHC ITHPOKOC
pacnpoctpancaue B FOxaoM [Ipubamxammbe. Pesysrarel Ompeac/iCHI MPOBSACHHBIC B MAPT-aBTYCT MECANAX HA
CpemHei yacTH CKJI0HA OapxaHa Ha rayouHax 0-20, 20-40, 40-60, 60-80, 80-100 ¢M B HATIPABICHUH JICTHHX TOCHOA-
CTBYIOIIHX BCTPOB MOKA3BIBAIOT, YTO CAMAd BBICOKAA BIAKHOCTH HAOmMOmaeTcs B Mapre Mmecaune (4,71-7,06%),
KOTOPAd MOCTCIICHHO CHIKACTCH B Mac 10 3,02-4,73%, B urone 10 1,55-4,54%, B wrome 10 1,16-3,63% u B aBrycre
0,71-1,45%. Ona B WFONB-aBIYCT MECAIAX HA TIIyOWHE PACIOIOKCHHS KOPHEBOH CHCTEMBI caxkeHIEB (20-60 cm)
MCCKOYKPCTUIFOMIAX JICCOKY CTAPHUKOB CHIDKACTCS HIDKS YPOBHS BIKHOCTH 3aBsmaHus pactenmit (1,7%). Takoe
COCTOSIHHC BJIAYKHOCTH TICCKA MPH ONTHMAIBHBIX YCIOBHAX ¢C TCMICPATYPHI HEC JACT BO3MOXKHOCTH BBDKHBAHHSA
CakeHICB. Tarke YCTAHOBIICHA, YTO M3-32 MOIABIKHOCTH BEPXHHX CIIOCB OapXaHA W 3aCBHIMAHHA HJIH BBITYBAHHA
CaKCHICB MPHBOIUT K OOHAKCHHFO KOPHCBOH CHCTCMEBI TTOCTICIHCH.

KmoueBnbie ¢JI0BA; TICCOK, ACTPATALHA, Ty CTHIHS, OAPXAHBL, THAPOTCPMHICCKHH PEIKHIM.
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