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RESEARCH WORK ON THE DRIED BOTTOM OF THE ARAL SEA

Abstract

The Aral ecological crisis occupies a special place among global problems and is the result of
the largest human meddling in the environment on the planet. The shrinking of the Aral Sea exposed
another global catastrophe: anthropogenic desertification.

Before the Aral Sea began to dry up, it was considered to be the fourth biggest lake in the world
by area after the Caspian Sea, Lake Superior (North America), and Lake Victoria (Africa). The
degradation of the Aral Sea began in the 1960s when larger portions of the Syr Darya and Amu Darya
were diverted for irrigation and to provide for the household needs of Turkmenistan, Uzbekistan, and
southern Kazakhstan. As a result, the sea significantly withdrew from its shores and exposed the
seabed, which was covered in sea salts contaminated by pesticides and other chemicals [1,2].

In today’s day and age, desertification is one of the world’s most serious problems.
Desertification bears unexpected and undesirable consequences for mankind. The increasing land
degradation accelerates the lowering of agricultural yields, which will eventually lead to the
impoverishment of the local population and will cause people to migrate from their homes. For this
reason, desertification is one of the most worrisome problems facing mankind today. The mitigation
of the consequences of desertification can only be done by the application of large-scale action on the
national and international levels with the participation of private investors.

Keywords: Aral sea, afforestation, phytomelioration, saxaul, tamarix, forest reclamation
plantations, reclamation plantings.

Introduction
The Aral Sea ceased to exist as a unified body of water when in 1986 the Small and Big Aral
Seas fully separated and in turn fragmented into a number of other bodies of water.

Changes in the quantity of water flowing into the Aral Region between 1990-1996
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The change and lowering of the amount of water entering the surrounding the Aral Sea directly
influenced the trends in the evaporation of the Aral Sea, which is clearly reflected on the mappings
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of shrinking sea from 1960 to 2009 and correspondingly set the conditions for the growth of the
ecological crisis in the Aral Basin from 1966 to 2000. The trends of the Aral Sea’s evaporation are
supported by the indicators on the following chart showing the stages in the growth of the ecological
crisis in the Aral Basin from 1966 to 2000.

The Drying of the Aral Sea Over Time
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Table 1 - The Growth of the Ecological Crisis in the Aral Sea Basin (the period from 1966-
2000)

Indicators Unit of 1966 1976 1996 2000
Change
Avrea of the "new" salt desert,
which arose as a result of the km? 0 13020 38000 42000
drying of the sea
The physical mass of salt, Millions of
dust, and pollutants within the tons 0 500 2300 3300
boundaries of the salt desert
0 (actually had lessened
The ar%a across whlc_h salt and Thous?nd the s_pr_ea(_j and had a 100-150 250-300 400-450
ust is spreading km beneficial influence on
an area of 68900 km?
The increase in the carriage of Kg/ha 0 100-200 500-700 200-1100
salts and dust
The population in the zones Thousands
subject to the influence of this of people 0 500-600 3000-3500 | 3500-7000
ecological crisis Peop

The ecological crisis in the region surrounding the dried seabed of the Aral Sea is very alarming.
Already 6 million hectares of new land has formed after the water evaporated. In the 1920s, a similar
ecological catastrophe occurred in the United States of America, although to a much lesser degree. In
that case, the dried up lakebed was fed by a pipeline and periodically irrigated by a sprinkler system
across the entire area. In the end, not only was the transfer of sand and salt prevented, but also local
flora returned thanks to sufficient watering.

In the Republic of Kazakhstan, lands covered by saxaul cover 6.1 million hectares or about one-
half of forest covered land across all Kazakhstan. The black saxaul (Haloxylon ammodéndron) is the
most wide-spread variant covering over 4.4 million hectares or 72.1% of all saxauls. The white saxaul
(Haloxylon persicum) covers 1.7 million hectares and the Haloxylon ammodendron covers about 5
thousand hectares [3,4].
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Research methods and objectives of research

The black saxaul is the most common variety of saxual in Kazakhstan: it grows both in damp
environments where the water table is at a depth of 3-6 m and in harsh environments where the water
table is at a depth of 30 m or more. Under the best growing conditions with an easily accessible water
table, the saxaul withstands salinization up to 2.460% of dense residue, and up to 1.550% of sulfur
for example.

The black saxaul is typically located on floodplains, in old, dried river beds, on alluvial plains,
in sandy sediments, and in between sand dunes. The most productive groups of black saxaul grow in
Almaty, Zhambyl, and Kyzylorda Oblasts [5,6]. The largest area of black saxaul coverage in located
in Kyzylorda Oblast where it covers 3.1 million hectares. However, most of these areas are thinly
planted, and this low density weakens the defensive functions of the black saxaul.

The reproduction of black saxaul is carried out by natural regeneration and by the creation of
forest cultures.

Successful natural regeneration is usually seen under the best growing conditions and after a
good fruiting of the saxaul. The creation of forest cultures resulted in a wide reproduction of the
saxaul. So, preference is given to planting saxauls only in light soils, in particular, in sandy sediments
[7,8]. The planting of saxauls is recommended as the best way to create a forest on the seabed of the
former Aral Sea.

Now, for the successful cultivation of black saxaul, the ground is plowed to a depth of 0.5 m a
year before planting in order to plant these forest cultures below the salty crust. Also, sandy sediments
collected in the plowed areas during the summer and moisture acquired during the winter and spring
contribute to the success of the planting of these forest cultures.

For the conditions of the Aral region, the cheapest and longest-lasting method to create forests
are those founded on the cultivation of saxaul plantations. After all, the saxaul is a local breed which
can withstand heat and significant salinization of the soil. Also, saxauls, like other forest groups in
the same community of dwarf shrubs (such as chogon, kochia, halocnemum strobilaceum,
krascheninnikovia ceratoides, salsola orientalis) and herbaceous plants (climacoptera, astragalus,
and others), fulfill important roles in preventing soil erosion and in improving the soil quality. Besides
these roles, having formed rather stable and productive pastures, saxauls may serve as the basis for
transhumance and create a new habitat for rare varieties of plant and animal kingdoms.

So, since the beginning of the 1990s, the forest science and production institutions have been
carrying out experimental work on afforestation in the Aral Sea region. For example, between 1988
and 1993 foresters from Kyzylorda Oblast with the assistance of the International Consortium "Aral™
planted about 54 thousand hectares of saxauls on the seabed of the former Aral Sea to prevent soil
erosion.

This work halted from 1995 until 2002 due to financial reasons. Then the Aral and Kazalin
Forestry Institutes created about 25 thousand hectares of plantations, among those more than 2.6
thousand hectares of saplings, at the expense of funds for environmental defense from the oblasts'
budget.

In 2005, The International Found for Saving the Aral Sea allocated funds for sowing saxaul
across 1000 hectares and planting them across 100 hectares.

In 2006, the German Technical Cooperation Organization donates the same amount.

Since 2007, within the bounds of the project "Saving the Forests and Increasing the Forest Cover
Across the Territory of the Republic™ financed by the World Bank, 79.0 thousand hectares of forest
plantations are planned to be planted on the seabed of the former Aral Sea. In fact, in three years this
project created 34.3 thousand forest plantations: in 2011 - 14.154 thousand hectares, from which there
were 11.8 thousand hectares sown in the fall; in 2012 - 15.1 thousand hectares; in 2013 - 5.1 thousand
hectares of meliorative saxaul plantations. Due to the low survival rate of sowing the saxaul forest
cultures in 2013 and 2014, it was decided to end the production of saxaul seeds.

As shown by the data, in only a quarter of a century the foresters of the Kyzylorda Oblast
Forestry Institute and other international groups conducted afforestation work on about 125 thousand
hectares of the Kazakhstani portion of the dried seabed of the Aral Sea.
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Results of the study

The primary goal of the phytomeliorative work on the dried seabed of the Aral Sea is the
accelerated, effective cultivation of the sediments in the Aral region including the creation of forest-
meliorative plantations or hotspots for semination. As a result of this work, the created forest cultures,
of which a small quantity survived, in 3-5 years began to bear fruit, seed the surrounding area, and
overall aid the cultivation of the dried seabed of the Aral Sea.

In the present, the technology of cultivating forest-meliorative plantations on the dried seabed
of the Aral Sea is scientifically developed and successfully applied in production. These techniques
have been mastered by the specialists at the Aral and Kazalin State Institutes for the Conservation of
the Forest and Animal Worlds and other organizations working in the sphere of afforestation.

The reconnaissance survey of the created forest-meliorative plantations allowed us to determine
three types of forest growing conditions and the prioritize their development.

For conditions on plains the following schemes of forest plantations are recommended.

1. Complete Coverage by Forest Cultures. The main goal of the forest-meliorative work on the
lands of the dried seabed of the Aral Sea is to prevent or to significantly lessen erosion. The demands
are better answered by the complete coverage of the target area by forest plantations. So, on the soils
in the desert zone that can sustain a forest, it is advisable to create plantations by forest culture type.
On these soils it is recommended to create saxaul and tamarix cultures with rows 5-6 m apart and
saplings every 1.0-1.5 m.

Between the ages of 5-12, the height of the trees reaches 0.7-2.5 m, and the diameter of their
trunks is about 2-5 cm. If the condition of the plantation is good, the average growth is about 10-15
cm per year.

The grass component of the forest cover is sparse (up to 25%) and mostly salsola, atriplex,
chogon, and krascheninnikovia.

2. Meliorative Plantations. Meliorative plantations should be created not only under the same
conditions of the forest cultures, but also on loamy soils with a sandy cover. In a production order
plantation may be created even on soils with a difficult lithology. On these soils the cultivation of
saxaul, tamarix, and halocnemum strobilaceum is possible.

The placement of the plantations of saxaul and tamarix is 65 m and 35 m. However, by our
observations the most advisable spacing is 35m, for there the presence of viable growth around
seedlings is observed and the grass cover increases.

Meliorative plantations create two-rowed plantings. Saxaul and tamarix are planted with a
spacing of 4-5 m, and the planting material every 1.5-2.0 m. Under tough vegetative conditions it is
recommended to plant sarsazan with a spacing of 1 m between saplings.

3. Hotspots of Semination Hotspots of semination are created on all types of soil, including on
honeycomb and ridged, mobile sand where afforestation is difficult. The main goal is obtaining seeds
for natural reproduction. These plantations are inserted between the sand dunes and may have any
configuration or cover any area. If mechanized planting is possible, it is done in the form of planting
saxaul, tamarix, and sarsazan saplings. For these, the planting of tamarix is not recommended since
it requires very moist soil to produce seeds.

These studies show that those saplings planted in the spring have the highest survival rate. Thus,
in 3-4 years of testing the survival rate of the saxaul reached 65%, tamarix - 34%, and sarsazan 79%.
In the fall they reached 24%, 34%, ad 24% respectively. So, early spring, immediately following the
thaw, is the best time for planting as it provides the highest survival rate for the saplings. Spring
planting should be completed in a highly compressed period of time not lasting more than ten days.
The factor that increases the survival rate the most is the removal of the sandy crust from the soil
(planting sapling in already prepared furrows) which increases the survival rate of the saxaul by 9.1
- 12.8%. Surrounding the tree trunks with sand dunes led to positive results in four out of five cases.
There, the survival rate rises by 6.8%. The preliminary digging of furrows in the sand (with a depth
of 20-23 cm and a width of 25-30 cm at the top) positively affects not only the survival rate, but also
the growth of the plants. For example, between 2009 and 2010, in the planting of saxaul, the survival
rate of those plants in furrows was 6.8% higher than the control (Table 2). The most significant
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differences (in the survival rate of 11%, and growth - 5-7 cm) were seen in those furrows dug north
to south with a mound of soil on the eastern side.

Now the government is applying urgent measures to prevent the negative socio-economic and
ecological effects of desertification. According to the project "Saving the Forests and Increasing the
Forest Cover Across the Territory of the Republic,” between 2008-2014 58,882 thousand hectares of
saxauls were planted.

Table 2 - Materials for the sowing and planting of black saxaul on the dried seabed of the Aral
Sea between 2008 and 2014.

No. | Organization conducting the | Planting of Survival Rate, % | Sowing of seeds, | Survival Rate, %
sowing and planting Saplings, hectares
hectares
2008
1. | Individual Ent.erprllsle (IE) "A. 500 50
Yesimov
Total 500 50
2009
1. Limited Liability Partner
(LLP) "Zhasyl Olke" 1000 S0
2. IE "A. Yesimov" 2000 49
3. IE "U. Yermanov" 1000 51
4. Avral State Institute (SI) 500 50
5. LLP "SK Maksat LTD" 500 50
Total 5000 50
2010
1. LLP "Zhasyl Olke" 500 0
2. IE "A. Yesimov" 2000 23.5
3. IE "U. Yermanov" 500 0
4, Kazalin Sl 1750 36 1000 2
5. Avral SI 1750 32.5 1000 2
Total 6500 21 2000 2
2011
1. LLP "Zhasyl Olke" 1090.3 4.9
2. IE "A. Yesimov" 1622.2 5 2269.6 2
3. IE "U. Yermanov" 1064.1 5
4, Kazalin Sl 2756.3 0 1056.8 3
5. Aral SI 2756.3 0 1539.5 1
9289 4 4865.9 2
2012
1. LLP "Zhasyl Olke" 2060 31.6
2. IE "A. Yesimov" 2000 0
3. IE "U. Yermanov" 1680 30
4, Aral SI 1840 0
5. Kazalin Sl 2520 15 500 2.5
Total 10100 13 500 2.5
2013
1. LLP "Zhasyl Olke" 2550 0
2. IE "A. Yesimov" 2530 45
Total 5080 22.5
2014
1. LLP "Zhasyl Olke" 1609.4 24
2. IE "A. Yesimov" 2477.35 32
3. IE "U. Yermanov" 2500 28
4, Kazalin Sl 2530 25
5. Aral Sl 1531.25 27
Total 10648 27
Total for all years 47117 27 7365.9 2.16
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In 2008, the planting was done by only one individual enterprise "A.Yesimov" across an area
of 500 hectares. The survival rate was 50%. In 2009, the planting was carried out by five organizations
across an area of 5,000 hectares with an average survival rate of 50% with standard deviation of 1%.
One must take note, that during the studied years, precipitation during the spring and summer was
around 150 mm which increased the survival rate of the forest cultures.

In 2010, 2011, 2012, and 2013, the survival rate of the saxaul was not very high (between 5-
30%). In some areas the survival rate was even 0-5%. However, it is necessary to point out that this
situation was indicative of the entire project. Throughout the project not one organization of those
who took part in the project did not notice a low to an absolutely nonexistent survival rate. For
example, the Limited Liability Partnership “Zhasyl Olke" in 2010 saw 0% survival, in 2011 - 4.9%,
in 2012 - 31.6%, in 2013 - 45%. The same deviation in survival rate of the black saxaul forest cultures
was also seen by other participating organizations. In this case, it is telling of the unsuccessful
selection of location for planting.

The lowest survival rate was seen in 2011. There was a deficit of moisture both in the soil and
in the air, since in this year there were tough weather conditions during the spring and summer when
there was less than 100 mm of precipitation during the vegetative period, During the fall inventory
the survival rate of the planting was 0-5% which was evaluated as unsatisfactory. However, as noted
above, the plants that survived 3-4 years were already aiding nearby saxaul seedlings grow.

The huge territory of the dried seabed does not allow one to quickly afforest it using the methods
usually used in the deserts of Kazakhstan, since that territory is constantly growing. In 2006 the dried
area was 5.18 million hectares [9], and in the present is up to 6 million hectares [10]. In connection
with this, for the acceleration of afforestation on the dried seabed the principles of local or hot-spot
afforestation must be used, that is, create mass meliorative forest plantations with a joint introduction
of hot-spots of semenation.

Since the height of the saxaul and tamarix under the conditions of the dried seabed does not
pass 3 m, we consider that a 30-35 m spacing between plantations is the most advisable for two-rowed
plantations. Those areas left for 3-4 years will begin to seed that land which will lead to the full
afforestation of the dried seabed.

Forest-meliorative plantations will be created in two rows in already dug furrows.

Conclusions

The ecological situation surrounding the Aral Sea is not only a problem for the Central-Asian
republics, but also for the whole world. The first step in the struggle against erosion is the afforestation
of this region, but in connection with the fact that this region is distinguished by its wide variety of
soil conditions, which means that the cultivation of erosion-preventing plantations is done with huge
difficulties.

The main task of the phytomeliorative work on the dried seabed of the former Aral Sea is the
accelerated and effective cultivation on the silt of the Aral region, including the creation of forest-
meliorative plantations or hot-spots of semenation.

The reproduction of saxual received the best results by means of the creation of forest cultures.
To conclude, our studies show that the survival rate of these forest cultures depends from 5% up to
51% on the environmental conditions of any given year.
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APAJI TEHI3IHIH K¥YPFAFYAH TABAHBIH 3EPTTEY )KYMbBICTAPbBI

Anoamna

Apa 5KOJOTHSUTBIK TaFAapbIchl )kahaHIbIK IpobaeMarnap apachlHa epeKIe OPbIH aJlabl XKOHE
a/IaMHBIH TUTaHeTadarbl KOpIIaFaH OpTara eH YIKEH apallaCyblHbIH HOTHKECT OOJIBIN TaOblIaabl. Apan
TEHI31HIH a3arobl Tarbl Oip *ahaHIBIK araTka oKeJl, OJI-aHTPOMOTEHIIK IOJICHTTeHY.

Apan TeHi31 Kyprail Oacraranra neiin on Kacnuit teHizinen, Cynepuop keinineH (ConTycTik
Awmepuka) xoHe Bukropust keniHeH (Adpuka) keiiHri keneMi OOMbIHIIA dIeMIEr! TOPTIHILI Kol
OombIn caHanabsl. Apan TeHi3iHiH gerpananusckl 1960 xbuinapel Ceipaapuss MeH AMyTapUsHBIH
yiakeH yuackenepi TypikmeHctaH, ©O30ekcran >koHe OHTycTiK Ka3akCTaHHBIH TYPMBICTBIK
KaXETTUTIKTEpiH Cyapy ’KoHE KaMTaMachl3 €Ty YIIiH OeJiHreH ke3ae Oactanabl. HoTwxkecinae TeHi3
03 JKarajaylapblHaH €Ioyip ajbICTal, NECTUIUATEPMEH >KOHE O0acka XHMHUSUIBIK 3aTTapMeH
JacTaHFaH TEHI3 TY3JapbIMEH jkaObUTFaH TeHi3 TyOiH amTsr [1,2].

byn kxyHzaepi menelTreHy oneMzIeri €H MaHbI3[bl MocesenepAiH Oipi Oobin TaObLIAAbI.
[eneiiTreny agam3aT YUIIH KYTIEI€H JKOHE JKarbIMChI3 canjgapra okenemi. Keplix
JeTpajalsACHIHBIH KYIICIOl €TriH OHIMIUIITIHIH TOMEHACYIH Te3/eTe/ll, OyJI cablll KeareHIe
KEPTUTIKTI XaIbIKTBIH KeISHICHYIHEe OKENIN COFaJbl KOHE afaMIapiAbl YHIEpIHEH KeTyre MOxOyp
eteni. Ochl cebenTi meaeTTeny-0yTiHri afaM3ar ajliblHAa TYpFaH €H aJllaHaaTapiblK Macenenep i
6ipi. LleneiiTTeny i )KeHUIIETYTE K€KEe HHBECTOPIIAPIbIH KaThICYbIMEH YITTHIK JKOHE XaJIbIKapalbIK
JIEHTei/Ie KeH ayKbIMJIBI IIapajap KaOblaay apKbUTbl FaHa KOJI KETKI3yre 00Jaibl.

Kinm co3dep: Apan TeHisi, opMaH ecipy, ¢putomenuoparus, Cekceyina, TaMapukc, OpMaH
MEJIMOPAIHSUTBIK €KITeJIep, METHOPAIUSUIBIK eKIIeTep.
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NCCIEJOBATEJIbBCKHUE PABOTHBI BBICOXIIEI'O THA APAJIBCKOI'O MOPSA

Annomauus

ApanbCKUil SKOJIOTHYECKUN KPH3HUC 3aHUMAET 0c000e MECTO CpeH II0OalbHBIX MpobdiIeM U
SIBJIICTCS PE3Yy/IbTaTOM KPYITHEHIIIEro BMENIaTeIbCTBA YEIOBEKa B OKPYKAIOIIYIO Cpey Ha IJIaHeTe.
CokpamieHue miomaan ApaqbCKOTO MOpPS TNPHBEIO K eIle OJHOW ro0anbHOM KaTtacTpode:
aHTPOIOTEHHOMY OITYCTHIHUBAHUIO.

Jlo Toro, kak ApallbCKoe MOpEe Hadajo BBICBIXaTh, OHO CUMUTAIIOCh YETBEPTHIM IO BEIIMYUHE
03epoM B MHUpe 10 T1omau rnocie Kacrnmiickoro mops, o3epa Bepxuee (CeBepHast AMepuka) u o3epa
Buxtopus (Adpuka). erpananus Apanbckoro Mops Hadaiach B 1960-x rojgax, xorjga Oosblive
yuactku CoeIpaapbu 1 AMyAapbu ObUTH OTBEICHBI AJI OPOIICHUS U 00ecredeHUs: OBITOBBIX HYXKI
Typxkmenucrana, Y30ekucrana u lOxxnoro Kazaxcrana. B pesynbrate Mope 3HAUUTENTFHO OTOILIO
OT CBOMX OeperoB W OOHAXHIO MOPCKOE IHO, KOTOpPO€ ObUIO MOKPHITO MOPCKHMHU COJISIMH,
3arps3HEHHBIMU TECTUIMIAMH U APYTMMHA XUMHUYECKUMU BerecTBamu [1,2].

B Hamm AHM ONMYyCTHIHMBAHHWE SIBISICTCS OHOW W3 CaMBIX CEPhE3HBIX MPOOJIEM B MHpE.
OnycThIHUBaHKE BIEYET 32 COO0I HEOKUJAaHHBIE U HeXKellaTeIbHbIE TTOCTIEICTBUS /11 YeIIOBEUECTBA.
YcunuBaromascst Jerpagaysi 3eMellb YCKOPSIeT CHUYKEHUE YPOXKAWHOCTH CebCKOXO03IHCTBEHHBIX
KYJIbTYp, YTO B KOHEYHOM HTOT€ MpPUBEIET K OOHUIIIAHHUIO MECTHOTO HACEICHMSI U 3aCTABUT JIIOJIEH
MOKUIATh CBOU JoMa. [1o 3Tol mpuyYuHE OIyCTHIHUBAHUE SIBISICTCS OJHON M3 HanOO0JIee TPEBOKHBIX
mpo0sieM, CTOSIIUX CEroJIHs Iepen 4esnoBedecTBOM. CMArdeHue MOCIEICTBUI OMYyCTHIHUBAHUS
MOJKET OBITh JOCTUTHYTO TOJIEKO IyTEM MPUHSATHUS IMUPOKOMACIITAOHBIX MEP HA HAI[MOHATHHOM U
MEXIYHapOJAHOM YPOBHSX C y4aCTHEM YaCTHBIX HHBECTOPOB.

Knrwouesvie cnosa: Apanbckoe Mope, dpo3usi, (uTOMenmopamus, cakcays, TaMapHuKC,
JIeCOMEINOpaTUBHBIC HACAXKICHUS, METUOPATUBHBIC HACAXKICHUSI.
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HYPA-CAPBICY CYIIAPYAHIBIJIBIK AJTABBIHJIA KAP JKAMbBIJITBICBI bIJIT'AJI
KOPBIHBIH YAKBITTBIK-KEHICTIKTIK O3I'EPYI

Axoamna
Makanaga Hypa-Cappicy cymapyamsiiblK — anaOblHAa TYPakKThl Kap KaMbUIFBICBIHBIH
OpHATBUTYBI, OY3BITYHI, OpTalla KYHJIEp CaHbl MEH Kap KaMBUIFBICH BUTFall KOPBIHBIH YaKBITTHIK-
KEHICTIKTIK ©3repyl ’KOHE OHBIH CTaTUCTHKAJIBIK CUIaTTaManapbl OepinreH. JKyMBICTBIH Herisri
MaKcaThl Kap >KaMBbUIFBICHIHBIH BUIFAJI KOPBIHBIH ©3Tepy ITWHAMHKACHIH 3€pPTTEy OOJBIN TaObLIAIH,
OUTKEHI Kap >KaMBUIFbICHI KJIMMATTBIK, THIPOJOTHSAJIBIK JKOHE TJISIIMOJIOTHSUIBIK IpOIecTepie
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