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Abstract: The article discusses the results of studies of a long post-reclamation period of
meadow salt marshes of the piedmont plain of the Ili Alatau.

Based on the use of balance and statistical methods of analysis and control of research and
forecasts, the features of the formation of water-salt and nutritional regimes of reclaimed soils
have been studied, relationships have been developed between individual amelioration indicators
and factors influencing the formation of reclamation regimes of soils. Scientifically grounded as-
sessments of the ecological efficiency of agromeliorative measures for soil formation processes
are given.At present, it is advisable to ensure the conduct of continuous engineering and reclama-
tion monitoring, i.e. a system of regular observations, assessments and forecasts of the ecological
state of reclaimed lands, which ensure optimal reclamation regimes and protection of the natural
environment.
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INTRODUCTION gions and also a property that limits their

Ecological functions of soils are de- fertility. Finally, thirdly, salinity is one of

termined by their natural (natural fertili- the main signs of the unfavorable ecologi-
ty), that is, the presence of humus reserves, ¢al condition of the soils.

since humus is the basis of all water- Saline soils are distributed on all

physical and physico-chemical properties continents; they are found in 100 countries
of soils, making the soil a powerful biologi- of the world and practically in all natural
cal barrier that regulates the relationship zones, but dominate in the steppes, semi-
between biological and geological cycles deserts and deserts. At the same time, in
and the amount of runoff from the catch- Vvarious regions saline soils differ signifi-
ment area. Over the past 40 years, the con- cantly in their properties, genesis and, con-
tent of humus in the soils of Kazakhstan sequently, in melioration methods, which
has decreased by 25-30 %, while the total causes differences in their development,
damage is estimated at $ 2.5 billion. In this rational use and salinity control [1].
regard, a dynamic assessment of the hu- Secondary salinization of irrigated
mus state of reclaimed soils that are eco- lands brings enormous damage to agricul-
logically unstable due to the constant influ- ture. The main reason for this harmful phe-
ence of natural and anthropogenic influ- nomenon is the lack of an engineering col-
ences is relevant. lector-drainage network in conditions of
Throughout the history of the soil weak natural groundwater outflow, which
science development, saline soils have lead to secondary soil salinization and de-
been one of the main objects of research in terioration. Deterioration of the water-
many countries of the world. Firstly, this is salt and nutrient status of soil leads to
due to the wide spread of saline soils in decrease in the productivity of irrigated
different regions of the Earth; secondly, land and falling of a part of irrigated ara-
due to the fact that salinity is one of the ble land out of agricultural [2-4]. Today,
main genetic properties and meliorative despite the well-studied genesis of saline
features of soils in arid and semiarid re- soils in the southeast of Kazakhstan, the
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issues of improving saline soils in the sasa
belt of the Ili Alatau foothill plain require
further development and generation of
practical experience in its implementation.
OBJECTS AND METHODS
Experimental studies were -carried
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out at the Teskensu (Kaz.Teskensu) village
in the Enbekshikazakh district
(43°32' N, 77°51' E) of the Almaty region of
Kazakhstan (Figure 1).

The study area is situated between
601 m elevation from sea level.

Figure 1 -Location map ofthe study area

The climate type of study area is
“Continental Climate” which can be de-
scribed as low humidity, plenty of sunlight,
a short but rather cold winter. The average
annual air temperature is 12.3 °C, total
rainfall is 275.7 mm. The average long-
term sum of precipitation for a period with
temperature above 10 °Cis 198-245 mm [5].

Thefield experiment

Between 1985 and 1989, the field
experiment established by S. Kaldybayev to
ameliorate with alfalfa (Medicago sativa L.)
cultivation soils in some parts of meadow
Solonchaks[5-6] (Beketova et al., 2017;
Yerteyeva et al.,, 2018). From 1989 until
2017, alternating leguminous plants
(especially leguminous vegetable and
alfaalfa) were grown integrated production
without other amelioration methods in bio
—ameliorated meadow Solonchaks. Other
parts in meadow Solonchak is virgin land.

In the key areas (under the alfalfa
sowing and in the control plot for deter-
mining the Seasonal Accumulation of Salts
(SAS) at a 200 m interdrain area) soil sam-
ples were taken every 20 cm to a depth of 1
m and the following was performed and
determined:

1 The aqueous extract analysis

the K.Gedroits method [7].

2 Granulometric composition - by
pipetting method [7].

3 COz2-carbonates
method [7].

4 Total absorbed bases - by P. Graba-
rov method [8].

5 Totalnitrogen -byKjeldahl [8].

6 Gross phosphorus -by K Ginzburg,
G. Shchegolova[8].

7 Hydrolyzed
I. Turin [7].

8 Nitrates in aqueous extract from
fresh soil samples -by Grandval-Liazhu and
by ion-selective method [8].

9 Labile phosphorus and exchange
potassium -by B. Machigin in the modifica-
tion of B. Grabarov [8].

10 Bulk weight -by using cutting cyl-
inder [7].

11 Specific weight -by V. Faintsim-
mer (for saline potting soils) [7].

12 Total porosity -by calculating bulk
and specific weight data [7].

13 Minimumwatercapacity [7].

14 Water permeability -by flooding
the natural soil using cutting cylinders [7].

15 The degree and types of soil sali-
n_iﬁﬁlti0n -by anionic and cationic composi-
tion [7]

-by volumetric

nitrogen - by
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16 Toxic salts -by calculation accatthnges in the relative content of humus in

ing to the methodological recommenda-
tions of N. Bazilevich and N. Pankova [1].

Accounting for the alfalfa harvest
was carried out on a key site (in three rep-
lications) of 4'4 meters in size with the
drying of the green mass to an air-dry
state.

The field, stationary and laboratory-
analytical methods were used for research.
RESULTS AND DISCUSSION

Observations of soil formation pro-
cesses showed that prior to reclamation
activities (1985), the initial humus content
in the 0-20 cm layer was ~ 2.5 %. After ma-
jor washing of saline soil (1985-1986) and
subsequent 3-year cultivation of alfalfa
(1986-1989), there was a slight increase in
the amount of humus in most experiment
points (which was 2.88%).

As a result of a long post-melioration
period (2016), the humus state of the stud-
ied soils shows little signs of improvement.
So in the composition of humus there was a
change in the soluble part of humus, and
the ratio of groups of humic and fulvic ac-
ids can be stated about some improvement
in the composition of humus -it is equal to
one. The humus content increased from
2.88 % to 3.08 % (0-20 cm), organic car-
bon increased from 1.19 % to 1.98 %, and
the ratio of humic acid to fulvic acids in the
0-40 cm layer increased from 1.0-1.03 to
1.04-1.18. Comparative assessment of

the soils of the agricultural landscape be-
fore reclamation and after reclamation was
carried out using the "soil index" method
(Aidarov I. P, 2004, 2009) [9].The basis of
the definition, which is based on the defini-
tion of humus reserves and composition
(humic and fulvate), reserves of the main
elements of mineral nutrition (nitrogen,
phosphorus, potassium) and acid-base in-
dicators (pH and hydrolytic acidity), ac-
cording to the formula:

where S is an integral indicator for
assessing the level of soil fertility, points;

S= +85\[MM <P+ 5.1exp (3),

Gon, Gfkandfulvate humus reserves,
% ort/ ha;

N, P, K - the presence of food ele-
ments (nitrogen, phosphorus, potassium),
as a percentage of their maximum content
in the soil;

 -coefficient that characterizes the
efficiency of fertilizers depending on
the pH;

Ng-hydrolytic acidity, mg-EQ/100 g of
soil;

p-coefficient, ha / t;

B—coefficient, mg-EQ/100 g of sail.

The calculations are presented in the
following table Nel.

Table Ne 1 —-Assessment of changes in soil fertility

Humus Elements of mineral
. content,% nutrition
Indica-
tors
QH Gk G N P
Before
reclama-
tion, 0,10 0,10 2,50 1,50 0,35
(original-

1985)

1,46

Hydro-
Iy_te - The level of soil
acid, Coefficients L.
fertility, S
mg-
EQ/100
P P, mg-
Hr ' EQ/ ® mark %
ha/t 100
15 6,4 4 0,3 515 0,0
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The rest of the table 1
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0,153 0130 308 068 088 0,69 1 6.4 4 06 581 13
Post-
melior- 153 0130 308 068 088 069 1 6.4 4 06 581 13
period
(2016)

As can be seen from table 1, the level
of soil fertility in the dynamics of 2016 has
improved slightly, the growth to the origi-
nal was only 13%, which is only due to the
return of part of the biomass, i.e. the total
fertility of the soil is low. The increase in
humus content due to increasing the
productivity of agricultural crops is not
significant, i.e. the expanded reproduction
of humus reserves, and as a result, the
growth of soil fertility without the use of
fertilizers is limited [10].

As shown by numerous studies, in
the arid zone, the main role in the for-
mation of soil fertility belongs to mobile
nutrition elements (NPK) ~40%, the PH of
the soil solution ~33%, and the humus
content —27 %. In the Russian Federation,
the corresponding Method for calculating
the soil fertility index is used to assess soil
fertility (the order of the Ministry of agri-
culture of the Russian Federation dated
January 11, 2013) Ne 5.

According to this method, the assess-
ment of soil fertility is carried out on the
basis of specific indicators of its fertility
status, as the average value of the sum of
the ratios of the actual four agrochemical
indicators to their optimal values.When
calculating using this method, the follow-
ing agrochemical parameters are taken
into account:soil acidity (pH, units); humus
content (%); content of mobile forms of
phosphorus (P2 Os mg/kg of soil); content
of exchange potassium (K20 mg/kg of sail).

The acidity index for alkaline soils is
calculated as the ratio of the optimal value
of the indicator to the actual, for acidic
soils -the actual to the optimal [11].

The fertility index for a specific type
of soil is calculated for alkaline soils using
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the formula (4), for acidic soils using the
formula (5):

lhumost. PO K, pHfKjopt pHiH)
humusopt PD:opt K:Qopt pHA  pHH) ™

where: -soil fertility index for each
soil type;

(humus), (pH), (P20s), (K20) - agro-
chemical indicators;

f —actual values of agrochemical indi-
cators;

opt-optimal values of agrochemical
indicators;

PH 120
(H20) for alkaline soils;

) —for acidic soils.
The integral indicator of soil fertility
is calculated using the formula:

. (6)

where Ki the indicator of soil

fertility;

Kpp1, Kppe,— Kppn - fertility index for
each type of soil;

S1,S2.. Sn —sown area of agricultural
crops occupied by each type of soil, ha;

§- total sown area of agricultural
crops, ha.

Due to the fact that in our case, esti-
mated the fertility of the reclaimed saline
soils, we recommended to additionally in-
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clude in the above formulas (5,6) ratio of
valid values of salinity to its real rate (in%)
(in this case we give a formula for the stud-
ied type of alkaline soils), i.e.:

Calculations of the dynamics of the
soil fertility level using our corrected for-
mula (7) are presented in the following

table Ne2. As shown by analytical calcula-
tions (table 2), if the initial (natural) level
of soil fertility before reclamation (1985)
was not satisfactory, then after capital
washing of saline soils and application of
mineral fertilizers (in addition, P20s - 270
kg/ha was added before sowing), the level
of fertility in relation to the original in-
creased by 19%, and amounted to only
33% (1986) of the optimal level, i.e. it be-
came satisfactory. After three years of culti-
vation of alfalfa on washed soils (1989),
the level of fertility decreased sharply and
reached the optimal level of -2 %, due to
seasonal salinization of the soil and remov-
al of nutrients by the crop, i.e. it became
unsatisfactory. In postmilitary period
(2016) had a slight increase in the level of
fertility, levels of fertility to the source in-
creased by 19% and amounted to 35% of
the optimal level (the level match in 1986,
after major flushing), i.e., is satisfactory,
which is due only to the accumulation of
plant residues in soil (table 2). Thus, it can
be stated that during the post-melioration
period, there was a simple reproduction of
fertility, which is due to the extensive na-
ture of agricultural production) [12]

The ecological significance of re-
claimed land is determined by the formula:

where K (dftar), K (efag) coefficients of
the ecological significance of the land be-

fore and after land reclamation;
(C+g) before (ctg)after —the sum of sur-

face runoff and water exchange with
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ground water before and after land recla-
mation, mm;

Wbeforeand Udfter — crop yields before
and after the reclamation of land, kg/ha.

Taking into account the fact that the
studied landscape was used as a low-
productive pasture before reclamation
(Kbefore=0.3), then after capital washing of
saline soils, introduction of the optimal
reclamation mode of irrigation of washed
soils, the agrolandscape can be used for
high-performance fodder crop rotations.
The calculated coefficient of environmental
significance can be Kafter=1.2 i.e. an in-
crease of 4 times.

To assess the environmental sustain-
ability of reclaimed agro-landscapes (agro-
cenoses) is used the coefficient of ecologi-
cal stability of the natural environment,
which is determined depending on pat-
terns of usage and relative ecological im-
portance of different agricultural land sub-
ject to geological and morphological condi-
tions of the terrain:

J19), whereKust
is the coefficient
of ecological stability of the agricultural
landscape, in fractions of one;

Fi-area of biotic and abiotic ele-
ments, %;

Ki-coefficient that characterizes the
ecological significance of individual biotic
and abiotic elements (0.19 for pastures
and hayfields);

K2-coefficient of geological and mor-
phological stability of the terrain [Kz = 0.7
for unstable terrain (Sands, slopes, land-
slides) and K2 = 1.0 for stable terrain];

F —the total area of the array

The significant levels of environmen-
tal sustainability of the agricultural land-
scape used in the assessment practice be-
fore and after the complex of reclamation
measures of the systems are shown in the
following table Ne3.

- p
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Table Ne 3 -Scale of the degree of stability of agricultural landscapes

K ust
<0,33
0,34...0,50
0,51...0,66
0,67.1,00

In accordance with the carried out
expert evaluation of the coefficient of eco-
logical stability ameliorated agrobiocenosis
after reclamation amounted to
Kust=0,51<0,66; and belongs to the catego-
ry of "medium-stable”, because of the con-
stant impact of a number of factors of influ-
ence (close occurrence of mineralized gro-
undwater, the presence of pressure feed,
saline profile of soils, significant evapora-
tion of moisture against a high tempera-
ture regime, etc.), as a result, it is necessary
to constantly maintain the optimal soil rec-
lamation regime through the use of envi-
ronmentally sound agromeliorative mea-
sures.

CONCLUSION

An assessment of the dynamics of
humus content in reclaimed soils of the
massif over the period under review (30
years) showed a slight increase.Since there
was only a simple reproduction of the
humus state of the soil (AG=0.5%), due

only to the return of part of the
biomass.The increase in humus content
due to increasing the productivity of

agricultural crops is not significant, i.e. the
expanded reproduction of humus reserves,
and as a result, the growth of soil fertility
without the use of fertilizers is limited. Not

degreeofstability
unstable
lowresistance
medium-stable
stable

a significant increase in the "soil index"
indicator as a result of land reclamation
activities (washing, sowing, irrigation)
indicates the need to develop an additional
set of measures to improve soil formation
processes. The problem of extended
reproduction of soil fertility should be
solved exclusively from the standpoint of
optimizing the water-physical, physical-
chemical, agrochemical properties of the
soil and regulating the biological cycle, and
this is possible only when using complex
reclamation. They should ensure that the
disturbed balance of organic matter and
chemical elements in the soil is restored to
the required level.

Artificially created ecosystems
(agrocenoses) are highly productive, but
low - and medium - stable ecological
systems that require constant purposeful
influence for their maintenance, without
which they cannot exist. In this regard, it is
necessary to conduct continuous soil-
reclamation monitoring of agrocenoses, i.e.
a system of regular observations, asses-
sments and forecasts of the quality of
reclaimed soils, the quality and quantity of
irrigation, drainage and ground water, as
well as the technical condition of hydro-
reclamation systems.
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MENVOPATVBT1K WWAPAJTIAPABIH, TWWM AW MH 3KONOI NANbLY
TYPFb~H BAFAJIAY

1K a3aK, yNTThIL, arpapibly 3epTTeyyHmBepcuTeTy 050010, AnmaTbl 2,
Abaii paurbuibl, 8, Llasa”\cTaH, e-mail: kaznaupractica@mail.ru

2M.39ye30B aTblHAarel Oy TycT” LJaza"ctaHyHuBepcnteTy 160018,
LWbIMKeHT, e-mail: ukgu@ukgu.kzemail.ru

Makanaga e Anataybl Tay a/fibl Xa3bIrbIHbIL, LWarbIHAbLI cOpTauAapbiH y3aK Mep3iMAai
MenuopaumsfiayfaH KelHn H8Tvkenepi Ken\pbireH.

Tene-TeumpK, CTaTUCTUKa/IbIK Tangay 8aicTepi x8He 3epTTeysiep MeH 6ospkamaapabl
fakbuUlayabl KongaHy Henswae menuopaumsisiaHraH TonblpaKTapAbll, Cy-Ty3 >8He KOpeKTX
KyObUIbIMAAPbIHbIL, KasibINTacy epekLleslikTepi 3epTTesib ToMbIPaKTbIl, MesIMopaTUBTK
KyObUbIMAAPbIHbIL, Ka/1bIMTacyblHa 8cep eTETLL XXeKeslereH MesIMopaTUBTK KepceTowwTep MeH
(hakTop/siap  apacblHAarbl  T8yenabbK  aHblKTasigpl.  Tonbipak  TY3i/ly  mpouecTeplue
arpoMeniMopauvabIK Wapanapabil, 3KOMOrnANbIK TWMATIWE rbUlbIMA HerisgenreH 6ara
6epingi. Kasipn yakbITTa TypaKTbl HXEHEP/TIK—MESIMOPaTUBTIK MOHUTOPUHI XXYpPrisydi KamTy
OpbIHABI, ACHW OUTauslbl MesIMOPaTUBTK KybObUibIMAapAbl X8He Taburu opTaHbl Kopraynbl
KaMTamacbI3 eTeTIH TypaKTbl Gakblay XYW ernepi, MenvopaumaiaHraH xepaepail, 3KoSorvssibIK
XargannapbiH 6aranay »kx8He 60/1kay KakeT.

TYiAHG cB3aep: Ty3haHraH ToMbIpakTap, FyMyc, Mesivopauyisi/iaHraH —TorMblpakTapably,
KyHap/ibUlbirbl, KeELleHAi Mesiopaumsi, 3SKOJIOrus, SKOM0MMS/IbIK - TypakTbUiblK — Aeureldi,
KyHap/ibU1bIK MoAeIbAepPb
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PE3IOME
C. Kanpgbi6aesl XX. HypcenToBl B.A. Myp3a6aeB2 3. baTbIp2 XXT. EpTaeBal

3KOJTIOMMMYECKAS OLIEHKA 30OEKTUBHOCTU MEJIMOPATUBHbIX
MEPOMPUATUIN

1Kazaxckuii HaunoHanbHbIA arpapHbIiA uccnegoBaTesibCKMAyHuBepcnTeT, 050010,
r. AnmaTbl, NpA6atia, 8, KasaxcTaH, e-mail: kaznaupractica@mail.ru
200>KH0-Ka3axcTaHCKNIA rocyAapCTBEHHbIMYHUBEPCUTET M. Ay330Ba,

160018, WbimkeHT, Ka3zaxcTaH, e-mail: ukgu@ukgu.kzemail.ru

B cTaTbe npeacTaB/eHbl pe3y/ibTaTbl UCC/IeA0BaHUM 4/IMTENIbHONO NOCTMESTMOPATUBHOIO
repuoda JIyroBbIX COSIOHYaKOB MpeAropHOV paBHUHbI Minnckoro AnaTay.

Ha ocHoBe MpuMeHeHUsi GaslaHCoBbIX M CTaTUCTUYECKMX METOAOB aHa/in3a U KOHTPO/IS
vcc/iefoBaHMM U MPOrHO30B M3yUeHbl 0CO6EHHOCTM (hopMMPOBaHWUSI BOAHO-COSIEBOr0 U MUTa-
TEe/IbHOr0 PEXXMMOB MESIMOPMPOBaHHbLIX MOYB, pa3paboTaHbl 3aBUCMMOCTU MeXAay O0TAESTbHbIMU
MEe/IMOPaTUBHBLIMW MOKa3aTeNNsMN U haKTopaMu, BAUSIOWLMMI Ha GopMUpOBaHMe MesiopaTuB-
HbIX PEXXMMOB MoYB. JaHbl Hay4HO—060CHOBaHHbIE OLEHKM 3KOSI0FMYECKOM 3P(heKTMBHOCTY ar-
POMEINOPAaTUBHBLIX MEePOMPUATUN Ha MPOLECCHI MOYB006pa30BaHMS.

B HacTosiLee Bpemsi Liesiecoo6pasHo obecrneunTb NpoBeaeHe NOoCTOSIHHOMO MHXKEHepHO-
ME/INOPaTUBHOIO MOHUTOPUHTA, T.€. CUCTEMbI PerynspHbIX Hab/HoAeHUN, OLIEHOK WU MPorHO30B
3KO/I0FMYECKOI0 COCTOSIHUSI MESIMOPUPOBaHHbIX 3eMeslb, 06ecreunBatoLLIMX ONTUMAIbHbIE Me-
JIMOPaTUBHbIE PEXNMBI 1 0XpaHy NPUPOAHOU cpedpbl.

KritoueBble C/10Ba: 3acosieHHble MoYBbl, FyMycC, MJ/1040poaue MesiMopupoBaHHbIX MOYB,
KOMI/IEKCHas Mesivopauusi, 9KOorus, YpoBeHb 3KOJIOrMYecKoM YCTOMUMBOCTW, MOAEe/ M
nsiofopoaus.
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