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Abstract

Because of the intensive use of natural resources and increased anthropogenic
loads, a tense ecological situation has developed in the Western regions of
Kazakhstan. This has led to the necessity of urgent measures among which is
enhancing areas for black saxaul forest plantations.

Based on the study conducted at Samsk State Institution for Protection of
Forests and Wildlife in Mangystau Region the authors of the article have proved that
the main methods of tillage impact on the growth and survival rate of black saxaul in
the arid conditions of Western Kazakhstan. The article presents the results of the
effectiveness for the planting of black saxaul forest plantations with various methods
of tillage.

It has been known that agrotechnical methods of growing plantations are aimed
at improving the water regime of the soil through additional accumulation,
conservation and rational use of soil moisture. The system of tillage contributes to the
creation of these conditions in many respects. The choice of the optimal method of
tillage has had a positive effect on the survival rate and intensity of growth and
development of the saxaul plantations.

Keywords: tillage methods; black saxaul; forest plantations; average
indicators; condition; survival rate; height.

Introduction

According to the materials of the
RSE  “Kazakh Forest Inventory
Enterprise” for 2018 there are 17 821,2
million hectares are occupied by saxaul
plantations in  Kazakhstan [1].
However, in recent decades saxaul
plantations have been  strongly
damaged  because of intensive
industrial and agricultural exploitation.

Because of the intensive use of
natural resources and increased
anthropogenic loads, a tense ecological
situation has developed in the Western
regions of Kazakhstan. This situation
requires the adoption of urgent
measures aimed at improving the
ecological situation in the region,
among which the most important are
the improvement of methods for black
saxaul seed base on a breeding and
genetic basis, the development of
agricultural techniques for growing
planting material in the nurseries as
well as the development of

afforestation technology for plains and
barkhan sands using valuable shrubs
and semi-shrubs. At the same time,
special attention is paid to the
expansion of saxaul plantations
because they perform a soil-protective,
pasture-protective, climate-regulating
role as well as contribute to the
environmental improvement.

The need to expand the areas of
saxaul plantations is particularly acute
in  Western Kazakhstan,  where
excessive exploitation of plantations as
a fuel wood, carried out without
observing the measures of natural
regeneration, with unregulated
livestock grazing has led to their
complete disappearance over vast
areas. Thus, the productivity of the
remaining saxaul plantations has been
greatly reduced.

According to the reasons above it
is necessary to develop the technology
for growing saxaul plantations that
takes into account the interests of



forestry and agriculture and allow both
forest and pasture land to be obtained
at the same time. That is why purpose
of this research was to develop a
scientifically based technology for
growing saxaul plantations with
minimal labor and money. The
technology allows achieving high
survival rate, intensity of growth and
development of saxaul plantations in
Western Kazakhstan.

Based on the study of natural and
artificial phytocenoses in arid regions,
analysis of the experience for growing
saxaul plantations and setting up field
experiments, the technology of
growing socially significant low-cost
and durable black saxaul plantations in
arid regions has been developed.

The scientific novelty of this
research was that for the first time in
the arid conditions of Western

Materials and methods

Usually established forest
plantations in arid conditions has very
low survival rate. This is mainly due to
the emerging discrepancy between the
biological potential of the habitat
conditions and the physiological needs
of forest plantations.

The low survival rate of
established  plantations is  also
predetermined by the impossibility of
optimizing their moisture supply.
Nevertheless, in the presence of
available groundwater, it is possible to
grow forest plantations for a long time,
subject to the application of appropriate
agrotechnical measures.

The outcome of cultivated plants
is mainly determined by the
impossibility of optimizing their
moisture supply. Nevertheless, in the
presence of available groundwater, it is

Kazakhstan, different tillage methods
for black saxaul plantations were tested
and the most rational methods of tillage
have been established. In addition,
created technologies for durable forest
crops has great economic importance,
since their use significantly increases
the forest cover of the territory and
improves the living conditions of the
local population.

The practical significance of this
research lies in the fact that the results
of the agricultural technology of
growing saxaul forest plantations can
be used by design organizations in the
development of projects for artificial
cultivation of crops in arid conditions,
as well as state forestry institutions of
Western Kazakhstan in the practice of
silvicultural work.

possible to grow forest plantations for a
long time, subject to the application of
appropriate agrotechnical measures.

An analysis of scientific research
and literature references shows that
conservational tillage has a positive
effect on the process of maintaining
soil moisture. According to the
moisture content in the soil, it is
preferable to use the soil treatment
system such is 1-year black bare
fallow. An important factor in soil
treatment is the depth of its plowing.
Also, the results of previous studies
have shown that that deep plowing of
the soil contributes to a greater
preservation of its moisture content.
Nevertheless, deep plowing in
combination with 1-year black bare
fallow contributes to the greatest
accumulation of soil  moisture.
However, 2-year bare fallowing system
does not give positive results in



maintaining soil moisture and from the
economic point of view it does not
fully justify itself [2-8]. Also, spring
plowing does not have a positive effect
on the preservation of soil moisture,
which is explained by the drying up of
the soil during the growing season, as
well as autumn plowing aggravates this
process.

Consequently, this  research
conducted in Samsk State Institution
for Protection of Forests and Wildlife
in Mangystau Region from 2018 to
2020 studied the effectiveness of the
establishment  of  black  saxaul
plantations using various methods of
tillage. In 2020, there was an inventory
of the black saxaul plantations
established with 1-year-old standard
seedlings in 2018. Based on the
inventory results the following tillage
methods were chosen as experimental
options:

1 — Fall moldboard plowing to a
depth of 25-27 cm

2 — Spring moldboard plowing to
a depth of 25-27 cm

3 — Flat-cutting tillage to a depth
of 40 cm

4 - Without tillage (control)

In the zone of insufficient
moisture, the successful cultivation of
forest crops is largely determined by
the proper soil management system,
which should be aimed at improving its
physical and biological properties and
thereby creating favorable conditions
for the survival rate and growth of
young plants. Tillage improves soil
physical and mechanical properties; it
1s aimed at the destruction of weeds,
providing moisture to the lower
horizons, that contributes to a more
powerful growth of the root systems of
young plants. It is well known that the

determining indicators in assessing the
effectiveness of crop growing are the
survival rate and growth of plants.
Additionally, during tillage for planting
forest crops, the types of growing
conditions, the state of forest-cultivated
areas, and the biological properties of
the species introduced into the crops
should be taken into account.

In the process of this research,
the methodological recommendations
of V.V. Ogievsky and A.A. Hirov were
used [9, 50 p.]. The laying of the
sample plots was carried out according
to GOST 16128-70 and OST 56-69-83
[10]. The allocation and description of
the sample plot were accompanied by
familiarity with the surrounding area
and additions and adjustments to the
data obtained from the sample plots.
Sample plots in kind were marked with
labels and linked to permanent
landmarks.

The survival rate, growth and
condition  of  plantations  were
determined  during their autumn
inventory. For each type of plantations,
three sample plots were laid, on which
the survival rate, height, crown
projection diameters along and across
the row, and state were determined.

The height of bushes up to 3-
year-old was measured with a
measuring rail with an accuracy of 1
cm, and older with an accuracy of 5
cm, the annual growth of the crops in
height was determined by the method
of A.A. Molchanov and V.V. Smirnov
[11].

The survival rate was determined
by a complete enumeration of plants on
the sample plots for each lane or
variant after the end of the growing
season. The assessment of the state of
saxaul plants on all sample plots was



assessed according to the scale of G.G.
Wiebe [12].

Results

As was mentioned above, the main indicator of the success of silvicultural
work was the survival rate and growth, which more fully characterize the
physiological state of plants in connection with transplantation. The survival rate of
seedlings was closely related to the amount of moisture in the soil at the time of
planting and in the first 10-15 days after it [13—24]. In our studies, these indicators
were closely related with the methods of tillage (Table 1, Figures 1, 2).

Table - 1. Survival rate and growth of 3-year-old black saxaul crops depending
on the methods of tillage

Number Tillage method Average indicators Status,
of Survival rate, % | Height, cm points
options
1 Fall moldboard 45,2 131,4+5,9 @)
plowing to a depth of
25.0-27.0 cm
2 Spring moldboard 40,5 117,4 £ 5,4 C,
plowing to a depth of
25.0-27.0 cm
3 Flat-cutting tillage to a 48,5 139,0 £ 6,2 Ci
depth 0f 40.0 cm
4 Without tillage 31,7 93,6 £3.9 GCs
(control)
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Figure - 1. Survival rate and growth of 3-year-old black saxaul crops

depending on the method of tillage
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Figure — 2. 3-year-old black saxaul forest crops established using different
tillage methods

According to the results showed
in the Table 1 (Figure 1, 2), the best
height of 3-year-old black saxaul crops
was traced in the variant with flat-
cutting tillage, where the height of
saxaul 1is higher than with fall
moldboard plowing, spring moldboard
plowing and without tillage (control)
by 7.6, 21.6 and 45.4 cm respectively.
Therefore, the flat-cutting tillage 1is

Discussion

In addition, according to the
received results of this study it was
noted that the variants of experiments
with a depth of tillage of 25-27 cm had

more effective that other methods.
Nevertheless, the best indicators for the
length of the projection of crowns both
along and across the row were also
noted for flat-cutting tillage to a depth
of 40 cm, where the length of the
crown along the row is 2.1, 23.1 and
53.3 cm longer than with options 1, 2
and 4 respectively.

a lower survival rate and growth, and
the lowest rates were in the variant
with spring plowing. On the control
(without tillage) variant, the plants had



the worst indicators. A noticeable
increase in plant height was identified
when tilling soil up to 40 cm deep,
compared with other options, ranges
from 5.5% (autumn plowing) to 14.9%
(spring plowing). The difference in the
direction of increasing the survival rate
of seedlings for autumn moldboard
plowing compared to spring moldboard
plowing was 13.9%, and without tillage
was 28.6%. This is explained by the
fact that in the variant without tillage,
there is an acute shortage of moisture
in the soil, and with deep tillage,
moisture supply increased, which
favorably affects the survival rate and
growth of black saxaul.

Conclusion

Analyzing the data obtained in
this research on the primary tillage for
black saxaul forest plantations in
Western Kazakhstan (Samsk State
Institution for the Protection of Forests
and Wildlife in Mangistau Region),
based on the growth and survival rate

- Primary tillage increases the
growth of saxaul plants in height by
40.3-48.5%, compared with the control
(without tillage).

- Fall moldboard plowing to a
depth of 25-27 cm and flat-cutting
tillage to a depth of 40 cm increase the
survival rate of black saxaul plants by

The state of 3-year-old plantings
of black saxaul is assessed by index C1
and C2 (annual growth over 30 cm and
within 5-30 cm) in variants with
primary tillage, and in the variant
without tillage this index decreases to
C3 (annual growth less than 5 cm).
This is explained by the fact that in the
variants without tillage, there is an
acute shortage of moisture in the soil
and the saxaul wundergoes a
restructuring of the water regime and
other functions. Thereby so called “a
physiological barrier” is erected, due to
which growth processes are suppressed
and, consequently, the plant adapts to
unfavorable conditions.

of 3-year-old saxaul crops, the
following conclusions can be drawn:

- When growing forest crops of
black saxaul, it is best to carry out flat-
cutting tillage to a depth of 40 cm,
which  ensures high efficiency,
increases the growth and survival of
plants.

13. and 16.8%, respectively, compared
to the variant without tillage.

- The state of forest plantations
of black saxaul in variants with primary
tillage corresponds to the index C1 and
C2, while without tillage the index
decreases to C3.
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Tyiiin

Taburu  pecypcTapibl  KapKbIHABI — MaijajaHy JKOHE  aHTPOIOTCHIIK
KYKTEMEJIep/IIH apTybl cangapbiHaH Ka3zakcTaHHBIH OaThIC OHIpJEPIHJIE MIHUEIEHICTI
HKOJIOTHSUTBIK JKaFIail KaJbINTacThl. bysl HIyFbeUT mIapanap KaObuiay KaKeTTUIIriHe
aJIBITT KEJJT1, OHBIH IIIIHJIEC Kapa CEKCeYlI OpMaH eKIesepl YIIiH ay1aH1apabl KCHEUTY
(Haloxyllon aphyllum).

ManrpicTay OONBICHIHBIH OpMaHAAp MEH JKaHyapjap JIYHHECIH KOpray
xoHiHAeri CaM MEMIICKETTIK MEKEMECIHJIe JKYPTi3UIreH 3epTTeyNep/iH HEeTi31HAe
Makana aBTtopiapbl bateic KasakcTaHHBIH Kyprak »KargailblHIa Kapa CeKceyUITiH
OCyl MEH XKEpCIHYlHE TOMBbIPAKThl OHACY/IH HEri3r1 9MICTEPIHIH OCEPIH SJEACI].
Makananga TONBIPAKTHI OHICYAIH OpPTYpPJl TOCUIAEPIMEH Kapa CEeKCceyul OpMaH
eKIeNIePIH KYpy THIMIUTITIHIH HOTHXKEJIEP1 KENTIPUITeH.

bapnbifpiHa MM, eKmHenepal ecipyJliH arpOTeXHHUKANbIK SICTEPl TOMBIPAK
BUTFQJIJIBUTBIFBIH  KOCBIMIIIA JKMHAKTAYy, CaKTay JXOHE YTBHIMIbI IMaijiajaHy apKbLIbI
TOMBIPAKTBIH CY PEXHUMIH >KaKcapTyra OarbITTanraH. byn karnainmapiblH mnaiina
OonybIHa KeOIHECe TOMBIPAKTHI OHJEY JKyHeci bIKMal erenai. TombIpaKThl OHACY/IIH
OHTAMJIBI JIICIH TaHAAy Kapa CEKCEeyll eKIeNepiHiH KePCIHYIHEe KOHE 6Cy MEH J1aMy
KApKBIHBUIBIFBIHA OH 9CEp €Te/l.

KinT ce3aep: Tonbipak maiibIHIAY JKYHECi; Kapa CeKceyia; OpMaH JaKbLIdaphl;
opTaria KepCceTKIITepi; Kan-Kyii; KepciHyi; OUIKTITI.
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AHHOTANUA

BcnenctBue  MHTEHCHBHOTO — MCMOJB30BaHUS  NMPUPOAHBIX  PECYpPCOB U
BO3POCIIINX aHTPOIIOTCHHBIX HATPY30K B 3aMaHBIX pernoHax Kazaxcrana cioxumiach
HaNpsOKEHHAs SKOJIOTHYEcKasi CUTyalus. OTO MPHUBENIO K HEOOXOAMMOCTH MPUHSATHUS
CPOYHBIX MEp, CpeIr KOTOPBIX paCIIMpEHHe IUIOMAACH IS JIECHBIX KYJIBTYD
cakcaysna uepHoro (Haloxyllon aphyllum). vix B CaMCKOM TroCyAdapCTBEHHOM
YUpPEXKACHUU [0 OXpaHe JIECOB M JKUBOTHOrO Mupa Manrucrayckoi o0iacTH,
aBTOpaMH CTaThH JOKAa3aHO BIHMSHUE OCHOBHBIX MPHEMOB 00paOOTKH MOYBHI HA POCT
U TPWKHUBAEMOCTh CakKcayjia YEpHOr0 B 3aCyUUIMBBIX YCIOBUAX 3amnajHoOro
Kazaxcrana. B craTee npeactaBieHbl pe3ynbTaTbl 3Q(PEKTUBHOCTH CO3/JaHUS JIECHBIX
KyJIBTYp cakcayja 4epHOro Mpu pa3IudyHbIX clloco0ax 0OpabOTKH MOYBHI.

Kak wu3BecTHO, arpoTEXHHUYECKHME TIPUEMbl BbIpAIIMBAHUS HACAKICHHI
HaIpaBJeHbl Ha YJIYYIICHHE BOJHOTO PEXHMMa MOYBHI 3a CYET JOMOJHUTEIHLHOTO
HAKOIUJICHUSI, COXPAHECHUS W PAIMOHAIBHOTO WCIOJIb30BAHMUS TMOYBEHHOW BIIATH.
Co3annio 3TUX YCIOBHH BO MHOTOM CHOCOOCTBYET CHCTeMa OOpaOOTKH TOYBHI.
Brei6op ontumanbHOro crnocoba o0pabOTKHM TMOYBHI OKa3bIBACT IOJIOKHUTEIHHOE
BIMSHUE HA MPUKUBAEMOCTh M WHTEHCHUBHOCTb POCTAa WU PAa3BUTHS HACaXKICHUN
cakcayJia 4epHOro.
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