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Abstract. Haphazard use of pastures has become one of the factors of disturbance of their natural
vegetation. Therefore, forest reclamation works were carried out and significant areas of strip
plantations of shrubs were created in the Caspian Sea region in the mid-20th century. In the arid
zone of Russia, one of the most important tasks in the field of scientific provision of protective
afforestation is the improvement of methods and techniques of arrangement, increasing longevity
and environmental, agricultural, and utilitarian efficiency of plantations. This study aims to
determine the long-term impact of afforestation on the functioning of pasture ecosystems. The
influence of tree and shrub layer on biodiversity and productivity of vegetation cover of pastures
was also studied. The research objects are plantations growing on the reclaimed pastures.
The research is based on the materials of biomonitoring and field experiments using standard
methods of forest inventory and geobotanical survey. Rectangular-shaped test plots of 0.25-0.30 ha
were laid out for the study of forest plots. Test plots were used for a detailed description of the
location, soil composition, time, method, and technology of plantation development, as well as
a comprehensive assessment of the growth and longevity of tree and shrub crops. Data from key
plots were used to study the successional processes of vegetation cover. The research results
have shown that deep plowing preparation of soil to obtain high results in rooting, preservation,
and growth of shrub species has an advantage over other soil preparation technologies in the
semi-desert zone. It was found that the shrub layer up to 45 years old retains its productive
and generative abilities. Pasture protection belts from Haloxylon aphyllum and reclamation and
fodder plantations from Krascheninnikovia ceratoides and Calligonum aphyllum have a high
cenosis potential and stability. In this case study, in semi-arid regions, afforestation with shrubs
is the best way to improve and restore pastures.
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Introduction

Further development of sheep breeding within pastures of the arid zone is
impossible without strengthening the forage base, which is based on the rational use
of reclaimed and natural forage lands. Vegetation cover is closely related to natural
conditions and the economic use of the territory. Natural semi-desert pastures in the
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region are characterized by low yields (0.15-0.35 t/ha) [6, 15] and sharp differences in
forage reserves by year and season [17], which restrains the rate of animal husbandry
development.

Uncontrolled cattle grazing leads to the reduction and disappearance of
valuable forage plants from the grass plantations (Kochia prostrata L., Agropyron
fragile Roth., Camphorosma lessisingii Litv. and other species), destruction of the
fertile soil layer, and development of land degradation [18, 20].

Asarule, low-value forage annual plants and pasture perennial weeds (Peganum
harmala L., Euphorbia virgate Waldst. & Kit, Anabasis aphylla L.) settle in places
where primary vegetation is destroyed, which leads to a reduction in forage reserves
in pastures [13]. To prevent further deterioration of pastures, restore their natural
productivity, and improve the quality of forage on pastures of the semi-desert zone,
a set of measures is required to create systems of pasture protection and reclamation-
forage plantations from the most valuable in terms of protective and forage function
shrub and tree species [5, 11, 16].

Protective plantings create a more favorable zone for cattle grazing on pastures,
the organization of grazing and load regulation is simplified [8].

Livestock keeping conditions are improving on forested pastures as forest
plantations protect animals from heat, sun, dust storms, cold winds, and blizzards [4, 14].

Linear continuous strip plantations protect the pasture area from strong winds,
which is important in cold weather conditions, since a decrease in wind speed moves
the border of adverse cold from —4 to 0 °C, for example, from 4 m/s to 0 m/s [9].
However, in summer when it is calm, sheep are oppressed by overheating at an air
temperature of 22-27 °C, and the oppression is noted at a higher temperature (25-29 °C)
with a wind speed of 4 m/s.

The creation of savanna and diffusor-screen plantations diversifies the ecology
of pasture spaces by forming zones with different air exchange intensities, light
conditions, and temperatures in the habitat of grazing animals [9].

The research purpose was to determine the stability and current state of tree
and shrub plantations and assess their ecological and reclamation impact on pastures
in semi-desert conditions.

The study of the functioning of reclaimed pasture and forest-pasture
ecosystems is of theoretical and practical importance in optimal and, especially,
extreme conditions of the arid zone [7, 19].

Modern phytocenoses of natural pastures of the Astrakhan semi-desert develop
according to the wormwood-ephemeral type. They are degraded and phytocenotically
incomplete. Ecological niches of highly nutritious plants are occupied by low-
value (analogous) species, which indicates the duration of the impact of adverse
environmental factors.

Studies conducted within the territory of the studied region revealed forest
pastures that have retained their functional purpose and have existed for about 50 years,
which made it possible to assess the long-term reclamation effect.

Materials and methods

The studied territory belongs to the Caspian subprovince and the North
Turanian province of the Afro-Asian desert region according to phytogeographical
zoning, and, in geomorphological terms, it is a marine plain of Late Khvalyn age,
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modified by the Baer knolls and Aeolian landforms, such as ridges, barkhans and
semi-fixed dunes [10]. See the figure.

The proximity of the Caspian sea and the intersection of sandy areas from
North-West to South-East by the Volga river has no noticeable mitigating effect.
Total annual precipitation is 100200 mm. Mainly, low-snowy winters prevail, the
thickness of the snow cover does not exceed 10-15 cm. The continental climate
is manifested in the amplitudes of summer, winter, and annual temperatures. The
maximum temperature is +42 °C. The minimum relative humidity during the growing
season of plants is reduced to 10 %. Evaporation is very high (950-1100 mm) and
exceeds atmospheric precipitation by 5—7 times. The average number of days with
dry winds is 113 with a probability of 100 % according to the data of the Kharabali
hydrometeorological station.

Location of the study area

¥

'Republic of
~ Kalmykia -

The assessment of successive changes was carried out within pasture areas of
the arid zone, where phytoreclamation and forest reclamation works were performed
in 1975-1980. The research objects are plantations growing on the reclaimed pastures.
The Priselskiy pasture plot covers an area of 306 ha. Pasture protection strips consist
of Haloxylon aphyllum Minkw. (106 ha, seedling planting in 1978), reclamation-
forage strips of Krascheninnikovia ceratoides L. and Calligonum aphyllum Pall.
(200 ha, seedling planting in 1978). The terrain is a hilly plain that belongs to typical
brown sandy loam soils. The plant association is ephemeral, with Artemisia lerchiana
Weber ex Stechm. growing singly.

The Sokolovskiy pasture plot (213 ha) is represented by a hilly plain. It has a
network of pasture protection strips with an area of 103 ha planted in 1976 and an
area of 110 ha of pasture plantations of 1978. The soil is brown desert-steppe saline
sandy loam and light loam in a complex with solonetz of 10 %.

The strips are 3-row, located across the prevailing winds. The width of the
aisle is 4 m. The plant association is multi-herbaceous (Barbarea vulgaris R. Br.,
Poa bulbosa L., Elytrigia repens L., Artemisia arenaria DC., solitary A. lerchiana).

The Railway pasture plot (390 ha) is defined by a flat inter-mound depression.
Planting on an area of 60 ha was carried out by the forest reclamation station in 1977,
pasture protection strips — 100 ha, and pasturable strips — 230 ha. The soil is brown,
sandy loam. Ground water is not revealed at a depth of 5 m. Pasture protection strips
are 3-row with a 4-meter aisle. The soil is prepared according to the deep plowing
method. The main plant species is Haloxylon aphyllum. Three pasture strips of
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Krascheninnikovia ceratoides were planted into an inter-band space of 150-meter
wide in 1980. The plant association varies from montley grass to white wormwood.

The Roadside pasture plot covers an area of 430 ha (100 ha in 1979 and 330 ha
in 1981). The forest pastures were created on the Baer knolls, the soil is brown
saline, sandy loam of II and III forest-reclamation category (FRC) and light loam in
combination with solonetz of 10 %. The spaces between the strips are 30 m. The plant
association is wormwood-cereal (bluegrass).

The Cordon pasture plot consists of 8 pasture protection strips (100 ha). The
strips are 3-row; the width of the aisles is 4 m. The planting was carried out in
1977. Deep plowing was used for forest pasture strips. The inter-strip spaces are
30 m. First, the pasture protection strips of Haloxylon aphyllum were laid out, and
after 2 years the reclamation and forage strips of Krascheninnikovia ceratoides
and Calligonum aphyllum were laid out. Standard seedlings and planting machines
SLCh-1 and SSN-1 were used for planting. The terrain is a slightly hilly plain. The
soil is brown and sandy. Areas of wind-drifted sand are found in places along the
strips. The ground water was not detected at a depth of 4 m. The plant association is
ephemeral (Avena fatua L., Anisantha tectorum L., Poa bulbosa, solitary Artemisia
lerchiana).

Soil tillage for planting protective plantations on pasture plots was carried out
according to the following options: continuous deep plowing to a depth of 40—45 cm;
partial deep plowing in order to form rows to a depth of 40—45 cm using the deep-cut
ploughing machine KPG-250, followed by plowing the aisles to a depth of 22-25 cm
in the spring and summer period; regular solid plowing to a depth of 22-25 cm.

Field work on the study of successional processes, geobotanical description
and accounting of vegetation productivity was carried out during geobotanical
surveys, according to generally accepted methods and instructions [2]. Data from
key plots were used to assess succession. Each plot was characterized by a detailed
description of 4 sample plots (size 100 m2) by plant species diversity and indicators
of its changes (number of species, life forms, structure of above-ground phytomass
of herbaceous layer). An assessment of tree and shrub layer was based on taxonomic
and morphological evaluation in the field conditions on 5 trial plots of rectangular
shape, 0.25-0.30 ha, where the average height, diameter, nature of preservation of
species, % of flowering and fruiting specimens were recorded [1]. Classification
of plantations according to the value of state indices is as follows: healthy 1-1.5;
weakened 1.6-2.5; severely weakened 2.6-3.5; dying 3.6-4.5; dead more than 4.6.

The nomenclature of vascular plant species is based on the Cherepanov’s
summary [12].

Results and discussion

Monitoring of the current state of forest pastures on brown semi-desert soils
and analysis of dynamics of successions of vegetation cover allows us to identify
promising technologies restoration of degraded pastures, on the example of objects
where the integrity and multi-layered structure of phytocenoses has been preserved.

High results of survival rate, integrity and growth of shrub species in all options
of the experiment were obtained as a result of careful compliance with the technology
of forest planting in the semi-desert zone, however, the undisputed advantages remain
for the deep plowing preparation of soil [3]. The study results are presented in table 1.
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Table 1

Survival rate (%) of shrubs in pasture reclamation plantations, Priselskiy pasture plot

Soil tillage method

Plant species assortment Deep plowing Flat-cut Conventional

1978 | 1979 | 1980 | 1978 | 1979 | 1980 | 1978 | 1979 | 1980

Haloxylon aphyllum 96.4 | 385|892 924 | 672 | 701|911 | 654 -

Krascheninnikovia

. 99.0 | 86.5 | 953 (994 | 94.0 | 97.2 | 97.0 | 94.2 —
ceratoides

Calligonum aphyllum | 95.0 | 97.3 | 97.1 | 97.0 | 95.8 - 193.0|9%.1 -

Note: Planting was not carried out in the columns with a dash.

The low survival rate of Haloxylon aphyllum is explained by drying of the
planting material during the deep plowing in 1979. Good indicators of survival rate
of shrubs were also noted in other areas of the region in these years.

The results of 3-year observations of phytomass growth of shrub species
showed that the maximum increase was observed in Krascheninnikovia ceratoides
and Haloxylon aphyllum in pasture reclamation plantations in the second year of
life. Haloxylon aphyllum can accumulate 0.7-0.9 t/ha of dry mass with moderate
grazing (60 % increase), and Krascheninnikovia ceratoides can accumulate
0.8-1.0 t/ha, respectively. The yield of grassy vegetation was taken into account in inter-
strip spaces and open semi-desert, along with the determination of shrub phytomass.

The yield of air-dry grass mass was 0.69, 0.52 and 0.37 t/ha on the pasture
protected by forest strips on the Priselskiy pasture plot in 1978, 1979 and 1980,
respectively, and on an open pasture (control plot) it was 2—3 times less: 0.38,
0.28 and 0.19 t/ha. Productivity was 0.61 t/ha in the system of pasture protective
strips over a nine-year observation period (1978-1986), control — 0.36 t/ha.
The increase in the yield of grasses under the protection of forest strips on
the pasture plots was: by 0.17 t/ha — Cordon; by 0.21 t/ha — Sokolovskiy; by
0.11 t/ha — Railway.

After 2 years, the reclaimed plots (Priselskiy, Sokolovskiy, Railway and Roadside)
were put into use after planting pasture protective strips. An intensive grazing of small
cattle began in the amount of 1.5 ths heads during the growing season in disregard of
enclosure pasturing. This had a negative impact on the growth of pasture grasses, and
after 2 years, the yield of ephemeral plants was in control higher than in the inter-strip
space of the Priselskiy pasture plot, since it was adjacent to the lands of the state forest
fund. Cattle broke up the Haloxylon aphyllum plantings.

An analysis of the state of forest pastures revealed a change in the previous
multi-layered structure, which lost the functional purpose of the following plots:
Priselskiy in 1995, Sokolovskiy and Railway in 2000.

The Roadside and Cordon plots perform their functions due to their remoteness
from populated areas (table 2).
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Table 2
The state of shrub vegetation in pasture-protective and reclamation-forage plantations,
2003
Spring
moistening of
soil, cm
Pasture . Age, | Average | Preservation, Ecological
plot Species yrs | height, m % I.n the state
Inthe | inter-
strip strip
space
Cordon | Haloxylon 153 15 540,05 53 65 | 57 2.0
aphyllum
Haloxylon |~ 1 5 80,02 68 71 63 1.8
aphyllum
Roadside | Kraschenin-
nikovia 22 | 0.7+0.04 73 73 68 1.5
ceratoides

An assessment of successional changes over a 30-year period (2013 surveys)
of the study area showed the state of the forest pastures (table 3).

Wormwood-cereals (bluegrass) associations are formed in the conditions of
the Astrakhan semi-desert on pasture lands with a very low yield ofabout 0.3—0.4 t/ha
in May, and after gazing and burning of vegetation in August — 0.06—0.2 t/ha.
This is due to the vegetation cover degradation, which cannot be restored due
to increased pasture load, low autumn moisture reserves in soil and increased
temperature during the growing season. Biodiversity is very low on the plots
(8-19 species).

Studies have shown that the Roadside and Cordon plots have great biodiversity,
and they preserve the tree and shrub layer after 35 years. Saxaul strips were preserved
by 30 % on the Roadside plot; their average height is 2.2 m. Within the Cordon plot,
the average height of Haloxylon aphyllum is 2.4 m, the preservation is 45 % (table 4).

The observations have shown that an increase in phytomass yield in the
forest-agrarian ecosystems that are being formed can compensate the loss of annual
productivity in 10-15 years after forest reclamation due to desertification, and
provide an increase in fertility of reclaimed landscapes with full environmentally safe
implementation of the agricultural resource potential of the territories in the future.

A monitoring of forest pastures gave the following results in terms of the state
of plantings and the yield of grasses (table 5, 6).

The yield of grasses is greater than in spring period and is 0.75 t/ha in May
within the Cordon plot, and 0.80 t/ha on the Roadside plot (table 5). The composition
is Artemisia lerchiana (about 82 %) and Poa bulbosa (10 %). The yield of herbs does
not increase at the end of August due to the lack of rainfall during the growing season
(more weed poisonous herbs appear).

The best growth conditions for grassy ve getation are formed in the 30 m
wide inter-strip space between pasture protective strips due to the best microclimatic
characteristics. The yield of natural pasture vegetation was higher by 0.22—0.27 t/ha
in both the spring and autumn periods by years.
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Table 3
Agroecological state of forest pastures of the Astrakhan semi-desert, 2013
Analysis of current state
FRC, State
Pasture Year of terrain, Number . of tree
plot succession soil, of Composition of Yield, t/ha and
salinization | SPS¢'¢S: phytomass, % shrub
1.5-2m pes layer
II and
III FRC, Shrubs (Kraschenin-
wavy, nikovia ceratoides) — Tree
Priscls- sandy 1 %; cereals —20 %; layer
Ki 36 loam 8 Artemisia lerchiana— | 0.26+0.06 | died
Y and light 19 %; motley grass — in
loam, 45 %; Anabasis, etc. 1995
slightly -15%
solonetz
T u 11
FRC,
wavy, Shrubs (Kraschenin-
salty, nikovia ceratoides) — Tree
Sokolov- sandy 1 %; cereals — 29 %; layer
oki 36 loam and 9 Artemisia arenaria — | 0.25+0.05 | died
y light loam 10 %; Artemisia in
in a com- lerchiana — 10 %; 2000
plex with montley grass — 50 %
solonetz
(10 %)
1T m T Shrubs (Kraschenin- Tree
FRC, nikovia ceratoides) — layer
0/. _ 0/.
Railway | 35 wavy, jo | 3Vescereals—30%: | 30,006 | died
brown Artemisia lerchiana — i
sandy 27 %; montley 2000
loam grass — 40 %
1T u I
FRC, Shrubs (Kraschenin-
wavy, ovi ides) — Good
sandy nikovia ceratoides) and
Road- 10 %; cereals — 30 %; | 0.59+0.16 .
. 34 loam 19 o ; satis-
side . Artemisia lerchiana —
and light o). fac-
30 %; montley grass —
loam, 30 % tory
slightly ’
solonetz
Iivlzll\}}(/:, Cereals — 50 %) Satis-
Cordon 36 brown 14 Arteml;wc.z lerchlzana — | 0.47£0.09 Fac-
sandy 20 %; montley fory
loam grass —30 %

Note: Classification of arid pastures. I FRC: desertified pastures with fine and medium barkhan
sands and strongly eroded soils. II FRC: pastures on overgrown and weakly overgrown sands.
IIT FRC: pastures with deflation-prone loamy-sandy soils. IV FRC: pastures on loamy and
clayey deflation soils.
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Table 4

Bioecological characteristics of tree species populations in forest pastures
of the Astrakhan semi-desert, 2013

Average diameter Number
Average of Ecolo-
Pasture Speci Age, hei h% skeletal | Preserva- cal
plot pecies yrs eight, Crown, Trunk, bran- tion, % gica
m state
m cm ches,
pcs
Road-
. 34 | 2.2+£0.02 | 1.4£0.04 | 12.5+0.8 6 30 2
side | Haloxy-
lon
aphyl-
Q| e 36 | 245004 | 162009 | 145512 | 7 45 2

Note: The classification of plantings according to the value of state indices is as follows:
healthy 1-1.5, weakened 1.6-2.5, severely weakened 2.6-3.5, dying 3.6-4.5, dead > 4.6.

A survey of forest pastures in the spring of 2007-2010 showed that forage
plants of various species predominate in pastures due to the protection strips, while
species diversity is poorer in open pastures. Mainly, the following forage plants are
represented: Alyssum desertorum Stapf., Anisantha tectorum, Kochia prostrata, Poa
bulbosa, Elytrigia repens, Setaria viridis L., Ceratocarpus arenarius L., Artemisia
lerchiana under the protection of 30-year-old strips of Saxaula aphyllum.

Table 5
Yield of natural vegetation on pastures (2002—-2005)
Dry weight, t/ha
Year of Deviation from control
research Inter-strip space Open pasture eVIation ot contro
(control)
Cordon pasture plot
1.66 1.45 0.22
2002 0.18 0.12 0.06
0.17 12 0.05
2003 0.09 0.05 0.04
0.84 0.83 0.01
2004 0.8 0.65 0.15
0.75 0.60 1.15
2005 1.0 0.72 0.27
Roadside pasture plot
0.18 0.12 0.06
2003 0.13 0.07 0.06
0.82 0.60 0.22
2004 0.41 0.35 0.06
0.80 0.69 0.11
2005 0.74 0.67 0.07

Note: Spring yield of herbs in the numerator (May); and denominator (August).
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A wormwood-ephemeral association with inedible plants (Anabasis aphylla
L., etc.) prevails in open pastures (control).

The distribution of phytomass by layers during the research period is presented
in Table 6.

Table 6

Productivity of grasses under the protection of RFP and open steppe in the ground-
level aerotope of pasture phytocenosis (May 2007-2010)

Air-dry weight, t/ha
Year Total Edible Inedible
0-14 cm 15-30cm | 0-14 cm 15-30 cm 0-14 cm 15-30 cm
2007 0.19 0.21 0.14 0.16 0.05 0.05
0.15 0.08 0.12 0.06 0.03 0.02
2008 041 0.17 0.28 0.12 0.12 0.04
0.23 0.22 0.17 0.19 0.06 0.03
2009 0.38 0.14 0.25 0.07 0.13 0.06
0.22 0.11 0.16 0.08 0.06 0.03
2010 0.32 0.13 0.21 0.07 0.11 0.06
0.26 0.10 0.15 0.06 0.11 0.04

Note: RFP —reclamation and forage plantations; in the numerator — the yield of pastures under
the protection of RFP; in the denominator — the yield of pastures in the open steppe.

The yield of grasses in 2009 is less than in 2008, and in 2010 it is even lower
due to the dry spring.

At present, the Priselskiy plot is 70 % plowed for vegetable crops. Haloxylon
aphyllum is preserved on the tops of the Baer knolls. The state is satisfactory.

The Cordon plot retains reclamation functions on the lands of the state forest
fund. The state of Haloxylon aphyllum strips is satisfactory.

Analysis of species composition and life forms of forest pastures showed that
under extremely arid conditions and soil mobility, unregulated intensive grazing, the
tree layer begins to thin out quickly. Up to 40 years, only clumps or single specimens
survive. However, they play an important zoogenic and phytogenic role, contributing
to the stability of plant communities. The shrub layer retains high productive and
generative capacities for a long time (up to 45 years) on the Cordon plot.

Conclusion

In General, it should be noted that the positive impact is observed everywhere
in previously phytoreclamed areas for 34—-36 years of succession changes.

Assessing the impact of the tree and shrub layer on biodiversity, it is necessary
to distinguish forest pastures: the Roadside plot and the Cordon plot (14—19 species),
where pasture protection strips of Haloxylon aphyllum and reclamation-forage
plantations of Krascheninnikovia ceratoides and Calligonum aphyllum were planted.

Comparing the dynamics of composition and structure of ecological groups of
forest pastures of the arid zone, it should be noted that the decrease in the proportion
of biomass of forage species revealed everywhere in case of low moisture reserves
due to the reduction of rainfall during October — December 2 times (by 30 mm)
against the middle annual indicators, and also an increase in the load onto these areas
due to a lack of forage in the neighboring pastures, where very low yields have been
observed for 10 years.
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These environmental factors led to a decrease in forage weight from 80-90 %
to 40-50 %. At the same time, there was a sharp increase in the proportion of poisonous
species from 1-3 % to 8—11 %, as well as ruderal species. The forecast of successions
should be expected to be unfavorable, i.e. the further dominance of species that are
not suitable for animals is probable. Phytocenoses will be formed as ephemeral and
montley grasses, where inedible species will play a protective role. Therefore, it is
necessary to carry out the phytoreclamation and forest reclamation work urgently.

The conducted research made it possible to assess the long-term reclamation
effect. It showed that the advantage of created forest pastures is manifested not only
in terms of increasing the phytoproductivity of forest-reclaimed territories, but also in
terms of increasing biodiversity, forming more stable populations and phytocenoses,
which contribute to prolonging a productive longevity and create more sustainable
agricultural landscapes.
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2borauHCKas Hay4HO-HCCIIEI0BATEIbCKAs arpoIeCOMENNOpaTHBHAS ONBITHAS cTaHIws, yi. BOC,
n. 1., . Xapabamu, ActpaxaHckas oomacts, Poccus, 416010

Annomayusn. beccucteMHOE UCTIONB30BaHNE MMACTOMIIT CTAJIO OMHUM U3 (DaKTOPOB HapyIIIe-
HUSL UX €CTECTBEHHOM pactutesbHOCTH. [loaTomy B [lpukacnuiickom peruoHe B cepeauHe
XX B. ObUIN MIPOBEJICHBI JIECOMETHOPATUBHBIE PAOOTHI M CO3/1aHbl 3HAUYUTENBHBIC TUIOIIA M
MOJIOCHBIX HAaCaXACHUN U3 KycTapHuKoB. Ha Tepputopuu apuaHoil 3086l Poccnn ogHol u3
Ba)KHEHINX 3a71a4 B 00NACTH HAYyYHOTO OOECIIEUEHMs 3aIUTHOTO JIECOPA3BEICHNUS SIBIISICT-
Csl COBEPIIIEHCTBOBAHHE METOJIOB M TMPHEMOB O0yCTPONCTBA, MOBBIIIEHUE JOJITOBEYHOCTH,
9KOJIOTUIECKOH, CETHCKOX03IHCTBEHHONW M YTHIUTAPHON 3((EKTHBHOCTH HacaxaeHuH. Mc-
CJIe/I0OBaHNE HATIPABIICHO HA OMpEIeNIEHHE JONTOCPOTHOTO BO3ICHCTBHS 00IeCeH s Ha (hyHK-
LMOHUPOBAHNE MACTOUIIHBIX SKOCHCTEM. Takke OBbIIIO M3y4EHO BIMSHHE JPEBECHO-KyCTap-
HUKOBOTO sipyca Ha OHopa3HooOpa3ue, MPOXyKTHBHOCTh PACTHTEIHHOTO TTOKPOBA MMACTOMIIL.
OOBEKTOM HCCIIeJOBaHNS CTAIN HACAXK/CHUS JIECHBIX MTOJIOC HA MEITMOPUPOBAHHBIX TaCTOM-
max. Vcrmons30BaHbl MaTepuatbl OMOMOHUTOPHUHTA, T€OOOTAaHMUECKOW CHEMKH U TIOJIEBBIX
OIIBITOB C TIPMMEHEHUEM THITOBBIX METOANK JIECHON TaKCAIMU. 3aKJaJbIBaIN MPOOHbIE ILII0-
i npssMoyronbHoi Gopmer 0,25-0,30 ra. [IpoBoawmy moapoOHOE ONMcaHue MECTOIOIO-
KEHUsI yJacTKa, COCTaBa IMOYBBI, BDEMEHH, CII0c00a U TEXHOIOTHUH CO3AHUs HACAXKJICHUH,
a TaKk)Ke KOMIIJIEKCHYIO OI[EHKY POCTa U JOJITOBEYHOCTH JPEBECHO-KYCTAPHUKOBBIX KYIBTYD.
W3ydenne cyKIeCCHOHHBIX MPOLECCOB PACTUTEIHHOTO MTOKPOBA OCYIIECTBIISIIN € IPUMEHE-
HHUEM JaHHBIX KIFOYEBBIX YJaCTKOB. Pe3ynbraThl MOKa3aiy, YTO B 30HE MOITYIYCTBIHU IS
obecrieueHns! BEICOKOH MPUKNBAEMOCTH, COXPAaHHOCTH M POCTA KyCTapPHUKOBBIX ITOPOJ MPH
Pa3IMYHBIX TEXHOJIOTHAX IOATOTOBKH IOYBBI MPEUMYIIECTBO OCTAETCsl 3a IIAHTAKHOM
MeTonukoi. Kak cremyer u3 OImbITOB, KyCTapHHUKOBBIN sIpyc 70 45 JIeT coXpaHseT MPOayK-
LMOHHbIE W T€HEPAaTHBHBIE CIOCOOHOCTU. BBICOKMM I1€HO3000pa3yIoMNM MOTEHIINAIOM H
YCTOMYMBOCTBIO 00JIA/Iaf0T MacTONIIe3auTHEIE oJockl u3 Haloxylon aphyllum n menno-
paTUBHO-KOPMOBBIE HacaxIeHus u3 Krascheninnikovia ceratoides n Calligonum aphyllum.
B momy3acynuimBbIx paiioHax 00JE€CEHHE ¢ TMOMOIILI0 KYCTAPHUKOB SIBJISIETCS HAWITYUIIUM
CrI0c0o0OM YITyHIIIeHNs] M BOCCTAHOBIICHHSI TACTOMIIL.
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