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Main direction of optimization of agrotechnics of growing seedlings
of woody plants with closed root system in Mangistau desert

The objective of this study is to optimize the agricultural technology of growing seedlings of woody plants
with a closed root system in the arid conditions of Mangistau by conducting field experiments. Based on the
dispersion and correlation analysis of the collected research material, it was concluded that the following ag-
ricultural practices are the most preferable in terms of biometric and physiological indicators of growth and
development of woody plants: 1) Maintaining the pre-irrigation level of soil moisture within 70-80 % of the
full field moisture capacity, 2) Mixing plant and peat soil in a ratio of 1: 1 and 3) Monthly fertilizing with
mineral complex fertilizer at the rate of 75 g/ m2. The most effective covering materials in the conditions of
the Mangistau desert for preventing moisture evaporation under green spaces are such cOvering materials as
Zeba super sorbent, sludge from treatment facilities and medium and fine gravel. The results of the research
were successfully tested during mass propagation of 107 species, forms and varictieshof the’ most promising
introduced plants from 32 genera and 17 families (65,340 containers in total).

Keywords: optimization, agricultural technology, woody plants, seedlings, Containefs, field experiment, sur-
vival rate, growth.

Introduction

Despite significant successes of Mangyshlak Experimental Botanical Garden (MEBG) on introduction
and acclimatization of plants in landscaping and herticulturabpractice of various organizations in Mangistau
is widespread use of cheap imported planting material, which is obviously unpromising, poorly resistant and
low-decorative in local conditions, while provengfor decades species and varieties do not find widespread use
despite all the advantages and economic effeetyof'their introduction. At present, the network of tree and shrub
nurseries in Mangistau oblast is poorly dey€loped due to the shortage of irrigation water. The nurseries main-
ly grow a narrow assortment of trees and shrubs and sell their seedlings and seedlings with bare root system,
which significantly reduces the levelsof roeting of plants.

In our opinion, the most promising way to solve the problem of reproduction of both widely used in
landscaping and new species of fruit and berry and ornamental trees and shrubs in unfavorable climatic con-
ditions of the Mangistau deséxt is\the cultivation of their planting material with closed root system (CRS) —
in containers, vases, briguettes,pots and others. This guarantees not only a very high survival rate of crops
(up to 100 %), but€alsgsignificantly lengthens the terms of planting works, reduces the consumption of
scarce and very expefsive (over 200 tg/m’) irrigation water due to local moistening of soil and reducing
losses from infiltration and evaporation.

Comparative analysis of domestic and world experience of growing seedlings and saplings of fruit and
berry and ornamental plants with closed root system (CRS) on the basis of literature sources [1-7] has shown
that in the practice of nursery farming for a fairly short period of time accumulated a fairly large research
material, which is mainly aimed at solving the problems of forest growing and reforestation in forest and for-
est-steppe natural zones and are not quite suitable for extra-arid climate, saline and low-humus soils of
Mangistau in terms of plant assortment, regular irrigation regime and, in general, agrotechnics of cultivation.
In this regard, in the botanical garden within the framework of research work on the grant theme: “Develop-
ment of scientific-methodological and practical bases of cultivation and creation of nursery of fruit and berry
and tree ornamental plants with closed root system in the conditions of the Mangistau desert”, the task of
clarification and optimization of basic agrotechnical methods in relation to the desert zone of the region was
set on the basis of laying field experiments with variants of irrigation regime, methods of soil substrate prep-
aration, doses of mineral fertilizers and types of moisture management.
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Experimental

The objects of research were 9 botanical species and forms of different degree of stability, growth
forms, systematic affiliation and geographical origin, for which biometric and physiological indicators of
growth and development were determined in field experiments on the study of agrotechnics and variance
analysis of collected materials was carried out: Platycladusorientalis (L.) Franco, Ulmus pumila L., Ailan-
thus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Salix alba f. pendula, Populus bolleana Lauche.,
Fraxinus lanceolata Borkh., Ligustrum vulgare L. and Gleditsia triacanthos L.

The aim of the research is to optimize agrotechnics of growing seedlings of woody plants with closed
root system in arid conditions of Mangistau by means of field experiments.

Drawing up the schemes of field experiments was based on the methodology of experimental work of
B.A. Dospekhov [8]. Taking into account the dominating in Mangistau conditions limit factors of soil mois-
ture deficiency and soil poverty, as well as the special importance of substrate preparation quality in growing
planting material, the main field experiment is laid out two-factor, including simultaneously the options of
maintaining pre-watering soil moisture and mixing plant soil with peat substrate. Three variants were chosen
for soil moisture: 1) Maintaining pre-watering soil moisture level during the growing season within 50-60 %
of the lowest (full field) moisture capacity (MC); 2) 60—70 % of MC; and 3) 70-80 %fof MC. On preparation
of soil substrate 4 variants of mixing plant and peat soil were laid down: 1) 1: 2; 2%l:\1; 3) 2: 1 and 4) con-
trol (without peat addition).

To study the reaction of plants to the application of complex mineral fertilizer, a separate one-factor ex-
periment consisting of 5 variants was set up: 1) application of mineral @omiplex fertilizer kemira “Spring-
Summer” at the rate of 25, 2) 50, 3) 75; 4) 100 g/m” monthly for plant feeding:5) control (without feeding).

Repetition of experiments is 4-fold. On each of them 5 speciniens of trees and shrubs were placed. In
total, 3060 units of planting material were planted in vases with a usefulVolume of 8 liters in the field exper-
1ments.

Standard peat lime peat substrate of “Suliflor SFO” bra@hd with neutral medium reaction (pH — 5.5 —
6.0), fine fraction, with NPK content — 100-50-100, produced‘in Lithuania, was used as an organic fertiliz-
er. Structurally, 80 % of it consists of organic matter, which is a mixture of lowland and upland peat. For
plant feeding was chosen complex mineral granularyfertilizer Kemira “Spring-Summer” prolonged action,
containing all the necessary macro- and microel@ments in the optimal ratio (NPK — 11,3-12-28, S, Ca, Mn,
Cu, Mo, Mo, B, Fe, Zn), produced by CJSC ‘“KemiraAgro” (Russia).

In general, 16-17, 60—70 — 26-27 agd 7080 % of MC — 39-40 plant irrigations were carried out dur-
ing the irrigation season on the experiméntyamiant 50-60 % of MC. Inter-irrigation period averaged 10-11, 6-
7 and 4-5 days, respectively.

At the end of the growing season, height, root neck diameter, length, width, leaf area and weight were
determined in all experimentalplants. The rooting ability of introducers was calculated based on the results
of their fall inventory.

The following methods were used for physiological experiments and observations: chlorophyll content
in plant leaves by TN..G6dnev on a spectrophotometer [9]; total water content of leaves — by drying leaves
to constant weight at aytemiperature of 100—105°C; transpiration intensity by A.A. Ivanov [10] and leaf plate
area — by specific area.

Statistical processing of the obtained results was carried out according to the method of G.F. Lakin [11]
with the use of Statgraphics Centurion XVI.I (2011) statistical software package.

Results and Discussion

As the main evaluation indicators of success of agrotechnical variants of field experiments, we consid-
ered the rooting rate and annual height growth of woody plants, the values of which closely depend on both
the yield of quality planting material per unit area and the growth energy of introducers.

In a single-factor field experiment to study the effect of mineral fertilizer application doses on the
growth and development of seedlings with MC, only Gleditsia triacanthos L. took root at 100 % regardless
of the variant values (Table 1). “Good” (80-100 %) on average in the field experiment it is estimated in Ai-
lanthus altissima (Mill.) Swingle and Fraxinus lanceolata Borkh.

Ulmus pumila L., Armeniaca vulgaris Lam., Platycladus orientalis (L.) Franco and Ligustrum vulgare
L. took root “satisfactorily” (50-80 %). “Unsatisfactory” (25-50 %) rooting was characterized by Salix alba
f- pendula and Populus bolleana Lauche. that was due to very late planting of cuttings.
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The difference between the variants of monthly feeding of plants with mineral complex fertilizer is ab-
sent (F< F¢s5) only in two tree species with a weak requirement for soil fertility — Ulmus pumila L. and Ai-
lanthus altissima (Mill.) Swingle. In the other introducers, the difference is significant at 5 % significance
level and there is a steady tendency of increasing the value of rooting as the doses of mineral fertilizers in-
crease from 0 to 100 g/m*. However, the difference between 75 and 100 g/m? variants is insignificant or not
pronounced at all.

For the two-factor field experiment on the effect of irrigation regime and substrate preparation on seed-
ling growth and development, the highest rooting rate (97.9 %) was also found for Gleditsia triacanthos L.
(Table 2). “Good”, by 80—100 %, took root Ulmus pumila L., Ligustrum vulgare L. and Fraxinus lanceolata
Borkh. At Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Platycladus orientalis (L.) Franco
is estimated as “satisfactory” (50—80 %). Very low survival rate was observed in cuttings of Salix alba f.
pendula (17.9 %) and Populus bolleana Lauche. (25.0 %).

Most plants showed a stable tendency of increasing the rooting rate with increasing soil moisture and
peat percentage, but up to a certain level and with different degree of reliability. For factor A the difference
between the variants is reliable (Fg>Fos) for Ulmus pumila L., Platycladusorientalis (L.) Franco, Ligustrum
vulgare L., Gleditsia triacanthos L. and Fraxinus lanceolata Borkh. The other species react weakly to the
increase in soil moisture and there is no statistically significant difference in rooting (¥<Fys). Woody plants
are more responsive to factor B (percentage of peat in the substrate) in terms of rooting. The difference is
significant at 5 % significance level for 6 species out of 9: Ulmus pumila L., Salix¥alba’f. pendula, Populus
bolleana Lauche., Platycladusorientalis (L.) Franco, Ligustrum vulgare L{ andyFraxinus lanceolata Borkh.
(Tab. 2).

Table 1

Adoption rate of woody plants in a one-factor field experiment-on the effect of mineral fertilizer application
doses on the growth and development of seedlings with CRS (in percent)

Variant of experiment
Plants Norms of monthlyfertilization of plants with 'mineral Kemira “Spring-Summer”
complex fertilizer
control 25 g/m’ 50 g/m® 75 g/m® 100 g/m’ Average:
Ulmus pumila L. 55 60 60 70 65 62,0
Statistics: Fg=1.13. Fos=3.26. S, =5.3. S4=7.5. HCPys = 23.8.
Ailanthus altissima (Mill.) Swingle % | 9 | 95 | 95 | 95 | 940
Statistics: Fp=10.62. Fos =3.26. Sy = 2.8. S4= 4.0. HCPys = 12.7.
Armeniaca vulgaris Lam. 60 ‘ 65 ‘ 70 ‘ 80 ‘ 75 | 70,0
Statistics: Fy=4.54. Fos=3.26. S, =3.7. S4=5.2. HCPys = 16.5.
Salix alba f. pendula 5 | 40 | 40 | 45 | 60 | 420
Statistics: Fp=7.24.F¢s=3.26. Sy =3.6. S4= 6.5. HCPys = 20.7.
Populus bolleana Lauche: 25 ‘ 25 ‘ 25 ‘ 35 ‘ 55 | 31,0
Statistics: Fy=13.91. Fo5 =3.26. Sy =2.4. S4= 3.4. HCP¢s = 10.8.
Platycladus orientalis (L.) Franco so | ss | s ] e0 | 65 | 57
Statistics: Fg=3.60. Fos =3.26. Sy = 3.4. S4= 4.9. HCPys = 15.6.
Ligustrum vulgare L. 60 ‘ 60 ‘ 75 ‘ 75 ‘ 70 | 68,0
Statistics: Fy =10.96. Fos =3.26. S, =2.6. S4= 3.7. HCPos = 11.9.
Gleditsia triacanthos L. 100 | 100 | 100 [ 100 [ 100 | 1000
Statistics: Fg =10.00. Fos = 3.26. S, = 0.0. S4= 0.0. HCPys = 0.0.
Fraxinus lanceolata Borkh. 70 ‘ 80 ‘ 80 ‘ 85 ‘ 85 | 80,0
Statistics: Fy =6.80. Fos =3.26. S, =3.3. S=4.7. HCPys = 14.9.
Average: 594 | 650 | 633 | 672 | 694 | 648
Statistics: Fyp=5.42. Fos=3.26. Sy = 3.0. S4= 4.4. HCPys = 14.0.
Note. Fr— actual difference significance criterion; Fos — Fisher's criterion at the significance level of 5 %; S, — generalized mean
error; Sq — mean difference error; HCPys — smallest significant difference at the significance level of 5 %.
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Table 2

Adoption rate of woody plants in a two-factor field experiment on the influence of irrigation regime and
substrate preparation on the growth and development of seedlings with MC (in percent)

Plant, Variant Variant of experience — factor B
Variant of experiment — meaning, Ratio of plant and peat soil in substrate preparation
Factor A % from NV | Control 2:1 1:1 1:2 Average
Ulmus pumila L.
50-60 85 90 85 90 87,5
Pre-watering soil moisture 60-70 60 75 80 95 77,5
70-80 80 90 95 100 91,3
Average: 75,0 85,0 86,7 95,0 85,4

Statistics: Fypa = 44.40. Fosp = 3.23. Fyg = 39.50. Fosp = 2.79. S, =4.4. S4= 6.3. HCPys = 12.6.

Ailanthus altissima (Mill.) Swingle

50-60 65 60 80 75 70,0
Pre-watering soil moisture 60-70 75 70 75 70 72,5
70-80 60 80 85 75 75,0
Average: 66,7 70,0 30,0 73,3 72,5

Statistics: Fya = 0.14. Fosp = 3.23. Fyg = 0.17. Fosg = 2.79. S, = 234. S4 = 33.1. HCPys 5:66%.

Armeniaca vulgaris Lam.

50-60 70 75 65 100 77,5
Pre-watering soil moisture 60-70 75 70 70 100 78,8

70-80 75 80 70 100 81,2
Average: 733 75,0 68,3 100,0 79,2
Statistics: Fya = 186. Fosp = 3.23. Fg = 0.17. Fosp = 2.79. S@g 2.3. S¢% 3.2. HCPys = 6.4.
Salix alba f. pendula

50-60 0 0 35 45 20,0
Pre-watering soil moisture 60-70 0 0 40 45 21,2

70=80 0 0 15 35 12,5
Average: 0,0 0,0 30,0 41,7 17,9

Statistics: Fga = 1.83. Fosa = 3.23. Fyp = 14498t = 2.79. S, = 7.0. S4=9.9. HCPy5 = 19.9.

Populus bolleana Lauche.

50-60 0 45 50 0 23,8
Pre-watering soil moisture 60-70 0 40 55 0 23,8
70-80 0 35 75 0 27,5
Average: 0,0 40,0 60,0 0,0 25,0
Statistics: Fpa = 2.85. Fyfa = 3123. Fyp = 9.57. Fosg = 2.79. S =7.0. S4=9.9. HCPy5s = 19.9.
Platycladus orientalis (L.)¥ranco
50-60 55 70 70 95 72,5
Pre-watering soil moisture 60-70 65 75 80 90 71,5
70-80 80 85 85 100 87,5
Average: 66,7 76,7 78,3 95,0 79,2
Statistics: Fya = 55.90. Fosa = 3.23. Fyp = 187.50. Fosg = 2.79. S, = 1.6. S4=2.2. HCPys = 4.4.
Ligustrum vulgare L.
50-60 75 85 85 90 83,8
Pre-watering soil moisture 60-70 65 80 80 90 78,8
70-80 80 90 90 100 90,0
Average: 73,3 85,0 85,0 93,3 84,2

Statistics: Fya = 19.56. Fosp = 3.23. Fyg = 46.81. Fosp = 2.79. S, =3.6. Sg=5.1. HCPys = 10.2.
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Continuation of Table 2

Plant, Variant Variant of experience — factor B
Variant of experiment — meaning, Ratio of plant and peat soil in substrate preparation
Factor A % from NV | Control 2:1 1:1 1:2 Average
Gleditsia triacanthos L.
50-60 100 95 95 95 96,2
Pre-watering soil moisture 60-70 95 95 100 100 97,5
70-80 100 100 100 100 100,0
Average: 98,3 96,7 98,3 98,3 97,9

Statistics: FQ)A =4.10. F05A =3.23. FQ)B =0.57. FOSB =2.79. SX =1.9. Sd =2.6. HCP05 =5.2.

The value of rooting rate in nursery practice depends very much on the quality of planting material and
observance of optimal planting dates. Therefore, its correlation coefficients with the rate of monthly feeding
of plants with mineral complex fertilizer, pre-watering soil moisture and peat-soil content in the substrate do
not look as convincing as expected, respectively — 0.49; 0.27 and 0.60 (Table 3), which is associated with
the relatively cool and wet summer period of recent years. The same reason can be explained by too compli-
cated derived formulaic relationships of rooting percentage with agrotechnicalyparameters — exponential,
steppe and multiplicative types.

Table 3

Correlation of woody plant establishment with pre-watering soil moistuxe, peéat-soil content in soil substrate and
rate of monthly feeding with mineral complex fertilizer

. . . THe contentiof peat in the soil Feeding rate mineral
Pre-watering soil moisture o
substrate fertilizer
Plants Coefficient

Correlation |Determination| “€orrelation |Determination| Correlation |Determination
Ulmus pumila L. 0.41 097 0.47 0.22 0.51 0.26
Ailanthus altissima (Mill.) Swingle 0.14 0.02 0.14 0.02 0.33 0.11
Armeniaca vulgaris Lam. 0.01 0.00 0.92 0.85 0.76 0.57
Salix alba f. pendula 0.22 0.05 0.67 0.45 0.22 0.05
Populus bolleana Lauche. 026 0.07 0.62 0.38 0.90 0.81
Platycladus orientalis (L.) Franco 046 0.21 0.80 0.64 0.62 0.38
Ligustrum vulgare L. 043 0.18 0.67 0.45 0.45 0.20
Gleditsia triacanthos L. 0739 0.15 0.17 0.03 0.00 0.00
Fraxinus lanceolata Borkh. o4 0.02 0.91 0.83 0.61 0.38
Average: 0.27 0.07 0.60 0.36 0.49 0.24
Critical value of the correlationeoeftiz
cient at the significance léveliof 5% 0.27 ) 0.27 ) 0.44 )

Judging by the graphical representation of the derived regression equations, the increase in rooting rate
with the growth of the selected agrotechnical factors is clearly visible. However, at detailed analysis of re-
search materials it can be stated that the most preferable for its value are the following variants of field ex-
periments: maintenance of pre-watering level of soil moisture within 70-80 % of CM, mixing of vegetable
and peat soil in the ratio of 1: 1 and monthly feeding with mineral complex fertilizer at the rate of 75 g/m”.

According to the value of height increment, the difference between the variants in the single-factor field
experiment is significant at 5 % significance (FgFs) for all species of woody plants (Table 4). According to
the reaction of height increment to the increase in doses of mineral fertilizer feeding, the introducers are di-
vided into two types:

- “increasing” (from 0 to 100 g/m”) — Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam.,
Salix alba f. pendula, Populus bolleana Lauche., Ligustrum vulgare L., Gleditsia triacanthos L.; and

- “variable” (with a maximum at the variant 75 g/m®) — Ulmus pumila L., Platycladus orientalis (L.)
Franco and Fraxinus lanceolata Borkh.
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Table 4

Height increment of woody plants in a one-factor field experiment on studying the effect of mineral fertilizer
application doses on the growth and development of Seedlings with CRS (in cm)

Variant of experiment
Plants Norms of monthly fertilization of plants with .mineral Kemira “Spring-Summer”
complex fertilizer

control control control control control control
Ulmus pumila L. 18.5 30.4 273 41.2 39.9 315
Statistics: Fy = 350.00. Fos = 3.26. S, = 1.6. S= 2.2. HCPys = 7.0.
Ailanthus altissima (Mill.) Swingle 90 | 104 | 133 | 147 | 159 | 127
Statistics: Fy, = 45.00. Fos =3.26. S, = 1.1. S¢= 1.6. HCPys = 5.1,
Armeniaca vulgaris Lam. 30 | 150 | 230 | 239 | 309 | 192
Statistics: Fy = 113.75. Fos = 3.26. S, = 1.0. S¢= 1.4. HCPys = 4.5.
Salix alba f. pendula 397 | 654 | 681 | 905 | 41008 | 729
Statistics: Fy=27.52. Fos =3.26. S, = 4.1. S= 5.8. HCPys = 18,4,
Populus bolleana Lauche. 90 | 239 | 479 | 454N\ %60 | 344
Statistics: Fy = 26.60. Fos =3.26. S, =3.2. S= 4.5. HCP&Z= 142,
Platycladus orientalis (L.) Franco 104 | 104 | 18 [£204 | 200 | 146
Statistics: Fy = 21.62. Fos =3.26. S, = 1.4. Si= 2, 07HCPys = 6.4,
Ligustrum vulgare L. 79 | 157 | 200 300 | 381 | 241
Statistics: Fy = 10.78. Fos = 3.26. S, = 2%8, Sy=3.9. HCPys = 12.4.
Gleditsia triacanthos L. 209 | 262 434 | 405 | 452 | 328
Statistics: Fy = 6.32. Fos = 3.26. Si= 32. S=4.5. HCPys = 14.2,
Fraxinus lanceolata Borkh. 155 | W54 3 152 | 188 | 186 | 167
Statistics: Fy=4.67. Fos=3.26.8¢20.9. S,= 1.2. HCPys = 3.8,
Average: 149 W 236 | 297 | 362 | 395 | 288
Statistics: Fy = 6.74¢Fp= 326. S, = 2.1. S¢=3.0. HCPys = 9.5.

In the two-factor experiment, the, combination of soil moisture and the percentage of peat in the sub-
strate also had a statistically significant éffect on the growth of the overwhelming majority of taxa, except for
Armeniaca vulgaris Lam. (factors A afid B) and Populus bolleana Lauche (factor B). However, different var-
iants are optimal for their growthivigor (Table 5):

- For Ulmus pumila In(295% cm), Salix alba f. pendula (66.4 cm) — pre-watering moisture threshold of
60-70 % of MC and ratio"of ratite and peat soil in the substrate 1: 1;

- Ailanthus altisStimaMill.) Swingle (26.9 cm) and Gleditsia triacanthos L. — 70-80 and 1: 2, respec-
tively;

- Ligustrum vulgare L. (23.3 cm) and Fraxinus lanceolata Borkh. (42.8 cm) — 60-70 and 1: 2;

- Armeniaca vulgaris Lam. (20.9 cm), Platycladus orientalis (L.) Franco (21.7 cm) and Populus
bolleana Lauche. (40.7 cm) — 70-80 and 1: 1.

Annual height growth is characterized by a more pronounced variation (up to 47.7-94.1 %) in the vari-
ants of the experiment compared to the rooting rate, and its dependence on agrotechnical variants looks much
tighter. Thus, if the correlation coefficient of rooting percentage with the rate of monthly feeding of woody
plants with mineral complex fertilizer is 0.49, pre-watering soil moisture — 0.27 and the content of peat in
the soil substrate — 0.60, then the height increment — respectively: 0.84; 0.35 and 0.62 (Table 6). These
agrotechnical factors, judging by the value of the coefficient of determination, determine up to 69-95 % of
all changes in growth energy by height.
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Table 5

Height increment of woody plants in a two-factor field experiment on the influence of irrigation regime and
substrate preparation on the growth of seedlings of CRS (in centimeters)

. . Variant Variants of experiments — factor B
Plant, variant of experiment — - - -
Factor A values, Ratio of plant and peat soil for substrate preparation
% Control 2:1 1:1 1:2 Average
Ulmus pumila L.
50-60 15.5 13.5 19.7 16.7 16.4
Pre-irrigation soil humidity 60-70 20.4 29.3 29.7 25.0 26.1
70-80 11.4 11.7 19.7 16.9 14.9
Average: 15.8 18.2 23.0 19.5 19.1
Statistics: Fya = 197.00. Fgsp = 3.23. Fyg = 36.67. Fos5 =2.79. S, =0.8. S4=1.2. HCPys = 2.4.
Ailanthus altissima (Mill.) Swingle
50-60 11.2 11.1 17.1 18.6 14.5
Pre-irrigation soil humidity 60-70 11.9 7.3 17.9 20.7 14.5
70-80 13.6 12.7 17.9 26.9 17.8
Average: 12.2 104 22.1 15.6
Statistics: Fd)A =3.47. F05A =3.23. Fd,)B =22.27. F05B =2.79. SX =1.9. Sd =2.. HCP05¢ .
Armeniaca vulgaris Lam.
50-60 9.8 16.0 13.4
Pre-irrigation soil humidity 60-70 3.8 10.8 9.5
70-80 6.1 20.9 15.3 13.2
Average: 6.6 17.9 14.0 12.0
Statistics: Fya = 1.86. Fosa =3.23. Fyp = 0.17. Fosp =2.79. S, = 2.3s Sa= Pos = 6.4.
Salix alba f. pendula
- 24.4 63.8 44.1
Pre-irrigation soil humidity - 33.5 65.6 49.6
- 31.5 66.4 49.0
Average: - 29.8 65.3 47.5
Statistics: Fya = 449.26. Fsa =3.23. Fyg = 309.84. Fy 3.1. HCPys = 6.2.
Populus bolleana Lauche.
0 - 31.4 37.9 - 34.7
Pre-irrigation soil humidity - 343 37.7 - 36.0
- 33.9 46.6 - 40.3
Average: - 33.2 40.7 - 37.0
Statistics: Fd)A =5.38. F05A =3, . FOSB =2.79. Sx =15.2. Sd =21.6. HCP05 =434.
Platycladusorientalis (L.) Fran
50-60 9.1 12.5 8.7 12.4 10.7
Pre-irrigation soil hu, 60-70 9.7 12.7 12.1 14.1 12.2
70-80 19.1 12.2 21.7 16.5 15.9
Average: 10.6 12.5 14.2 14.3 12.9
Statistics: Fd)A =48.00. F05A =3.23. FQB =21.60. FOSB =2.79. Sx =1.1. Sd =1.6. HCP05 =3.2.
Ligustrum vulgare L.
50-60 6.0 10.7 14.0 14.8 11.4
Pre-irrigation soil humidity 60-70 11.1 13.8 30.5 42.8 24.6
70-80 11.2 13.9 33.1 36.3 23.6
Statistics: Fd)A =432.50. F05A =3.23. FQB =651.00. FOSB =2.79. SX =0.7. Sd =1.0. HCP05 =2.0.
Average: 9.4 12.8 25.9 313 19.9
Gleditsia triacanthos L.
50-60 18.5 26.7 28.8 41.9 29.0
Pre-irrigation soil humidity 60-70 15.6 19.3 27.8 58.6 30.3
70-80 19.7 233 30.0 69.2 35.6
Average: 17.9 23.1 28.9 56.6 31.6

Statistics: Fd)A =299.20. F05A =3.23. FQB =284.33. FOSB =2.79. SX =1.5. Sd =2.1. HCP05 =4.2.
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Continuation of Table 5

. . Variant Variants of experiments — factor B
Plant, variant of experiment — - - -
Factor A values, Ratio of plant and peat soil for substrate preparation
% Control 2:1 1:1 1:2 Average
Fraxinus lanceolata Borkh.
50-60 2.2 20.8 15.0 16.0 13.5
Pre-irrigation soil humidity 60-70 2.1 16.1 15.7 254 14.8
70-80 5.5 18.8 19.6 23.3 16.8
Average: 33 18.6 16.8 21.6 15.0
Statistics: Fya = 3.38. Fysa = 3.23. Fyp = 60.54. Fosg = 279. S, = 1.8. Sy = 2.5. HCPy5 = 5.0.
Average for all plant species: 10.8 17.3 23.9 30.6 20.6
Statistics: Fya = 44.40. Fosa = 3.23. Fpp = 39.50. Fosp = 2.79. S, =4.4. Sy = 6.3. HCPys = 126.

Table 6

Correlation of height increment of woody plants with pre-watering soil moisture, peat-soil content in soil
substrate and rate of monthly feeding with mineral complex fegtilizer

e . . ... | The content of peatin the |"Rate of fertilization with
Pre-irrigation soil humidity . . o
soil substrate mineral fertilizer
Plants -
Coefficient
Correlation| Determination | Correlation j@P8&termination | Correlation | Determination

Ulmus pumila L. 0.81 0.66 0.43 0.18 0.97 0.94
Ailanthus altissima (Mill.) 0.24 0.06 0.75 0.56 0.79 0.62
Swingle
Armeniaca vulgaris Lam. 0.10 0.01 0:92 0.85 0.97 0.94
Salix alba f. pendula 0.69 0.48 0.71 0.50 0.90 0.81
Populus bolleana Lauche. 0.45 0.20 0.37 0.12 0.94 0.88
Platycladus orientalis (L.) Franco 0.77 0.59 0.36 0.13 0.80 0.64
Ligustrum vulgare L. 0.51 0.26 0.77 0.59 0.74 0.55
Gleditsia triacanthos L. 0,.52 027 0.38 0.14 0.81 0.66
Fraxinus lanceolata Borkh. 0.17 0.03 0.87 0.76 0.63 0.40
Average: 0.35 0.12 0.62 0.38 0.84 0.70
Critical value of the correlation
coefficient at the significance 027 - 0.27 - 0.44 -
level 5 %

The graphs constructed agcording to the derived formulas on the data averaged for all experimental
plants reflect only @ general™fend of growth increase with increasing values of the selected agrotechnical
parameters. At the saie time, taking into account the need to save organic and mineral fertilizers, we con-
clude that the most faverable conditions for the growth of introducers in height are created by combining
such variants of field experiments as: mixing vegetable and peat soil in the ratio of 1:1, monthly feeding with
mineral complex fertilizer at the rate of 75 g/m” and maintaining pre-watering threshold of soil moisture —
70-80 % of MC.

Leaf plate size and physiological parameters of growth and development were studied as additional in-
dicators to rooting and height increment in order to reveal regularities of woody plants reaction to changing
habitat conditions under the influence of artificially created agrotechnical factors depending on their biologi-
cal properties and needs and adaptive qualities.

In principle, the extreme variant values of soil moisture and fertilizer application doses for the experi-
mental taxa are within the limits of habitual growing conditions, but they should be strongly manifested on
their habitus and morphophysiological characteristics. However, in both one- and two-factor field experi-
ments, the relationship between the variants in terms of leaf size, weight, and area generally follows the same
pattern as the difference in height increment, but in a less pronounced manner. With increasing percentage of
peat-soil in the substrate and norms of mineral fertilizers application, there is only a tendency to increase all
leaf parameters, and low soil moisture leads to the development of its xeromorphic structure.
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The raw weight of leaf lamina was chosen as an integral indicator of leaf morphology of woody plants.
Among the experimental species, the correlation (r = 0.89-0.93) of weight dependence with the dose of min-
eral fertilizer application was confirmed only in three species: Ailanthus altissima (Mill.) Swingle, Salix alba
f- pendula, Populus bolleana Lauche. and Ligustrum vulgare L. In other taxa, the relationship with this agro-
nomic factor is not significant at 5 %, especially in common apricots (r = -0,40).

In the two-factor field experiment, the correlation of leaf weight with pre-watering soil moisture is sta-
tistically reliable (r = 0.94) only in Populus bolleana Lauche. as a moisture-loving species; with the content
of peat in the soil substrate — Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Salix alba f.
pendula v Ligustrum vulgare L. (r = 0,94).

Among physiological indicators of woody plants, transpiration is one of the main ones from the point of
view of habitat improvement in the Mangistau desert. The issue of physiological water yield is also relevant
because in conditions of soil moisture limit, the process of maximizing plant productivity is reduced to sim-
ultaneous optimization of solar radiation absorption and water consumption through transpiration. Moreover,
transpiration is an integral physiological process of plant organism and is extremely necessary for its vital
activity as a protective mechanism against leaf overheating under direct exposure to sunlight, as a creator of
continuous flow of water and mineral nutrients from the root system to other anatomical organs.

In our experiments, according to the average values of transpiration intensity,(TI), all introducers were
divided into two groups: weakly transpiring (less than 200 mg/g of raw leaf weight pérhour) — Platycladus
orientalis (L.) Franco; medium-transpiring (200—500 mg/g of raw leaf weight pex hour)&— Ulmus pumila L.,
Salix alba f. pendula, Ligustrum vulgare L., and Fraxinus lanceolata Borkh{

Since transpiration is the final stage of irrigation water cycle in soillandsplant, its conjugation with soil
moisture and closely related leaf water content is undoubted even fi6t the logical point of view. This has
been experimentally confirmed by a number of authors [12—15]. With decreasing soil moisture, the level of
transpiration decreases. The less water in the soil, the weaken the,water supply of the plant. Reduction of wa-
ter content in the plant organism automatically reduces the transpiration process due to the auricular and
extraauricular regulation.

According to the data of correlation analysis, soil moisture determines only 22.0 % of changes in tran-
spiration intensity (r = 0.39), which is less than expected and is primarily due to its dependence on other fac-
tors, especially meteorological (light intensity,, relative” humidity and air temperature, wind speed, etc.).
Moreover, for different woody plants the correlation coefficient varies in very wide ranges — from 0.15 to
0.88. Its maximum value was recorded forthe tfee of mesophytic series — Salix alba f. pendula. The close-
ness of TI correlation with the rate of monthly feeding with mineral fertilizer (r = 0.15) and the content of
peat-soil in the substrate (r = -0.11) is“@yen"fower, and its change with the growth of these factors is practi-
cally inconsistent with the data on plant height increment.

In the process of researeh, the ‘centent of chlorophyll in leaves, which is the most important component
of their photosynthetic appazatus, Was also determined. The relationship between photosynthesis and water
regime is mainly due to the influénce that water has on the whole complex of processes of plant organism
vital activity. It is nefed}in pasticular, suppression or enhancement of synthesis of green pigments. Preserva-
tion of plant viabilitydinder water deficiency is closely related to the functioning of pigment systems. The
determining factor affeeting the pigment complex of leaves is water availability. Plants with high drought
tolerance lose less water and their chlorophyll is more stable [16]. Considering that protein substances play a
major role in the development of water-holding capacity of tissues and that a significant part of proteins, es-
pecially soluble proteins, is concentrated in chloroplasts, we can assume the influence of chlorophyll content
on water-holding capacity and its relationship with lipoprotein complexes [17].

According to the materials of our studies, the change in chlorophyll content in leaves with the growth of
variant values of mineral fertilizer rates, soil moisture and the ratio of vegetable and peat soil in the substrate
almost completely coincides with the growth in height. Thus, in the single-factor experiment, when increas-
ing fertilizer rates from 0 to 100 g/m’, the percentage of chorophyll per raw leaf weight increases from 0.47
to 0.66 on average. Increasing the pre-watering threshold of soil moisture from 50-60 to 70-80 % of MC in
the two-factor experiment is accompanied by an increase in the content of this pigment from 0.49 to 0.55-
0.70, and the percentage of peat in the substrate from 0 to 67 (1: 2) — from 0.53 to 0.63 %. It is interesting to
note that coniferous trees are more saturated with chlorophyll (0.70 %) compared to deciduous trees (0.50-
0.58 %) regardless of the values of agrotechnical factors.

Judging by the results of correlation analysis, chlorophyll formation is more significantly influenced by
the improvement of soil nutrient regime through the application of complex mineral fertilizers than by the
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irrigation regime and the method of substrate preparation. The correlation coefficient of its content with the-
se factors is, respectively, 0.78; 0.45 and 0.45. The chlorophyll content of Salix alba f. pendula is most close-
ly related to the rate of fertilization (r=0.94) and Ligustrum vulgare L. (0.95), with pre-watering humidity —
Ulmus pumila L. (0.75), Salix alba f. pendula(0.76) and Platycladus orientalis (L.) Franco (0.53) and with
the percentage of peat in the substrate — Ulmus pumila L. (0.56), Salix alba f. Pendula (0.58) and Ligustrum
vulgare L. (0.68).

For both field experiments, we also calculated correlation and determination coefficients of height in-
crement, as the main indicator of success of growing conditioned planting material, with transpiration rate
and chlorophyll content. Due to high variability and strong dependence on meteorological factors, the corre-
lation of transpiration intensity with the value of growth is generally unreliable at the 5 % level of signifi-
cance (r=0.11-0.18), and chlorophyll content, on the contrary, is at a fairly high level (=0.61-0.79). Thus, the
saturation of leaves with this pigment is a rather reliable physiological indicator of successful growth and
development of plants with CRS.

Due to sufficiently high correlation of chlorophyll content (CHL) with agrotechnical factors, it was pos-
sible to derive reliable by significance regression equations of exponential and multiplicative type averaged
for the whole group of experimental plants. The formula relationship between CHL and mineral fertilizer
application rates is characterized by a gradual increase in the dependent variable uptto the rate of mineral
fertilizer application 35-40 g/m’, then its value begins to increase rapidly and téach@sjat 100 g/m* 0.70 %.
The dependence of CHL and pre-watering soil moisture is close to linear in_appearance, but a little bent at
the value of soil moisture 65 % of MC. According to the graph of the relatignship Between CHL and the con-
tent of peat in the soil substrate clearly shows that a sharp increase in the firstaparameter occurs when chang-
ing the second in the range from 50 to 80 %, but still in percentage teffiis, the content of chlorophyll changes
here insignificantly — no more than 0.04 %.

It should be noted that in recent years, to study the effectiveness of the use of various moisture-retaining
materials in the cultivation of seedlings with a closed root system inthe container nursery, another one-factor
field experiment was also laid in 5 variants: 1) controly(withoutshelter); 2) Zeba super-sorbent; 3) gravel; 4)
sewage treatment plant sludge and 5) sawdust with the imyoluement of 10 species and forms of woody plants:
Platycladus orientalis (L.) Franco, Ulmus pumila, L., JAilanthus altissima (Mill.) Swingle, Armeniaca
vulgaris Lam., Gleditsia triacanthos L., Salix glba fpéndula, Morus alba L., Sophora japonica L., Salix
alba f. piramidalis and Ligustrum vulgare L.

Due to the autonomy of the root systemsin the presence of a container, localization of irrigation and dif-
ferences in bioecological properties, the, selected woody plants reacted differently to the type of water reten-
tion material used. At the same time, the géfieral trend is that they take root better in the Zeba option, and
grow faster in height when covered with sewage sludge due to additional supply of nutrients. The greatest
water saving occurs when sawddst issused — 77.8 % (about 5000 m*/ha) and almost equally — sludge and
gravel 83.5-84.4 % (3000—3200:i ).

According to the conducted evaluation of economic efficiency, the incurred costs for all variants of the
field experiment argffecoupedsin one period of vegetation, but with a significant difference in profitability
between the use of super-sorbent Zeb (5.7 %) and other types of sheltering materials. The best economic in-
dicators have the use offsawdust (46.6 %) and sludge (41.9 %).

Conclusion

Thus, based on the analysis of the obtained research material it was concluded that the following
agrotechnical practices are the most preferable in terms of biometric and physiological indicators of growth
and development of woody plants: 1) — maintenance of pre-watering level of soil moisture within 70-80 %
of NV, 2) — mixing of vegetable and peat soil in the ratio of 1: 1 and 3) — monthly feeding with mineral
complex fertilizer at the rate of 75 g/m*.The most effective in the conditions of the Mangistau desert to pre-
vent evaporation of moisture under green plantations are such covering materials as Zeb super-sorbenta,
sludge of sewage treatment plants and gravel of medium and fine fractions.

In recent years, the results of research have been successfully tested in the mass propagation of 107
species, forms and varieties of the most promising introducers from 32 genera and 17 families (a total of
65340 containers). In general, the creation of the first specialized nursery in the region on the basis of the
MEBG with the application of scientifically sound cultivation technology will contribute to meeting the
needs of horticultural and landscaping organizations in seedlings and seedlings of high quality and a wide
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range of assortment to solve, ultimately, the problems of increasing the productivity of horticultural and
landscaping organizations.
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N.®. benozepos, H.A. Tenen, ®.Y. OmipbaeBa, A.A. Hazaposa, C.)K. beprenkysnosa

AybUIIIAPYANIBUIBIFBIH OCIPY TEXHOJIOTUSICHIH OHTANJIAHABIPYAbIH Heri3ri
O0arpITTapbl Ka0bIK TAMBIP KYHeci 0ap aram eciMIiKTepiHiH KomeTTepi
MamnrpicTay IOJIHIH KYPFAK KaFaaibIHIA

3epTTey JKYMBICHIHBIH MaKcaTbl — MaHFBICTay/IbIH KYpFaK JKarJalblHIa jkaObIK TaMblp JKyHeci Gap aramr
OCIMJIIIKTEpiHIH KOUIeTTepiH ©ocipy arpoTeXHHMKACBIHBIH JajajblK TKIpUOENepiH OTBIPFBIZY apKbLIbI
OHTalnaHaplpy. JKuHanraH 3epTTey MaTepUasblHbIH [JUCICPCUSUIBIK JKOHE KOPPEIALMSIBIK Tallaybl
HeTi3iH/e Kelleci arpOTeXHUKAJIBIK 9/IICTep arall eCiMIIKTepiHiH ecyl MEH JaMybIHBIH OHOMETPHSUIBIK JKOHE
(DUBHOJIOTUANBIK KOPCETKIITepi OOMBIHIIA €H KOJAaWiIbl JereH KOPBITBIHABI JKacalifaH: 1) TOMBIpaK
BUTFaJIIBLIBIFBIHBIH JIIBIH-aJIa JCHIeHiH TOJBIK JANIANbIK BUFaN CHIMBIMABLIBIFBIHEIH 70-80% merinae ycran
Typy, 2) 1:]1 KaThIHACHIHIA OCIMIIK IEH MIEIMTE3eK TONBIPAFBIH ApANacTEIPy JKoHe 3) 75 /M’ Memmepine
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MHHepa/ibl KeIICH i THIHANTKBIIIIICH aif callblH KYHapiaaHAbIpy. MaHFbICTay 116 JKaFaibIHAa KAChUT HKe-
JICKTep aCTHIHIAFbl bUIFANBIH OylaHyblH OonaplpMmay YUIiH eH Tuimzici 3e0 cymepcopOeHTiH, TazapTy
KOHJBIPFBIIAPHIH OPHATY JKOHE OpPTa JKOHE YCaK (hpaKnMsIIapAbIH KUBIPIIBIK TACTAPhl CHAKTHI JKaOBIH MaTe-
puanzapsl. 3epTrey HOTIXKeNepi 32 TyKpiMaac xoHe 17 TysICThIH (0apibiFel 65 340 KoHTEHHep) eH MepcIek-
TUBAJIBI HHTPOIYKIMSUIBIK eciMaikrepain 107 TypiH, ¢opmanapsl MeH COpTTaphIH XKammail keOeHTy Ke3inae
COTTI CHIHAKTAH OTTI.

Kinm coe30ep: oHTainaHapIpy, aybUIIapyaIlblIbIK TEXHOJIOTHSCH, arall oCiMJIIKTep, KOIeTTep, KOHTeHHep-
Jep, ericTik Taxipubeci, TIpIILTIK €Ty AeHTreli, ocy.

N.®. benozepos, H.A. Tonen, @.Y. Ymupbaena, A.A. Hazaposa, C.)K. beprenkyinosa

OcHoOBHbIE HATIPABJICHNS] ONTHUMM3ALUM ATPOTEXHUKHU BbIPAIIUBAHUSA Ca’KEHIIEB
JApeBeCHBIX PACTEHUI ¢ 3aKPbITOIl KOPHEBOH CHCTEMOI B aPUJIHBIX YCJIOBHAX
nycTroiHu MaHrucray

Ilens HAcCTOSIETO HMCCIICNOBAHMS — ONTUMM3ANIMSA IyTEM 3aKJIAJAKHA MOJIEBBIX OIBITOB arpOTEXHHUKH
BBIPAIMBAHMS CAXEHIIEB JPEBECHBIX PACTCHUH C 3aKPBITON KOPHEBOW CHUCTEMOW B apUEHBIX YCIOBHSX
Manrucray. Ha ocHOBE IHMCIEPCHOHHOTO M KOPPEJALHMOHHOTO aHalInM3a COOPaHHORO MEEICHOBATEIHCKOTO
Matepuaia clieJaH BBIBOJ O TOM, 4TO HanboJiee NPEeANOUTHTENbHBIMHE 0 OMOMETPHNUECKHM H QH3HOIOrHYe-
CKHM TI0Ka3aTelsIM POoCcTa U Pa3BUTUs APEBECHBIX PACTEHUH SIBISIOTCS CIEIYIOIINE ARPOTeXHUIECKUe MpHe-
MBI: 1) momaepKuBaHWE MPEIIOINBHOIO YPOBHS MOYBEHHOW BIaXXHOCTH B mpeacaax #0—-80 % oT momHOMI
TIOJIEBOH BIATOEMKOCTH; 2) CMEIIMBAaHWE PACTHTEIBHOTO M TOp(sHOro rpyfita B cooTHomenun 1: 1 u 3)
@KEMECSIHAs TIOAKOPMKA MHHEPATbHEIM KOMIUICKCHBIM yIoGperueM u3_pacdera 75 r/m’. CaMbiMu d¢dek-
THUBHBIMH B yCJIOBHSIX ITyCTHIHM MaHTuCTay JUIsl IPEXOTBPAILCHUS UCIAPECHY Bard MOJ 3€JICHBIMH HACaX-
JICHUSIMU SIBIISIIOTCS TaKUE YKPBIBHBIE MaTepHalibl, Kak cyrnepcopoeHT(3e0@, 06a 10K OYMCTHBIX COOPYKEHUH 1
rpaBHil cpeaHel U MeJIkol (pakuuy. Pe3ynbTaTsl HCCIeJOBaHMIA QBUIMA\YCIICIITHO allpOOUPOBAHbI TP MPOBE-
JEHUH MaccoBOro pasmMHokeHus 107 BUIOB, GopM U COPTOB HAWOOJISE) IEPCIICKTHBHBIX MHTPOLYLIEHTOB M3
32 ponoB u 17 cemeiictB (Bcero 65340 koHTEHHEPOB).

Kniouesvie cnosa: onTUMU3alus, arpoTeXHUKA, APCBOCHBIGYPACTECHUS, CAKEHIIBI, KOHTEHHEPHI, IOJIEBOH
OTIBIT, IPHKUBAEMOCTbD, TIPUPOCT.
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