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Applied research methods Description

" The aim:
to determine the optimal stimulants, their
concentration and exposure time for pre—sowing
treatment of common pine seeds to increase their
germination and obtain high—quality planting
material.

= The studies were conducted in the two forest

nurseries areas:

i. The State Forest Natural Reserve (SFNR) “Ertis Ormany” .
ii. The Arykbalyk branch of the State National Natural Park (SNNP) “Kokshetau” .



SFNR “Ertis Ormany” and the Arykbalyk branch
of the “Kokshetau

= SFNR “Ertis Ormany” is located in the dry steppe
subzone.

 The Arykbalyk branch of the “Kokshetau” SNNP is
located in the forest—steppe zone with a sharply

continental climate, which is characterized by dry and
hot summers.



Pine seedlings

v’ Soaking the seeds of common pine for 5 minutes using the
biostimulator “Extrasol” in two concentrations — 0.1—
0.05%.

v’ Spraying seeds with “Extrasol” with similar concentration.

v’ Soaking seeds in the bio—stimulator “Humate + 7 trace
elements” for 18 and 24 hours.

v Soaking seeds in the “HDD” stimulator for 5 minutes.
v’ Spraying seeds with the “HDD” stimulator.
v' Irrigation of the soil with the “EridGrow” soil activator.
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Table 1. Statistical indicators of pine height in cm for the nursery
SNNP “Kokshetau”, the first year of plant life, 2016

Stimulator
Ex Ex Ex Ex Ernd
trasol trasol trasol trasol Grow  Hu Hu

Indicator 0.05 0.1 0.1 00> HDD HDD imiga mate mate Cont-

5 Smin sprav Omin sprav sprav o min -tion 18hr  24hr rol
Mean 2786 2627 2635 2670 2824 2731 2825 2977 25373 2481
Median 2700 2500 2500 2600 2800 2600 2800 2800 25300 2200
Mode 2300 2500 2500 2800 2300 2300 2500 2500 2300 2200
sSD 077> 0786 0811 0867 0840 0769 0913 0948 079> 00978
Kurtosis 05367 2061 0068 0114 0039 0098 0248 0565 0691 0019
Skewnes
5 0.173 0762 0474 05367 042> 0367 0365 0786 0706 0772
Minimu
m 1.200 1.000 1000 0800 1000 1200 1000 1400 1000 02900
Maximu
m 4500 65300 5000 33500 5400 5100 3500 6300 5500 5600
Sample
size 202 200 200 202 204 203 203 203 201 200



Table 2. Statistical indicators of pine height in cm for the nursery
SNNP “Kokshetau”,
the second year of plant life.

&)
Stimulator
Ex Ex Ex Ex End
trasol trasol trasol trasol Grow Hu Hu
Indicator 0.05 0.1 0.1 0.05 HDD HDD imiga mate mate Cont-
s Smin spray Smin sprayv sprav Smin -tion 18hr 24hr rol

Mean 7.738 7.063 6.350 6.963 7.263 7.338 8.575 8.150 7.563 6.250
Median 7.500 6.500 6.000 6.500 7.000 7.000 8.000 7.750 7.500 5.750
Mode 7.000 4.000 5500 6.000 7.000 6.000 9.000 6.000 6.000 5.000

SD 2970 2615 1840 1809 1536 1956 1966 2179 2410 2589
Kurtosis 1.507 0.549 0.242 0.225 0.188 0.105 0.277 1413 0.352 0.845
Skewnes

s 0.792 0.827 0.566 0665 0.257 0360 0583 0.199 0458 0.367
Minimu

m 2.000 3500 3.000 3500 4500 3500 5000 5000 3500 2000
Maximu 1700 1500 1100 1150 1100 1200 1400 1150 1300 11.50
m 0 0 0 0 0 0 0 0 0 0
Sample

size 40 40 40 40 40 40 40 40 40 40

Q



Table 3. Statistical indicators of pine height in cm for the nursery
SFNR “Ertis Ormany”, the first year of plant life

Stimulator

Ex Ex Ex Ex Erid

trasol trasol trasol trasol Grow Hu Hu
Indicator 0.03 0.1 0.1 0.05 HDD HDD imiga mate mate Cont-
5 Smin sprav Omin spray sprav Smin -tion 18hr 24hr  rol
Mean 4481 4044 5044 4287 4677 4132 4939 4228 4144 4600
Median 4500 4000 4500 4000 4500 4000 3000 4000 4000 4500
Mode 4.000 4000 4000 4000 5000 3500 4000 4000 4000 4000
sD 1.080 1080 1360 0994 0837 0748 0918 0792 0E861 1.142
Eurtosis 0.118 0026 058> 1442 0543 0722 0934 0643 3372 0300
Skewnes
5 0366 0449 0309 0817 0164 0026 0110 0183 1293 05316
Minimu
1 2500 2000 2500 2500 3000 2500 3000 3000 23500 2500
Maximu
m 7.500 6500 E§300 EO000 6300 3500 6500 6000 7300 7300
Sample
size 80 80 80 75 g2 79 g2 79 80 75



Table 4. Statistical indicators of pine heightin cm for the nursery

SFNR “Ertis Ormany”,
the second year of plantlife
-+
Stimulator
Ex Ex Ex Ex Erid
trasol trasol trasol trasol Grow Hu Hu
Indicator 0.05 0.1 0.1 0.05 HDD HDD imiga mate mate Cont-
s Smin sprayv Smin spray sprav S min -tion 18hr 24hr rol
11.69 1532 1129 113} 1170 1352 3445 1363 1241 1158
Mean 4 6 5 0 2 5 0 8 3 7
11.00 1600 1125 1125 1125 1350 1400 1400 1250 11.00
Median 0 0 0 0 0 0 0 0 0 0
11.00 13.00 10.00 13.50 12.00 14.00 11.00
Mode 0 0 0 7.500 6.000 0 0 0 8.000 0
SD 4076 3.197 3.109 4412 4064 3402 3099 2658 3924 3.172
Kurtosis 1.128 0.801 0.353 0.541 0067 0421 0461 0060 1.087 0.784
Skewnes — — —
s 0.004 0385 0.139 0443 0496 0429 0.756 0413 0279 0417 [ChartAre
Minimu 10.00
m 5000 7.000 5.500 4000 6.000 6.500 0 7.000 6.500 7.000
Maximu 1900 2150 1900 2200 2300 2300 2050 18.00 20.00 18.00
m 0 0 0 0 0 0 0 0 0 0
Sample
size 31 23 40 42 42 40 20 40 40 40



Figure 1. The height of annual plants in two nurseries: R — SFNR “Ertis
Ormany”, A—SNNP “Kokshetau”
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Figure 2. The height of biennial plants in two nurseries:
R — SFNR “Ertis Ormany”, A — SNNP “Kokshetau”
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Table 5. Parameters of bootstrap distribution of pine’s height in cm for
the nursery SFNR “Ertis Ormany”, the first year of plant life

Ex Ex Ex Ex End

trasol trasol trasol trasol Grow  Hu Hu

005 0.1 01 00> HDD HDD imga mate mate Contr

sprav  sprav  omin Smin  spray  Omin —tion  18hr  2dhr ol
Mean 4287 4144 5003 4481 4672 4162 4969 4218 4244 4610
Medi
an 4286 4043 5043 4481 4676 4152 4940 4228 4143 4600
Mode 4230 4000 53000 4500 4680 4167 4942 4250 4167 4500
sD 0066 0070 0088 0070 0033 0049 0039 0032 003 0077



Table 6. Parameters of bootstrap distribution of pine’s height in
cm for the nursery SFNR “Ertis Ormany”, the Second year of

plant life
Ex Ex Ex Ex End
trasol trasol trasol trasol Grow Hu  Hu
0.05 0.1 0.1 005 HDD HDD imiga mate mate Contr
spray spray Omin Omin spray Omin -tion 18hr 24hr ol

1130 15.11 1128 1169 11.71 1352 1456 1363 1241 1158
Mean S 2 4

Medi 1130 1532 1129 1169 11.70 1352 1445 13.63 1240 1158
an 9 8 3 7 1 - 0 9 9 7
1132 1550 1120 1150 11.70 1350 1450 1350 1250 11.50
Mode 0 0 0 0 5 0 0 0 0 0
2

SD 0.280 0.272 0203 0302 0.260 0.222 0282 0.172 0.255 0.207



Table 7. Parameters of bootstrap distribution of pine’s height in cm for the
nursery SNNP “Kokshetau”, the first year of plant life

Ex Ex Ex Ex End

trasol trasol trasol trasol Grow Hu  Hu

005 01 01 005 HDD HDD imga mate mate Contr

sprav - sprav omin Omin  spray  omin —tion 18hr  2dhr ol
Mean 2789 2629 2634 2678 2831 2726 2829 20980 2369 2480
Medi
an 2790 2626 2634 2677 2831 2726 2829 20980 2369 2479
Mode 2795 2635 2627 2660 2838 2723 0 2986 25364 2482
SD 0.030 0051 0052 003 003 0030 0039 0062 0031 0063




Table 8. Parameters of bootstrap distribution of pine’s height in

cm for the nursery SNNP “Kokshetau”, the second year of plant
life.

Ex Ex Ex Ex End

trasol trasol trasol trasol Grow  Hu Hu

----------------------- VA WA A

005 01 01 005 HDD HDD imiga mate mate Contr
spray spray Jmin Smin spray Omin -tion 18hr 24hr ol

Mean 7.739 7063 6350 6977 7262 7337 8587 8139 7562 6.257

Medi

an 7739 7062 6.351 6963 7261 7336 8575 8.149 7560 6.249

Mode 7.745 7062 6.322 6956 7295 7330 8604 8.162 7554 6.245

SD 0.189 0166 0.117 0.116 0098 0.124 0.126 0.138 0.154 0.165




Figure 3. Densities of the normal distribution of the average height estimates obtained by the bootstrap method for
pines of the second year of life, SNNP nursery “Kokshetau” (in cm)
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Figure 4. Densities of the normal distribution of the average
height estimates obtained by the bootstrap method for pines of
the second year of life, SFNR nursery “Ertis Ormany” (in cm)




This allows us to find a more accurate estimate of the average height of biennial pines in
the control group using the formula [23]:

- (e, ) -2 jex,)-0)
w._l 5 3 x |12 I a) 0 @)
NN=D) otz | q(1-q) )

where observations X X5, Xy are indepe:.tldent:. equally distributed IV with 54;‘ F(x). Ijx)

— indicator function. It is known that estimate (2) is asvmptoticallv unbiased, nnmla_llyl
distributed with the variance [24]:
|
Ll 3)

I"'m'{)_(q }= g—j -
N o
W

where o~ =N- I’m{}{'} Var{X} — variance of the usual mean estimate X—L\E‘TX From
aVj=l

formula (3) it follows

Gq_\]n—lix N- Vm{qu o2 —l ’1— j\dF(\) i = l\dF(\)I C))
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Figure 5. Dependency graph ﬁg’ from g and ol = }{1 for Fix)=Uynlx)
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Figure 6. Values of stimulated N-MSE {:\;q} and N -MSE _?}z 1
depending on N> 35 _for F(x)=Non(x). x,=0, ¢ =0.5, R=107

Applving formula (2) to calculate a more accurate value of the average height of two—
vear—old plants of the control group of the nurserv SFNR “Ertis Ormmanv™’, we obtained that
X9= 10.226 cm, while X =11.587 cm. which is actually 1.361 cm less, which implies that the
use of additional information showed that all stimulants had a beneficial effect on the height



of the plants. Figure 7 shows the graphs of distribution densities pg(x) — for X¥?and p(x) — for
X , obtained using bootstrap modeling with a modeling parameter M=103.

Figure 7, Distiibution density charts pg(x) — for X and p(x) — for X,
obtained using bootstrap modeling with parameter M=10°




Conclusion

= positively affects annual seedlings by increasing their average height.
= the results obtained vary by the region of the nursery location.

In the SNNP “Kokshetau”:

= The first —year old increased by 13.9%.

= the two—year—old seedlings increased by 37.2%.

in the SFNR “Ertis Ormany”

" 7% in the first year

= 24.7% in the second year.



References

[1] KabanovaS A, Zenkova Z N and Danchenko M A 2018 Regional Risks of Artificial Forestation in the Steppe Zone of Kazakhstan (Case
Study of the Green Belt of Astana) IOP Conf. Series: Earth and Environmental Science 211.

[2] Beaudreau D G Jr 2013 Biostimulants in Agriculture: Their Current and Future Role in a Connected Agricultural Economy Biostimulant
Coalition Available at: http://www.biostimulantcoalition.org/news/biostimulants-in-agriculture-their-current-and-future-role-in-a-
connected-agricultural-economy/ (Accessed June 11, 2020).

[3] Bhardwaj D, Ansari M W, Sahoo R K and Tuteja N 2014 Biofertilizersfunction as key player in sustainable agriculture by improving
soilfertility, plant tolerance and crop productivity Microbial Cell Factories P. 13—66.

[4] DulJardin P 2015 Plant biostimulants: Definition, concept, main categories and regulation. Scientia Horticulturae 196 P. 3—14.

[5] Gilman EF 2004 Effects of amendments, soil additives and irrigation on tree survival and growth Journal of Arboriculture 30 (5). P. 301—-
311

[6] Barnes S and Percival G C 2006 Influence of biostimulants and water—retaining polymer root dips on survival and growth of newly
transplanted bare—rooted silver birch and rowan Journal of Environmental Horticulture 24 (3). P.173-179

[7] Kavosi M P 2006 The results of a study of the influence of modern biological preparations on seed germination and the development
of seedlings of pine and spruce Forest Gazette 2. P. 161-166. [in Russian]

[8] Kulagin A L, Sakhnov V V and Prokopyev A P 2012 The effect of biologically active substances on the growth and preservation of pine
ordinary seedlings of the first year of cultivation Bulletin of the Orenburg State Agrarian University 35 (1). P. 12—13. [in Russian]

[9] Rodin A P, Popova N Y and Kandyba E V 1997 The use of biological products in forest nurseries Chemistry in Agriculture 2. P. 21-24. [in
Russian]

[10] Egorova AV, Chernobrovkina N P and Robonen E V 2017 The effect of coniferous preparation on the growth and elemental
composition of seedlings (Pinus sylvestris |.) In a forest nursery Chemistry of plant raw materials 2. P. 171-180. [in Russian]

[11] Fadkin G N, Vinogradov D V and Schur A V 2015 The effect of nanocrystalline iron powder on the yield of planting material of ordinary
pine, suitable for mechanized planting Bulletin of the Belarusian—Russian University 2 (47). P. 136—142. [in Russian]

[12] Smirnov A l, Orlov F S and Drozdov | | 2015 The effect of low—frequency electromagnetic field on seed germination and seedling
growth of common pine and European spruce News of higher educational institutions. Forest magazine 3 (345). P. 53-58. [in Russian]

[13] Volkovich A P and Nosnikov V V 2015 Intensive technologies for growing planting material and reforestation Minsk: BSTU P. 78. [in
Russian]

[14] Kabanova S A, Danchenko M A and Kabanov A N 2018 The effect of stimulants on the quantitative characteristics of planting material
of Scots pine in the North Kazakhstan region New Technologies 1. P. 127—-132. [in Russian]

[15] Kabanova S A and Danchenko M A 2018 Evaluation of the impact of stimulants on the quantitative indicators of seeds and seedlings
of Scots pine. Bulletin of the Bashkir State Agrarian University 2. P. 134—139. [in Russian]

[16] Prokazin N E and Lobanova E N 2015 Cultivation of planting material of coniferous species using growth stimulants Forest Culturesl.
P.50-55. [in Russian]



Thank you
for your attention!



