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INFLUENCE OF GROWTH
STIMULANTS RIBAV-EXTRA AND EPIN-EXTRA
ON THE GERMINATION OF SEEDS OF KHINGHAN
FIR (ABIES NEPHROLEPIS (TRAUTV.) MAXIM.)

V.Yu. Ostroshenko, L.Yu. Ostroshenko

Khinghan fir (Abies nephrolepis (Trautv.) Maxim.) is the most common species
among the conifers of Primorsky Krai. It plays an important role in forest con-
sumption. However, forest fires and logging lead to a reduction in the range of this
species. Thanks to the use of growth stimulants, it is possible to accelerate the res-
toration of the Far Eastern fir. The aim of the research was to study the effect of the
growth stimulants Ribav-Extra and Epin-Extra on germinative energy, laboratory
seed germination and morphometric parameters of sprouts (length and weight) of
Khinghan fir (Abies nephrolepis (Trautv.) Maxim.). According to GOSTS, the ex-
periments were carried out in four repetitions in seven different concentrations of
solutions (1x107 — 1x7x10% ml/l). Control — seeds soaked in distilled water. The
length of sprouts was measured with the use of an electronic caliper. The mass of
sprouts was weighed on an electronic balance. The conducted studies showed, that
Ribav-Extra had the greatest effect on sowing qualities of seeds (germinative energy
and laboratory germination) at the solution concentrations of 1 x2x107- 1 x7x 107 ml/],
amounting to 4-16% (excess to the control — 21.2-384.8%). For laboratory germi-
nation (21.4-33.1%) — at the concentrations of 1x3x1073-1x6x10~ ml/l (excess to
the control — 127.7-252.1%). Epin-Extra showed a more active effect on the energy
of seed germination with the solution concentrations of 1x2x107-1x6x107 ml/,
amounting to 4-16%. Excess to the control — 21.2-384.8%. The concentration of
solutions 1x3x107 - 1x5x107 ml/l had a positive effect on laboratory germination
of seeds (13-33%), exceeding the control by 38.3-251.1%. An increase in seed qual-
ity classes was noted: from the third to the second and first. These stimulants also
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proved to be effective for increasing the biometric parameters of sprouts (length
and weight). Thus, a significant effect of Ribav-Extra on the increase in the length
of sprouts was noted at the concentrations of 1x1073-1x6x107 ml/l (excess to the
control — 7.7-50%), in Epin-Extra — with the solutions of 1 x4 x1073-1x7x107° ml/I,
exceeding the control by 7.7-40%. Ribav-Extra had a positive effect on the increase
in the mass of sprouts in all concentrations of solutions (excess to the control — 5.1-
79.5%). Epin-Extra is less effective.

Keywords: Khinghan fir; growth stimulants; Ribav-Extra; Epin-Extra; germi-
native energy; laboratory germination; length of sprouts; weight of sprouts
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BJIUSAHUE CTUMYJISATOPOB
POCTA PUBAB-9KCTPA ¥ DIIMH-OKCTPA
HA TIPOPACTAHUE CEMSH NIUXThI
MOYKOYEIYMHOM (BEJTOKOPON)
(ABIES NEPHROLEPIS (TRAUTV.) MAXIM.)

B.IO. Ocmpowenko, JI.IO. Ocmpouienko

TTuxma nouxouewytinas (benokopas) (Abies nephrolepis (Trautv.) Maxim.) — nau-
bonee pacnpocmparnentwviil U0 cpeou Xeotinvix nopod Ipumopckoeo kpas. Bvinonnsem
3HAUUMYIO pob 6 neconompebnenuy. OOHaKo 1echble nodcapbl U pyoKa Jieca npuso-
0Am K cokpaujenuro apeana 0anHo2o euod. bnazooaps npumenenuio cmumyiamopos
POCa 803MOICHO YCKOPEHHOE 80CCMANOGIEHUE OalbHe8OCMOoYHOoU nuxmyl. Llensvio
UcCe008anull AGIANOCH U3YUEHUE GIUAHUS CIUMYIAMOPO8 pocma Pubas-Oxcmpa u
Onun-Jxempa na snepauro npopacmaniis, 1a00pamopHyIO 6CX0NCECHb CEMAH U MOP-
Gomempuueckue noxazameni nPOPOCMKOE (OMUHY U MACCY) NUXTBL NOYKOYEULYTIHOU
(6enoxkopout). Onvimsi nposoounu 6 coomsememeuu ¢ I OCT 6 uemvipex nosmopHocmsix
6 CceMu paznudHbIX KoHyernmpayusx pacmeopos (1 <107 — 1 x7x 107 mn/n). Konmpons —
cemena, 3amouentvle 8 OUCIMULIUPOGAHHOU B00€. DNEeKMPOHHBIM UMAHSCHYUPKYIEM
3amepsnu OUHY NPOPOCHIKOG, UX MACCY ONPEOeTANU HA AeKMPOHHBIX BECAX.

Ilposedennvie uccnedosanus NOKA3AMU, YMO HA NOCEGHBIE KAUECHBA CeMsH
(aHepeuto npopacmanus u 1a6OPAMOPHYIO 8CX0ACECb) HAUOOIbUWUL dPgherm
okazan Pubas-Oxempa npu konyenmpayusix pacmeopog 1 x2x10-3-1x7x 107 ma/x,
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cocmasug 4-16% (npesviutenue k konmponio — 21,2-384,8%). Ha nabopamopmyio
ecxoocecmn (21,4-33,1%) — npu konyenmpayusix 1-:3-107-1-6-107° mn/n (npeswi-
weHue Kk konmponio — 127,7-252,1%). Onun-Dxcmpa 6onee akmueroe iusnue Ha
noKasamenu dHepeuu npopacmaniis ceMan noKa3al npu pacmeopax KOHyeHmpa-
yusimu 1x2x107-1x6x107 ma/n, cocmasug 4-16%. Ilpesvluienue k KoHmpono —
21,2-384,8%. Ha nabopamopmyro ecxodxcecmo ceman (13-33%) nonoscumenvhoiii
appexm oxazanu xonyenmpayuu pacmeopog 1 x3x107 — 1 x5x107 ma/n, npeevi-
was koumpone Ha 38,3-251,1%. Ommeueno nosviuierue Kiaccos Kaiecmed ce-
MAH: ¢ mpemvbe2o — 00 8MOpPO20 U Nepeoo. YKazauuvie CIMUMYIAMOPbl MAKIICe
oKa3anUCh dPhexmuenvl 0 HAPACMaHus dbuomMempuieckux nokazameinei npo-
pocmxos (Oaunvl u maccwt). Tax, Ha Hapacmanue OAUHBL BPOPOCKOE CYUYeCTNEEH-
noe ausinue Pubasa-Oxempa ommeuanoce npu konyenmpayusix 1x1073-1x6x107
ma/n (npesviienue Kk konmpono 7,7-50%),; v Onuna-dxempa — npu pacmeopax
1x4x103-1x7x107% mn/n, npesviwas konmponws va 7,7-40%. Ha napacmanue mac-
cbl npopocmkos Pubas-Oxempa nonosicumenso nosuusi 60 6cex KOHYEHMPAayusx
PACmBopos, npeablcus Konmpois Ha 5,1-79,5%. Onun-Dxecmpa menee s¢hhexmueeH.

Knwouegvie cnosa: nuxma nouxouewryinas (0enokopas); Cmumynamopul po-
cma, Pubas-Dxcmpa; Dnun-Oxempa, sHepeus npopacmaniis,; 1a060pamophas 6cxo-
Jicecms, OIUHA NPOPOCIKOB; MACCA NPOPOCHKOS

Jna yumupoeanua. Ocmpowenxo B.IO., Ocmpowenko JLIO. Buuanue cmu-
mynssmopos pocma Pubae-Oxempa u Dnun-dxempa na npopacmanue cemsn nux-
mul noukoyewylinoll (benoxopoii) (Abies nephrolepis (Trautv.) Maxim.) // Siberian
Journal of Life Sciences and Agriculture. 2022. T. 14, Ne5. C. 111-133. DOI:
10.12731/2658-6649-2022-14-5-111-133

Introduction

Khinghan fir (4bies nephrolepis (Trautv.) Maxim.) is the most common
species among conifers of the forest fund of Primorsky Krai. It grows mainly
on mountain slopes, which gives it the importance of a mountain-reinforcing
and water-regulating tree species. It rises to the mountains up to 1200 m. Fir
wood is less valuable among the conifers of the Far East, but in the presence of
its reserves it plays a significant role in forest consumption. It is widely used
as sawing and construction logs, poles, box containers, plaster shingles. It is
used in medicine, landscape construction. However, emerging forest fires and
deforestation lead to a reduction in the range of this species [31]. Currently, fir
occupies 427.4 thousand ha [24].

In this regard, it is necessary to take measures for its conservation and repro-
duction. One of the methods of restoring Khinghan fir is the creation of forest
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plantations, for the laying of which high-quality planting material is needed,
grown in forest nurseries. It can be obtained through the use of growth stim-
ulants. Recently, growth stimulants have been actively used in agriculture of
Russia and abroad. In the forest industry, their use is carried out on an experi-
mental basis [10, 29, 34, 36-38, 40-41].

Scientific novelty of the study — the effect of growth stimulants of natural
(Ribav-Extra) and synthetic (Epin-Extra) origin on the germination of Khing-
han fir seeds has been studied for the first time.

Ribav-Extra is a product of the vital activity of mycorrhizal fungi isolated
from ginseng roots by biotechnological means and contains a unique natural
complex (amino acids, phytohormones, vitamins), which, in negligibly small
doses, activates all processes of plant life. Ribav-Extra is an analogue of the
drug “Symbiont”. The active substance of the drug Ribav-Extra: 0.00125 g/l
L-alanine + 0.00196 g/l L-glutamic acid [30].

It has been established, that Ribav-Extra has a positive effect on seed germi-
nation, growth and development of plants [5], their productivity [27]; contrib-
utes to the activation of rooting and growth parameters in green cuttings [19,
25]; increases the heat resistance of sprouts [15]; affects the number and size
of leaves [18]; increases the yield of planting material per unit area [25], etc.

The growth stimulator Epin-Extra — is a synthetic analogue of natural phy-
tohormone. The active substance of the drug is epibrassinolide; belongs to the
class of brassinosteroids, natural plant hormones. Its mechanism of action is to
activate its own phytohormones in plants. It is epibrassinolide that causes the
activation of biological processes in plants, literally saving them from illness,
old age and at the time of stress [30].

The active influence of this drug on germinative energy, laboratory germi-
nation of seeds, as well as an increase in the morphometric parameters of seed-
lings was revealed [11]; increase in antibacterial action [1], stress resistance
and productivity of plants [4], safety and survival [12], their productivity [35];
acceleration of the terms of vegetative reproduction [13]; plant resistance to a
complex of phytopathogens [16], etc.

Objective

The object of the work was to study the effect of these growth stimulants on
sowing qualities of seeds and morphometric parameters of sprouts of Khinghan fir.

The following tasks are set in the article:

— to study the effect of the growth stimulants Ribav-Extra and Epin-Extra on
germinative energy and laboratory germination of Khinghan fir seeds;
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— to study the influence of these stimulants on length and weight of Khing-
han fir seed sprouts.

Materials and methods

The object of research was the seeds of Khinghan fir, harvested in the south-
ern part of Primorsky Krai in October 2019. Before the start of the experiment,
cold stratification of seeds was not carried out. Identification of the stimulating
effect of growth stimulants Ribav-Extra and Epin-Extra was carried out in ac-
cordance with the requirements of GOSTS [7, 8].

For germination, externally undamaged seeds were selected, which were
soaked for 20 hours in solutions of growth stimulants. The experiments con-
sisted of 7 variants (the concentrations of the drug and water solutions were:
1x1073; 1x2x107%; 1x3x107%; 1x4x1073; 1x5x107%; 1x6x1073; 1x7x107 ml/l and
the control group — seeds soaked in distilled water). The ratio of the volume of
seeds and solution is 1:5. All experiments were performed in four repetitions.
Germination of seeds was carried out in a thermostat TS-80 “KZMA” - elec-
tric, dry-air, manufactured at the Kazan plant of medical equipment. Seeds pre-
pared for the experiments, 100 pieces each, were laid out in Petri dishes on a
wet bed consisting of 4 layers of filter paper. The bed for seed germination was
kept humid, periodically moistening the filter paper with distilled water. Seed
germination temperature — 20-30 ° C. Seeds were counted on the 7%, 10, 15%,
20%, and 25" days. On the days of recording, for each variant of the experiment,
seeds that were not normally germinated, healthy, empty, decayed, steamed,
pest-infested were selected [22].

The main information about indicators of Khinghan fir seeds feed by growth
stimulants in different solution concentrations and on the control (soaked in
distilled water) is presented (Table 1).

Germinative energy was determined as the percentage of fully germinated
seeds on the 10" day after the start of the experiment. Laboratory seed germi-
nation was established as the percentage of seeds, that germinated during the
experiment, i.e. in 25 days. It was calculated as the sum of the germination of
four repetitions, divided by 4.

The seed quality classes were determined. Due to the absence of require-
ments in GOSTs for determining the quality classes of Khinghan fir seeds, the
indicators adopted for a tree species that grows in a region similar in biolog-
ical features and similar in terms of growing conditions — Sakhalin fir (4b-
ies sachalinensis Fr. Schmidt) (OST 56-27-77) were used [20]. The length of
sprouts was measured with the use of an electronic caliper. The mass of sprouts
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was weighed on an electronic balance. Statistical processing of the obtained data
was carried out using Microsoft Excel 2007 [22]. To calculate the significance
of differences between the experimental and control variants, the Student’s t-test
formula was used for a disconnected sample [9, 22].

Table 1.
The influence of growth stimulants on the indicators of Khinghan fir seeds

Indicators of seeds
=3 3
Experiment variants é g E “Z % é - E
E| 2 2|5 2 |48
Q g a ©n =
Number of seeds, %
Control (seeds, soaked in distilled water)

28,0 | 28,0 | 30,0 | 2,0 2,0 1,0
Ribav-Extra (1x10~ ml/l) 30,0 | 30,0 | 29,0 | 1,0 2,0 -
Ribav-Extra (1x2x107° ml/l) 26,0 | 27,0 | 36,0 | 1,0 1,0 -
Ribav-Extra (1x3x107° ml/l) 24,0 | 26,0 | 26,0 | 1,0 1,0 -
Ribav-Extra (1x4x10- ml/l) 25,0 | 24,0 | 240 | 1,0 - -
Ribav-Extra (1x5x107 ml/l) 23,0 | 21,0 | 22,0 | 1,0 - -
Ribav-Extra (1x6x107° ml/l) 29,0 | 26,0 | 24,0 - - -
Ribav-Extra (1x7x10° ml/l) 36,0 | 31,0 | 24,0 - - -
Epin-Extra (1x10~ ml/l) 32,0 | 23,0 | 30,0 | 4,0 3,0 1,0
Epin-Extra (1x2x1073 ml/l) 31,0 | 23,0 | 27,0 | 6,0 4,0 -
Epin-Extra (1x3x107 ml/l) 25,0 | 29,0 | 250 | 4,0 3,0 1,0
Epin-Extra (1x4x10- ml/l) 12,0 | 21,0 | 29,0 | 2,0 2,0 1,0
Epin-Extra (1x5x107 ml/l) 22,0 | 24,0 | 31,0 | 1,0 2,0 1,0
Epin-Extra (1x6x107 ml/l) 31,0 | 25,0 | 28,0 | 4,0 3,0 -
Epin-Extra (1x7x107 ml/l) 28,0 | 26,0 | 30,0 | 5,0 2,0 1,0

Results

Ribav-Extra

Ribav-Extra had a positive influence on germinative energy of Khinghan fir
when using the solution concentrations of 1x2x107 - 1x7x10 ml/l, at which it
comprised 4-16% (excess to the control — 21.2-384.8%). The concentration of
1x107 ml/l produced a weak influence on seed germination, reducing the per-
centage of control by 6.1%.

The solution concentrations of 1x3x107 - 1x6x10~* ml/l had a positive effect
on laboratory germination (21.4-33.1%) (excess to the control — 127.7-252.1%).

The differences with the control group are significant: t, >t at P =0.01%.
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The solution concentrations of 1x103- 1x2x10 and 1x7x10 ml/l produced
an inhibitory effect on laboratory germination, reducing the indicators of ger-
minating compared to the control by 1.1-12.8%.

The growth stimulator Ribav-Extra had a positive effect on the growth of
sprouts along the length at the solution concentrations of 1x103 - 1x6x10- ml/I,
at which the excess to the control was 7.7-50%. Significant differences with
the control were observed: t, at P=10.05% and P = 0.01%. The solution

1_ tbl
concentration of 1x7x10 ml/l is less effective (Fig. 1).
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Fig. 1. Influence of the growth stimulator Ribav-Extra on germinative energy
and laboratory germination of Khinghan fir seeds

On the 25" day of accounting, a decrease in the rate of germination in re-
lation to the control by 15.4% was noted. All concentrations of solutions had a
positive effect on the growth of the mass of sprouts.

The excess in relation to the control was 5.1-79.5%. Significant differences
with the control were noted: t, >t atP=0.05% and P=0.01%.

Epin-Extra

The stimulator Epin-Extra had a positive effect on the sowing qualities of
Khinghan fir seeds.

Active influence on the energy of seed germination (4-16%) was exerted by
the concentrations of solutions 1x2x10- — 1x6x10 ml/1 (excess to the control —
21.2-384.8%). Higher and lower concentrations of solutions are not effective
(decrease to the control — 9.1%).

The concentrations of solutions 1x3x103 — 1x5x10- ml/l had a positive
effect on laboratory germination of seeds (13-33%), exceeding the control by
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38.3-251.1%. The differences with the control are significant: t  =3.2>t =
245,t,=92>t =37l andt = 3.5>tst=2.45 (Fig. 2).
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Fig. 2. Influence of the growth stimulator Epin-Extra on germinative energy
and laboratory germination of Khinghan fir seeds

The concentrations of solutions 1x102 - 1x2x10- and 1x6x10 - 1x7x103
ml/l had an inhibitory effect on laboratory seed germination, amounting to 7.1-
9.2 % (reduction to the control — 2.1-24.5%).

When using the growth stimulator Epin-Extra, a more effective influence
of the drug on the increase in the length of sprouts was observed at the concen-
trations of solutions 1x4x107 - 1x7x10- ml/l. Excess to the control — 7,7-40%.

In the first days of accounting, significant differences with the control were
noted at P=0.05% and P=0.01%. The concentrations of 1x107 - 1x3x10~ are not
effective. The decrease to the control was 7.7-23.1%. On some days of account-
ing, significant differences with the control are observed: t, >t at P=0.05%.

A positive effect on the increase in the mass of sprouts was noted: at the
solution concentration of 1x2x10~* ml/l — on the 7" and 20™ days of account-
ing; at the concentrations of 1x3x1073 - 1x7x107 ml/l — on the 7" day. Excess
to the control - 7.7-17.9%.

At the concentration of 1x4x107 ml/l, the differences with the control are sig-
nificant: t = 3.0 > tst = 2.45. A decrease to the control by 2.3-68.2% was not-
ed. Differences with the control are significant at the concentrations of solutions
1x4x107 - 1x5x107 and 1x7x10° ml/l on the 15, day, and at the concentration
of 1x6x10 ml/l on the 15" and 25" days: t at P=0.05% and P=0.01%.

fact - tablc
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Discussion

We have analyzed the effect of growth stimulants of natural (Ribav-Extra)
and synthetic origin (Epin-Extra) on sowing qualities of seeds (germinative
energy and laboratory germination) and morphometric parameters (length and
weight) of sprouts of Khinghan fir — a local tree species, common on the terri-
tory of Primorsky Krai. Seeds soaked in distilled water were tested as a control.

The positive effect of these growth stimulants on the germination of seeds
of various agricultural crops is highlighted in the literature. So Kurkina Yu.N.
claimed that the treatment of seeds of beans with the stimulant Epin-Extra en-
hances their germination and has a significant impact on germinative energy
and laboratory germination [14]. The treatment of tomato (Solanum lycopersi-
cum L.) seeds with this preparation also contributed to the improvement of their
sowing qualities [6]. The stimulating effect of Epin-Extra on the physiological
parameters of winter wheat (Triticum aestivum) is also described by Reshet-
nik G.V. [26]. It has been proven that the use of stimulants Ribav-Extra and
Epin-Extra has a positive effect on the germination of seeds of victorious onion
(Allium victorialis L.) and bear onion (Allium ursinum L.) [28]. The positive
effect of these stimulants on the development of watercress (Lepidium sativum
L.) plants has been documented by Brovchenko K.R. [3]. An active effect of
these preparations on improving the quality of seedlings of Rhodiola rosea L.
has been established: height, length of the underground part, number of shoots,
total wet and dry mass of plants [2].

The effect of these growth stimulants on the seeds of coniferous tree species
has been studied experimentally. Thus, Usov V.N. et al. studied the effect of
stimulants Ribav-Extra and Epin-Extra on the growth energy and germination
of seeds of omatsu (Pinus densiflora Siebold et Zucc.). It was found that Rib-
av-Extra had the greatest effect compared to Epin-Extra [32]. It was noted that
these preparations increase seed germination and rooting of juniper (Juniperus
L.) cuttings [17]. The effect of Epin-Extra on the growth of roots of Scots pine
seedlings (Pinus sylvestris L.) was studied by Ustinova T.S. [33].

In this study, we analyzed the effect of stimulants Ribav-Extra and Epin-Ex-
tra in seven different concentrations of solutions on the germination of Khing-
han fir seeds. The results of the experiments depended on the stimulant used
and the concentration of its solution. The greatest positive effect of the stimu-
lator Ribav-Extra was revealed in comparison with Epin-Extra. The stimulator
Ribav-Extra demonstrated a positive effect on the energy of seed germination
at the concentrations of 1-2:10-1-7-10* ml/l, on laboratory germination at the
concentrations of 1-3-103-1-6-10" ml/l. Epin-Extra showed a more active effect
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on the energy of seed germination with the solution concentrations of 1-2-10
3-1:6-10° ml/l. Laboratory germination increased at the solutions of 1-3-107-
1:5-10 ml/I. It has been established, that the treatment with these preparations
leads to an increase in seed quality classes: from the third to the second and first.
A significant effect of Ribav-Extra on the growth of sprout length was noted at
the concentrations of 1:10-1:6-10" ml/l; in Epin-Extra — with the solutions of
1-4:103-1-7-10° ml/l. Ribav-Extra had a positive effect on the increase in the
mass of seedlings in all concentrations of solutions. Epin-Extra is less effective.

Previously, we also conducted experiments to test these preparations at the
same solution concentrations for germinative energy, laboratory seed germi-
nation and biometric indicators of sprouts of other economically valuable Far
Eastern coniferous species: Scots pine, omatsu and Manchurian fir (4bies ho-
lophylla Maxim.). A high positive effect of these stimulants has been proven.

Thus, during the germination of Scots pine seeds, the greatest positive ef-
fect of the growth stimulator Ribav-Extra on the seed germinative energy was
observed at the solution concentrations of 1-:3-10 and 1-5-10 ml/l, amount-
ing to 76-78% and on indicators of laboratory germination when using the
concentrations of 1-:4-10- and 1-5-10-° ml/l, where it was 90.1-93%. Excesses
to the control, respectively: 11.8-14.7 and 15.1-18.8% [22]. The growth stim-
ulator Epin-Extra was less effective. Thus, at the concentrations of 1:3-107
and 1-5-10° ml/l, the seed germinative energy was 69-71% [21]. Excess to the
control - by 1.5-4.4%. Seed germination reached 81-83%, which exceeded the
control by 3.4-6%.

In omatsu, the stimulator Ribav-Extra did not have a significant positive
effect on the energy of seed germination. However, its active effect on labora-
tory germination was noted at the solution concentrations of 1:4-107 - 1:6-103
ml/l, at which it amounted to 92.3-95.3%, exceeding the control by 6.1-9.5%
[23]. When using the drug Epin-Extra with the concentration of 1-4-10 ml/I,
germinative energy and laboratory germination were 84 and 96%. Excesses to
the control - 12 and 10.3%.

In Manchurian fir, Ribav-Extra had a positive influence on germinative ener-
gy at all tested solution concentrations; on laboratory germination — at the solu-
tion concentrations of 1-:3-107 - 1:6-10~ ml/l, comprising at germinative energy:
13.3-21.3% (excess to control — 33-113%) and laboratory germination — 43.1-
53%, exceeding the control by 12.2-38% [39]. Epin-Extra is less effective. The
concentrations of 1-3-107 - 1-7-10" ml/l had the greatest effect on germinative
energy, comprising 12-15%, exceeding the control by 20-50%; on laboratory
germination — the solutions 1-4-107 - 1-5-10° ml/l, comprising 41.2-44%, which
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exceeded the control by 7.3-14.6%. The concentrations of 1-3-107 - 1-7-10° ml/I
had the greatest effect on germinative energy, comprising 12-15%, exceeding
the control by 20-50%; on laboratory germination — the solutions of 1-4-10~ -
1-5-10° ml/l, comprising 41,2-44%, which exceeded the control by 7,3-14,6%.

These stimulants also proved to be effective for the growth of sprouts in
length and mass.

Thus, in Scots pine, biometric indicators of sprouts along the length the
growth stimulator Ribav-Extra showed high activity at the solution concentra-
tions of 1-2-103 - 1-5-10~° ml/l, exceeding the control by 5,6-53,3%. The drug
had the low effect on the growth of sprout mass. The concentrations of 1-:3-10-
3 - 1-5-10° ml/l had more active influence, exceeding the control group by 6,3-
14,5% [22]. Epin-Extra is less effective.

Ribav-Extra showed high activity on the growth of Khinghan fir sprouts
along the length and mass at the solution concentrations of 1-2-103 - 1:6:107
ml/l (excesses to the control — 5,9-93,8 u 1,4-31,2%, respectively). Epin-Ex-
tra had a weak effect on sprouts along the length. The drug concentrations of
1:3-107 - 1-4-10°* ml/l had a more positive influence on the increase of mass of
sprouts (excesses to the control — 1,5-20,8%).

In Manchurian fir, Ribav-Extra had a positive influence on the growth of
sprouts along the length at all solution concentrations, exceeding the control by
7,1-33,3%. The concentrations of 1-3-10- - 1-5-10° ml/l increased the mass of
sprouts on 2,7-28,8% [39]. Epin-Extra had a weak effect on the growth of sprouts
along the length. The concentrations of 1-3-10% - 1-5-10° ml/l also produced a
positive influence on the mass of sprouts. Excesses to the control - 1,3-39%.

The positive effect of the growth stimulator Ribav-Extra in our experiments
on the sowing qualities of seeds and the increase in the morphometric parame-
ters of sprouts of Khinghan fir is probably connected with the influence of glu-
tamic acid, which is part of the stimulant, which provided stimulation of seed
germination. The drug Epin-Extra has the content of epibrassinolide, which had
a stimulating effect on seed germination.

In our opinion, the stratification of Khinghan fir seeds together with the use
of stimulants would increase the rate of seed germination.

Conclusion

Thus, the growth stimulants Ribav-Extra and Epin-Extra had a positive in-
fluence on the germination of Khinghan fir seeds. So, there was an increase of
sowing qualities of seeds (germinative energy and laboratory germination) and
the growth of biometric indicators of sprouts (length and mass).
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1. It has been established, that Ribav-Extra showed a positive effect on the
energy of seed germination at the concentrations of 1-2:103-1-7-10-° ml/l, on
laboratory germination at the concentrations of 1-:3-103-1-6-10" ml/l. Epin-Extra
showed a more active effect on the energy of seed germination with the solution
concentrations of 1-2:103-1-6-10- ml/l. Laboratory germination increased at the
solutions of 1-3-103-1-5-10 ml/1.

2. It has been found out that the treatment with these preparations leads to
an increase in seed quality classes: from the third to the second and first.

3. Asignificant effect of Ribav-Extra on the growth of sprout length was not-
ed at the concentrations of 1-103-1-6-10~* ml/l; in Epin-Extra - with the solutions
of 1-4-103-1-7-10" ml/l. Ribav-Extra had a positive effect on the increase in the
mass of sprouts in all concentrations of solutions. Epin-Extra is less effective.

The research was carried out within the state assignment on the topic Ne
121031000120-9 «Study and monitoring of terrestrial biological resources in
the south of the Russian Far Easty.

The research was carried out within the state assignment of Minis-
try of Science and Higher Education of the Russian Federation (theme No.
121031000120-9).
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