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Cajander larch (Larix cajandery Mayr.) is the eastern race of Gmelin larch, the 
main forest-forming species in the Amur Region and the Primorsky Territory. It is 
widely used in the national economy. It is promising  for landscaping. However, as 
a result of improper felling and forest fires, the area and stocks of larch have been 
significantly reduced. Its accelerated artificial restoration is necessary. One of the 
ways to solve this problem is the use of growth stimulants. The aim of the research 
was to study the stimulating effect of aqueous solutions of growth stimulants Zircon 
and Epin at various concentrations of solutions on biometric indicators of annual 
seedlings and mature Cajander larch trees at the age of 15. In the spring of 2009, 
grown larch seedlings were transplanted into the previously prepared soil of school 
department of the nursery with the placement of 0.5 × 0.6 m. During the growing 
season they were fed twice with Zircon and Epin in concentrations of 0.01 and 
0.001%. Seedlings that were not subjected to any treatment were taken as a control 
sample. Seedlings were measured in terms of height, height gain, diameter of the 
root neck, root length and dry weight. In the spring of 2012, in the vicinity of the 
Mountain-taiga station named after. V.L. Komarov, an alley was created from a part 
of Cajander larch seedlings along the road system. 10 years after the transplantation 
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of seedlings, in June 2022, the state of larch cultures was assessed according to the 
scale given in the rules of sanitary safety [26], and the heights and diameters of 
the trunk at chest height were measured. The studies showed that root dressing with 
Epin solution at a concentration of 0.01% has the greatest effect on the growth of 
seedlings and mature larch trees.

Keywords: Cajander larch; growth stimulants; Zircon; Epin; seedlings; height; 
height gain; diameter of root collar; length of roots; dry mass
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Научная статья

ПРОЛОНГИРОВАННОЕ ВЛИЯНИЕ КОРНЕВОЙ 
ПОДКОРМКИ СТИМУЛЯТОРАМИ РОСТА 

ЦИРКОН И ЭПИН ОДНО-ДВУЛЕТНИХ САЖЕНЦЕВ 
ЛИСТВЕННИЦЫ КАЯНДЕРА (LARIX CAJANDERY 

MAYR.) НА ИХ РОСТ В 15-ЛЕТНЕМ ВОЗРАСТЕ

В.Ю. Острошенко, Л.Ю. Острошенко

Лиственница Каяндера (Larix cajanderyMayr.) – восточная раса ли-
ственницы Гмелина, основная лесообразующая порода в Приамурье и При-
морском крае. Широко используется в народном хозяйстве. Перспективна 
для озеленения.Однако в результате неправильных вырубок и лесных пожа-
ров площади и запасы лиственницы значительно сократились. Необходимо 
ее ускоренное искусственное восстановление. Одним из способов решения 
этой проблемы является применение стимуляторов роста. Целью иссле-
дований являлось изучение стимулирующего эффекта водных растворов 
стимуляторов роста Циркон и Эпин в различных концентрациях раство-
ров на биометрические показатели одно-двулетних саженцев и взрослых 
деревьев лиственницы Каяндера в 15-летнем возрасте. Весной 2009 года 
выращенные сеянцы лиственницы пересадили в заранее подготовленную 
почву школьного отделения питомника с размещением 0,5 × 0,6 м. За ве-
гетационный период их дважды подкармливали препаратами Циркон и 
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Эпин в концентрациях 0,01 и 0,001%. За контрольный образец принимали 
саженцы, не подвергавшиеся какой-либо обработке. Проводили замеры 
саженцев по показателям высоты, прироста по высоте, диаметра шейки 
корня, длины корней и сухой массы. Весной 2012 года в окрестностях Гор-
нотаежной станции им. В.Л. Комарова из части саженцев лиственницы 
Каяндера вдоль дорожной системы была создана аллея. Через 10 лет после 
пересадки саженцев, в июне 2022 г., проведена оценка состояния культур 
лиственниц по шкале, приведенной в правилах санитарной безопасности 
[26], а также измерены высоты и диаметры ствола на высоте груди. 
Проведенные исследования показали, что на рост саженцев и взрослых 
деревьев лиственницы наибольший эффект оказывает корневая подкормка 
раствором Эпина концентрацией 0,01%.

Ключевые слова: лиственница Каяндера; стимуляторы роста; Циркон; 
Эпин; саженцы; высота; прирост по высоте; диаметр шейки корня; длина 
корня; сухая масса
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Introduction
Larch forests – is the most common forest formation of the Far East with an 

area of 59,2 ha and a growing stock of 61,2% among other Far Eastern forests [9]. 
The areal of larch is huge and geographically stretches from Southern Primorye 

to the Northern limit of woody vegetation distribution – almost to 71 ° N. lat. [9]. 
Larch is a large tree reaching a height of 35-40 m and more than 1 m in trunk 

diameter. It grows for a long time, 300-400 years. Its characteristic features are 
rapid growth, durability and the ability to withstand various damage caused by 
the activity of fungi and insects. This tree species tolerates the adverse effects 
of climate. The wood is durable, resistant to decay. So, in Venice, many houses 
are built on larch piles. St. Isaac’s Cathedral in St. Petersburg also stands on 
larch piles. Larch is widely used for various hydraulic structures. Larch fire-
wood is the best in terms of calorie content and heat productivity. The scope 
of larch is quite extensive. It is actively used for the manufacture of building 
materials such as fiberboard, etc. Its raw materials are of high value for pulp 
and paper and hydrolysis production, obtaining high-quality varnishes, turpen-
tine, camphor oil, as well as other valuable forest products. As a valuable and 
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fast-growing species, larch has been used in forestry production since historical 
times. Rapid growth, beautiful appearance, resistance to harmful gases and good 
survival rate put this tree species in one of the first places for landscaping [9].

Larch grows on the vast territory of the Russian Far East, forming forests 
in various geographical and climatic zones, which has left an imprint on its sil-
vicultural properties. At the same time, the boundaries of the ranges of some of 
its species are not yet clearly defined due to the formation of hybrids that create 
a polymorphic group of plants.

East of the Lena River, in the basin of its tributary the Aldan River, east of its 
outlet to the coast of the Sea of Okhotsk, Cajander larch (Larix cajandery Mayr.) 
is widespread. It is the eastern race of Gmelin larch, the main forest-forming 
species in the Amur Region and Primorsky Krai [30].

On the territory of Primorsky Krai, larch occupies 918.2 thousand hectares [18].
In recent decades, the Far East has been intensively developing all natural 

resources. Timber harvesting, including larch, is carried out at a particularly 
rapid pace. As a result of improper logging and forest fires, the area and stocks 
of larch have been significantly reduced. It is necessary to accelerate its artificial 
restoration. One of the ways to solve this problem is the use of growth stimu-
lants at various stages of growing planting material. Experimental work on the 
use of growth stimulants in the cultivation of various tree species has shown 
their effectiveness [1, 2, 5, 7-8, 10-14, 16-17, 19-23, 26, 28, 31-39].

The scientific novelty of this study lies in the fact that for the first time on 
seedlings and mature trees of Cajander larch in condition of Primorsky Krai, 
the effect of two environmentally friendly growth stimulants Epin and Zircon 
at different concentrations was investigated.

Objective
The object of the research was to study the stimulating effect of aqueous 

solutions of growth stimulants Zircon and Epin in different concentrations of 
solutions on the biometric parameters of one-two-year-old seedlings and mature 
trees of Cajander larch at the age of 15.

Materials and methods
The object of the research was one-two-year-old seedlings, as well as ma-

ture trees of Cajander larch. Experimental plants were grown in the nursery of 
the Komarov Mountain Taiga Station of the Far Eastern Branch of the Rus-
sian Academy of Sciences. Seeds are collected in the Nikolaev forestry of the 
Khabarovsk Territory.
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The area in which the nursery is located is characterized by special forest 
conditions, the presence of podzolic soils and mountain-forest brown soils.

Soil preparation consisted of spring plowing with a walk-behind tractor at a 
depth of 25 to 28 cm. After plowing, manual harrowing was carried out.

In the spring of 2009, the grown seedlings were transplanted into the pre-pre-
pared soil of school department of the nursery with a placement of 0.5 × 0.6 m.

During the growing season, they were fed twice with Zircon and Epin in 
concentrations of 0.01 and 0.001%. The solutions were prepared before the 
feeding process itself.

Seedlings that have not been subjected to any treatment were taken as a 
control sample. In total, 25 seedlings were planted for control and experiment 
in triple repetition.

Observation of experimental and control specimens was carried out during 
2 growing seasons.

After the end of the growing season, the method of continuous accounting was 
used to measure experimental and control plants according to the following indica-
tors: stem height, height gain. In 25 selected plants, the diameter of root collar was 
measured using an electronic caliper. The length of roots was determined using a ruler.

The seedlings were dried to an air-dry state. Then the stems, needles and root 
system were weighed separately. The data obtained were compared according 
to the variants of the experiment.

In the spring of 2012, in the vicinity of the V.L. Komarov Mountain Taiga 
Station, an alley was created from part of the Cajander larch seedlings along 
the road system.

In June 2022, 10 years after transplanting the seedlings, the condition of 
larch crops was assessed according to the scale given in the sanitary safety rules 
[15], and the heights were measured using an altimeter and trunk diameters at 
chest height were measured using a measuring fork.

The research materials were subjected to statistical processing in Microsoft 
Excel 2007. The significance of the differences with the control was calculated 
using the Student’s t-test.

Results and discussion
Zircon is a natural growth stimulant that is safe for both humans and an-

imals. This drug is based on hydroxycinnamic acids. This stimulant does not 
pollute groundwater. It has a positive effect on root formation, growth, flow-
ering. It has antiviral activity and activates the processes associated with the 
synthesis of chlorophyll [29].



297Siberian Journal of Life Sciences and Agriculture, Том 16, №2, 2024

Epin also provides enhanced plant growth, but unlike Zircon it is a synthetic 
drug. Its constituent is presented by epibrassinolide. It activates its own natural 
phytohormones in plants, necessary for their development. It reduces the con-
tent of nitrates, salts of heavy metals and radionuclides in plants [29].

Thanks to the use of these stimulants, it is possible to increase seed germina-
tion, accelerate growth, flowering, root formation, activate the process of chlo-
rophyll synthesis, as well as enhance the protective function of plants, thereby 
improving their disease resistance to various phytopathogens and climatic factors.

The authors who conducted experiments on the use of the growth stimu-
lants Zircon and Epin-Extra with various agricultural crops showed their posi-
tive effect. Thus, Gladysheva O.V. revealed that the treatment of tomato seeds 
with Epin-Extra and Zircon contributed to an increase in the sowing qualities 
of seeds. An increase in the energy of germination and laboratory germination 
of seeds was observed with the joint use of drugs [6]. Reshetnik G.V. also de-
scribed the stimulating effect of Epin-Extra on the physiological parameters 
of winter wheat (Triticum aestivum) [25]. It has been proven that the use of 
Epin-Extra has a positive effect on the germination of seeds of victorious on-
ion (Allium victorialis L.) and bear onion (Allium ursinum L.) [27]. Peregudov 
S.V. et al. noted the activation of carrot growth processes with triple spraying 
with Epin-Extra and Zircon [24]. The anti-stress effect of stimulants Zircon 
and Epin-Extra on white cabbage was established by Vakulenko V.V. The au-
thor noted the positive effect of these drugs on increasing seed germination, the 
volume of the root system, survival after planting in the field, as well as yield 
and product quality [3]. It was revealed that the use of Zircon and Epin-Extra 
in combination with mineral fertilizers leads to an increase in potato yields. 
These stimulants inhibit the development of diseases, increase resistance to 
late blight by 4.6-6.5% [4].

 In forestry, the effectiveness of the use of the stimulants Zircon and Epin-Ex-
tra has been studied experimentally. Thus, Ustinova T.S. proved the positive 
effect of the stimulator Epin-Extra on root growth in seedlings of Scots pine 
(Pinus silvestris L.) [32]. Pentelkina N.V., Pentelkina Y.S. found a significant 
effect of foliar feeding with Zircon on the growth and development of seed-
lings of Crimean pine (Pinus nigra subsp. pallasiana) and Scots pine, Siberian 
larch (Larix sibirica Ledeb.) and Siberian pine (Pinus sibirica Du Tour.). An 
increase in the height of the seedlings and an increase in the biomass of their 
aerial part, as well as an increase in the length of roots and their biomass were 
noted [22-23]. The active effect of Epin-Extra and Zircon on the cultivation of 
seedlings of Khinghan fir (Abies nephrolepis (Trautv.) Maxim.) was revealed. 
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They had active root formation, an increase in height and biomass, the develop-
ment of lateral shoots and the formation of the crown of plants. The possibility 
of reducing the period of cultivation of planting material by 1 year has been 
established [16]. Chukarina A.V. tested various growth stimulants, including 
Zircon in the cultivation of Scots pine and Crimean pine. It has been estab-
lished that the effectiveness of the stimulant Zircon increases in combination 
with the drug Tsitovit [34].

Based on all of the above, it can be concluded that these growth stimulants 
are effective and actively used as preparations for pre-sowing seed treatment 
and root and foliar feeding of a wide variety of agricultural and forest crops, in 
order to increase growth rates and resistance to various diseases and climatic 
conditions. These stimulants are included in the List of pesticides and agro-
chemicals that are approved for use in Russia [29].

The results of the studies varied and depended on weather conditions, which 
differed significantly from the long-term average indicators.

The studies have shown, that root feeding of larch seedlings with the stimu-
lants during the first two years of growth in the school department of the nursery 
had a positive effect on their growth and depended on the drug used and the 
concentration of its solution.

The experiments showed a significant increase in the height of the exper-
imental seedlings in relation to the control by 11.9–26.9% in the 1st year of 
growth and by 16.3–54.3% in the 2nd year (Tables 1, 2).

Table 1.
The influence of the stimulator Zircon on the height and height gain of Сajander 

larch seedlings at the first 2 years of growth in the nursery school department

№
n/n Growth parameters

Height, cm
M±m Height gain, cm

1st year 
of growth

2nd year
of growth

 1st year 
of growth

2nd year
of growth

1. Control 41.2 ± 1.1 52.7 ± 2.0 10.1 ± 0.1 12.5 ± 0.6
2. С (coefficient of variability), % 13.1 18.5 11.3 22.0
3. Р (accuracy of experiment), % 2.6 3.7 2.3 4.5

Solution concentration 0.001%
4. Experimental seedlings 46.1 ± 0.5* 61.3 ± 1.1* 15.0 ± 0.9* 15.6 ± 0.4*
5. Excess to control, % +11.9 +16.3 +48.5 +24.8
6. С (coefficient of variability), % 18.6 9.5 15.2 11.7
7. Р (accuracy of experiment), % 3.7 1.9 3.0 2.3
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Solution concentration 0.01%
9. Experimental seedlings 49.2 ± 0.4* 76.4 ± 1.1* 18.1 ± 0.3* 26.3 ± 1.2*

10. Excess to control, % +19.4 +45.0 +79.2 +110.4
11. С (coefficient of variability), % 16.7 7.5 11.2 20.0
12. Р (accuracy of experiment), % 3.3 1.5 2.2 4.4

Note: * – differences with the control are significant according to the t-test

Table 2.
The influence of the stimulator Epin on the height and height gain of Cajanderlarch 

seedlings at the first 2 years of growth in the nursery school department

№
n/n Growthparameters

Height, cm
M±m Heigh tgain, cm

1st year
of growth

2nd year
ofgrowth

 1st year
of growth

2nd year
of growth

1. Control 41.2 ± 1.1 52.7 ± 2.0 10.1 ± 0.1 12.5 ± 0.6
2. С (coefficient of variability), % 18.1 18.5 11.3 22.7
3. Р (accuracy of experiment), % 2.6 3.7 2.3 4.5

Solution concentration 0.001%
4. Experimental seedlings 48.7 ± 0.5* 65.7 ± 1.0* 17.6 ± 0.2* 17.7 ± 0.6*
5. Excess to control, % +18.2 +24.7 +74.3 +41.6
6. С (coefficient of variability), % 14.9 7.2 14.1 16.4
7. Р (accuracy of experiment), % 3.0 1.4 2.8 3.3

 Solution concentration 0.01%
9. Experimental seedlings 52.3 ± 1.2* 81.3 ± 2.2* 19.4 ± 1.5* 28.8 ± 1.0*

10. Excess to control, % +26.9 +54.3 +92.1 +130.4
11. С (coefficient of variability), % 14.1 13.8 11.4 20.2
12. Р (accuracy of experiment), % 2.8 2.8 2.3 4.0

The accuracy of the experiment was in the range of 1.4-3.7%. The differ-
ences with the control are significant: tfact>tfact at p < 0.05. The height gain of 
the seedlings was 15-19.4 cm in the 1st year and, accordingly, 15.6-28.8 cm in 
the 2nd year, exceeding the control indicators by 48.5-92.1% and 24.8-130.4%, 
respectively. Higher rates of height and height gain were noted when feeding 
seedlings with a stimulator Epin with a solution concentration of 0.01%. When 
using the drug Zircon with a concentration of 0.001%, a less positive effect 
was observed.

Experimental seedlings had active root formation. So, in the 1styear the 
length of roots of experimental seedlings increased the parameters on the con-
trol by 1.6-14.3% (Fig. 1), in the 2nd year – by18.1-47.8% (Fig. 2). 
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During the 1st year of seedling growth, the highest parameters of roots length 
were noted when fertilizing by the stimulator Zircon with a solution concen-
tration of 0.01%.This is probably due to the fact that the hydroxycinnamic ac-
ids included in the stimulator contribute to the active root formation of plants.

Fig. 1. Influence of the growth 
stimulants Zircon and Epin on the 
growth of Cajander larch annual 

seedlings along the length of roots

Fig. 2. Influence of the growth 
stimulants Zircon and Epin on the 
growth of Cajander larch biennial 
seedlings along the length of roots

The diameter of the root neck exceeded the control, respectively: by 6.7–
11.2% in the 1st year of growth (Fig. 3) and by 17.1–63.8% in the 2nd year (Fig. 
4). Epin with a solution concentration of 0.01% had a higher effect.

The mass of the root system of the seedlings in the air-dry state significantly 
exceeded the control by 80.8–115.4% in the 1st year of growth (Fig. 5) and by 
98.1–173.1% in the 2nd year (Fig. 6) and amounted to 4.7–5.6 g and, accord-
ingly, 10.3–14.2 g.

It can be seen from the presented graphs, that the total dry weight of exper-
imental seedlings exceeded the control by 66.7–98.8% in the 1st year of growth 
and, accordingly, by 89.9–145.3% in the 2nd year.

In the place of growth of 15-year-old crops of Cajander larch, the soils are 
mountain-forest. The terrain is slightly undulating with a minimum slope. The 
climate in the research area is monsoonal. The temperature in July-August reaches 
30-35 ° C. The distribution of precipitation is uneven. Their average number here 
is about 80% in the warm season and only 20% in winter. The greatest number 
of them falls in July-October (about 50-57%), when heavy rains are observed. In 
winter, snow is observed every three years, which leads to the death of plants. The 
dynamics of changes in air humidity is peculiar. In summer, it reaches the highest 
values (more than 80%), in April-May - the lowest (50-70%).
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Fig. 3. Influence of the growth stimulants 
Zircon and Epin on the growth of 

Cajander larch annual seedlings along the 
diameter of the root neck

Fig. 4. Influence of the growth stimulants 
Zircon and Epin on the growth of 

Cajander larch biennial seedlings along 
the diameter of the root neck

Fig. 5. Influence of the growth 
stimulants Zircon and Epin on the 
growth of Cajander larch annual 

seedlings dry mass

Fig. 6. Influence of the growth 
stimulants Zircon and Epin on the 
growth of Cajander larch biennial 

seedlings dry mass

The main area of the forest fund is occupied by oak and oak-deciduous com-
munities, which are typical for the south-west of Primorye. The species compo-
sition of the grass cover includes Amur anemone (Anemone amurensis Kom.), 
single-pair vetch (Vicia unijuga A.Br.), eared kalali (Cacalia auriculata D.C.), 
meadowsweet (Filipendula palmate Maxim.), pink maryannik (Melampyrum 
roseum Maxim.), Ussuri sedge (Carex ussuriensis Kom.), Daurian bedstraw 
(Galium davuricum Turcz. ex Ledeb.), wheatgrass (Elytrigia sp.), dandelion 
(Taraxacum officinale (L.) Webb ex F. H. Wigg.), creeping clover (Trifolium 
repens L.), stinging nettle (Urticaurens L.), burdock (Arctium sp.).

The survival rate of larch crops was within 99%. Among the rooted crops, 
the trees are predominantly healthy. The fall away is insignificant. The reasons 
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for the fall are probably connected with damage by pests (larch fly) and with 
the significant amount of dust and gaseous pollutants, which causes some harm 
to plants.

Based on the results of tree measurements, it was found that the effect of 
the use of growth stimulants is preserved (Table 3).

The greatest positive effect was exerted by root feeding of one-two-year-old 
seedlings of Cajander larch with stimulator Epin, where the average height was 
in the range of 10.1–10.2 m, exceeding the control indicators by 119.6% (at a 
concentration of 0.001%) and by 121.7% (at a concentration of 0.01% of water).

When fertilizing seedlings with Zircon, the height indicators were 5.6 m at 
a concentration of 0.001% and 9.8 m at a concentration of 0.01% (excess to the 
control - 21.7 and 113%). The significance of the differences with the control 
was noted: tfact > ttabl at p < 0.05.

Table 3.
Influence of the stimulants Zircon and Epin on the growth of the average parameters 

of the height and diameter of the trunk of fifteen-year-old Cajander larch trees

№
п/п Growth indicators

Biometric parameters of 15-year-oldCajander larch trees
Height, m Diameter

of the trunk, cm
1. Control 4,6 ± 0,1 10,0 ± 0,6

Zircon
Solution concentration 0.001%

2. Experimental seedlings 5,6 ± 0,1* 12,8 ± 0,5*
3. Excess to control, % +21,7 +28,0

Solution concentration 0.01%
4. Experimental seedlings 9,8 ± 0,5* 17,0 ± 0,1*
5. Excess to control, % +113,0 +70,0

Epin
Solution concentration 0.001%

6. Experimental seedlings 10,1 ± 0,1* 20,1 ± 0,1*
7. Excess to control, % +119,6 +101,0

Solution concentration 0.01%
8. Experimental seedlings 10,2 ± 0,1* 21,0 ± 0,1*
9. Excess to control, % +121,7 +110,0

Note: * - differences with the control are significant according to the t-test

When using the drug Epin, the diameter of the root neck increased by 2 
times, compared with the control, amounting to 20.1–21 cm, exceeding the 
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control by 101–110%. Zircon is less effective. Excess to the control group was 
within 28–70%. The differences with the control are significant: tfact>ttabl at p < 
0.05.The significant effect of the stimulant Epin on the growth and development 
of Cajander larch is probably associated with its constituent epibrassinolide, 
which has a positive effect on the growth processes of plants.

Conclusion
Thus, it has been established that the growth stimulants Zircon and Epin 

have a positive effect on the growth of seedlings and mature trees of Cajander 
larch. It was revealed that the effect of root feeding with Epin solution, in com-
parison with Zircon, is higher in individual growth indicators. Thus, the height 
of larch seedlings treated with the stimulator Epin in the first year of growth 
exceeded the control by 18.2-26.9% and in the second year, respectively, by 
24.7-54.3%. The height gain exceeded the control by 74.3-92.1% and, accord-
ingly, by 41.6-130.4%. The diameter of the root neck and dry mass exceeded 
the control by 7.9-11.2, 22.9-65.8 and 76.2-98.8 and 116.2-145.3%. However, 
it was noted that the length of the roots in the first year of growth, to a greater 
extent, was influenced by Zircon, exceeding the indicators of the control group 
by 4-14.3% and 29-47.8% and in the second year a significant effect was pro-
duced by Epin.

Epin also had a positive effect on the height and diameter of the trunk of 
15-year-old larch trees. Exceedances in relation to the control amounted to 
119.6-121.7% and 101-110%.

The use of a higher concentration of solutions (0.01%) gives a mоre signif-
icant effect in comparison with a lower one (0.001%).

Funding. The research was carried out within the state assignment of Min-
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