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ABSTRACT 

 
The paper presents the outcomes of the research study of the impact made by the Krezatsin growth 

stimulator on improvement of sowing qualities of seeds of Scots pine (Pinus sylvestris L.), a tree species 
growing in the southern forest sites of the Far East region. Results. The germination energy was 73.6-91.3%; 
the laboratory germinating ability was 81.4-98.9%. The biometric parameters of seedlings have been 
improved. The most effective improvement of seedling parameters have been observed at the solution 
concentrations of 1*3*10-3 - 1*5*10-3. 
Keywords: sowing qualities of seeds, growth stimulators, Krezatsin, germination energy, laboratory 
germinating ability, seedling length and weight 
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INTRODUCTION 
 

`Forests of the Far East region take vast territories. Conifers cover over 76% of the total forest area. The 
tree species composition is as follows: Korean pine (Pinus koraiensis Sieb. et Zucc.), Amur larch (Larix 
amurensis B. Kolesn.), white-barked Khingan fir (Abies nephrolepis Maxim.), Scots pine (Pinus sylvestris L.). 

 
Scots pine is a boreal cenoelement within the areas with a continental and severely continental climate. 

This tree species of great economic value is one of the best known and widely involved in conifer breeding in 
the world. It can be used for different economic purposes and is always in good demand. Under conditions of 
mountainous, vulnerable and hard recovering ecological systems of the Far East, Scots pine is one of the best 
species used for forest improvement in the purposes of gully afforestation, slope stabilization, sand binding, 
field-protective and roadside forest belts. This tree species is considered promising for plant introduction, 
landscape gardening and amelioration due to its fast growth, resistance to droughts and cold [1-5]. 

 
Due to its high economic value, biological and ecological parameters and a lot of benefits Scots pine 

needs protection and more active work on its reproduction. However, seed years in Scots pine stands of the 
mentioned region occur in three-four years of low yields [6, 2, 4, 5]. After such a storage period the seed 
germination energy reduces. The treatment of seeds with growth stimulators can improve sowing qualities of 
seeds [7-17]. 

 
Growth stimulators are the substances promoting or inhibiting plants' growth and development. They 

can be both natural and synthetic. However, user's manuals for growth stimulators are intended for 
agriculture. As for silviculture, they are used in this sphere experimentally. The first experiments on growth 
stimulator application carried out in the European part of Russia [18, 7, 9, 14-17, 19] and then in Siberia and in 
the Far East [20, 8, 10-13] showed effectiveness of these products. The laboratory germinating ability of seeds 
improved. Seedlings grew vigorously and demonstrated a high level of survival. Further research into this 
investigation area is appropriate. 

 
This paper overviews the outcomes of research into effective application of the Krezatsin growth 

stimulator in silviculture. The previous studies state that the Krezatsin growth-regulating product ensures 
plants' resistance to difficult environments and diseases, improves the laboratory and field germinating ability 
of seeds, promotes root formation, a seedling growth, a biomass increase and the yield of standard planting 
materials from an area unit [18,  20,  9,  21, 10-16, 19,  22]. 

 
The goal of research is to study a stimulating impact of the Krezatsin water solutions and to reveal the 

doses stimulating a seed germination energy and laboratory germinating ability as well as length and weight 
increments of Scots pine seedlings (Pinus sylvestris L.), which is one of the widespread tree species in the Far 
East having great economic value. The goal intends attainment of the following objectives: 

 
- Scots pine seed harvesting; 
- Scots pine seed soaking in the Krezatsin solutions of different concentrations; 
- seed germination in vitro; 
- analyses of the impact made by the Krezatsin growth stimulator on the seed germination energy and 

laboratory germinating ability, on the Scots pine seedling length and weight increments. 
 

OBJECTS AND METHODS OF RESEARCH 
 

The object of this study is Scots pine seeds (Pinus sylvestris L.) harvested in the south of the Primorye 
Territory. The stimulating impact of the Krezatsin growth stimulator on sowing qualities of seeds was 
investigated in vitro in compliance with the effective state standards [23]. For experiments on germination we 
selected seeds without any visual external damage. The researchers from Siberian State Technological 
University, O.P. Kovylina et al., [8] used in their experiments on germination of Siberian larch seeds soaking of 
seeds in the Energen (potassium humate) and Epin water solutions during 20-24 hours [8]. As for this study, 
we also soaked seeds in the water solutions of the growth stimulators during 20 hours. The experiments 
consisted of seven variations (the solution concentrations were as follows: 1*10-3, 1*2*10-3, 1*3*10-3, 1*4*10-3, 
1*5*10-3, 1*6*10-3  mL/L and a control solution). The control part of seeds was soaked in distilled water. The 
volume proportion of the seeds and the solution was 1:5. All the experiments were carried out in four 
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replications. The seeds specially prepared for experiments were placed in Petri plates, one hundred seeds per 
each plate. The seeds were put on the wet bed made of four layers of absorbent paper cut according to the 
Petri plate size. Seed germination was performed in the TC-80 thermostat (an electrical dry-air thermostat). 
The Petri plates were placed in the thermostat chamber. The seed germination beds were maintained wet by 
adding some distilled water time by time. 

 
The germination temperature was set as 22-24о С. Seedlings were counted, measured and weighted on 

the fifth, seventh, 10th and 15th days [23]. 
 
At each counting normally germinated and decayed seeds were removed from the beds; the numbers 

of germinated and decayed seeds and ungerminated seeds left on the bed were recorded for each replication 
individually. The germination energy was defined on the fifth and seventh days of the germination process. On 
the final counting day we recorded the numbers of sound, untypically germinated, decayed, softened, 
germless and empty, infested seeds among the seeds remained on the bed [23]. The obtained data were 
recorded in the analysis inventory. The seedling length was measured with a micrometer, the weight with 
electronic scales. The experimental data were processed by the Microsoft Excel application [24]. 
 

RESULTS 
 

The Krezatsin growth stimulator is a synthetic adaptogene and immune stimulant. It promotes root 
formation and improves the resistance of living organisms to adverse environment factors such as high and 
low temperatures, droughts, etc. This product is safe for people and animals, accelerates the growth, 
development and ripening of agricultural plants by 7-10 days; increases crop productivity and plant resistance 
to diseases and spring and autumn frosts; increases sugar and vitamin contents in fruits, extends fruit shelf life; 
prevents bosom and seed-bud falls of all plant species [22]. 

 
The product has low toxicity and no mutagenic effect; it is recommended as a pre-sowing, root and 

foliar nutrient for plants, safe for humans, animals and useful insects. As it is environmentally friendly, the 
Krezatsin is listed in the inventory of the pesticides and agricultural chemicals approved for use in the Russian 
Federation. The product is freely soluble in water and alcohol; it is sold without any restrictions [14, 25]. 
However, user’s manuals for growth stimulators are intended only for agricultural crops. Within the forestry 
sector they are still applied experimentally.  

 
The study has stated that the germination energy and germinating ability depend on stimulator 

solution concentrations. 
 
The speed of seed germination within the first week of experiments was the highest, and then, within 

the second week of germination it decreased (Table 2). The most active germination was observed on the first 
counting day (the fifth day of the experiment). At the higher solution concentrations (1*10-3 and 1*2*10-3) the 
number of germinated seeds varied within the range of 70,0-70,3%; at the concentrations of 1*3*10-3 – 
1*5*10-3 it was 73,3-71,5%, respectively. At the lower solution concentrations down to 1*6*10-3 the number of 
germinated seeds decreased confidently to 61.3%. The similar dynamics of seed germination was also 
observed on the seventh day of their germination. 

 
At all the solution concentrations the germination energy and seed germinating ability exceeded the 

rates of the control part. The most effective concentrations were 1*10-3 – 1*5*10-3 as at these levels the seed 
germination energy was 85.3-91.3% (i.e. 25.8-34.7% more that of the control).  

 
Activating the seed germination energy caused the improvement of their germinating ability: at the 

solution concentrations of 1*10-3 – 1*2*10-3 the germinating ability increased by 88.1-89.0% (Quality Class II); 
at the solution concentrations of *3*10-3 – 1*5*10-3 by 96.1-98.9% (Quality Class I) [26]. At the lower solution 
concentration of 1*6*10-3 the effectiveness of the product impact on the seed germination decreased and was 
as follows: the germination energy - 73.6%, the germinating ability - 81.4%, which exceeded the control by 
8.5% and 4.0%, respectively. 
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Table 1: The impact of the Krezatsin growth stimulator on the germination energy and laboratory 
germinating ability of Scots pine seeds (Pinus sylvestris L.) 

 

Date of 
seedling 

counting, 
days 

Control 
(distilled 
water) 

Solution concentration, mL/L 

1
*1

0
 ˉ

³ 

1
*2

*
1

0
 ˉ

³ 

1
*3

*
1

0
 ˉ

³ 

1
*4

*
1

0
 ˉ

³ 

1
*5

*
1

0
 ˉ

³ 

1
*6

*
1

0
 ˉ

³ 

Number of seeds vs solution concentration, pcs / % in relation to the control 

1 2 3 4 5 6 7 8 

5th 52.3±2.1 
      

Confidence tm 25.4 12.2 14.6 27.2 34.3 25.9 26.9 

7th 15.5±0.7 
      

Confidence tm 23.8 20.4 32.9 18.4 10.6 58.5 8.5 

10th 6.5±1.6 
      

Confidence tm 4.2 3 8.9 18.1  7.2 4.6 

15th 4.0±0.4 
      

Confidence tm 9.8 3.9 5.2 26.7 3.8 50 4.8 

Germination 
energy,% 

67.8 85.3 86.1 89.1 91.3 87.3 73.6 

Germinating 
ability, % 

78.3 88.1 89.0 98.9 97.4 96.1 81.4 

Ungerminate
d seeds, pcs 

22 12 11 2 3 4 19 

Among 
ungerminated 

seeds: 
       

normal 4 2 2 - - - 7 

decayed 1 1 - - - - - 

softened 1 - 1 - - - - 

germless 5 5 7 1 3 4 6 

abnormally 
germinated 

11 4 1 1 - - 6 

wormy - - - - - - - 

 
Note:  The solution concentrations: 1*10ˉ³ - 1mL of the product per 1L of water, 1*2*10ˉ³ - 1mL/2L, 1*3*10ˉ³ - 
1mL/3L, 1*4*10ˉ³ - 1mL/4L, 1*5*10ˉ³ - 1mL/5L, 1*6*10ˉ³- 1mL/6L. 

 
The solution concentrations made a significant impact on the seedling increments in length and weight. 

The higher solution concentrations (1*10-3 and 1*2*10-3) restrained the seedling growth in length; it decreased 
in comparison to the control by 5.9-26.7%. The lower solution concentrations within the range of 1*3*10-3 – 
1*5*10-3 activated the seedling growth which exceeded the control by 11.1-38.9%. The further lowering of the 
solution concentrations (down to 1*6*10-3) caused the decrease of the seedling length in comparison to the 
control by 5.6-13.3% (Table 2). 

 
The high concentration of the product (1*10-3) also restrained the seedling weight increment; it 

confidently decreased in comparison to the control by на 8.7-13.0%. As the solution concentration was 
lowering from 1*2*10-3 to 1*5*10-3, biometrical parameters of seedlings improved; and depending on the 
solution concentration the growth exceeded the control by 1.4-42%. The further lowering of the solution 
concentrations (down to 1*6*10-3) caused a slight increase of the seedling weight, up to 6.0-8.3% (Table 3, 
Figure 1,2). 
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Table 2: The impact of the Krezatsin growth stimulator on the seedling growth in length in the Scots pine 
(Pinus sylvestris L.) seed germination experiments 

 

Date of seedling 
counting, 

days 

Control 
(distilled 
water) 

Solution concentration, mL/L 

1
*1

0
 ˉ

³ 

1
*2

*
1

0
 ˉ

³ 

1
*3

*
1

0
 ˉ

³ 

1
*4

*
1

0
 ˉ

³ 

1
*5

*
1

0
 ˉ

³ 

1
*6

*
1

0
 ˉ

³ 

Average seedling length, cm / % in relation to the control 

1 2 3 4 5 6 7 8 

5th 1.6±0.1 
      

Confidence tm 17.8 14 17.5 61.3 61.3 25.7 14.5 

7th 1.8 ±0.1 
      

Confidence tm 36 46.7 53.3 18.2 8.6 26.3 47.5 

10th 1.7 ±0.1 
      

Confidence tm 24.3 26.7 42.5 38 31.4 46 45 

15th 1.5 ±0.1 
      

Confidence tm 37.5 46.7 3.1 24.3 17.3 50 24.3 

 
Note: The solution concentrations: 1*10ˉ³ - 1mL of the product per 1L of water, 1*2*10ˉ³ - 1mL/2L, 1*3*10ˉ³ - 
1mL/3L, 1*4*10ˉ³ - 1mL/4L, 1*5*10ˉ³ - 1mL/5L, 1*6*10ˉ³- 1mL/6L. 

 
Figure 1: The impact of the Krezatsin growth stimulator on the seedling length in the Scots pine (Pinus 

sylvestris L.) seed germination experiments. 
 

 
 

Table 3: The impact of the Krezatsin growth stimulator on the seedling weight increment in the Scots pine 
(Pinus sylvestris L.) seed germination experiments. 

 

Date of seedling 
counting, 

days 

Control 
(distilled 
water) 

Solution concentration, mL/L 

1
*1

0
 ˉ

³ 

1
*2

*
1

0
 ˉ

³ 

1
*3

*
1

0
 ˉ

³ 

1
*4

*
1

0
 ˉ

³ 

1
*5

*
1

0
 ˉ

³ 

1
*6

*
1

0
 ˉ

³ 

Average seedling weight, mg / % in relation to the control 

1 2 3 4 5 6 7 8 

5th 8.1±0.2 
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Note: The solution concentrations: 1*10ˉ³ - 1mL of the product per 1L of water, 1*2*10ˉ³ - 1mL/2L, 1*3*10ˉ³ - 
1mL/3L, 1*4*10ˉ³ - 1mL/4L, 1*5*10ˉ³ - 1mL/5L, 1*6*10ˉ³- 1mL/6L. 

 
Figure 2: The impact of the Krezatsin growth stimulator on the seedling weight length in the Scots pine 

(Pinus sylvestris L.) seed germination experiments. 
 

 
 

CONCLUSIONS 
 

The experiments revealed the positive influence of the Krezatsin growth stimulator on the seed 
germination energy and laboratory germinating ability as well as on the further seedling growth of Scots pine 
growing in the Primorye Territory. The study resulted in the following conclusions. 

 
The Krezatsin stimulator is an active agent of root formation. In the experiments on Scots pine seed 

germination (Pinus sylvestris L.) the product demonstrated a high level of effectiveness in improving the seed 
germination energy and laboratory germinating ability. 

 
The speed of seed germination measured on the counting days can be described as high on the first 

dates of germination period and as lower by the end of the germination period specified by the effective GOST 
standard. 

 
In the perspective of the Scots pine biology and cost efficiency of silviculture activities it is 

recommended to apply the Krezatsin under production environment in the concentrations of 1*2*10-3 - 
1*5*10-3. 
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