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Picea obovata Ledeb. is a slow-growing in the early stages of growth type of coniferous trees. The use of growth stimu-

lants in the cultivation of spruce seedlings can accelerate the production of standard planting material. The paper presents the 

results of research of plant growth regulators influence on spruce seedlings within three years of cultivation in forest nursery 

conditions. Before sowing seeds of spruce soak in solutions of biological-active preparations Verva and Verva-spruce, obtaining 

from Abies and Picea wood greenery extracts. The plants growth regulator Verva from Abies needles (operating substance – 

triterpenic acids) is applied in plant growing at cultivation agricultural and commercial crops. Operating substance of a prepara-

tion Verva-spruce used for protection of agricultural plants from diseases, are phenolic compounds of Picea wood greenery 

possessing fungicidal and insecticidal activity. 

It is established that spruce seedlings processed before sowing by bio-preparation had higher parameters of growth (seed-

ling height, diameter of seedling tree at root neck) in comparison with control plants within three years of cultivation in conditions 

of forest nursery. Three-year spruce seedlings which have been grown up with use of growth stimulators Verva and Verva-spruce 

exceeded control on 20–30% on height and on 19–20% on seedling tree thickness. 

 Bio-preparations Verva and Verva-spruce can be recommended for application in forest nurseries as effective growth 

stimulators at cultivation of Siberian spruce landing material.  
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Introduction 

In modern agricultural practice, natural plant growth regulators are successfully used. The prospect of their 

use is determined by environmental safety, multifunctionality of action, including the ability to reduce a variety of 

stressful environmental effects on plants. 

Plant growth regulators Verva and Verva-

spruce refer to such biological products [1]. They are 

recommended for use on many crops to induce long-

term nonspecific resistance to diseases, improve the 

function of the conductive system of plants and supply 

the above-ground part with nutrients, enhance the out-

flow of photosynthesis products from leaves to root 

system. Natural plant growth regulators contribute to 

the activation of photosynthetic processes while in-

creasing the chlorophyll content in plants, which gen-

erally leads to an increase in crop productivity [2–5]. 

They are low toxic to humans, plants and beneficial 
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soil microflora. The use of natural growth regulators helps to reduce the frequency of treatment with synthetic fun-

gicides. The introduction of such environmentally friendly products in forestry activities is in line with the concept 

of limiting the use of pesticides in forestry, which is supported by many countries [6]. 

The use of growth stimulators can become an additional element of the seedlings growing technology (pro-

tocol) for regional nurseries. The adaptability of the obtained planting material to the specific regional conditions or 

even to the conditions of a small area where the creation of the forest crops is planned will be increased, therefore. 

A similar approach to the growth of the seedlings in forest nurseries is being developed and discussed in a number 

of scientific studies [7, 8]. 

Coniferous raw material is a source of biologically active compounds with immunostimulating, fungicidal, 

bactericidal activity. The ability of coniferous extracts to resist the development of mold fungi, as well as fungi that 

cause cancer of trees, has been established [9]. 

The plant growth regulator Verva is a natural biological product based on substances extracted from woody 

greenery of Abies. Active ingredient of plant growth regulator Verva is triterpenic acids of Abies wood greenery, 

which stimulate seed germination, plant growth and development, increase drought and frost resistance, reduce the 

incidence of fungal and bacterial diseases [10]. The mode of action of triterpene acids of Abies is to activate genetic 

processes leading to an increase of plant immunity to a complex of diseases, to activate stress resistance genes, and 

thus the synthesis of substances whose function is to organize connection between environmental factors and the 

activity of individual genes or their blocks. The physiological activity of triterpene acids manifests in bringing out 

seeds from deep rest and stimulating their germination by initiating cell stretching in the root, coleoptile, and then 

in the stems and leaves [11]. The potential ability of compounds from the terpenoid group to carry out protective 

reactions in plants was noted earlier [12]. 

Natural phenolic compounds extracted from woody greenery of Picea are the active ingredients of the growth 

regulator Verva-spruce. In low concentrations it has a stimulating effect on plant growth, antibacterial influence 

against phytopathogenic fungi and bacteria [13, 14]. 

Improvement of agricultural technology of growing planting material of conifers and reducing its cost re-

mains a relevant objective. The technology for producing seedlings of coniferous plants actively uses the method of 

stimulating growth processes, which in some cases can neutralize the consequences of possible adverse environ-

mental factors leading to a decrease in the quality of planting material obtained in forest nurseries [15, 16]. Envi-

ronmentally safe methods of growing conifers (spruce, pine, larch, cedar, fir, etc.) can be based on the use of growth 

stimulants at various stages of seedling development  in seed treatment before sowing and foliar treatment of plants 

[17, 18]. 

Previously, drugs Verva and Verva-spruce were successfully tested on agricultural crops [14, 19]. The pro-

spect of using these drugs in the technology of growing Pinus sylvestris seedlings were confirmed on sprouts and 

one- and two-year-old seedlings [20, 21]. A distinctive feature of coniferous plants are longer periods of their growth 

in nursery conditions and, therefore, prolonged effects of exposure to substances used to nourish and protect the soil 

and seedlings. Spruce at the initial stages of development is a slow-growing breed: the period of its growth in the 

forest nursery to reach standard sizes is 3-4 years [15, 22]. For a possible reduction of time for cultivation of standard 

planting spruce material with planned yield, the use of drugs that stimulate plant growth can be a good solution. 

The purpose of this work is to study the effect of biological product Verva based on triterpene acids and 

flavonoids on the growth of Picea obovata Ledeb. in conditions of forest nursery during the full cycle of growing 

seedlings. 

Objects and methods 

Studies were carried out in the Berezovsky production nursery of the Berezovsky forestry (Sverdlovsk region, 

17 km from city Yekaterinburg), located in the subzone of the southern taiga forests of the Middle Urals. The soil 

of the field is sod-podzolic medium-loamy [23]. The experimental area was created in 2016. Seedlings were grown 

for three years. Statistical data of weather indicators calculated from May to September showed that conditions of 

the growing seasons of 2017 and 2018 were aligned and remained within the average climatic values – the air 

temperature was +14.2 and +14.7 °C, resp. The 2016 vegetative season was warmer (average temperature +17.1 °С) 

with lower precipitation (164 mm) than in subsequent years (329 mm in 2017 and 280 mm in 2018). 
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In experimental variants the seeds of Picea obovata before sowing were soaked for 6 hours in solutions of 

Verva and Verva-spruce with concentrations of 0.1 and 0.25 ml per kilogram of seeds, in a control variant – in 

distilled water. The preparations were dissolved in water, 10 g of seeds were soaked in 50 ml of working solution 

(for 1 kg of seeds the volume of working solution is 5 l).  

Caring for crops included weeding and loosening the soil. At the end of each growing season, some of them 

were dug out and the following parameters were measured: stem diameter at the level of a root collar, stem height, 

length of the stem with needles and length of the primary root. After that, the seedlings were divided into parts and 

dried at a temperature of 105 °C to a completely dry state and weighed with an accuracy of 0.01 g. 

Statistical processing of the data was performed using Statistica 6.0. In the analysis of these morphometric 

parameters (diameter, height, length of a stem with needles, length of a primary root, mass of the above-ground and 

underground parts of seedlings), the arithmetic mean and standard error were calculated. The obtained data in sam-

ples correspond to normal distribution, the comparison of the results between groups (control and variants with the 

use of Verva and Verva-spruce) was carried out using Student's t-test. Differences were found to be significant at p 

<0.05. 

Discussion of results 

The analysis of morphometric parameters of seedlings, carried out at the end of the first growing season, 

showed significant differences in height in variants with the use of Verva at a dose of 0.25 ml/kg (3.0±0.08 cm) and 

Verva-spruce at a dose of 0.1 ml/kg (2.8±0.14 cm) and 0.25 ml/kg (3.0±0.14 cm) against control variant (2.3±0.11 

cm). The height of seedlings in variant with the use of Verva at a dose of 0.1 ml/kg did not differ significantly from 

control value. 

The height of 2-year-old seedlings, the length of the stem with needles, and the current growth of seedlings 

in the second year in experimental variants exceeded control ones (Tab. 1). The use of Verva and Verva-spruce 

resulted in a significant increase in stem diameter at the level of root collar and length of the stem with needles in 

comparison with the same parameters in control variant. The difference in these indicators remained in the following 

year of growth (Tab. 1, Fig.).  

Due to the fact that during third growing season there was an active growth of stem and branches, while the 

mass of the roots increased slightly and mainly because of growth of secondary roots, the ratio of above-ground 

mass of spruce seedlings to underground mass increased significantly in third year of growth (Table 2).  It is noted 

that the ratio «above-ground mass / underground mass» remained higher in almost all variants where the prepara-

tions were used. 

Although the weather conditions in the first year after sowing, associated with low level of humidity, were 

not entirely favorable for the active growth of seedlings and it was resolved by irrigation, growth stimulants led to 

an increase in height of seedlings in most experimental options. Analysis of the seedlings growth in the following 

years of cultivation showed that the effects of Verva and Verva-spruce have a prolonged character. Single treatment 

of seeds before sowing increased morphometric parameters both in second and third year of vegetation. 

Table 1. Morphometric value of 2 and 3-year-old seedlings of Siberian spruce 

Parameters 
Seedling 

age, year 
Control 

Dose of Verva, ml/kg of seeds Dose of Verva-spruce, ml/kg of 

seeds 

0.1 0.25 0.1 0.25 

Stem diameter at the 

level of a root collar, 

mm 

2 1.2±0.04a* 1.2±0.04a 1.4±0.04b 1.3±0.05a 1.5±0.06b 

3 1.5±0.04a 1.8±0.06b 2.0±0.06b 1.9±0.08b 1.8±0.06b 

Stem height, cm 
2 6.3±0.32a 7.8±0.57b 9.4±0.41b 7.5±0.39b 9.8±0.59b 

3 12.7±0.30a 14.9±0.49b 16.0±0.52b 14.5±0.58b 16.6±0.50b 

Length of the stem with 

needles, cm 

2 5.4±0.31a 6.8±0.58b 8.4±0.40b 6.6±0.38b 8.6±0.57b 

3 11.1±0.28a 13.4±0.46b 14.4±0.49b 13.2±0.58b 14.9±0.47b 

Current growth, cm 
2 4.0±0.27a 5.5±0.51b 6.4±0.34b 4.8±0.29b 6.9±0.51b 

3 5.5±0.14a 6.8±0.22b 7.7±0.29b 7.5±0.30b 7.2±0.24b 

Length of a primary 

root, cm 

2 20.0±0.81a 18.4±0.78a 19.1±0.70a 19.2±0.63a 21.8±0.90a 

3 20.4±0.44a 20.7±0.59a 21.9±0.49b 21.0±0.49a 22.4±0.54b 

* Here and in the table 2, the data is presented as an arithmetic mean with a standard error. Statistically significant differences 

(p<0.05) in the studied parameters between the control and experimental variants are shown in different letters. 
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Figure. 3-year-old Siberian spruce seedlings: a) control, b) with the use of Verva at a dose of 0.25 ml/kg, c) with 

the use of Verva-spruce at a dose of 0.25 ml/kg 

Table 2. Value of phytomass of above-ground and underground parts of seedlings Siberian spruce  

Parameters 
Seedling 

age, year 
Control 

Dose of Verva, ml/kg of seeds Dose of Verva-spruce, ml/kg of 

seeds 

0.1 0.25 0.1 0.25 

Above-ground mass, g 
2 0.16±0.02a 0.18±0.02a 0.23±0.02b 0.21±0.03a 0.33±0.04b 

3 0.46±0.03a 0.65±0.06b 0.71±0.06b 0.71±0.08b 0.62±0.05b 

Underground mass, g 
2 0.13±0.02a 0.10±0.01a 0.13±0.01a 0.14±0.01a 0.23±0.02b 

3 0.22±0.01a 0.26±0.02a 0.28±0.02b 0.32±0.04b 0.22±0.02a 

The ratio of above-ground 

mass to underground mass 

2 1.38±0.07a 1.74±0.13b 1.85±0.11b 1.46±0.1a 1.42±0.08a 

3 2.19±0.07a 2.53±0.07b 2.56±0.08b 2.11±0.06a 2.96±0.07b 

 

In general, by the end of the third year of cultivation, the main parameters of seedlings in all variants have 

reached and even exceeded the values specified in the Rules for Reforestation, according to which 3-4-year-old 

Picea obovata seedlings should have at least 1.5 mm stem diameter at the level of a root collar and stem height not 

less than 10.0 cm [22]. The latter can significantly increase the profitability of obtaining planting material. 

More active accumulation of phytomass of the above-ground part under the influence of stimulants in com-

parison with the underground part also indicates a prolonged nature of the effect of the studied drugs on seedlings 

Picea obovata. The effect of the Pinus sylvestris L. seedlings aboveground and underground parts masses ratio 

increase under the influence of foliar feeding with a coniferous preparation obtained on the basis of woody greenery 

of Pinus sylvestris and Picea abies was noted in [24]. There is no information about the stimulating effect of flavo-

noids on phytomass and plant growth indicators of spruce in the literature related to the research topic. The slower 

formation of the root system of spruce at the age of 3 years can be considered in two ways. On the one hand, a more 

compact root system is more convenient for seedlings transplantation to forest conditions, but on the other, subse-

quently, its small size can negatively affect the stability of seedlings. Thus, further observations of growth and 

formation of roots in seedlings obtained from spruce seedlings with the use of Verva and Verva-spruce are required. 

Conclusion 

The results of the study showed that Siberian spruce seedlings grown from seeds treated with natural drugs 

containing triterpene acids and flavonoids before sowing had a higher growth rate (seedling height, stem diameter 

at the level of a root collar) during three years of cultivation under forest nursery conditions compared to control 

plants. Three-year-old seedlings of spruce grown with the use of stimulants Verva and Verva-spruce, exceeded the 
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control seedlings in height by 20–30%, and in thickness of stem – by 19–20%. Experimental seedlings of Picea 

obovata showed a tendency for a better development of the above-ground parts. 

Biological products Verva and Verva-spruce can be recommended for use in forest nurseries as an effective 

growth stimulant for growing Picea obovata planting material. 
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