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Abstract. The development of seedling production technology and methods of establishing high-
yielding plantations of Picea obovata Ledeb. on a scientific basis is one of the urgent problems 
of forestry in Mongolia. In this study, we aimed to solve the following problems: to conduct 
a comparative analysis of the seedling growth parameters and biomass accumulation grown 
on different nutrient substrates; to assess the relationship between seedling growth, biomass 
accumulation and soil properties; to determine the most optimal nutrient substrates for seedling 
production of Siberian spruce in greenhouse conditions in Northern Mongolia. Six formulations 
of nutrient substrates (T1, Т2, Т3, Т4, Т5, Т6) were used for the seedling production of Picea 
obovata Ledeb. in greenhouses equipped with a sprinkler system. Nutrient substrates were 
prepared using black soil, manure, compost, peat, sawdust, sand in different composition ratios. 
During the 4-year-observation period height, root collar diameter, root length and aboveground 
and belowground biomass of seedlings were measured at the end of each growing season. 
We divided the biomass of seedlings into several structural elements. We found that all tested 
nutrient substrates, except the control substrate, had a positive effect on seedling growth in 
height and diameter. Comparative analyses showed that different ratio and composition of 
black soil, compost, manure, sawdust, and sand in the nutrient substrate had different effects on 
seedling growth (p > 0.001) and biomass accumulation (p > 0.001). Among the proposed nutrient 
substrates, the treatments T2 (50 % black soil + 20 % sand + 20 % peat + 10 % compost) and T6 
(60 % black soil + 20 % sand + 10 % peat + 10 % compost) were selected as the most effective soil 
substrate that are suitable for further seedling production of Siberian spruce under greenhouse 
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conditions in Mongolia. There fore, it was observed that good root system development was a 
determinant of seedling growth in height, diameter, and aboveground biomass accumulation 
especially from 3–4 years of age. Spruce seedling growth was positively correlated not only 
with humus content (r = 0.46), but also with soil acidity (r = 0.43) and available phosphorus  
(r = 0.48). The results of this investigation made an important contribution to the development 
of production technology for growing standard and large-sized seedlings of Picea obovata in 
greenhouse complexes in Northern Mongolia.
Keywords: biomass, height, diameter, Siberian spruce, Northern Mongolia, nutrient substrate, 
growth, greenhouse
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Аннотация. Разработка технологии производства сеянцев и способов создания высо-
копродуктивных насаждений Picea obovata Ledeb. на научной основе является одной 
из актуальных проблем лесного хозяйства Монголии. Проведен сравнительный анализ 
показателей роста выращенных на различных питательных субстратах сеянцев ели 
сибирской и накопления их биомассы. Оценена взаимосвязь между ростом сеянцев, 
накоплением их биомассы и свойствами почвы. Определены наиболее оптимальные 
питательные субстраты для выращивания сеянцев в тепличных условиях Северной 
Монголии. Сеянцы ели сибирской выращивали в теплицах, оборудованных системой 
дождевания. Применяли 6 видов питательных субстратов: T1, Т2, Т3, Т4, Т5, Т6. Пи-
тательные субстраты готовили с использованием чернозема, навоза, компоста, торфа, 
опилок и песка в различных соотношениях. В течение 4-летнего периода наблюдений 
в конце каждого вегетационного периода измеряли высоту, диаметр корневой шейки, 
длину корня и определяли надземную и подземную биомассу сеянцев. Биомасса сеян-
цев разделена на несколько структурных элементов. Установлено, что все испытанные 
питательные субстраты, за исключением контрольного (Т1), оказали положительное 
влияние на рост сеянцев в высоту и по диаметру. Сравнительный анализ показал, что 
различные соотношение и состав чернозема, компоста, навоза, опилок и песка в пита-
тельном субстрате по-разному влияют на рост сеянцев (p > 0,001) и накопление биомас-
сы (p > 0,001). Питательные субстраты Т2 (50 % чернозема + 20 % песка + 20 % торфа +  
+ 10 % компоста) и Т6 (60 % чернозема + 20 % песка + 10 % торфа + 10 % компоста) 
оказались наиболее эффективными, подходящими для дальнейшего производства сеян-
цев ели сибирской в тепличных условиях Монголии. Отмечено, что хорошее развитие 
корневой системы было определяющим фактором роста сеянцев в высоту, по диаметру 
и накопления надземной биомассы, особенно с 3–4-летнего возраста. Рост сеянцев ели 
положительно коррелировал не только с содержанием гумуса (r = 0,46), но и с кис-
лотностью почвы (r = 0,43) и доступным фосфором (r = 0,48). Результаты этих оценок 
являются важным вкладом в разработку технологии выращивания стандартных и круп-
номерных сеянцев P. obovata в тепличных комплексах Северной Монголии.
Ключевые слова: биомасса, высота, диаметр, ель сибирская, Северная Монголия, пита-
тельный субстрат, прирост, теплица
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Introduction

Forests in Mongolia play an important role in sustainable socio-economic 
development of the country, ensuring its economic, energy, environmental and food 
security [2, 42]. They become not only a source of valuable wood resources, but also 
perform the number of environmental and ecosystem functions, provide ecosystem 
services to the population, maintain water balance and protect soils from erosion, and 
conserve biodiversity [1, 35]. 

Picea obovata Ledeb. in the boreal zone of Russia and Mongolia is one of 
the main forest-forming tree species of woody plants that geographically distributed 
from the north of the European part of Russia to the Pacific coast that dominates in 
dark coniferous forests [22, 39, 44]. 

https://doi.org/10.37482/0536-1036-2023-6
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Spruce forests in Mongolia basically grow in the northern part of the country 
coinciding with the distribution of seasonal permafrost soils. However, they mainly 
grow on the north-facing slopes of the mountains, and along the valleys of small 
rivers, forming pure and mixed stands. Spruce stands show better growth on loamy, 
well-drained, and sandy soils [4, 28, 43]. 

According to statistics [7] a total of 21.1 thousand ha of spruce forests are 
registered in Mongolia, which occupy only 0.18 % of the country's forest cover.  
In recent decades, degradation and deforestation of natural spruce forests caused by 
global warming and unsustainable forest management indicate the importance of 
intensified forestry measures in these forests. They should be aimed at successful 
natural regeneration and artificial restoration of these forests using high-quality 
seedlings produced in the forest nurseries [12, 16]. 

A number of studies emphasize that success of reforestation depends not only 
on the site quality and post-planting stress of transplanted seedlings [11, 13, 37], 
but also on the quality of the seedlings themselves [8, 27, 32, 47] used for planting. 
Therefore, the size of seedlings and their root system play an important role in plant 
survival [6, 14, 37, 45, 46]. 

Several researchers [10, 26, 36] noted that well-developed root systems allow 
seedlings to overcome transplanting stress, which is usually associated with water deficit 
[38], and they are able to penetrate the soil faster to use the water and nutrients they need. 

Previous studies [3, 5, 6, 21, 28, 32, 33, 40] were basically devoted to the 
development of seedling production technology and the population ecology of 
Siberian spruce plantations in the Northern and Eastern Kazakhstan and Central 
Siberia. It is well-known that Redko et al. [44] developed the bioecological basis for 
the seedling production of spruce in forest nurseries of the Leningrad region, Russia. 
Such researches there fore were carried out in Northern Mongolia [15, 16]. Some 
studies emphasized that the use of various fertilizers and growth stimulants [19, 20, 
45] had a positive effect on seedling growth of coniferous tree species. 

A number of researchers [21, 22, 29] emphasized that the use of various fertilizers 
and growth stimulants had a positive effect on the growth of seedlings of coniferous 
trees. Comparative growth analyses of seedling growth for Siberian spruce planted 
in greenhouse conditions on various soil substrates consisting of soil, humus, peat, 
sawdust, and sand in Northern and Eastern Kazakhstan were carried out. However, 
the comparative assessment on individual seedling growth performance, biomass 
accumulation and morphological parameters of Siberian spruce in relation to different 
nutrient substrates under the conditions of Mongolia has not been previously studied. 

In this study, we purposed to detect different effects of nutrient substrates from 
organic origin on growth, development, and biomass accumulation of seedlings of 
Picea obovata in greenhouse conditions of Northern Mongolia.

The aim of this study was to 1) conduct a comparative analyses of seedling 
growth performance and biomass accumulation in relation to different nutrient 
substrates, 2) assess the relationships between seedling growth and soil properties,  
3) select the most optimal nutrient substrate for seedling production of Picea obovata 
in the greenhouse conditions of Northern Mongolia.

Research objects and methods 

Characteristics of the study area. This study was carried out on an experimental 
forest nursery (47º59' N, 106º57' E) established on loamy black soils, which formed on 
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alluvial deposits. According to Forest-vegetation zoning [30], the study area belongs 
to the East Khentii province of the South-Transbaikalia Forest – vegetation zone. 
The climate in the study area is sharply continental: the annual mean air temperature 
is –3.5 °C, and annual rainfall is 240 mm, 89.2 % of the rainfall falls during the 
vegetation season, which lasts 125 days a year [34]. The soils in the study area are 
mainly represented by seasonally frozen black soil and urbanozem [18, 25]. 

Preparation of different nutrient substrates. Organic substances readily 
available in the study area were used for the preparation of different nutrient 
substrates. For a comparative assessment and preparation of different soil treatments, 
we used black soil, sand, sawdust, peat, manure, and compost in different proportions. 
Therefore, we used compost originated from cow manure and plant waste to increase 
organic matter in the nutrient substrate. 

The soil chemical properties were determined using well-known methods of 
soil analyses [13–16]. 

The content of chemical elements in nutrient substrates was determined 
according to OST 56-98–93. Here we determined alkaline-hydrolysable nitrogen and 
pH according to Kornfild M. GOST 26483–85, TSINAO and GOST 27784–88. Content 
of available phosphorus, potassium and ash content was determined according  
to Kirsanov.

Experimental design and statistical analyses. Experimental planting was 
carried out in greenhouses equipped with a sprinkler system using high quality and 
stratified seeds of Picea obovata, collected from natural spruce stands distributed in 
the Western Khentii mountains. Seed sowing was conducted in the first decade of 
2018, when the soil temperature exceeded 9 °C at the topsoil. In accordance with 
recommendation of scientists [9], the seeds were sown to a depth of 0.6 cm, and then 
mulched with a thin layer (1.0–1.5 cm) of sawdust. 

Agrotechnical measures including irrigation (6–10 l/m2 or 60–100 m3‧ha–1), 
weeding and soil loosening were performed annually as needed. 

To monitor the growing environment interior greenhouses, the temperature and 
humidity of the air and soil were continuously measured. The air and soil temperature 
were measured with mercury and Savinov thermometer, respectively. The daily 
course of air temperature was recorded by M-16A thermographs, the relative air 
humidity was determined by aspiration psychrometers MV-4M, and its daily course 
by M-21A hygrographs. 

The morphological parameters (stem height, root neck diameter, length of 
tap and lateral roots) and biomass (needle, stem, root biomass) were determined 
annually at the third decade of September from 2018 to 2021 on 83–84 individuals 
from each treatment to compare the effects of different soil substrates on growth and 
root development of seedlings. 

The stem height and root collar diameter were measured using a metal ruler 
and an Electronic Digital Caliper – G06064731 with an accuracy of 0.1 cm and 0.1 
mm, respectively. To determine the biomass of seedlings, the roots were separated 
from the soils and washed. The entire biomass of seedlings was divided into stem, 
needle, tap and lateral roots, and oven-dried in an oven at 75 °C for 72 hours to 
constant weight. Fresh and dry biomass was weighted using electronic balance (ML 
02-11) with an accuracy of 0.001 g. 
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Statistical analyses were performed using Microsoft Excel and One-Way 
Analyses of Variance. The Pearson correlation coefficient was used to reflect the 
linear correlation of independent variables, as well as the Duncan multiple range test 
(DMRT) was used to measure specific differences between pairs of means and select 
the most optimal experimental treatments.

Results and discussion

Main chemical properties and component of nutrient substrates for experimental 
planting of spruce seedlings were illustrated in the previously published article Jagdag 
et al. [6] using following abbreviations of components: BS – black soil; S – sand; SD –  
sawdust; C – compost; M – manure; P – peat. In nutrient substrate T1 treatment 
consists of only BS(100). Therefore, T2, T3, T4 and T5 treatments had following 
compositions as BS(50)S(20)P(20)C(10), BS(50)S(20)SD(20)M(10), BS(40)S(20)
SD(20)M(20), DS(30)S(20)SD(30)M(20) and DS(60)S(20)P(10)C(10), respectively. 
Here, the percentage of each component in the nutrient substrate is indicated in 
parentheses. 

Jagdag et al. [16] reported that all these nutrient substrates showed a weak 
alkalinity, close to neutral, and a fairy high nutrient content, and T2 and T6 treatments 
contained the highest amount of nutrients compared to the control (T1). 

Growth performance of seedlings in different nutrient treatments. In our study, 
successful seed germination was observed in soils with temperatures ranging from 
18 to 28 °C. Meanwhile, we also found a high variation in height (p > 0.001), root 
collar diameter (p > 0.001) for seedlings of Siberian spruce in relation to different soil 
properties and is tended to increase with age [16].

The fastest growth in height and diameter was observed in T6 and T2 treatments, 
where the ratio of black soil, sand, peat and compost in nutrient substrates was 6:2:1:1 
and 5:2:2:1, respectively (Fig. 1 a, b).

Meanwhile, a slower growth of seedlings was recorded on T1 (only black soil) 
and T5 (30 % black soil + 20 % sand + 30 % sawdust + 20 % manure) treatments. 
In addition, such a weak growth and poor development of the root systems can be 
associated with a rather high content of undecomposed and semi-decomposed organic 
substances.

According to Duncan's multiple tests, the fastest growth in the length of the 
taproots and the number of lateral roots were recorded in T6 and T2 treatments, where 
the ratio of the volumes of black soil, sand, peat and compost in soil substrates was 
6:2:1:1 and 5:2:2:1, respectively (Fig. 1 c, d, e).

At the age of 3 years seedlings growing on T1 soil substrates reached their 
standard sizes (stem height 10 cm; root neck diameter 2 mm). For example, seedling 
height and root neck diameter for seedlings, growing on T2 and T6 was exceeded by 
22.8 and 14.1 % compared to standard size, respectively [16]. 

The experience from other studies [28, 31] suggests using the large-sized  
4 years-old seedlings of Siberian spruce to establishment the forest plantations, which 
allows to significantly reduce silvicultural measures associated with post-planting 
survival and seedling growth. 
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Fig. 1. Comparison of the biometric parameters of Picea obovata, grown on different nutrient 
substrates. Differences between pairs of mean values according to Duncan: a – maximum 

value; d – minimum value; b, c – transitional values between a and d

In our study, T2 and T6 nutrient substrates had a greater positive effect on 
seedling growth and biomass accumulation among treatments. In comparison, 
seedlings growing on these soil substrates showed 2 times faster growth in height 
(91.9 and 100 %) and diameter (77.3 and 109.1 %) compared to control treatment 
[6]. Overall, all these substrates resulted a better seedling growth compared to control 
treatments in our study. It can be concluded that the adding organic substances such 
as sawdust, peat, manure, and compost significantly improves not only the soil 
nutrient regime, but also its physical properties, including aeration and water-holding 
capacity of the soils. 

Accumulation and distribution of biomass by their structural components. 
We found a high variation in aboveground and belowground biomass accumulation  
(p > 0.001), which is caused by seedling age and nutrient properties. The dynamics 
of the aboveground and belowground biomass accumulation of seedlings over the 
observation period is presented in Table 1.

In terms of biomass accumulation, during the first 2 years a relatively faster 
biomass production of above-ground part than of belowground part was observed  
(Table 1). 
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Table 1

Accumulation of above- and belowground biomass of spruce seedlings  
over a 4-year observation period

Treatment Number  
of samples

Seedling age, year
2 3 4

AGB BGB AGB BGB AGB BGB

T1 250
0.042± 
±0.038  
(100)

0.025± 
±0.024  
(100)

0.355± 
±0.222 
 (100)

0.150± 
±0.113  
(100)

2.182± 
±0.377  
(100)

0.736± 
±0.088 
 (100)

T2 250
0.046± 
±0.041 
(109.5)

0.028± 
±0.024
(112)

0.411± 
±0.231  
(115)

0.174± 
±0.115  
(116)

4.391± 
±1.587 
(201.2)

1.312± 
±0.413 
(178.3)

T3 250
0.042± 
±0.038
(100)

0.025± 
±0.024
(100)

0.356± 
±0.222
(100.3)

0.151± 
±0.113
(100.7)

4.004± 
±0.846
(183.5)

1.105± 
±0.258
(150.1)

T4 250
0.042± 
±0.038
(100)

0.025± 
±0.024
(100)

0.353± 
±0.222
(99.4)

0.144± 
±0.113

(96)

3.301± 
±0.981
(151.3)

0.954± 
±0.243
(129.6)

T5 250
0.045± 
±0.039
(107)

0.025± 
±0.024
(100)

0.350± 
±0.222
(98.6)

0.150± 
±0.113
(100)

2.146± 
±0.389
(98.3)

0.726± 
±0.094
(98.6)

T6 250
0.050± 
±0.042
(119)

0.030± 
±0.025
(120)

0.418± 
±0.232
(117.8)

0.179± 
±0.116
(119.3)

4.398± 
±1.697
(201.6)

1.342± 
±0.439
(182.3)

Note: AGB – aboveground biomass, g; BGB – belowground biomass, g. The denominator (in 
parenthesis) indicates % relative to the control.

A similar picture was reported by Siberian scientists from the studies in southern 
taiga of the Krasnoyarsk territory [20]. Since the age of 3 and 4, there was observed 
an accelerated growth and predominance of aboveground biomass in total biomass. 
In above- and belowground ratio, we found that percentage of aboveground biomass 
tended to increase with seedling ages (Table 2). 

Table 2

Dynamics of root/shoot ratio in different ages of spruce seedlings

Treatment
Seedling age, year

2 3 4
Т1 0.59 0.42 0.33
Т2 0.60 0.42 0.30
Т3 0.59 0.42 0.28
Т4 0.59 0.40 0.29
Т5 0.56 0.43 0.34
Т6 0.60 0.42 0.31

Among these substrates the greatest positive and statistically significant effect on 
biomass accumulation of seedlings (Picea obovata) belonged to the nutrient substrates, 
where compositions were 6:2:1:1 (T2) and 5:2:2:1 (T6), respectively (Fig. 2).
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Fig. 2. Distribution of the biomass of seedlings by structural components grown on various 
nutrient substrates

Relationships between growth and soil properties. The correlation matrix between 
morphological and soil chemical properties for seedlings of Siberian spruce is illustrated 
in Table 3. 

Table 3
Correlation matrix between morphological and nutrient chemical properties  

for seedlings of Siberian spruce

Variables Height, 
сm

Diameter,
mm

Number 
of roots,

pcs

Main 
root 

length,
сm

Biomass, g
pH Humus,

% P2O5 K2Ostem root needle

Height, сm 1
Diameter, 

mm 0.952 1

Number  
of roots, pcs 0.954 0.938 1

Main root 
length, сm 0.867 0.963 0.908 1

Stem 
biomass, g 0.979 0.939 0.993 0.888 1

Root 
biomass, g 0.985 0.910 0.970 0.824 0.990 1

Needle 
biomass, g 0.961 0.871 0.864 0.722 0.909 0.950 1

pH –0.335 –0.278 –0.413 –0.138 –0.389 0.432 0.450 1
Humus, % –0.334 0.461 –0.209 0.466 –0.217 –0.186 –0.244 –0.426 1

P2O5 0.119 0.328 0.350 0.479 0.259 0.149 –0.020 –0.305 0.189 1
K2O –0.045 0.033 0.143 0.051 0.080 0.050 –0.013 –0.723 0.644 0.694 1
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Table 3 showed that the growth of spruce seedlings positively correlated 
with not only to humus content (r = 0.46), but also with nutrient acidity (r = 0.43) 
and available phosphorus (r = 0.48). Furthermore, correlation matrix demonstrated 
that seedling growth strongly dependent on development of the root system and its 
biomass accumulation. 

Conclusion

The production of standard and large-sized Siberian spruce seedlings under 
typical conditions is the most effective way to meet the existing need for high-quality 
planting material for the restoration of spruce forests in Northern Mongolia. It is 
shown that the different ratio and composition of nutrient substrates consisting of 
black soil with the addition of sand, peat and compost have different effects on the 
growth of seedlings (p ˃ 0.001) and biomass accumulation (p ˃ 0.001). Meanwhile, 
the growth of spruce seedlings positively correlated not only with humus content  
(r = 0.46), but also with soil acidity (r = 0.43) and available phosphorus (r = 0.48). 
Among tested soil substrates the treatments T2 (50 % black soil + 20 % sand + 20 % 
peat + 10 % compost) and T6 (60 % black soil + 20 % sand + 10 % peat + 10 % 
compost) were selected as the most effective soil substrate that suitable (improved 
nutrients and aeration) for further seedling production of Siberian spruce. These 
selected nutrient substrates are recommended for mass production of Picea obovata 
Ledeb. seedling in greenhouse conditions of Northern Mongolia. The results of the 
research can be used to develop an industry standard for seedlings and seedlings of 
coniferous species for Northern Mongolia.

REFERENCES

1. Babushkina E.A., Belokopytova L.V., Zhirnova D., Barabantsova A., Vaganov E. 
Divergent Growth Trends and Climatic Response of Picea obovata along Elevational Gradient 
in Western Sayan Mountains, Siberia. Journal of Mountain Science, 2018, vol. 15, iss. 11, 
pp. 2378–2397. https://doi.org/10.1007/s11629-018-4974-6

2. Bat-Erdene J., Dashzeveg Ts., Dugarjav Ch., Odgerel O., Lobanov A.I., 
Gerelbaatar S., Erdenekhüleg D. Reforestation and Culture. Forests of Mongolia: Forest 
Ecosystems of the Khubsugul Region, Dynamics, Renewal and Biological Diversity, 2018, 
vol. 5, pp. 204–233. (In Mongolian).

3. Bauer V.V. Technology of Growing Forest Crops with Large-Sized Planting Material 
in the Conditions of the Kazakhstan Altai: Cand. Agr. Sci. Diss. Abs. Sverdlovsk, LTI Publ., 
1991. 22 p. (In Russ.).

4. Bezrukova E.V., Abzaeva А.А., Letunova P.P., Kulagina N.V., Vershinin K.E., 
Belov A.V., Orlova L.A., Danko L.V., Krapivina S.M. Post-glacial History of Siberian Spruce 
(Picea obovata) in the Lake Baikal Area and the Significance of this Species as a Paleo-
Environmental Indicator. Quaternary International, 2005, vol. 136, iss. 1, pp. 47–57. https://
doi.org/10.1016/j.quaint.2004.11.007

5. Bobrinev V.P., Park L.N., Banshchikova E.A. Agricultural Technology of Cultivation 
of Siberian Spruce Seedlings in the Trans-Baikal Territory. Lesnoy Zhurnal = Russian Forestry 
Journal, 2017, no. 3, pp. 70–77. (In Russ.).  https://doi.org/10.17238/issn0536-1036.2017.3.70

6. Butorova O.F. Bioecological Bases for Growing Seedlings and Forest Crops in 
Eastern Siberia: Doc. Agr. Sci. Diss. Abs. Krasnoyarsk, KGTA Publ., 1996. 44 p. (In Russ.). 

https://doi.org/10.1007/s11629-018-4974-6
https://doi.org/10.1016/j.quaint.2004.11.007
https://doi.org/10.1016/j.quaint.2004.11.007
https://doi.org/10.17238/issn0536-1036.2017.3.70


                           Lesnoy Zhurnal = Russian Forestry Journal.  2023.  No. 6 67

7. Center for Forest Research and Development (CFRD). Report on Forest Resources 
of Mongolia. Ulaanbaatar, 2020. 46 p. (In Mongolian). 

8. Dashzeveg Ts. Scientific Basis for the Restoration of Coniferous Forests in Mongolia. 
Ulaanbaatar, Sogoo Nur Publ., 2014. 224 p. (In Mongolian). 

9. Dashzeveg Ts., Amartuvshin S. Results of the Assessments on Seedling Production 
for Pinus sibirica (Rupr.) Mayr. and Picea obovata Ledeb. Proceedings of Mongolian 
Academy of Sciences, 2012, vol. 52, iss. 2, no. 202, pp. 12–19. 

10. David T.S., Pinto C.A., Nadezhdina N., David J.S. Water and Forests in the 
Mediterranean Hot Climate Zone: A Review Based on a Hydraulic Interpretation of Tree 
Functioning. Forest Systems, 2016, vol. 25, iss. 2, pp. 1–14. https://doi.org/10.5424/
fs/2016252-08899

11. Drössler L., Agestam E., Bielak K., Dudzinska M., Koricheva Ju., Liziniewicz M., 
Löf M., Mason B., Pretzsch H., Valkonen S., Wellhausen K. Over- and Underyielding in Time 
and Space in Experiments with Mixed Stands of Scots Pine and Norway Spruce. Forests, 
2018, vol. 9, iss. 8, pp. 1–18. https://doi.org/10.3390/f9080495

12. Gerelbaatar S., Batsaikhan G., Tsogtbaatar J., Battulga P., Baatarbileg N., Gradel A. 
Assessment of Early Survival and Growth of Planted Scots Pine (Pinus sylvestris L.) Seedlings 
under Extreme Continental Climate Conditions of Northern Mongolia. Journal of Forestry 
Research, 2020, vol. 31, iss. 1–2, pp. 13–26. https://doi.org/10.1007/s11676-019-00935-8

13. Heiskanen J., Saksa T., Luoranen J. Soil Preparation Method Affects Outplanting 
Success of Norway Spruce Container Seedlings on till Soils Susceptible to Frost Heave. Silva 
Fennica, 2013, vol. 47, no. 1, art. 893. https://doi.org/10.14214/sf.893

14. Iakovoglou V., Takos I., Pantazi G., Pipsou A., Neofotistou M. Growth Responses 
of Seedlings Produced by Parent Seeds from Specifc Altitudes. Journal of Forest Research, 
2020, vol. 31, iss. 6, pp. 2121–2127. https://doi.org/10.1007/s11676-019-01030-8

15. Jagdag D., Batsaikhan G., Baatarbileg N., Naranbayar E., Ganbat D., Bayartulga A. 
Gerelbaatar S. A Comparative Study of the Seedling Production Technology of Picea obovata 
Ledeb. in the Forest-Steppe Ecotone of Northern Mongolia. Proceeding of the Mongolian Academy 
of Science, 2021, vol. 61, no. 03(239), pp. 36–43. https://doi.org/10.5564/pmas.v61i03.1821 

16. Jagdag D., Lobanov A.I., Baatarbileg N., Gerelbaatar S., Batsaikhan G. Agrotechnics 
for Growing Large-Sized Planting Material Picea obovata Ledeb. in Greenhouse Complexes 
in Mongolia. Proceedings of the Interuniversity International Congress (Moscow, June 9, 
2022). Moscow, Infiniti Publ., 2022, pp. 190–201.

17. Johansson K., Nilsson U., Allen H.L. Interactions between Soil Scarification and 
Norway Spruce Seedling Types. New Forests, 2007, vol. 33, no. 1, pp. 13–27. https://doi.
org/10.1007/s11056-006-9010-y

18. Kasimov N.S., Kosheleva N.E., Sorokina O.I., Basha S.N., Gunin P.D., Enkh-
Amgalan S. Ecological-geochemical State of Soils in Ulaanbaatar (Mongolia). Eurasian Soil 
Science, 2011, vol. 44, no. 7, pp. 709–721. https://doi.org/10.1134/S106422931107009X

19. Kim J.K., Shawon M.R.A., An J.H., Yun Y.J., Park S.J., Na J.K., Choi K.Y. Influence 
of Substrate Composition and Container Size on the Growth of Tissue Culture Propagated 
Apple Rootstock Plants. Agronomy, 2021, vol. 11, iss. 12, art. 2450. https://doi.org/10.3390/
agronomy11122450 

20. Kirienko M.A., Goncharova I.A. The Prolonged Influence of Growth Stimulants 
on Morphometric Indicators of Three-Year Seedlings of Main Forest Forming Species of 
Central Siberia. Siberian Journal of Forest Science, 2018, no. 1, pp. 65–70. (In Russ.). https://
doi.org/10.15372/SJFS20180107   

21. Kogan A.M., Mosin V.I. Growing Seedlings of Coniferous Species in Greenhouses 
with Polyethylene Coating in the Rudny Altai. Problems of Reforestation in the Taiga Zone of 
the USSR. Proceedings of the All-Union Conference. Krasnoyarsk, ILiD SO AN SSSR Publ., 
1988, pp. 112–113. (In Russ.). 

https://doi.org/10.5424/fs/2016252-08899
https://doi.org/10.5424/fs/2016252-08899
https://www.researchgate.net/journal/Forests-1999-4907
https://doi.org/10.3390/f9080495
https://doi.org/10.1007/s11676-019-00935-8
https://silvafennica.fi/article/893/author/2811
https://silvafennica.fi/article/893/author/2812
https://silvafennica.fi/article/893/author/2813
Silva Fennica
Silva Fennica
https://silvafennica.fi/issue/sf/volume/47
https://silvafennica.fi/article/893
https://doi.org/10.14214/sf.893
https://doi.org/10.1007/s11676-019-01030-8
https://doi.org/10.5564/pmas.v61i03.1821
https://doi.org/10.1007/s11056-006-9010-y
https://doi.org/10.1007/s11056-006-9010-y
https://doi.org/10.1134/S106422931107009X
https://doi.org/10.3390/agronomy11122450
https://doi.org/10.3390/agronomy11122450
https://doi.org/10.15372/SJFS20180107
https://doi.org/10.15372/SJFS20180107


68        «Известия вузов.  Лесной журнал».  2023.  № 6

22. Kogan V.N., Kogan A.M. Cultivation of Large-sized Seedlings with a Closed Root 
System in the Taiga Zone of East Kazakhstan. Problems of Reforestation in the Taiga Zone of 
the USSR. Proceedings of the All-Union. Conference. Krasnoyarsk, ILiD SO AN SSSR Publ., 
1988, pp. 113–115. (In Russ.). 

23. Kopytkov V.V. Development of Organomineral Composts for Growing Forest 
Planting Material. Reports of the National Academy of Sciences of Belarus, 2021, vol. 65, 
no. 3, pp. 380–384. (In Russ.). https://doi.org/10.29235/1561-8323-2021-65-3-380-384  

24. Koropachinsky I.Yu., Potemkin O.N., Rudikovskiy A.V., Kuznetsova E.V. 
Polymorphism and Population Structure of the Siberian Spruce (Picea obovata Ledeb.) at the 
Northern Limit of the Species Distribution. Contemporary Problems of Ecology, 2012, no. 5, 
pp. 127–135. (In Russ.). https://doi.org/10.1134/S1995425512020084  

25. Krasnoshchekov Yu.N. Soil Cover and the Soils of Mountain Forests in Northern 
Mongolia. Novosibirsk, Nauka Publ., 2013. 196 p. (In Russ.). 

26. Korotkov I.A., Tsedendash G., Yanovsky V.M., Gall J., Ogorodnikov A.V. Map of 
the Forests of the Mongolian People's Republic (Scale 1:1500000). Moscow, GUGK MPR & 
GUGK USSR Publ., 1983. (In Russ.). 

27. Lambers H., Shane M.W., Cramer M.D., Pearse S.J., Veneklaas E.J. Root Structure 
and Functioning for Efficient Acquisition of Phosphorus: Matching Morphological 
and Physiological Traits, Annals of Botany, 2006, vol. 98, iss. 4, pp. 693–713.   
https://doi.org/10.1093/aob/mcl114

28. Langvall O., Örlander G. Effects of Pine Shelterwoods on Microclimate and Frost 
Damage to Norway Spruce Seedlings. Canadian Journal of Forest Research, 2001, vol. 31, 
no. 1, pp. 155–164. https://doi.org/10.1139/cjfr-31-1-155 

29. Lyuminarskaya M.A., Varaksin G.S. Siberian Spruce Cultures in the Southern 
Taiga, and Forest-Steppe Regions of the Krasnoyarsk Territory. Krasnoyarsk, KrasGAU 
Publ., 2010. 130 p. (In Russ.). 

30. Makarenko V.Ya., Sosnin N.A., Yamaleev M.M. Recommendations for the Accelerated 
Cultivation of Seedlings of the Main Tree Species in Greenhouses with Synthetic Coating in 
Northern and Eastern Kazakhstan. Alma-Ata, KazNIILKhA Publ., 1979. 22 p. (In Russ.). 

31. Maslenkov P.G. Evaluation of Different Methods of Reforestation. Formation of 
Forest Ecosystems under Conditions of Intensive Forest Exploitation. Novosibirsk, Siberian 
Enterprise RAN Publ., 1998, pp. 138–158. (In Russ.). 

32. Matveeva R.N., Butorova O.F. Peculiarities of Growing Planting Material and 
Coniferous Forest Cultures in Eastern Siberia. Krasnoyarsk, KGTA Publ., 1997. 200 p. (In Russ.). 

33. Matveeva R.N., Nevzorov V.N., Butorova O.F. Recommendations for Growing 
Coniferous Seedlings in Eastern Siberia. Krasnoyarsk, KGTA Publ., 1996. 26 p. (In Russ.).

34. Meteorological Reference Book of People’s Republic of Mongolia. Ulaanbaatar, 
1971, vol. 1. 319 p. (In Mongolian). 

35. Ministry of Environment and Tourism. Mongolia’s Forest Reference Level 
Submission to the United Nations Framework Convention on Climate Change. UN-REDD 
Mongolia National Program. Ulaanbaatar, Mongolia, 2018. 218 p. 

36. Mitchell P.J., Veneklass E.J., Lambers H., Burgess S.S.O. Leaf Water Relations During 
Summer Water Deficit: Differential Responses in Turgor Maintenance and Variation in Leaf 
Structure among Different Plant Communities in South-Western Australia. Plant Cell Environment, 
2008, vol. 31, iss. 12, pp. 1791–1802. https://doi.org/10.1111/j.1365-3040.2008.01882.x

37. Nilsson O., Hjelm K., Nilsson U. Early Growth of Planted Norway Spruce and 
Scots Pine after Site Preparation in Sweden. Scandinavian Journals of Forest Research, 2019, 
vol. 34, iss. 8, pp. 678–688. https://doi.org/10.1080/02827581.2019.1659398  

38. Nzokou P., Cregg B.M. Morphology and Foliar Chemistry of Containerized Abies 
froseri (Pursh) Poir. Seedlings as Affected by Water Availability and Nutrition. Annals of 
Forest Science, 2010, vol. 67, iss. 6, art. 602. https://doi.org/10.1051/forest/2010015 

https://doi.org/10.29235/1561-8323-2021-65-3-380-384
https://doi.org/10.1134/S1995425512020084
https://doi.org/10.1093/aob/mcl114
https://www.researchgate.net/profile/Goeran-Oerlander
https://www.researchgate.net/journal/Canadian-Journal-of-Forest-Research-1208-6037
https://doi.org/10.1139/cjfr-31-1-155
https://doi.org/10.1080/02827581.2019.1659398
https://doi.org/10.1051/forest/2010015


                           Lesnoy Zhurnal = Russian Forestry Journal.  2023.  No. 6 69

39. Peterson L.K., Bergen K.M., Brown D.G., Vashchuk L., Blam Y. Forested 
Land-Cover Patterns and Trends over Changing Forest Management Eras in the Siberian 
Baikal Region. Forest Ecology and Management, 2009, vol. 257, iss. 3, pp. 911–922.  
https://doi.org/10.1016/j.foreco.2008.10.037

40. Pogosova N.P., Safronova G.P. Growing Seedlings of Siberian Spruce. Forestry, 
1980, no. 9, pp. 31–33. (In Russ.). 

41. Redko G.I., Ogievsky D.V., Nakvasina E.N., Romanov E.M. Bioecological Bases 
for Growing Pine and Spruce Seedlings in Nurseries. Moscow, Lesnaya promslennost’ Publ., 
1983. 64 p. (In Russ.).

42. Regdel D., Dugarjav Ch., Gunin P.D. Ecological Вemands to Social-Economic 
Development of Mongolia under Climate Aridization. Arid Ecosystems, 2012, vol. 2,  
pp. 1–10. (In Russ.).   https://doi.org/10.1134/S2079096112010076 

43. Shimanyuk A.P. Biology of Trees and Shrubs of the USSR. Moscow, Uchpedgiz 
Publ., 1957. 333 p. (In Russ.). 

44. Stavrova N.I., Gorshkov V.V., Katjutin P.N., Bakka I.Ju. The Structure of Northern 
Siberian Spruce–Scots Pine Forests at Different Stages of Post-Fire Succession. Forests, 
2020, vol. 11, iss. 5, art. 558. https://doi.org/10.3390/f11050558

45. Sutton R. Planting Stock Quality, Root Growth Capacity, and Field Performance 
of Three Boreal Conifers. New Zealand Journal of Forestry Science, 1987, vol. 17, no. 8, 
pp. 794–804. 

46. Wagner R.G., Robinson A.P. Critical Period of Interspecific Competition 
for Four Northern Conifers: 10-Year Growth Response and Associated Vegetation 
Dynamics. Canadian Journal of Forest Research, 2006, vol. 36, no. 10, pp. 2474–2485.  
https://doi.org/10.1139/x06-058

47. Wallertz K., Björklund N., Hjelm K., Petersson M., Sundblad L.-G. Comparison 
of Different Site Preparation Techniques: Quality of Planting Spots, Seedling Growth and Pine 
Weevil Damage. New Forests, 2018, no. 49, pp. 705–722. https://doi.org/10.1007/s11056-
018-9634-8

Конфликт интересов: Авторы заявляют об отсутствии конфликта интересов  
Conflict of interest: The authors declare that there is no conflict of interest

Вклад авторов: Все авторы в равной доле участвовали в написании статьи  
Authors’ Contribution: All authors contributed equally to the writing of the article 

https://doi.org/10.1016/j.foreco.2008.10.037
https://doi.org/10.1134/S2079096112010076
https://doi.org/10.3390/f11050558
https://doi.org/10.1139/x06-058
https://doi.org/10.1007/s11056-018-9634-8
https://doi.org/10.1007/s11056-018-9634-8

