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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, T2, T3, T4, TS, T6) 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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Annomayus. PazpaboTka TEXHOJIOTMU NPOU3BOJICTBA CESHIEB M CIIOCOOOB CO3/IaHMs BBICO-
KOIIPOJYKTHBHBIX HacaxJeHui Picea obovata Ledeb. Ha Hay4HOI OCHOBE SIBISIETCS] OJJHOM
U3 aKTyaJbHBIX MPOOJIEM JIeCHOTO X03s1iicTBa MoHronuu. [IpoBeneH cpaBHUTENbHBIN aHAIN3
MoKazaTesell pocTa BBIPAIICHHBIX Ha Pa3JIMUHBIX MHUTATEIbHBIX CyOCTpaTrax CesHIEB €U
cUOUPCKOHM M HakoruieHUs1 ux Ouomacchl. OIeHEHa B3aMMOCBSI3b MEKIY POCTOM CESHIICB,
HaKOIJICHUEM MX OMOMacchl M CBOMCTBaMHM MoYBBL. OmpesieneHsl Hanbosiee ONTHMAlIbHbIC
NUTaTeIbHbIe CyOCTpaThl JUIS BBIPALIMBAHMS CESHIEB B TCIUIMYHBIX ycloBUsX CeBepHOM
Mownronun. CestHIbI e CHOMPCKOM BBIPALIMBAIN B TEIIMIIAX, 00OPYJOBaHHBIX CHCTEMOM
nmoxeBanus. [IpuMeHsi 6 BUIOB muTarenbHbIX cyoctparos: T1, T2, T3, T4, TS5, T6. Ilu-
TarebHbIe CyOCTpaThl TOTOBUIIM C MCIOJIb30BaHHEM YepHO3eMa, HaBO3a, KOMIIocTa, Topda,
OIMJIOK ¥ TIECKa B Pa3JIMUHBIX COOTHOLICHUsX. B Teuenue 4-netHero neprona HaOMOICHUH
B KOHIIE K2XJIOTO BEreTallMOHHOTO TepHOoJia U3MEPSIIH BBICOTY, AUAMETP KOPHEBOI NICHKH,
JUIMHY KOPHS M ONpe/elsuld Ha3eMHYI0 U TIO/I3eMHYI0 Onomaccy cesiHieB. bruomacca cestH-
LIEB pa3/esieHa Ha HECKOJIBKO CTPYKTYPHBIX 3JIEMEHTOB. YCTAHOBJIEHO, YTO BCE MCIBITAHHBIC
MUTATENIbHBIC CYOCTpaThl, 32 MCKIFOUCHHEM KOHTPOJbHOTO (T1), oka3anu MoIoKHUTEIBHOS
BJIMSTHUE HA POCT CESHIIEB B BHICOTY M 1O Auamerpy. CpaBHUTEIbHBIH aHAIN3 MOKa3all, 4To
pa3IUYHbIE COOTHOLIEHNE U COCTaB YepHO3eMa, KOMIIOCTA, HaBO3a, OMMJIOK U MEeCKa B MUTa-
TEJILHOM CyOcTpare mo-pa3HoMy BIHUSIOT Ha pocT cesiHues (p > 0,001) n HakomieHue duomac-
col (p > 0,001). [Turarensueie cyocrparsr T2 (50 % yeprnozema + 20 % necka + 20 % topda +
+ 10 % wommnocta) u T6 (60 % ueprozema + 20 % mecka + 10 % Topda + 10 % kommocrta)
okazaiuch HanOosee A HEKTHBHBIMU, MTOJXOISIIUMH JUIS TAJIbHEHIIIET0 IIPOU3BO/ICTBA CEsTH-
LIEB €I CHOMPCKOM B TETUIMYHBIX ycJI0BUsIX MoHronuu. OTMEUEeHO, YTO XOpOIllee pa3BUTHE
KOPHEBOH CHUCTEMBI OBLIO ONPEAEISIONIMM (PaKTOPOM POCTa CESHIIEB B BBICOTY, 10 IUAMETPY
1 HaKOIUICHMs] HaJI3eMHOW Onomaccsl, 0co0eHHO ¢ 3—4-neTHero Bo3pacta. PocT cesiHieB enu
MIOJIOKUTEJILHO KOPPEIMPOBAJI HE TOJBKO C cojepikaHueM rymyca (r = 0,46), HO U ¢ Kuc-
noTHOCTHIO NouBkI (1 = 0,43) u noctynubiM hocdopom (r = 0,48). Pe3ynbrarsl STHX OLEHOK
SIBJISIFOTCSI BaYKHBIM BKJIAJIOM B pa3pabOTKy TEXHOJIOTUH BBIPAIIIMBAHMUS CTAHAAPTHBIX M KPYTI-
HOMEPHBIX cesiHIIeB P. obovata B TeTMYHBIX KoMmIniekcax CeBepHoit MOHTOHH.

Knrouegwie cnosa: bnomacca, BbICOTa, TMaMeTp, elb cuOupckast, CeBepHast MOHTOJHS, MUTa-
TEJIbHBII CyOCTpaT, IPUPOCT, TETUIHIA
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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].
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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.

Anumber 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 (47°59' N, 106°57' 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 1/m? or 60—100 m*-ha™'),
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 ¢, 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: ¢ — maximum
value; d — minimum value; b, ¢ — 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

Seedling age, year
Treatment Number 2 3 4
of samples

AGB BGB AGB BGB AGB BGB
0.042+ 0.025+ | 0355+ | 0.150+ | 2.182+ | 0.736=+

T1 250 +0.038 +0.024 | +0.222 | +0.113 | +0.377 | =+0.088
(100) (100) (100) (100) (100) (100)
0.046+ 0.028+ | 0411 | 0.174+ | 4391+ | 1312+

T2 250 +0.041 +0.024 | £0.231 | +0.115 | +1.587 | +0.413
(109.5) (112) (115) (116) (201.2) | (178.3)
0.042+ 0.025+ | 0356t | 0.151£ | 4.004+ | 1.105+

T3 250 +0.038 +0.024 | +0.222 | +0.113 | £0.846 | +0.258
(100) (100) (100.3) | (100.7) | (183.5) | (150.1)
0.042+ 0.025+ | 0353+ | 0.144+ | 3.301+ | 0.954+

T4 250 +0.038 +0.024 | £0.222 | +0.113 | £0.981 | +0.243
(100) (100) (99.4) (96) (151.3) | (129.6)
0.045+ 0.025+ | 0350+ | 0.150+ | 2.146+ | 0.726=+
T5 250 +0.039 +0.024 | £0.222 | +0.113 | +£0.389 | +0.094
(107) (100) (98.6) (100) (98.3) (98.6)
0.050+ 0.030+ | 0.418+ | 0.179+ | 4.398+ | 1.342+
T6 250 +0.042 +0.025 | £0.232 | +0.116 | £1.697 | +0.439
(119) (120) (117.8) | (119.3) | (201.6) | (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
Tl 0.59 0.42 0.33
T2 0.60 0.42 0.30
13 0.59 0.42 0.28
T4 0.59 0.40 0.29
15 0.56 0.43 0.34
T6 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

Main Bi
) . Number 10mass, g
Variables Height,| Diameter, of roots, root pH Hu;nus, PO, K0
cm mm pes length, | stem | root | needle %o 3
cm
Height,em| 1
Diameter, 0.952 1
mm
Number 19541 0938 | 1
of roots, pcs
lMain“’Ot 0.867| 0.963 | 0908 | 1
ength, cm
bi Stem |6 979] 0939 | 0.993 | 0.888 | 1
iomass, g
bi Root 15 9851 0.910 | 0.970 | 0.824 [0.990| 1
1omass, g
b.Needle 0.961| 0.871 | 0.864 | 0.722 [0.909|0.950| 1
10mass,g
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 | -0.2171-0.186/-0.244[-0.426] 1
PO, 0.119| 0.328 | 0.350 | 0.479 | 0.259 |0.149 |-0.020/-0.305| 0.189 | 1
K,0 |-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.
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