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Background. The article presents materials on the study of the main tree species
especially valuable for reforestation in the Kon Chu Rang nature reserve (Vietnam,).
It has been established that the diversity, as well as the physico-chemical and
granulometric composition of the soil cover of the mountain range are due to the
diversity of rocks in connection with the geological structures to which they are
confined (the Pleiku plateau is located on basalt shales). It was revealed that the
climatic conditions of the Kon Chu Rang nature reserve are characterized by high
humidity and an abundance of precipitation throughout the year, which is why,
due to the high washing regime, the soils are depleted of elements valuable for the
growth and development of tree species. Most of the species grown in the nurseries
of Vietnam are introduced, in this regard, the cultivation of seedlings and seedlings
of valuable species for reforestation with a closed root system and an established
irrigation regime, herbicides and fertilizers is required.

Purpose. To study the possibility of reproduction of native forest tree species in
the conditions of the mountain plateau of Central Vietnam.

Materials and methods. The object of research was the climatic conditions of
Vietnam, the soils of various relief elements of the Kon Chu Rang nature reserve,
rare and especially valuable tree species: Dacridyum elatum Roxb. Wall. ex Hook.,
Michelia tonkinensis A. Chev., Dialium cochinchinense Pierre, Dipterocarpus kerrii
King., Dacrycarpus imbricatus de Laub., as well as methods of their accelerated
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reproduction for reforestation. In order to determine the physico-mechanical and
physico-chemical, chemical, agrochemical and biological properties of soils on the
territory of the Kon Chu Rang nature reserve, soil samples were taken to a depth
of 120 cm in increments of 10 cm on various elements of the mountain relief: on a
shrub meadow site, in a forest with native tree species, on a pilot site of a hospital
in the area of the reserve reserved for a forest nursery. When solving the tasks,
methods of field experiment, expedition research were used, with the help of the
Garmin device, the coordinates of the seed and seedling collection points were
determined and fixed in order to build a route survey map. Seasonal development
of trees was studied on the basis of field and research. The height of seedlings was
measured at the beginning and end of the study period. Every plant in the collection
was measured. The reproductive ability of species was studied by quantitative and
qualitative characteristics of fruiting. In laboratory analyses were used the Kapel —
105M, capillary electrophoresis system, laboratory scales TO VK-600, analytical
scales VL-220C, spectrophotometer PE-5400 UV. Mathematical processing of the
results is carried out in the MS Exel and Statistica application programs using
small arrays of observational data that were combined into homogeneous clusters.

Results. The article contains data from studies of mountain forest territories,
relief and soils of the Kon Chu Rang nature reserve (Vietnam), the main results of
which are aimed at preserving and reproducing indigenous especially valuable
tree species exposed to anthropogenic impact. It has been determined that many
introduced species of 12 nurseries in Vietnam are extremely difficult to reproduce
in mountainous terrain due to their morphological and biological characteristics,
as a result of which they cannot be used for reforestation. It was revealed that the
soil cover of the Kon Chu Rang nature reserve is characterized by variegation,
distribution of areas, granulometric composition and humus content. Due to the
large amount of precipitation, the soils are depleted of the necessary composition
of elements necessary for good growth and development of woody species. It is
determined that for the successful cultivation of especially valuable tree species in
the nursery, surface watering and constant maintenance of soil moisture, treatment
with herbicides and fertilizers are necessary. Seedlings are recommended to be
grown in containers with a closed root system.

Conclusions. Based on the data obtained as a result of studying the soil and
climatic conditions of the Kon Chu Rang nature reserve (Vietnam), as well as the
results of creating an experimental nursery of seed material for reforestation, it can
be concluded that with the correct selection of irrigation standards, herbicides and
fertilizers, it is possible to obtain a standard yield of standard planting material
from a unit to ensure a high survival rate of seedlings and seedlings, as well as their
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subsequent growth, which will solve the urgent problems of improving the species
composition of the indigenous forests of the Vietnam.

Keywords: development, growth, Kon Chu Rang; mountain range, nature re-
serve; native tree species, soils

For citation. Solonkin A.V., Belyaev A.1., Pugacheva A.M., Hoi N.D., Soloment-
seva A.S., Egorov S.A., Cuong D.H., Huong T.T.T. The Problem of Reforestation of
Woody Vegetation in Mountain Ranges of Kon Chu Rang Nature Reserve (Vietnam,).
Siberian Journal of Life Sciences and Agriculture, 2024, vol. 16, no. 3, pp. 443-473.
DOI: 10.12731/2658-6649-2024-16-3-835

Hayunast cratbst

K ITPOBJIEME
JECOBOCCTAHOBJIEHUS JIPEBECHOM
PACTUTEJIBHOCTHU I'OPHBIX MACCHUBOB
3AITOBEJHUKA KOH TIO PAHI' (BBETHAM)

A.B. Cononxun, A.H. bensnes, A.M. Ilyzauéea, H./]. Xoii,
A.C. Conomenuesa, C.A. Ezopos, /1.X. Kvione, 4.T.T. Xvionz

Obocnosanue. B cmamve npedcmagnervl Mamepuansl N0 U3y4eHur0 OCHOBHbIX
0C0060 YeHHbIX 0151 1eCOBOCCMAHOBICHUSI OPEBECHBIX BUAOE 8 YCI0BUSIX 3aN08COHUKA
Kon Tio Pane (Bvemnam). Yemanogneno, umo necmpoma, a maxkice u3uKo-xu-
MUYecKUll u epaHyIoMempuyecKull Cocmas NoY8eHHO20 NOKPOBA 20PHO20 MACCUBA
00yC1081eHbL PA3HO0OPA3UEM 2OPHBIX NOPOO 8 CEA3U C 2€0N02UEeCKUMU CIMPYKIMY-
pamiu, K Komopwim OHU npuypodensl (naamo IInetiky pacnonosiceno Ha 6a3anbmogulx
cnanyax). Buisgneno, umo xnumamuueckue ycnogus zanogeonuxa Kon Tio Pane
OMAUYATOMCS BbICOKOU GNANCHOCTBIO U 0OUNUEM OCAOKO8 HA NPOMAICCHUU KPY-
211020 2004, 88UOY He20, U3-30 BLICOKO2O NPOMBIBHO2O PENCUMA, NOYGbl 00COHEHbI
YeHHviMU 01 pOCma U paseumusi OpesecHuvlx 610086 snemenmamiu. bonvuias uacmo
8LIPAUUBACMBIX 8 NUMOMHUKAX Bbemnama 6uooe — unmpooyyenmol, 6 cé:a3u ¢
omum mpebyemcesi eblpauudanue CeAHYe8 U Calcenyed YeHHbIX Osl 1eCO80CCma-
HOGNIEeHUs. NOPOO € 3aKPbIMOU KOPHEGOU CUCIEMOU U YCINAHOBNEHHBIM PEICUMOM
OpOULeHUsl, BHECEHUsL 2epOUYUA08 U YOOOPEHUI.

Lens. U3zyuenue 603M0ACHOCIIU BOCHPOU3BOOCHIBA HATNUGHBIX JIECHBIX 8UO008
depesbes 6 ycnosusx eoprnozo niamo Llenmpansrnozo Bvemuama.

Mamepuanst u memoowt. OObeKmom uzyueHus AGIAIUC KIUMAMUYECKue ycio-
6us Bvemnama, nougul paznuunsix snemenmos peaveda 3anogeonuxa Kon Tio Pane,
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Ppeokue u 0cobo yenuvle opesechvie suobl. Dacridyum elatum Roxb. Wall. ex Hook.,
Michelia tonkinensis A. Chev., Dialium cochinchinense Pierre, Dipterocarpus kerrii
King., Dacrycarpus imbricatus de Laub., a maxaice cnocoovl ux yckopeHHo20 pas-
MHOICEHUS OJIA 1eCOBOCCNAHOBNEHIUS.

C yenvio onpedenenuss QUIUKO-MEXAHUUECKUX U DUSUKO-XUMUYECKUX, XU-
MUYECKUX, A2POXUMUYECKUX U OUONO02UYECKUX CBOUCME NOUE HA Meppumopuil
sanoseonuxa Kou Tio Pane 6viiu omobparnsl nousenuvie npodwvl Ha 2nyouny 120
ey ¢ wazom 6 10 cym Ha paziuunblx d1eMeHmax 20pHo20 penveda: Ha yuacmie
KYCMAapHUKOB020 Nyed, 6 11eCy ¢ HAMUBHbIMU OPeBeCHbLIMU GUOAMU, HA ONLIMHOM
yuacmie CmayuoHapa 6 30He 3ano8eOHuUKd, 0meedeHHOM noo 1ecHol NUMOMHUK.
Ipu pewenuu nocmasieHHbIX 3a0a4 UCTIONbL30BATUCH MEMOObL HANMYPHO20 IKCHe-
PpUMeHma, IKCneOUYUOHHbIe UCCIe008aNUs, ¢ NOMOWbIo npubopa « Garminy Oviau
onpeodenenvl U 3aPUKCUPOBAHBI KOOPOUHAMBL TMOUEK COOPA CeMAH U CESHYEE C
Yenblo NOCMPOEeHUsL Kapmbl Mapupymnozo oociedoganus. Cesonnoe pazgumue
depesbes U3yuanoch Ha OCHO8e HAMYPHLIX U ucciedosanutl. Boicoma cesanyes
UsMepAnIacy 6 Hauane u Komye nepuoodd ucciedo8anuil. 3amepanocs Kasjicooe
pacmenue 6 xoanekyuu. I1o KoruuecmeeHHbiM U KA4eCmMEeHHbIM XapaKmepu-
CMUKAM NI0OOHOWEHUS U3Y4aAIach penpoOyKmueHas cnocooHocmy 6u0os. Ilpu
1abOpamopHbIX AHAIUZAX UCNONBL30BANACH CUCTEMA KANUIIAPHO2O0 I1eKmpO-
¢opesa Kanenv — 105M, secol nabopamopusie K BK-600, secvl anarumuueckue
BJI-220C, cnekmpogpomomemp 113-5400 YD. Mamemamuueckas obpabomka
Pe3yIbmamos oCywecmeisemcs 8 NpUKIaonvlx npoepammax MS Exel u Statistica
€ UCTONBb30BAHUCM MATBIX MACCUBOE OAHHBIX HAOMIOO0EHUT, KOmopble 00beouHs-
JUCh 8 0OHOPOOHbIE KILACHEDDL.

Pesynvmamot. Cmamos cooeprcum OaHHble UCCLEO08AHULL 2OPHBIX TIECHbIX
meppumoputl, pervedha u nous sanoseonuxa Kon Tio Pane (Bbemnam), ocHoguvie
DE3VILIMAmMbl KOMOPbIX HANPAGIEHbL HA COXPAHEHUE U BOCNPOU3BOOCHBO KOPEH-
HbIX 0C000 YEeHHBIX OPEBECHbIX U008, NO0BEP2AIOWUXCS AHMPONOLEHHOM) 603-
Oeticmeuro. Yemanogneno, umo 6oavuas yacmos accopmumenma 12 numomnuxos
Bvemnama npedcmasnena unmpooyyuposanHbiMu euUOamu, KOmopbwle 6 YCI0GUsIX
20pH020 penveda kpatine mpyoOHO PA3MHONCAIOMCSL U3-34 CBOUX MOPPDONOSUUECKUX
U 6UONO2UYECKUX OCOOEHHOCME, 8CTIeOCmEUe He20 He MO2YN Oblb UCNONb306AHb]
07151 1ecogoccmanogienus. Bulsigneno, umo nousennwlil nokpos 3anoseonuxa Kowu Tio
Panz omnuuaemes necmpomot, pacnpeoenenuem niowaoetl, 2panyiomempudeckum
cocmagom u cooepaicanuem ymyca. Beuoy 6onvuiozo konuvecmea 0caokos nousul
00€0HeHbL HeOOXOOUMbBLM COCIMABOM HEOOX0OUMO20 OJisl XOPOUEe20 POCIA U PA36U-
mus OpesecHblX U008 dnemenmos. Onpeoeneno, ymo 071 YCneutHo20 eblpaujuea-
HUsL 0C000 YEHHBIX OPEeBECHbIX 8U008 HA NUMOMHUKE He0OXOOUM NOBEPXHOCTHYII
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NOMUB U NOCMOSHHOE NOOOEPICAHUE NOYBEHHOU 8llazu, 0Opabomxa cepobuyuoamu u
yooopenuamu. Cesanybl peKOMEHOYemcst BbIpAWUBAMb 8 KOHMEUHepax ¢ 3aKpblmoti
KOPHEBOl CUCTEMO.

Bub1600b1. Ocho6b16a5CH HA NOTYUEHHBIX @ PE3YAbMAIE U3YYEHUSI HOYGEHHO-KIU-
MAMuUYeckux yciosuii 20pHou meppumopuu 3anoseonuxa Kown Tio Pane (Bvemnam)
OaHHBIX, a MAaKdice pe3yIbmamax coO30aHus IKCNEPUMEHMANLHO20 NUMOMHUKA NO-
Ce8HO20 Mamepuana 05 NPOBEOeHUs 1eCOB0CCAHOBUMETbHBIX PADOM, MOICHO
coenamy 6b1600bl 0 MOM, YMO NPU NPAGUTLHOM HOOOOPE HOPM OPOULEHU, 2epOuYl-
008 U YOOOPeHUIl B03MONHCHO NOJYYUIMb HOPMAMUBHBILL 8bIX00 CIAHOAPMHO20 NOCA-
00UHO020 MAMEPUALA € COUHUYDI NIOUAOU, ODECNEU UMb BbICOKYIO NPUNCUBAEMOCTIb
cesnyes U cadlcenyes, a maxice NOCAedyIowull ux pocn, Ymo pewum aKkmyaibHble
npoodneMsl HO YAYUUEHUIO BUO0B020 COCMABA KOPEHHBIX Jleco8 Bvemuama.

Knruesnvie cnosa: 3anosednux,; copuviti maccus, Kon Tio Pane; nouswl, ope-
6ecHbvle UObL; pOCH; pazeumue

Jlna yumuposanusn. Cononkun A.B., benses A. 1., Ilyeauésa A.M., Xoiui H.J[.,
Conomenyesa A.C., Ecopog C.A., Kvione JI.X., Xvtone 4. T.T. K npobneme necosoc-
CcmanoseHs OPesecHoll paAcmumenbHOCMU 20PHLIX Maccusog 3anogeonuxa Kon Tio
Pane (Bvemnamy) // Siberian Journal of Life Sciences and Agriculture. 2024. T. 16,
Ne3. C. 443-473. DOI: 10.12731/2658-6649-2024-16-3-835

Introduction

The relevance and novelty of research at the tropical research and technol-
ogy center is due to the lack of database on dynamics and succession processes
occurring in the most complexly organized and species-rich ecological systems.
Research in the field of growing seedlings of the main species of native trees
is of particular importance in the study and selection of species that can with-
stand the aggressive effects of tropical climate factors and anthropogenic im-
pacts. Growing seedlings, nursery farming, conservation of biodiversity (gene
pool), studying the transformation of nature and climate, restoration and man-
agement of environment-forming ecosystems, biosystems safety are relevant
for both Russia and Vietnam. The conservation and restoration of tropical forest
ecosystems currently faces numerous difficulties, since the structure of tropical
forests is very complex: most of them are secondary forests that are influenced
by anthropogenic factors, so their restoration in a natural way is difficult [6].
Wood resources, which are of high importance for the forest sector, ecology
and economy, require constant assessment of the level of efficiency of their
use [9]. The trends of the timber industry in Vietnam are currently developing
insufficiently efficiently, which requires adjustment of their integrated use and
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development of the most effective areas of use [1]. Most territories and rare
endangered tree species are subject to intense anthropogenic impact, and their
response is determined by the terrain, the general species composition of the
monsoon tropical forest, the structure of the forest stand, natural and climatic
factors, biological and morphological features, microclimate, soil and hydro-
logical features of the growing area. Wooded areas are characterized by sharp
boundaries of savanna-like communities and forest stands, which is not typical
for tropical forests. The long-term stable existence of herbaceous communities,
which is not typical for this territory, may indicate a violation of successional
changes, and the absence of the possibility of reproduction of indigenous spe-
cies due to the lack of seed sources (diasporic subclimax). soil and hydrological
features of the growing area. Wooded areas are characterized by sharp boundar-
ies of savanna-like communities and forest stands, which is not typical for trop-
ical forests. The long-term stable existence of herbaceous communities, which
is not typical for this territory, may indicate a violation of successional changes,
and the absence of the possibility of reproduction of indigenous species due to
the lack of seed sources (diasporic subclimax). soil and hydrological features
of the growing area. Forested areas are characterized by sharp boundaries of
savanna-like communities and tree stands, which is not typical for tropical for-
ests. The long-term stable existence of herbaceous communities, which is not
typical for this territory, may indicate a violation of successional changes, and
the absence of the possibility of reproduction of indigenous species due to the
lack of seed sources (diasporic subclimax).

An analysis of the assortment of 12 nurseries in Vietnam showed that, as
before, more than half of the assortment are introduced species. Native tree spe-
cies cannot be renewed even when seedlings are planted due to their biological
and morphological characteristics.

In this regard, the issue of creating conditions for the restoration of native
species through the formation of nurseries, where seedlings will be consistent-
ly introduced to artificially form the canopy of the buffer tree zone, is partic-
ularly relevant.

The purpose of this work is to study the possibility of reproducing native
forest tree species of the mountain plateau in the Central Highlands of Vietnam.

Scientific novelty

Based on the data obtained as a result of further research on the growth,
development, methods of reproduction of tree species (vegetative, seed), it is
possible to develop a nursery base, the main task of which will be the cultiva-
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tion of high-quality planting material with optimal conditions for its cultiva-
tion. Priority and topical areas are also measures to create a breeding base and
maintain forest reproduction, preserve and increase biodiversity by providing
a nursery on the basis of the Kon Chu Rang nature reserve with seed materi-
al for reforestation. This will make it possible to obtain the normative yield
of standard planting material per unit area, to ensure high survival rate when
transplanting seedlings and seedlings to the afforestation area, as well as their
subsequent growth.

Materials and methods

In order to determine the physicomechanical and physicochemical, chemi-
cal, agrochemical and biological properties of soils on the territory of the Kon
Chu Rang nature reserve, soil samples were taken to a depth of 120 cm in in-
crements of 10 cm (coordinates of the sampling site N 14°28.449 E 108°32.552
). Also, soil samples were taken on the territory where the model nursery was
created for the purpose of comparative analysis (Fig. 1).

Fig. 1. Taking soil samples on the territory of the reserve
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To take soil samples, samples were taken at a depth of 10-20 cm using a Kachin-
sky drill in layers (10 cm) to a depth of 120 cm. The mass of one sample was 0.5
kg. Immediately after sampling, the samples were transferred to plastic bags with
labels indicating the date and place of sampling, and the depth of sampling. After
transportation to the Russian Federation, the soil was dried to an air-dry state. Large
aggregates were ground, plant roots and foreign inclusions were removed. The dried
soil was ground in a porcelain mortar and sifted through a sieve, repeating the oper-
ation until only its stony part remained in the sieve. The unused part of the soil was
placed in storage and provided with a label for future analyzes [11].

Using thermoweight analysis, the moisture content of the samples was de-
termined, the moisture reserves were calculated using formula 1:

W 0.1*gh (u—k) (1
where W — reserves of productive moisture, mm in. With.

q—mass of 1 em3 of soil, g

h — thickness of the horizon, or soil layer, cm

k — moisture content of stable wilting, %

0.1 —mm water column, conversion factor corresponding to a water reserve
of 1 m/ha/

The following equipment was also used in the analysis: droplet electropho-
resis system Kapel - 105M, laboratory scales K VK-600, analytical scales VL-
2208, spectrophotometer PE-5400 UV.

When solving the assigned problems, methods of natural experiment and
expeditionary research were used. Mathematical processing of the results is
carried out in the MS Exell and Statistica application programs using small ar-
rays of observational data, which were combined into homogeneous clusters.

Objects of research were selected based on the construction of survey routes.
Species names were specified on the website of the International Nomencla-
ture IPNI [14]. Using data from catalogs and reference books of the reserve, an
analysis of the flora of the study area was carried out.

To study the growth of seedlings and the increments of germinating seeds,
annual measurements of the stem height were carried out.

Phenological observations were carried out on the main phases of plant
development.

The seasonal development of trees was studied on the basis of natural and
research. Seedling height was measured at the beginning and end of the study
period. Each plant in the collection was measured. According to the quantita-
tive and qualitative characteristics of fruiting, the reproductive ability of the
species was studied.
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During the route study of a part of the territory of the reserve, fruits and
seeds of the main species of woody vegetation found and valuable for further
reproduction were identified and collected:

1) Dialium cochinchinensis Pierre. Dialium Colchis, or velvet tamarind.

A protected species of the legume family (Fabaceae). A tree of medium
height is about 35 m. The trunk diameter is 80-100 cm, the fruit is an
ovoid pod, 18-20 mm long and 13-15 mm wide, the seeds (usually 1-2
pieces per fruit) are surrounded by edible pulp.

2) Michelia tonkinensis Dandy. (Magnolia balansae A. DC.). Valuable spe-
cies of the Magnoliaceae family.

3) Michelia mediocris. Valuable species of the Magnoliaceae family. It is
promising for reforestation of the forests of the Kon Chu Rang nature
reserve.

4) Dacrydium elatum Roxb. wall. ex Hook. Family Podocarpaceae Endl.
A tree is up to 30 m in height, with a diameter of up to 80 cm. It is a rare
species, promising for propagation and restoration in natural plantings
of the reserve.

5) Dacrycarpus imbricatus de Laub. A tree is up to 50 m in height and 50-
70 cm in diameter. The species is nationally vulnerable species in Viet-
nam. It is important for the restoration of indigenous forests.

Also, the seed material of the main genera and families of high value for
reforestation and nursery production in Kon Chu Rang nature reserve and the
Central Highlands of Vietnam was isolated and collected: the family Laurace-
ae Juss. — 6 species, all of which were fruiting at the time of the survey of the
territory of the reserve, the family Dipterocarpaceae Blume. — 3 species bear-
ing fruit 2-3 weeks before the study, Choeraspondias axillaris BL Burtt and
AW Hill (Anacardiaceae R. Br. family) — 1 species, Fagaceae Dumort family.
nom. cons. - Lithocarpus - 8 species, almost all fruited in October-November,
Castanopsis - 2 species (fruited in October-November), Quercus - 1 or 2 spe-
cies, fruited in October-November, Mastixia Blume. (family Nyssaceae Juss. ex.
Dumort.) - 1 species, fruiting in November, Camellia L. (family Theaceae Mirb.
ex. Ker Gawl. ) - 2 species, of which one fruited in November, the second - in
October, Hydnocarpus Gaerth. (family Achariaceae Harms.), family Fabaceae
Lindl. - Ormosia Jacks. — 2 species, fruiting in October-November, Archiden-
dron sp. - 1 species, fruited in October-November, Dialium cochinchinensis - 1
species, fruited in October-November. With the help of the Garmin device, the
coordinates of the places for collecting seeds and seedlings were determined
and recorded in order to build a map of the route survey (Fig. 2).
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Fig. 2. Research routes

Results and discussion

During the study of natural conditions, it was found that the Con Thu Rang
Nature Reserve is located on the border of the North Central Highlands and the
South Central Coast of Vietnam [3, 7]. Thus, the climate simultaneously bears
the characteristics of a tropical monsoon climate in the highlands and a tropical
monsoon climate in the southern Central Coast (Fig. 3).
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Fig. 3. Climatic conditions of the Kon Chu Rang nature reserve
during the observation period and the climate tower

The climate of the reserve has the following main characteristics:

— There are 2 different seasons throughout the year: the rainy season and
the dry season.

—The rainy season lasts from May to December. There are 2 periods of max-
imum precipitation - in May-June and October-November. There is usually a
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dry period between the rainy season in July, August or September. Rare rainfall
occurs during these months.

— The dry season lasts from January to April, the driest is in February, the
amount of precipitation in this month is sometimes less than 10 mm. Precipi-
tation during the dry season accounts for only 10-20% of the total annual pre-
cipitation.

— Temperature regime: the average annual temperature ranges from
20 to 23 °C. The temperature range between day and night is quite large
- about 10 °C. The highest temperature does not exceed 38 °C (usually
in April), the lowest temperature does not fall below 7 °C (usually in Ja-
nuary).

— Rainfall: Due to the direct influence of the climate regime of the south-cen-
tral coast, the rainy season lasts longer than in other areas of K’Bang district.
Total annual precipitation ranges from 2000 to 2400 mm.

— Humidity: The average annual air humidity is quite high — 82%, the max-
imum value sometimes reaches > 90%, then, in the dry season, it decreases to
70-75% (Fig. 4) [10].

In the course of studying the territory of the Con Chu Rang Reserve
along the route trails, it was found that a tree stand dominates in the tropi-
cal monsoon forest, along with this, tiers subordinate to the stand develop

(Fig. 4).
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Fig. 4. Monsoon rainforests of the Central Highlands of Vietnam

It has been established that shrubs play a small role in the shrub layer [17].
Due to root competition for oxygen, the content of which in tropical soils is
very low, in places with dense shade, the undergrowth of tree species is well
developed, plant vitality is 5 points (high).

- P <3
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On most tall trees, the presence of tubers of Myrmecodia tuberosa is noted,
a species that is light-loving and does not tolerate shade under the canopy of
a closed forest. Many species of ants settle in accumulations of detritus or in
tuber cavities and build nests there (Fig. 5) [8].

It was revealed that significant changes in the tropical forest are currently
taking place under the influence of anthropogenic factors, large areas of the
forest, even after a single irrational selective felling, are not restored due to the
poor soil composition. The development of a secondary forest was noted, char-
acterized by rapid growth (12 m in 3 years), but short-lived, and low in height
compared to the primary (Fig. 6).

.-

."_ ,.

Fig. 6. The results of anthropogenic impact on the rainforest
and its pronounced tiering

During the study of mountain tropical forests, the authors studied the avail-
able information, including a trip to Pleiku (250 km from Kon Chu Rang nature
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reserve) to the Tropical Forest Science Center nursery to get acquainted with
the main assortment of plants. The nursery has been operating for more than
30 years, the total area of the center is about 400 hectares. Tree species grown:
Pterocarpus makrokarpus, Dalbergia cochinchinensis, Hopea odorata, Afzelia
xylocarpa, Dalbergia bariaensis, Irvingia malayana, Pinus kesiya, Michelia
mediocris, Paramichelia braiannesis, Dalbergia tonkinensis, Dipterocarpus
alatus, Lagerstroemia speciosa, Dialium cochinchinensis, Michelia alatus ki-
nensis, Gliptostrobus pensilis, Prunus arborea, Eurycoma longifolia. Many of
these species are grown for landscaping and urban greening.

During route surveys of the reserve territory, seeds and seedlings of rare and
endangered tree species were collected, the preservation of which required a
more detailed study of their morphological and taxonomic features using mod-
ern technology and equipment [4, 5, 2]:

— Dacridium elatum Roxb. wall. ex Hook. (Podocarpaceae). Tree (coor-
dinates for collecting seeds and seedlings N 14028.164” E 108032.953”; N
14029.985” E 108032.738”);

— Michelia tonkinensis A. Chev. (Magnolia balansae A. DC.). Tree (collec-
tion coordinates N 14028.214” E 108032.913”);

— Dialium cochinchinense Pierre (Fabaceae). Tree (collection coordinates
N 14028.214” E 108032.913”);

— Dipterocarpus kerrii King. (Dipterocarpaceae). Tree (seed collection co-
ordinates N 14030.745” E 108034.313”).

— Dacrycarpus imbricatus de Laub. Tree (seed collection coordinates N
14029.081” E 108032.480”) (Fig. 7).

During the research, it was found that the soils of Vietnam differ in the dis-
tribution of areas and granulometric composition [12]:

— Red-yellow ferrallitic soil (Fha): Area 7680 hectares, which is 49.8% of
the reserve area in the northeastern mountains and upstream of the Sai stream.
The soil is formed on hard rocks, so the humus layer and abundant litter are
difficult to decompose. The soil texture is medium to light and porous, making
it susceptible to erosion.

—Red-brown ferrallitic soil (FHk): An area of 5470 hectares, which is 35.5%
of the reserve’s area, occupies the southwest of the reserve, on the right bank
of the Sai stream. The soil is formed on basalt rocks, the humus layer is quite
thick. The soil layer is deep and uniform. The mechanical composition of the
soil is heavy. The soil is porous and does not contain stone particles.

— Yellow-red feralite soil on sedimentary and metamorphic rocks (FHs): the
area is 1450 hectares, which is 9.4% of the total area of the reserve. It spreads
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from the northeast and left bank of the Sai stream to the border with Binh Dinh
province. The soil is formed on sedimentary rocks and has a fine-grained com-
position. The soil layer is thick to medium, the humus layer is quite thick, more
than 20 cm. The mechanical composition is heavy, the soil is quite dense.

1) 2)
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Fig. 7. Valuable tree species for reforestation of the mountainous territory

of the Republic of Vietnam: I — Dacridyum elatum, 2 — Michelia tonkinensis,
3 — Dipterocarpus kerrii, 4 — Dacrycarpus imbricatus, 5 — Dialium cochinchinense

— Light yellow feralite soil (Fa): an area of 840 ha, which is 5.5% of the
total area of the reserve. It extends along the valley of the Sei stream and the
lowlands bordering Binh Dinh province, southeast of the reserve. The soil is
formed on granite and rhyolite rocks. The rock is hard and difficult to weather,
there are many mixed rocks in the soil layer, the humus layer is thin, the me-
chanical composition is light and coarse.

— In addition to the four types of soils described above, the presence of wa-
terlogged soils in swamps, alluvial soils in the mouths of rivers and streams is
also noted in the territory of the Kon Chu Rang nature reserve (Table 1) [19,
17,16, 21, 13, 15, 20].

According to the results of soil analysis carried out jointly by the staff of the
Tropical Center and the laboratory of the Federal Scientific Center for Agro-
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ecology of the Russian Academy of Sciences, the soils of the mountainous ar-
eas of the Kon Chu Rang nature reserve are characterized by an extremely low
content of substances necessary for tree species for good growth and develop-
ment (Table 1, 2, 3).

Table 1.
The results of the analysis of 12 soil samples on the site of a shrub
meadow with regenerating woody species (the territory of the implementation
of the reforestation model)

Mechanical composition of the

Soil %) (mg/100g) soil (%)
Ground | pH | mass Coarse- | Fine
Code .
depth [(KCl)| ratio | Huy- :ﬁ:gl_ Total| Total rE‘:;zl- Total | Total| grained | sand ?:]ugg_e Clay
g/em’®) mus en P,0,| K,0 on P,0,|K,0| sand |(0,2- 0602) (<0,002)/
g & (2:0,2) 0,05 |

5762 | 0-10 [4.309]2.456 |5.785| 0.278 |0.186/0.060| 5.88 | 1.61 [21.63| 9.19 |12.42{29.20 | 49.19
5763 | 10-20 |4.246|2.523 |5.047| 0.254 |0.135[0.065| 5.46 |1.03 [9.11| 7.98 |[11.43|25.60| 54.99
5764 | 20-30 [4.242)2.518 |3.446| 0.197 |0.147|0.053| 4.48 | 0.67 [7.98 | 7.05 |5.76(23.00 | 64.19
5765| 30-40 [4.267|2.547 |2.954| 0.176 |0.145/0.053| 4.2 |0.71 [7.41| 6.02 |5.79(22.00| 66.19
5766 | 40-50 [4.280)2.479 |2.462 0.148 |0.140(0.048| 4.06 | 0.58 [7.69 | 6.82 |6.98|18.20| 68.00
5767 | 50-60 [4.329]2.524|2.338 0.145 |0.127/0.046| 3.78 | 0.70 [10.55| 6.93 |5.07 [16.40 | 71.60
5768 | 60-70 [4.375] 2.55 |2.092 0.131 |0.116/0.046| 3.36 |0.64 [7.41 | 6.87 |4.13[15.60| 73.40
5769 | 70-80 |4.473(2.582(1.969| 0.114 |0.118[0.048| 2.66 |0.61 [6.85| 6.71 [4.89|13.60| 74.80
5770 | 80-90 [4.522]2.581 |1.477 0.095 |0.115/0.043| 2.52 | 0.84 [5.46| 6.57 |4.04|15.40| 73.99
5771 |90-100 [4.567|2.622 | 1.354| 0.089 |0.129/0.046| 2.38 |0.70 [5.46 6.09 |3.91[15.00| 75.00
5772 (100-110{4.600| 2.621 | 1.354 | 0.086 {0.133/0.048| 2.24 |0.82 [7.41 | 6.48 |4.52(14.60| 74.40
5773 |110-120{4.617| 2.664 | 1.231| 0.081 |0.140[0.046| 2.1 |0.64 [4.63| 6.59 |4.01[15.00| 74.40

Table 2.
The results of the analysis of washed away soil on the territory
of the Kon Chu Rang nature reserve in containers with plants
Units Measure-
Ne The name of mea- | Test | ment un- ND on
p/p | of the indicator | sure- |results| certainty the test procedure
ment (error)
1 Chloride mg/kg 6.1 1.5 PND F 16.1:2:2.3:2.2.69-10
2 Fluoride mg/kg | <1 PND F 16.1:2:2.3:2.2.69-10
3 | Total phosphorus % 0.119 0.038 PND F 16.2:2.3.73-2012
4 Phosphate mg/kg | <3 PND F 16.1:2:2.3:2.2.69-10
5 Formate mg/kg <1 PND F 16.1:2:2.3:2.2.69-10
6 Sulfate mg/kg 6.9 1.7 PND F 16.1:2:2.3:2.2.69-10
7 | Mobilephos- 0 g 0 GOST R 546502011
phorus




460 Siberian Journal of Life Sciences and Agriculture, Vol. 16, Ne3, 2024

g | Mobilepotas- |\ gg 14 GOST R 54650-2011
Stum
9 Humus % 0.79 0.16 GOST R 26213-2021
10 Oxalate mg/kg <3 PND F 16.1:2:2.3:2.2.69-10
11 Nitrate mg/kg 8.2 1.3 PND F 16.1:2:2.3:2.2.69-10
12 Sodium mg/kg | 3.95 0.64 PNDF 16.1:2:2.2:2.3.74-2012
13 Magnesium mgkg | <1 PND F 16.1:2:2.2:2.3.74-2012
14| Calcium | mgke | 445 | 072 ol /2'1)31'\1712_1;01 )
15 Potassium mg/kg | 2.79 0.45 PND F 16.1:2:2.2:2.3.74-2012
16 pH pH | 62 0.2 GOST R 26423-85
17 Acetate mg/kg <3 PND F 16.1:2:2.3:2.2.69-10
18 Ammonium mgkg | <2 PND F 16.1:2:2.2:2.3.74-2012
19 | Nitrite nitrogen | mg/kg | 0.061 0.025 PND F 16.1:2:2.2:3.51-08
20 | Nitrogenofmi- |\ =y} 39 13 PND F 16.1:2:2.2:3.67-10
trates
g1 | Ammonium | s GOST R 26489-85
exchange
Table 3.

The results of the analysis of the forest soil on the territory
of the Kon Chu Rang nature reserve in the horizon of 110-120 cm

Units Measure-
Ne The name of mea- | Test | ment un- ND on
p/p | of the indicator | sure- |results| certainty the test procedure
ment (error)
1 Chloride mg/kg | 32.0 4.8 PNDF 16.1:2:2.3:2.2.69-10
2 Fluoride mgkg | <1 PND F 16.1:2:2.3:2.2.69-10
3 | Total phosphorus % 0.116 0.038 PND F 16.2:2.3.73-2012
4 Phosphate mg/kg | <3 PND F 16.1:2:2.3:2.2.69-10
5 Formate mg/kg | 2.65 0.40 PND F 16.1:2:2.3:2.2.69-10
6 Sulfate mg/kg | 31.3 4.7 PND F 16.1:2:2.3:2.2.69-10
7 M"It)’l‘llgrgtslos' min' |0 0 GOST R 54650-2011
g | Mobilepotas- || gg 15 GOST R 54650-2011
sium
9 Humus % 0.78 0.16 GOST R 26213-2021

10 Oxalate mg/kg | <3 PND F 16.1:2:2.3:2.2.69-10
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11 Nitrate mg/kg | 10.0 1.5 PND F 16.1:2:2.3:2.2.69-10
12 Sodium mg/kg | 401 65 PND F 16.1:2:2.2:2.3.74-2012
13 Magnesium mg/kg | 13.8 2.3 PNDF 16.1:2:2.2:2.3.74-2012
. PND F/PND F
4] Caleium | mgkg | 321 ] 52 16.1:2:2.2:2.3.74-2012
15 Potassium mgkg | 14.1 2.3 PND F 16.1:2:2.2:2.3.74-2012
16 pH pH 7.3 0.2 GOST R 26423-85
17 Acetate mg/kg | 3.65 0.55 PND F 16.1:2:2.3:2.2.69-10
18 Ammonium mgkg | <2 PND F 16.1:2:2.2:2.3.74-2012
19 | Nitrite nitrogen | mg/kg | 0.061 0.025 PND F 16.1:2:2.2:3.51-08
a0 | Nitrogenofni- 0| g6 1.7 PND F 16.1:2:2.2:3.67-10
trates
gy | Ammonium <5 GOST R 26489-85
exchange

To research on the reproduction of valuable species and develop a technol-
ogy for their reproduction for the purpose of subsequent planting on a forestry
area, an experimental nursery with an area of 36 m? was created with a surface
irrigation system and various levels of shading. The form of growing plants on
this site is a closed root system, in containers (for better survival of seedlings
and saplings when planted in reforestation areas). In addition, seeds of most
species were prepared to study the possibilities of their storage, as well as to
test various germination methods in the laboratory (Fig. 8).

Seeds and seedlings were treated with preparations against pests - Katera
50 EC, 0.75 ml/l of water, against diseases - Cymanil 720 WP, 3 g/I of water,
liquid complex fertilizers containing NPK + ME. The preparations were applied
using a hand sprayer. After planting, constant soil moisture was maintained.

Treatments for pests and diseases were carried out every 15-20 days, these
treatments were recommended to be combined (two preparations in one solution).

Fertilizers were applied every 20 days according to instructions, after which
additional watering was used for 10 minutes. Seedlings and seeds in containers
at the nursery were placed evenly on the sunny and shady sides. Presumably,
in shade-loving species, too intense sunlight can cause burns and pathological
pigmentation of leaves. Light-loving plants prefer scattered and indirect sun-
light, which does not burn as they pass through the upper tier of the tropical
forest into the second tier, where they are located.

In the course of studying the germination and germination of seeds, we
found that many species that are valuable for reforestation and nursery produc-
tion in Vietnam are difficult to propagate by seeds, or their seed germination
is extremely low.
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Fig. 8. Nursery diagram

Seedlings of the valuable species Dacrydium elatum and Dacrycarpus im-
bricatus responded positively to the method of planting and treatment; during

the study period, growth dynamics of 1 to 3 cm were observed, the root system

also grew and developed evenly (Fig. 9, 10).
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Fig. 9. Observations of Dacrycarpus imbricatus seedlings in containers

High rainfall and leaching regime remove all nutrients from the soil and
direct them deeper. The remaining nutrients are quickly absorbed by a large
number of plants. Litter helps increase the organic matter content, but it decom-
poses quickly due to high temperatures, insect activity and high humidity. The
remaining nutrients are quickly consumed by plants, resulting in depleted soil.

Given the constancy of climatic conditions in the tropical monsoon forests
of the Kon Chu Rang Reserve, the periodicity is not expressed here. It should be
noted that the tree stand here is equally green throughout the year. The phenomena
of the periodicity of growth and development of species require additional study,
due to the fact that the phases of development in some species do not coincide -
moreover, these phases are not synchronous even in individual individuals of the
same species. Due to short dry periods, the moisture consumption of the entire
transpiring leaf mass increases, and the root system uses only an insignificant part
of the soil moisture reserve - as a result, trees often experience a regular mois-
ture deficit. Based on the data obtained, the following conclusions can be drawn:

—The article contains data from studies of mountain forest areas, topography
and soils of the Kon Chu Rang nature reserve (Vietnam), the main results of
which are aimed at the conservation and reproduction of indigenous, especially
valuable tree species exposed to anthropogenic impact.
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Fig. 10. Growth of seedlings of Dacrycarpus imbricatus (a) and Dacrydium elatum
(b) on washed-away soils of the Kon Chu Rang nature reserve

— It has been established that most of the assortment of 12 nurseries in
Vietnam is represented by introduced species, which in mountainous terrain
are extremely difficult to reproduce due to their morphological and biological
characteristics, as a result of which they cannot be used for reforestation.

— It was revealed that the soil cover of the Kon Chu Rang nature reserve is
distinguished by diversity, distribution of areas, granulometric composition and
humus content. Due to the large amount of precipitation, the soils are depleted
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in the necessary composition of the elements necessary for the good growth and
development of woody species. Thus, in the conditions of shrub meadows, the
content of humus is much higher than in a forest with a primary stand.

— It was determined that for the successful cultivation of especially valuable
tree species in the nursery, surface watering and constant maintenance of soil
moisture, treatment with herbicides and fertilizers are necessary. It is recom-
mended to grow seedlings in containers with a closed root system.

Sponsorship information. The work was carried out within the frame-
work of the topic E-1.6 “Development of technology for growing seedlings of
the main native trees species of indigenous forests in Vietnam as the basis for
solving the fundamental scientific problem of tropical forest restoration.” Joint
Vietnam-Russian Tropical Science and Technology Research Center.
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