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MO DAU
1. Pit van dé

Cho den (Parashorea stellata Kurz.) 13 lodi cAy go lén
thudc ho Dau (Dipterocarpaceae) co gid tri cao vé sinh thai,
kinh té va bao t6n. Tuy nhién, do qué trinh khai thac kéo
dai trong qua khir két hop véi su suy giam sinh canh tir
nhién nén nhiéu quan thé da bi thu hep ca vé dién tich 1an
sO lugng ca thé. Cho den phan bd tu nhién chi yéu & céc
khu vuc phia Nam dén day Truong son phia T4y tai Thanh
phd Hué. Piéu nay cho thdy cic quin thé Cho den co ¥
nghia dac biét quan trong vé mat sinh théi, dia sinh hoc va
bao ton ngudn gen.

Céc nghién ctru vé Cho den ¢ Viét Nam hién nay van
con kha han ché. Phan 16n céc cong trinh dd cong bé chi tap
trung vao mo ta hinh thai, phan loai hoc, phan bd dia ly va
gi tri sir dung ctia loai. Pén nay van chua c6 cong trinh nao
nghién ctru mot cach hé thong, dong bo tir dic diém sinh
hoc, phan bd va sinh thai, 1am hoc, da dang di truyén dén
k¥ thuat nhan giéng va cac giai phap bao ton, phat trién loai
Cho den tai Thanh ph Hué. Céc dit liéu vé khoa hoc cia
loai van con thiéu hut dan dén kho khin cho viéc xdy dung
cac giai phap bao ton va phat trién ngudn gen loai Cho den.
2. Muc tiéu nghién ciru

2.1. Muc tiéu chung

Xac dinh co so khoa hoc phuc vu bao ton va phat trién
loai Cho den tai Thanh phé Hué thong qua nghién ciru dic
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diém sinh hoc, sinh thai, phan bd, 1am hoc, da dang di
truyén va nhan giong, 1am cin cir dé xuat cac giai phap bao
ton va phat trién bén ving loai Cho den.

2.2. Muc tiéu cu thé

1) Xéac dinh dugc dac diém hinh thai, giai phau, vat
hau va da dang di truyén cua loai Cho den

2) Xac dinh dugc dic diém cau trac va tai sinh ty
nhién 1am phan c6 loai Cho den phan b.

3) Xac dinh dugc cac nhan to sinh thai anh huong dén
phan b tir nhién va hién trang phan b cta loai Cho den

4) Xac dinh dugc mot sb6 bién phap ky thuat nhan
gidng hiru tinh loai Cho den

5) Pé xuat dugc cac giai phap bao ton va phat trién
bén vitng loai Cho den tai thanh phd Hué.
3. Y nghia ciia luin an

3.1. Y nghia khoa hoc

B6 sung va hoan thién co so khoa hoc vé dic diém
sinh hoc, sinh thai phan bd, 1am hoc, da dang di truyén va
nhan giéng loai Cho den tai Thanh phd Hué.

3.2. Y nghia thuec tién

Cung cép co s& thuc tién cho viéc xdy dung cac gidi
phap bao tdn va phat trién bén vimg loai Cho den. Pong
thoi, két qua nghién ctru la ngué)n tu liéu tham khao, phuc
vu nghién ctru khoa hoc, giang day, hoc tap va dao tao trong
linh vuc 1am sinh va béao tén da dang sinh hoc.



4. Nhirng dong gép méi ctia luan an

1) B6 sung dan liéu khoa hoc vé nhan dang loai Cho
den trén co so tich hop cac dic diém hinh thai, giai phau va
chi thi DNA barcode (rbcL, trnH-psbA), gop phan hoan
thién co s& dir liéu vé loai tai Viét Nam.

2) Xéc dinh duoc dic diém ciu trac quan thé, tai sinh
tu nhién va PDSH ctia cic quan x4 rimg tu nhién c6 Cho
den phan bo tai thanh phé Hué, qua d6 1am rd kha ning tai
sinh va phuc hdi tu nhién cua loai phuc vu cong tac bao ton
va phat trién.

3) Budc dau xay dyng mé hinh tuong quan gitta mat
d6 v6i nhan td sinh thai lam co so khoa hoc dé 1ap ban d6
phan bb theo cAp mat do, dé xuat cac giai phap quy hoach
viing bao ton va phat trién loai Cho den tai Thanh phd Hué.

4) Xac dinh dugc dic diém sinh Iy hat gidng va hoan
thién mot sé bién phap k¥ thuat nhan gidng hiru tinh loai
Cho den, 1am co s& cho viéc san xuat cdy giong va phat
trién nguodn giéng phuc vu bao ton va phat trién loai.
CHUONG I. TONG QUAN CAC VAN PE NGHIEN CUU
1.1. Tong quan vé ddi twong nghién ctru
1.1.1. Nghién ctru danh phap phan loai
1.1.2. Bac diém hinh thai va phat trién
1.1.3. Bac diém phan bd sinh thai va cu tric rimg
1.1.4. Bac diém sinh truéng phat trién va tai sinh
1.1.5. Gia tri va tinh trang bao tdn cua loai Cho den

3



1.2. Téng quan cac cong trinh nghién ctru
1.2.1. Nghién ctru dac diém hinh thai, giai phﬁu thuc vat
1.2.2. Nghién ctru ddc diém cau tric va tai sinh rimg
1.2.3. Nghién ctru phan b va sinh thai thuc vat rimng
1.2.4. Nghién ctru vé nhén giéng cay 1am nghiép
1.2.5. Nghién ctru dinh danh phén tir va da dang di truyén
1.2.6. Nghién ctru vé cac giai phap bao ton va phat trién
1.3. Nhan xét va danh gia chung

S6 luong cong trinh vé dic diém hinh thai, sinh thai,
tai sinh ty nhién, phan b, nhan giéng va tinh trang bao ton
cua loai Cho den con tuong ddi han ché, chua déng bd va
van chua dugc nghién ciru day du tai Thanh phd Hué.
1.4. Tong quan vé khu vure nghién ciru
1.4.1. Vitri dia ly
1.4.2. Dia hinh, dia chat va dt dai
1.4.3. Dic diém khi hau
1.4.4. Dic diém thuy van
1.4.5. Tai nguyén sinh vt

CHUONG II POI TUQNG, PHAM VI, NOI DUNG
VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong va pham vi nghién ctru

Loai Cho den (P. stellata) phan bd ty nhién trén dia
ban 13 xa thudc Thanh phd Hué. Thoi gian: 2023 - 2026.
2.2. N§i dung nghién ciru
- Nghién ciru dic diém sinh hoc ciia loai Cho den
- Nghién ctru dic diém 1am hoc cua quén thé Cho den
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- Nghién ctru hién trang phan bd loai Cho den

- Nghién ciru k¥ thuat nhan giéng hitu tinh loai Cho den

- P& xuit cac giai phap bao ton va phat trién bén viing loai
2.3. Cach tiép can nghién ciru

Tiép cap d6i tugng nghién ctru theo quan diém phat
sinh tham thyuc vat, sinh thai nhan van, hoat dong dién da,
thuc hanh thuc nghiém, hanh dong c6 su tham gia.

2.4. Phwong phap nghién ciru

2.4.1. Phuong phap ké thira s6 liéu thir cap lién quan
dén ddi tuong, 1inh vuc nghién ctru.

2.4.2. Phuong phép diéu tra rimg thiét lap 45 OTC
dién hinh (50 x 20 m) va 135 ODB (5 x 5 m) dé thu thap sé
liéu vé 1am hoc, da dang sinh hoc va thu mau vt cac chi
tiéu hinh thai va phan tich di truyén.

2.4.3. Phan tich hinh thai, giai phau, vi phau, soi bot
theo phuong phap ddi chiéu, so sanh.

2.4.4. Pinh danh dua trén chi thi DNA barcode véi
cac vung gen rbcL va trnH-psbA va phan tich da dang di
truyén va danh gia da dang di truyén quan thé bang chi thi
PCR-ISSR. So sanh trinh ty dir liéu GenBank, gian dd pha
hé ctia quan thé theo thuat toan UPGMA..

2.4.5. Phuong phap nghién ctru dic diém 1am hoc

- T6 thanh thyc vat than g xac dinh bang chi s6 IV%

- Céc chi s6 da dang sinh hoc: Shannon-Weiner (H),
Simpson (D), Do phong phii loai Margalef (D), Chi s6 dong
déu Pielou (J), Chi s6 trong dong (SI).
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- Phuong phap nghién ctru cy tai sinh: T6 thanh cay
tai sinh Pi% va dang phan bé cay tai sinh trén bé mat dat
dwa trén co s& phan bd Poisson.

2.4.6. Phuong phap xay dung mo hinh twong quan gitra
méat dd va cac nhan td sinh thai

- X4c dinh nhan td sinh thai anh huong dén mat do:
theo phuong phap phan tich thanh phan chinh (PCA)

- Xay dung mo hinh tuong quan gitta mat do va céc
nhan t6 sinh thai: Dua trén cac mo hinh hoi quy da bién

- X4y dung mo hinh phén bd dugc ap dung phuong
phap phan cip mat do va phuong trinh tuyén tinh.

2.4.7. Phuong phap nghién ctru ki thuat nhan giéng:
Céc thi nghiém bd tri dung lugng mau 1a 30, 3 1ap cho mdi
cong thirc, theo doi ty 1¢ nay mam, thé nay mam, ty 1é song,
sinh truéng Doo (mm), Hya (cm), s6 14.

Thi nghiém 1: Panh gia hinh thai, pham chat hat giéng

Thi nghiém 2: Anh hudng phuong phap bao quan hat
gidng dén kha ning nay mam hat giéng

Thi nghiém 3: Anh hudng nhiét d6 nudc dén ndy mam
hat giéng

Thi nghiém 4: Anh huong thoi gian ngdm dén ty 1¢
nay mam hat gidng

Thi nghiém 5: Anh huéng thanh phan rudt bau dén
ty 1& sdng, sinh truéng ciy con giai doan vudn wom.
Thi nghiém 6: Anh huéng ché d6 phan bon dén ty 1¢
song va sinh trudng cdy con trong giai doan vudn wom.
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Thi nghiém 7: Anh huéng cta che sang dén ty 18
sdng, sinh trudng cdy con trong giai doan vuon wom
2.4.8. Phuong phéap xtr Iy s6 liéu, phan tich bang phan
mém BioEdit 7.0.5, SPSS V22.0, PAST v5.3, QGIS 3.34.
2.4.9. Phuong phap xay dung cac giai phap
Duya vao hé théng vin ban phap quy, xu huéng du béo
va két qua nghién ctru dé xay dung cac giai phap.
CHUONG III. KET QUA NGHIEN CUU
3.1. Pic diém sinh hoc ciia loai Cho den
3.1.1. Pic diém hinh thai va giai phau loai Cho den
Cay than gb 16n, cao 35 m, duong kinh trén 100 cm,
v6 mau nau den ntt doc, tan hinh cau. L4 hinh bau duc, mep
nguyén, hoi van, 9-13 cap gan, khi non c6 mau héng. Mat
d6 khi khong 692 16/mm>. Hoa moc thanh cum, mau tring
stra, thom, 5 canh, xép van, nhi 15. Qua 5 canh. Pac diém
vi phau than, 14, r& ¢6 cau trac dién hinh cay gd ho Dau voi
cac 16p ban, mé mém, mo cung, libe, gd, mo mém rudt, 6ng
tiét, bo soi, manh mach, 16ng che chd, tinh bot, manh mo
mang tinh bot va tinh thé calci oxalat phat trién rd.
3.1.2. Dic diem hau vat hoc loai Cho den
Céc pha vat hau hoc ¢ 3 dia diém nghién ctru khong
c6 su sai khac. Cay truong thanh thuong rung 14, nay chdi,
ra 14 non c6 mau hong tir thang 12 - 3 nim sau, ra hoa thang
4 — 5, qué chin va roi rung 8 — 10. Hat tai sinh tdt.
3.1.3. Pic diém di truyén quan thé loai Cho den
3.1.3.1. Pinh danh loai bang chi thi DNA barcode
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Tt ca trinh tu nucleotide ctia cac ving gen dugc luu
trt trén Genbank, twong uwng: rbcL (OR922785 -
OR922790) va trnH-psbA (OR913554 - OR913559). Phan
tich BLAST da xac minh va so sanh cac trinh tu vo1 ma
MZ901836.1 cho thdy mtrc d6 bao phu va trong dong cao,
dat 100% v&i gid tri can chinh 1a 0,000 va khac xa so véi
cac loai khac thudc chi Parashorea, Shorea vdi khoang cach
K2P tao tir rbcL va trnH-psbA lan luot 13 0,0041 - 0,0152
va 0,078 - 0,088 tuwong ung. Ciy phat sinh chung loai thé
hién ¢ hinh 3.10.

Parashorea stellata HUNG PLOL
Parashorea stellata HUNG PL02

Parashorea stellata HUNG PLO2
rhel region Parashoreq stellata HUNG QNam01 L prA Tegion

Parashorea stellata HUNG PLO1 Parashorea stellata HUNG ALO1
L Parashorea stellata HUNG ALO1 Parashorea stellata HUNG DNang01
Parashorea stellata HUNG DNang01 Parashorea stellata HUNG NDO1
= Parashorea stellata HUNG NDO1 Parashorea stellata (MZ901836.1)
El Parashorea stellata (MZ901836.1) Parashorea stelfata HUNG QNam01
Parashorea macrophylia (MH791330.1) Parashorea macrophylla (MH791330.1)
Shorea pachnphylla (NC 040966.1) Parashorea chinensis (NC 046579.1)
Shorea macropiyila (NC 064148.1) Parashorea chinensis (MW074187.1)
w"f's (NC (46579.1) w | Shorea macrophylia (NC 064148.1)
“ Shorea zeylanica (NC 040965.1) Shorea pachyphylla (NC 040966.1)
—_— —
0.0020
0.010

Hinh 3.10. Cay phat sinh chung loai cua loai Cho den
dwa trén trinh ty cdac vung gen rbcL va trnH-psbA
3.1.3.2. Pa dang di truyén quin thé loai loai Cho den bing

chi thi PCR-ISSR
a. Sw da hinh cua cac chi thi PCR-ISSR
Nghién ciru chon loc duoc 9/15 chi thi ISSR ¢6 biéu
hién su da hinh trong cac phan trng PCR trén khuén DNA
téng s6 cua 14 loai Cho den véi ty 1& ca thé khuéch dai 1a
100%. Phan g PCR ciia 9 chi thi ISSR da khuéch dai tong
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cong 52 phan doan DNA c¢6 kich thudc dao dong tir 300 —
3.500 bp. Céc két qua nghién ctru cho thay cap d6 loai (PPB
=100%, Na=2,000, Ne =1,5239, 1 =0,3404 va1=0,5225)
cao hon dang ké so vé6i cac chi s ¢ cip d6 quan thé (PPB
=52,3%, Na=1,519, Ne = 1,313, 2 =0,181 va [ = 0,270).
Két qua ndy c6 thé giai thich boi sy troi dat di truyén, suy giam
kich thudc quan thé va kha ning thich nghi véi méi truong cua
loai dan dén su suy giam da dang di truyén trong quén thé.
b. Sy da dang di truyén giita cdc quan thé Cho den
Céc chi s6 da dang di truyén quan thé loai Cho den
duoc thé hién & bang 3.9.
Bang 3.9. Chi s6 da dang di truyén ciia cac quan thé Cho
den tai Thanh phé Hué

R z Ky | Trung binh
Stt Thong so hicu L SE
1 | S6 luong mau 40
2 | S6 luong quan thé 5
3 th s6 da de,}ng nguén gen cua He 0,1753 =
tong cac quan thé 0,0064
4 Chi s6 da daﬁng gen trung Hs 0,239 +
binh trong tong thé 0,0033
5 C}il sérsal k{léc d; truyén Nei Gt 0.2936
gitta cac quan thé
6 Chj sO tfao dbi gen giira cac Nm 12033
quan thé




Su da hinh cua cac qu?m thé loai Cho den dugc thu
thap tai 5 ving nghién ctiru cho thiy c6 mirc do da hinh
tuong d6i thap véi gia tri NPB = 8 - 22, PPB = 15,38 -
42,31%, Na=1,1538 - 1,4231, Ne = 1,1 - 1,2810, chi s6 Na
ludn 16n hon Ne; chi sé da dang gen Nei / = 0,0601 -
0,1565, chi s6 Shannon I = 0,089 - 0,2258. Hé s twong
quan di truyén Nei 16n (0,8844 - 0,9584) va khoang cach di
truyén thap (0,0425 - 0,1228) da thé hién mdi quan hé gan
gili vé mit di truyén giita cdc quan thé. Sy phan hoa gen va
dong gen 13 nhimng chi s6 dé danh gia ciu tric di truyén caa
loi, quan thé loai Cho den. Gia tri Nm 1a 1,2033 cho thay
su di chuyén cua dong gen gitta cac ving nghién ctru 13 tir
trung binh dén cao.

3.2. Pic diém 1am hoc ciia quan x4 thwe vt rirng c6 loai
Cho den phin b

3.2.1. Bic diém cau trac 1am phéan ¢6 loai Cho den phéan b
3.2.1.1. Su da dang thanh phd‘n loai thuc vat than go”N o cdc
khu vuc nghién cuu

Két qua diéu tra ghi nhan 192 loai thuc vat than go,
thudc 123 chi, 52 ho va phan bo trong 2 nganh. Trong do,
Trong d6 nganh Thong (Pinophyta) ghi nhén 3 loai thudc 3
chi va 1 ho (Podocarpaceae), gdm cac loai Thong nang
(Dacrycarpus  imbricatus), Thong tre (Podocarpus
neriifolius) va Hoang dan gia (Dacrydium elatum). Ngugc
lai, nganh Ngoc lan (Magnoliophyta) chiém phan 1én, véi
189 loai (98,4%), 120 chi (97,6%), 51 ho (98,1%). Ho Dau
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(Dipterocarpaceae) c6 cac loai dic trung Kién kién (Hopea
pierrei), Dau hassel (Dipterocapus hasseltii) cting loai Cho
den (Parashorea stellata) gop phan quan trong phan loai va
gia tri sinh thai quén thé thyuc vat.
3.2.1.2. Bdc diém vé cau tric qud‘n xa thyc vdt rung co loai
Cho den phdn bé

Két qua diéu tra 1am phan c6 su bién dong dang ké
giita cac dia diém va trang thai ring. Mat d6 1am phan dao
dong trong khoang 440 - 1.300 cay/ha, c6 xu huéng cao &
cac trang thai TXG, TXB va TXN c¢6 mat d6 bién dong 16n
giita cac dia diém. Diéu nay cho thiy sy khac biét vé mat
d6 cua quan xa thuc vat ring. Chi tiéu duong kinh (Dtb)
ctia 1am phan tir 7,7 - 20,5 cm va chiéu cao (Htb) tir 8,7 -
24,44 m, cho thiy su phan héa vé ciu trac va mic do phat
trién cdu trac tang cdy cao gitta cac trang thai ring. Doi voi
loai Cho den, céc chi tiéu sinh trudng cao hon so véi gia tri
trung binh cua Iam phﬁn, voi duong kinh tir 9,2 - 42,1 cm
va chiéu cao 9,4 - 22,4 m. Mat do phan bd cta loai cling c6
su khac bi¢t gitra cac dia diém, c6 xu hudng tang dan tir
trang thai TXN 1én TXG, bién dong tir 20 - 110 cay/ha.
3.2.1.3. Bdc diém cdu triic t6 thanh qudn Xd thuc vat rung
c6 loai Cho den phén bé

Két qua diéu tra va tinh toan t6 thanh rimg theo chi s6
quan trong (IV%) & bang 3.12. cho thdy muc d6 da dang
loai cao, dao dong tir 27 dén 39 loai gitta cic trang thi rimg
va gitra cac vung nghién ctru
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Bing 3.12. T6 thanh thiee vt trén cdc trang thdi rirng ¢

lodi Cho den phin bé

. Trang Sé. S(f). Chi s6
Bia | Tygi | loai | loai | oo thite t thanh thuc vat v
diem rimg lam uu Cho
phan | the den
16,59 Vir + 8,07 Sm + 8,64 Dc +
TXN | 27 | 6 | 58 Mn+456Tr+534Rr+ | 2.57
50,09 Ikh (21 lodi)
N 12,14 Gi + 11,49 Dg + 8,54 Chd +
(A | TXB | 29 | 6 | 8.08Bkh+7.67Kki+5.61 Treh+| 854
45,97 Ikh (23 loai)
13.75 Chd + 12,09 Ch + 10.90
TXG | 37 | 5 | Trch+6,71Gi+5,59Sm+50,96 | 13,75
kh (32 loai)
11,19 Vir + 8,37 Lxet + 7,28 Do +
TXN | 32 | 8 | 724Da+643Na+6.10Uo+539 | 2.57
Trm + 5,32 Treh + 42,68 Ikh (24 loi)
Namm 11,24 Chd + 8,66 Vir + 7,47 Trm
bong | TXB | 39 | 7 | +667De 579 Lheo + 576 Trch| 1124
+5,2 Kha + 49,21 Ikh (32 loai)
9,90 Trch + 8,23 Nt + 6,90 Tlg
TXG | 34 | 6 | +7.79Chd+730Tr+522Na+ | 7.79
54,66 Ikh (28 lodi)
25,86 Chd + 18,39 Tlg + 8,99 Mch
TXN 314 e g1 Sm +37.95 Ikh (27 loai) | 22750
ph 15,58 Dad + 13,44 Dgi + 9,56 Nho
I LTXB | 36 | 7 | +771Trv+ 608 Rsu+533 Thet | 176
: 7,60 Su + 34,60 Ikh (29 loi)
IXG | 27 | 5 [O25ChA920 D74 Meh 7.3 4o

Sm + 6,61 Tlg +39,09 lkh (22 loai)

Ghi chu: Vtr: Vang trung; Sm: Sang mdu,; Dc: Dé cau; Mn: Mit nai; Tr:

Tram; Rr: Rang rang mit; Gio: Gibi; Dg: Dé gai; Chd: Cho den; Bkh: Ba khia;
Kki: Kién kién, Trch: Tram chiia; Chu: Chuén; Lxet: Lim xet béic bo; Da: Pao;
Na: Nang; Uo: Uoi; Trm: Truong mdt; Lheo: Léo heo, Kha: Khdo; Ngt: Ngat;
Tlg: Tim lang; Mch: Mdu ché ld nhé; Dad: Dau ddt; Dgi: Ddu gia xoan; Nho:
Nhoi; Trv: Truong vai; Rsu: Rau sung; Thr: Thi rieng; Su: Sung; lkh: loai khadc
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3.2.1.4. Ddnh gid chi sé6 da dang sinh hoc cic OXTV rirng
¢6 phdn b6 Cho den

Bdng 3.13. Gia tri cac chi 56 da dang sinh hoc va mdt do
cd thé thuc vat than go tai cac dia diém nghién curu

Stt

Chi so

Gi4 tri trung binh (d6 1éch chuan)

A Lu6i |Nam Dong | Phu Loc
b0 giau loai
U | Margalef (D) 26,22 (4,12)28,33 (5,24)[30,11 (8,64)
o | Bophongphilodi | 5 o o)1 3 38 0.53) | 3.02 (0.37)
Menhinick (D) ’ ’ ’ ’ ’ ’
3 | Chi s6 Shannon (H') | 3,04 (0,21) | 3,11 (0,19) | 3,01 (0,28)
4 | Chi sé Simpson (D2) | 0,94 (0,02) | 0,94 (0,01) | 0,93 (0,02)
Chi s6 dong déu
5| piclou () 0,93 (0,03) | 0,93 (0,02) | 0,90 (0,04)
6 | Mat do (ca thé/m?) | 0,07 (0,03)] 0,07 (0,01) ] 0,10 (0,04)

Céc két qua ¢ bang 3.13 cho thay cac chi sé da dang

sinh hoc ¢6 su tuong dong va tuong doi cao. Piéu nay phan

anh tinh 6n dinh, cau tric hon loai & cac quan x4 thuc vat

rimg than gd co loai Cho den phan bd.

3.2.2. Pic diém tai sinh trong quan thé c6 loai Cho den

3.2.2.1. Bdc diém cdu triic t6 thanh, mdt do tdi sinh lam phd‘n

Két qua cho thay mat do ciy tai sinh ting dan tir 9.755
cay/ha (TXN) Ién 9.791 cay/ha (TXB) va 10.064 cay/ha
(TXG). S6 loai chénh 1&ch tir 54 loai (TXN), 52 loai (TXB)
va trang thai TXG c6 43 lodi va co 5 - 6 loi tai sinh vu thé
nhu Tim lang, Vang trimg, Cho den, Tram,... (bang 3.17).
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Bing 3.17. Céng thirc 16 thanh cdy tdi sinh tai cic QXTV

rieng cé phdan bo Cho den

Trang 34 ﬁ Chi s6
Stt | thai .. Cong thure t6 thanh Pi (%)
\ loai \
rung Cho den
11,1 Tig+9,8Bbu+8,1 Rr+72 Tr+
1 | TXN | 54 6,4 Dc +5,5 Vir + 51,9 1kh (48 loai 2,3
khac)
12,6 Tr+9,5 Chd + 9,0 Dc + 5,5
2 | TXB | 52 | Mch+ 5,0 Trch + 58,3 lkh (47 loai 9,5
khac)
11,2 Trch + 8,8 Tr+ 7,6 Chd + 5,9
3 TXG |83 |\ h 5.3 Cot 4612 Ikh (38 lodi khac) | 0

3.2.2.2. Hién trang phdn bé cdy tdi sinh theo trang thdi

rung cua loai Cho den

Bing 3.18. Hién trang phdn bé cdy tdi sinh loai Cho den

trén cdc trang thdi rung

Trang Dang | Mat do
Stt | thai No | Nt | Xw S? K | phan | Cho den
rimg b6 | (ciy/ha)
1| TXB |15 91 |6,07] 26,35 4,34| cum 809
2| TXG | 14| 72 | 5,14| 25,05 | 4,87| cum 640
3| TXN [ 10| 61 |6,10] 43,66 | 7,16| cum 542
4 |Toanlm 301 504 ) 574] 2883 | 5.02| cum | 664
phan

O bang 3.18 cho thiy mat d6 tai sinh 14m phén 1 664
cay/ha, dang phan bd cum, mirc do quﬁn tu kha cao nhung

muc hao hut khodng 84,6% ¢ giai doan cay ma, tai sinh chua

trién vong 14,2% nén can cac giai phap 1am sinh 1a can thiét.
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3.3. Pic diém phan bd loai Cho den tai Thanh phé Hué
3.3.1. Xay dung mo hinh tuong quan giira mat do loai Cho
den v6i cac nhan t6 sinh thai
3.3.1.1. X4c dinh nhan t6 sinh thai anh huéng dén mat do
phan b loai Cho den

Két qua phan tich thanh phan chinh (PCA) cia 06
nhan t6 sinh thai chi phdi dén mat d6 loai Cho den voi tong
phuong sai tich lily ctia 03 thanh phan (PC1, PC2 va PC3)
dat ky vong (83,718%). Céc trong s6 ciia cac nhan to do tan
che va tong luong mua déu > 0,3. Ngoai ra, két qua kiém
tra hé s6 phong dai phuong sai VIF = 1,1282 nén mé hinh
khong xay ra hién tuong da cong tuyén. Pay 1a hai nhan to
sinh thai then chét anh huong dén mat do phan bo cua loai
Cho den trén 1am phan rimg tu nhién tai Thanh phd Hué.
3.5.1.2. Xay dung mo hinh twong quan gitta mdt do loai
Cho den véi dé tan che va tong lwong muwa

Phuong trinh tuyén tinh giita mat d6 véi nhan t6 sinh
thai c6 dang: Mat do = 103,79 + 81,452 x Do _tan che -
0,028 x Tong_luong mua (p = 0,015 < 0,05). Két qua do
chinh xac moé hinh du bao dat %RMSE = 71,36%.
3.3.2. Phan cép mat d§ va xac dinh hién trang phan bd cua
loai Cho den & TP Hué
3.3.2.1. Phén cdp mdt @6 phdn bé loai Cho den trén cdc
lam phan diéu tra

Két qua phan tich dic trung mau cho thay mat d6 phan
b trung binh 13 46 ciy/ha, mat d6 thap nhit 14 10 cay/ha va
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méat do cao nhét 1a 130 cay/ha, muc do bién dong p =95%
14 9 ciy/ha. Dya trén md hinh phan phdi chuan da chia
thanh 3 cap mat do ctia loai Cho den (bang 3.25).

Két qua phan tich phuong sai mot nhén t6 cho thay sy
sai khac vé mat do phan b giira cac cap mat do cé y nghia
thong ké (Fuinh = 78,819 > Fo 05 = 3,219; p < 0,05). Dua trén
phan cép nay va phuong trinh da thiét lap dé xay dung ban
d6 phan cap mat do bang phan mém QGIS.

Bing 3.25. Két qua phdn chia cdp mat @6 loai Cho den ¢
cac khu vue diéu tra

A Mat do (cay/ha)
Cap mat do , .
Gia tri nho nhat | Gia tri 16n nhat
Cép 1 (thap) 10 36
Cép 2 (trung binh) 37 55
Cap 3 (cao) 56 130

3.3.2.2. Hién trang phdn bé loai Cho den theo trang thdi rirng
Cac két qua & bang 3.26 va hinh 3.16 cho thiy dién
tich phan b6 loai Cho den dat 126.163,49 ha. Trong do, dién
tich & cap mat do thip (Cap 1) 1a 76.383,98 ha (chiém
khoang 60,54% tong dién tich); Cap mat do trung binh (Cép
2) voi 34.390,59 ha (chiém 27,26%) va Cap mat do cao
(Cép 3) dat 15.388,92 ha (chiém 12,20%). Két qua nay cho
thdy quan thé Cho den phan b ¢ Thanh phd Hué c6 mat do
thap dén trung binh & bién dong giita cac trang thai rimg.
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Bing 3.26. Dién tich phén bé loai Cho den theo trang thdi rimg

Trang 2 = Dién tich theo cip mat do
théi Tong dién ; . .

. tich (ha) Cap 1 Cap 2 Cap 3
rung (<37 cay/ha)| (37 - 55 cay/ha)| (> 55 cay/ha)
HGI 3.819,82 3.819,82 0 0
HG2 1.382,73 1.382,73 0 0
TXB | 26.903,16 0 24.250,85 2.652,31
TXG | 11.165,27 0 0 11.165,27
TXK 1.649,38 1.406,6 242,78 0
TXN | 81.150,09 69.726,16 9.865,41 1.558,52
TXP 93,04 48,67 31,55 12,82
Téng 126.163,49 76.383,98 34.390,59 15.388,92
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3.4. K§ thuit nhan gidng hiru tinh loai Cho den
3.4.1. Bic diém sinh 1y hat giéng cta loai Cho den giai doan
vuon uom
3.4.1.1. Ddc diém hinh thdi qua va pham chdt hat giong
Céc két qua cho thiy qua loai Cho den c6 dang hinh cau,
chiéu rong 16,53 £ 0,22 mm, chiéu dai 1 14,55+ 0,57 mm. Do
thuan kha cao, dat trung binh 91,03 0,71 %. S lugng hat bién
dong trong khoang 448 - 477 hat/kg. Theo TCVN 13276:2021
thi hat giéng Cho den xép nhom hat 16n. D6 am tu nhién chiém
khoang 39,1 + 1,23 %. Céc chi tiéu chit luong hat giéng Chod
den dat yéu cau vé tiéu chudn nganh (04TCN 136:2006).
3.4.1.2. Anh hwong nhiét do medc dén ndy mam hat giong
Bing 3.31. Anh hwong nhiét do dén ty 1é ndy mam va thé
nay mam hat giong Cho den

Thot gian Thot <
A , L oan . \ A Thé nay

Cong thue | batdau | gian nay Ty 1€ nay N

thi nghiém | nay mam mam mam (%) r?)jl;l
(ngdy) | (ngay) ’

CT1:27°C 3 10 90,0 + 0,92* 63,3%

CT2: 35°C 3 12 92,2+0,87% 60,0*

CT3:45°C 2 10 87,8+ 0,85° | 55,6°

CT4: 55°C 2 7 40,0 +0,51° | 23,3¢

“b.¢ g cdc chir cdi thé hién khdc biét cé Y nghia thong ké (p <
0,05) gitta cac cong thure thi nghiém (theo cot)
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3.4.1.3. Anh hudng phwong phdp bdo qudn dén chdt lwong
hat giong
Bing 3.32. Anh hwéng phwong phdp va thoi gian bdo
quan dén ty 1¢ hat nay mam

Ty 1é nay mam theo thoi gian

Phuong phap bao quan bao quan (ngay) (%)
5 10 15 20
BQ1 (bdo quan thong thuong) | 76,67 | 26,67 0,00 0,00
BQ2 (bao quan cat 4m) 96,67 | 90,00 | 70,00 | 36,67
BQ3 (b4o quan ti lanh 10°C) | 93,33 | 73,33 | 66,67 | 40,00

3.4.1.4. Anh hueong thoi gian ngdm dén chat lwong hat giong

Céc két qua thi nghiém cho thay khi xtr 1y hat giong, thoi
gian ngam hat cang dai thi ty 1 nay mam va thé nay mam cang
giam. Sau 3 ngay hat bat dau ndy mam, tip trung ngay tht 6 -
7 va két thiic ngay thr 11. Cac anh hudng thoi gian ngam cho
két qua vé ty 1¢ ndy mam dat 81,1 - 93,3 % va thé nidy mam
30,0 — 58,9%. Hat giéng dugc ngam trong 4h c6 ty 1é ndy mam
va thé ndy mam cao nhat (93,3 + 4,41% va 58,9 %).
3.4.2. Pic diém sinh trudng va cac yéu té anh huong dén
sinh truong cua loai Cho den trong vudn wom

Sinh trudng cay con trong giai doan vuon uwom chia
ra lam 04 giai doan: Cay mam (0—60 ngay): cAy wu tién phat
trién hé ré coc, st dung dinh dudng tur 1a mam; Cay mam
chuyén do6i (60150 ngay): dic trung kha ning tai sinh choi
manh (100%), bat dau hinh thanh 14 that va chuyén sang
sinh trudng tu dudng; Cay ma (150-210 ngay): 14 that phat
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trién 6n dinh, cdy sinh truéng nhanh, ty 18 sdng 97,60%,
phan anh kha nang thich nghi tot véi diéu kién vudn uvom;
Cay con sau 12 thang (210-365 ngay): chiéu cao 39,64 cm,
duong kinh gbe 4,55 mm, s 14 7 1a/cay, ty 1é sdng 90,22%.
3.4.3. Anh huéng cac bién phap ky thuit gieo wom dén sinh
truong cay con Cho den trong vudon wom
3.4.3.1. Anh hwéng thanh phan ruét bau dén sinh trucng
cdy con

Hdn hop thanh phan rudt bau ¢ c¢6 anh huong déng ké
ty 18 sdng, sinh trudng cua cdy con trong giai doan 12 thang
tudi. Cong thirc rudt bau anh huong tot nhat dén sinh truong
va ty 18 song cao clia cdy con véi chiéu cao dat 39,64 + 1,64
(cm), dudng kinh gdc dat 4,55 + 0,13 (mm), cdy con c6 0
1a khoang 7,66 £ 0,29 (14), ty 18 séng dat 96,7% va ty 1é xuét
vuon cao nhét (83,3% cay loai A va 14,3% ciy loai B).
3.4.3.2. Anh huéng cia ché @6 boén phéan dén sinh truéng
cua cdy Cho den

Céc két qua cay giébng Cho den sau 12 thang gieo wom
cho két qua vé ty 18 séng cua cac thi nghiém vé liéu luong
bon phan co ty 1é séng bién dong tir 93,3% - 98,3%. Thi
nghiém liéu lugng phan bén 15 g, 30 g cho ty 1¢ song dat
96,7 - 98,3%, sinh trudong dudng kinh gbe 5,05+ 0,083 - 5,21
+ 0,082 mm va chiéu cao 45,06 + 1,065 - 46,96 + 1,139 cm va
pham chét cay dat tiéu chuan 1 96,0 - 97,8 %.
3.4.3.3. Anh huéng ciia ché d¢ che sing dén sinh trucng
cua cay con Cho den
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Ché d6 che sang c6 anh hudng t6i sinh truéng cua ciy
cho den trong giai doan vuon wom. O ché d6 che sang 50%
cho sinh truéng tot nhat vé duong kinh gdc va ty 1¢ song
(98,3%) giita cac nghiém thirc. Nguoc lai, sinh truong s6 14
va chidu cao tuong ddng giita ché do che sang 50% va 75%.
3.5. Mt s6 giai phap bao ton va phat trién quan thé loai
Cho den & thanh phé Hué
3.5.1. Gidi phdp vé qudn Iy tai nguyén thuwe vit rieng

Céc don vi quan ly 1am nghiép, don vi nghién ctru tang
cuong diéu tra, gidm sat va bao vé loai Cho den. St dung
dir liéu hinh thai, vi phiu, sinh hoc phan tir dé xdy dung tai
liéu nhan dién loai phuc vu nghién ctru chuyén sau.
3.5.2. Gidi phdp ky thudt lam sinh phuc hoi quén thé

Khoanh nuéi xtc tién tai sinh tu nhién; Khoanh nuéi
két hop trong bd sung; Nudi dudng rimg tu nhién; Lam gidu
rimg bang trong bd sung loai Cho den va cac loai cdy ban
dia c6 gia tri sinh thai, bao tén cao.
3.7.3. Gidi phdp ky thudt phat trién nguén giong

Bao ton di truyén theo hai hinh thire: In-situ d6i véi
cac quan thé co gia tri di truyén cao; va Ex-situ. Quan ly
ngudn giong tlr cay troi, ving lay gidng.
3.7.4. Gidi phdp quy hoach phat trién loai Cho den

Quy hoach béo ton va phat trién cac quin thé rimg
Cho den theo trang thai rung, loai rung, don vi hanh chinh
va chu rung véi dién tich khoang 126.163,49 ha.
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, KET LUAN VA KIEN NGHI
4.1. KET LUAN

1). Céc dac diém vé hinh thai, vi phau, soi bot va vat hau
hoc ctia loai Cho den duge mo ta chi tiét, day du. Tach dong
va giai trinh tu thanh c6ng 2 vung gen luc lap rbcL va trnH-
psbA véi kich thude 731bp va 236 bp c6 muc twong dong
100% vé6i cac miu P. stellata d3 cong bd trén GenBank.
Sang loc 9/15 chi thi PCR-ISSR véi ty 1€ khuéch dai 100%
c4 thé, 52 phan doan (300 — 3500 bp), mirc d§ da dang di
truyén & tirng quan thé thap hon dang ké so voi mirc da dang
di truyén & cép toan loai, co sy dich chuyén gen giita cac
quan thé (Nm =1,2033). Cay nay chdi, ra 14 non c6 mau
hong nhat tir thang 12 - 3 nam sau. Ra hoa thang 4 - 5. Qua
chin, roi rung, tir thang 9 - 10.

2). Xac dinh duoc 192 loai, 123 chi, 52 ho vdi 9 loai tham
gia vao cong thurc t6 thanh. Cac chi sb da dang sinh hoc (b6
giau loai, Do phong phu, Shannon, Simpson, chi sé dong
déu) ctia quan thé kha cao va chi sd tuong dong (IS) giira
cac dia diém tir 41 - 60 loai. Cau trac mat do loai & quan
thé tir 440 - 1.300 cay/ha, sinh truéng duong kinh cta loai
Cho den dat khoang D13=9,2 - 42,1 cm; Hiw=9,4 - 22,3
m, cao hon so v&i cac loai khac trong quan thé va thudc
tAng vuot tin trong ciu tric tang thir cua ring. Dic diém
tai sinh ctia loai Cho den c6 dang phan bd cum, véi mat do:
1.274 cy/ha, tai sinh trién vong 14 417 cdy/ha va c6 véi 5 -
6 loai cdy tai sinh wu thé cung loai Cho den.
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3). Xéc dinh duoc 2 nhén t6 sinh thai anh huong dén mat
d6 phan bd loai Cho den (P9 tan che va tong lwong mua).
Ban d6 hién trang dugc xdy dung dya trén phuong trinh
trong quan va 3 cip mat do phan bd: Cép 1: < 37 cay/ha;
CAap 2: 37 — 55 cay/ha va Cap 3: >=56 cay/ha. Trén dja ban
13 x3, tong dién tich phan bd loai Cho den khoang
141.925,15 ha (56,6%). Trong do, dién tich Cép 1 khoang
81.089,58 ha (57,1%), Cap 2 1a 41.212,85 ha (29,0%) va
Cép 3 c6 khoang 19.622,45 ha (13,8%).

4). Hat giéng loai Cho den thuoc nhom hat 16m, 448 - 477
hat/1 kg, 46 4m 39,10 %. Do thuan 91,03 %. Hat giéng c6 ty
1 ndy mam (96,67%) va thé nay mam (60%) cao nhat khi
xtr Iy ngay sau khi thu hai hodc bao quan trong cat am. Trong
vuon vom, cy con cé 4 giai doan phat trién: cdy mam, ciy
mam chuyén di, cdy ma va cay con. 100% cdy mam tai sinh
choi, thay thé chdi so cap dé chuyén qua cac giai doan phat
trién cdy con. Cay con sinh truong tot nhat véi hdn hop rudt
bau: 78% dat rimg tang mat + 20% Phéan chudng hoai + 2%
Supe lan; che sang 50% sau 12 thadng gieo wom.

5). Pé xuat 05 giai phap bao ton va phat trién, gom: giai
phép quan ly tai nguyén thuc vat rung, gidi phap ky thuat
1am sinh phuc hdi quan thé, giai phap quan Iy ngudn giéng
va luu gilt ngudn gen ciy troi, giai phap nhan giéng hiru
tinh loai, va giai phap quy hoach phat trién loai Cho den tai
thanh ph6 Hugé.
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4.2. KIEN NGHI
1). Pbi v6i cac co quan quan 1y 1am nghiép tai Thanh phd
Hué st dung cac két qua nghién ctru cia luén 4n trong quan
1y, bao ton loai Cho den. Ung dung ban dd phan bd di xay
dung dé quy hoach cic ving uu tién bao ton in situ & cac
khu vuc rung dac dung, rung phong ho va thuc hién céac
bién phap k¥ thuat 1am sinh trong khoanh nuéi xtc tién tai
sinh tu nhién, nudi dudng rimg c6 loai Cho den phéan bo.
2). Xay dung cac 1am phan tuyén chon gidng, cac khu vuc
¢6 cay me phan b tap trung nham cung cép ngudn giéng
san lwong cao va chat luong tét. Gom cac 1am phan &
Khoanh 2, Tiéu khu 251, Chan May - Lang C6 Khu bao vé
canh quan Bac Hai Van va Khoanh 6, Tiéu khu 351 ¢ Khu
du trir thién nhién Sao la, xa A Ludi 5.
3). Cho phép ap dung céc két qua nghién ctiru vé ky thuat
nhan gidng trong thuc tién san xuat cho phép ap dung cong
thirc rudt bau (78% dat mit + 20% phan chudng hoai + 2%
supe 14n) va ché d6 che sang 50% vao quy trinh k¥ thuét
san xuat cay gidng Cho den tai cac vudn wom lam nghiép
dia phuwong dé phuc vu trong rirng ban dia.

4). Huéng phat trién sau nghién ctru: Tiép tuc cap kinh
phi cho cac nghién ctru tiép theo nham md rong pham vi
danh gia phan bd sinh thai, da dang di truyén sang cic ving
sinh canh phia Bac ctia Thanh phé Hué. Ung dung nghién
ctru da dang di truyén bang cac phuong phap SSR/SNP va
khao nghiém trong rimg tham canh gd 16m.
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INTRODUCTION
1. Research Problem
Parashorea stellata Kurz. 1s a large tree species belonging to
the Dipterocarpaceae family, holding significant ecological,
economic, and conservation values. However, due to prolonged
past exploitation combined with the degradation of natural
habitats, many populations have diminished in both spatial extent
and the number of individuals. Naturally, the species is distributed
primarily from southern regions up to the western Truong Son
range near Hue City. This distribution underscores the critical
importance of these populations for ecology, biogeography, and
the conservation of genetic resources.
Research on P. stellata in Vietnam remains quite limited. Most
published studies have focused primarily on morphological
description, taxonomy, geographical distribution, and the species'
utility. To date, there has been no comprehensive, systematic
study covering biological characteristics, distribution and
ecology, silviculture, genetic diversity, propagation techniques,
and strategies for the conservation and development of P.
stellata in Hue City. A lack of scientific data on the species
hinders the formulation of effective measures for conserving and
developing its genetic resources.
2. Research objectives
2.1. General objective
To establish a scientific basis for the conservation and development
of the P. stellata species in Hue City by investigating its biological,
ecological, distributional, and silvicultural characteristics, as well as
its genetic diversity and propagation methods, thereby providing a
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foundation for proposing solutions for the species' conservation and
sustainable development.

2.2. Specific objectives

1) Determine the morphological, anatomical, phenological,
and genetic diversity characteristics of the P. stellata species.
2) Determine the structural characteristics and natural
regeneration status of forest stands where P. stellata is
distributed.

3) Identify the ecological factors influencing the natural
distribution and current distribution status of P. stellata.

4) Determine technical methods for the sexual propagation of
P. stellata.

5) Propose solutions for the conservation and sustainable
development of P. stellata in Hue City.

3. Significance of the thesis

3.1. Scientific significance

Supplement and refine the scientific basis regarding the biological
characteristics, ecological distribution, silviculture, genetic
diversity, and propagation of the P. stellata in Hue City.

3.2. Practical significance

It provides a practical basis for developing solutions for the
conservation and sustainable development of the P. stellata
species. Additionally, the research findings serve as a reference
resource for scientific research, teaching, learning, and training in
the fields of silviculture and biodiversity conservation.

4. New contributions of the thesis

1) Supplementing scientific data on the identification of P.
stellata Kurz. based on the integration of morphological,
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anatomical characteristics and DNA barcode markers (rbcL,
trnH-psbA), contributing to the completion of the species
database in Vietnam.

2) Determining the characteristics of population structure,
natural regeneration, and biodiversity of natural forest
communities where P. stellata is distributed in Hue City,
thereby clarifying the species' natural regeneration and
recovery potential for conservation and development.

3) An initial correlation model linked the density distribution
of P. stellata to two key ecological factors: canopy cover and
total rainfall. These findings establish a scientific basis for
mapping species density and developing targeted
conservation and management plans in Hue City.

4) Determining the physiological characteristics of seeds and
perfecting some techniques for sexual propagation of P.
stellata, providing a basis for seedling production and the
development of seedling sources for conservation and
development of the species.

CHAPTER 1. OVERVIEW OF RESEARCH
1.1. Overview of the research subject
1.1.1. Taxonomic studies
1.1.2. Morphological and developmental characteristics
1.1.3. Ecological distribution and forest structure
1.1.4. Growth, development, and regeneration characteristics
1.1.5. Value and conservation status of the species
1.2. Overview of research studies
1.2.1. Study of morphological and anatomical characteristics
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1.2.2. Study of structural characteristics and forest
regeneration
1.2.3. Study of forest plant distribution and ecology
1.2.4. Research on forestry tree propagation
1.2.5. Research on molecular identification and genetic
diversity
1.2.6. Research on conservation and development solutions
1.3. General comments and assessment

Research on the morphological and ecological
characteristics, natural regeneration, distribution,
propagation, and conservation status of the P. stellata species
remains relatively limited, fragmented, and insufficiently
studied in Hue City.
1.4. Overview of the study area
1.4.1. Geographical location
1.4.2. Topography, geology, and soils
1.4.3. Climatic characteristics
1.4.4. Hydrological characteristics
1.4.5. Biological resources

CHAPTER II. RESEARCH SUBJECT, SCOPE,
CONTENT, AND METHODS
2.1. Research subjects and scope
The P. stellata species is naturally distributed across 13
communes within Hue City. Timeframe: 2023-2026.
2.2. Research content
- Study the biological characteristics of the P. stellata



- Study the silvicultural characteristics of P. stellata
populations

- Study the current distribution status of the P. stellata

- Study sexual propagation techniques for the P. stellata

- Propose solutions for the conservation and sustainable
development of the species

2.3. Research Approach

The research subject is approached through the perspectives
of vegetation genesis, human ecology, fieldwork,
experimental practice, and participatory action.

2.4. Research methodology

2.4.1. Method of utilizing secondary data related to the
research subject.

2.4.2. The forest survey method establishes 45 typical plots
(50 x 20 m) and 135 sub-plots (5 x 5 m) to collect data on
forestry, Dbiodiversity and collect specimens for
morphological indicators and genetic analysis.

2.4.3. Analysis of morphology, anatomy, and micro-anatomy,
as well as powder microscopy, using comparative methods.
2.4.4. Identification based on DNA barcode markers (rbcL va
trnH-psbA gene regions), along with genetic diversity
analysis and population genetic diversity assessment using
PCR-ISSR markers. Comparison of sequence data from
GenBank and construction of population phylogenetic trees
using the UPGMA algorithm.

2.4.5. Methodology for studying silvicultural characteristics
- Woody plant composition determined by the IV% index.



- Biodiversity indices: Shannon-Weiner (H”), Simpson (D),
Margalef (D), Pielou (J), SI.
- Methodology for studying regeneration: Regeneration
composition (Pi%) and spatial distribution patterns of
regeneration on the ground surface, based on the Poisson
distribution.
2.4.6. Method for developing a model of the correlation
between density and ecological factors.

- Identify ecological factors influencing density using
Principal Component Analysis (PCA).

- Develop a correlation model between density and
ecological factors based on multivariate regression models.

- Construct a distribution model using the density
stratification method and linear equations.
2.4.7. Methodology for studying propagation techniques:
Experiments were designed with a sample size of 30 and three
replicates per treatment; parameters monitored included
germination rate, germination energy, survival rate, and
growth metrics Doo (mm), Hyn (cm), number of leaves.
Experiment 1: Evaluation of seed morphology and quality
Experiment 2: Effect of seed preservation method on seed
germination ability
Experiment 3: Effect of water temperature on seed
germination
Experiment 4: Effect of soaking time on seed germination rate
Experiment 5: Effect of potting medium composition on
seedling survival rate and growth during the nursery stage.



Experiment 6: Effect of fertilization regime on seedling
survival rate and growth during the nursery stage.
Experiment 7: Effect of shading on seedling survival rate and
growth during the nursery stage.

2.4.8. Data processing and analysis using software BioEdit
7.0.5, SPSS V22.0, PAST v5.3, QGIS 3.34.

2.4.9. Methodology for developing solutions

Developing solutions based on the regulatory framework,
forecast trends, and research findings.

CHAPTER III. RESEARCH RESULTS

3.1. Biological characteristics of the P. stellata species

3.1.1. Morphological and anatomical characteristics of the P.
stellata species

A large woody tree reaching 35 m in height and over 100 cm
in diameter, with dark brown, vertically fissured bark and a
spherical crown. The leaves are oval-shaped with entire
margins and a slight twist, featuring 9—13 pairs of veins; they
are pink when young. Stomatal density 692 pores/mm?. The
flowers grow in clusters; they are milky-white, fragrant, and
have five petals arranged in a twisted pattern, with 15
stamens. Five-lobed fruit. The microscopic characteristics of
the stem, leaf, and root exhibit the typical structure of a woody
plant in the Dipterocarpaceae family, featuring well-developed
layers of cork, parenchyma, sclerenchyma, phloem, xylem,
pith, secretory canals, fiber bundles, vessel elements, covering
trichomes, starch, starch-bearing tissue fragments, and calcium
oxalate crystals.



3.1.2. Phenological characteristics

No differences in phenological phases were observed among
the three study sites. Mature trees typically shed their leaves,
sprout, and produce pink young foliage between December
and the following March; flowering occurs from April to
May, while fruit ripening and abscission take place from
August to October. Natural regeneration from seeds is good.
3.1.3. Population genetic characteristics of the P. stellata
3.1.3.1. Species identification using DNA barcoding

All nucleotide sequences of the gene regions are stored in
GenBank, respectively: rbcL (OR922785 - OR922790) va trnH-
psbA (OR913554 - OR913559). BLAST analysis and sequence
comparison with accession MZ901836.1 revealed high
coverage and 100% identity (with an alignment value of 0.000),
while showing significant divergence from other species within
the Parashorea and Shorea genera; K2P genetic distances based
onrbcL. va trnH-psbA sequences were 0,0041 - 0,0152 and
0,078 - 0,088, respectively. The phylogenetic tree is shown in
Figure 3.10.

Parashorea stellata HUNG PLOL
Parashorea stellata HUNG PL02
Parashorea stellata HUNG AL01

0 | Parashorea stellata HUNG DNang01
Parashorea stellata HUNG ND01
Parashorea stellata (MZ901836.1)

Parashorea stellata HUNG PL02
Parashorea stellata HUNG QNam01
Parashorea stellata HUNG PLO1
Parashorea stellata HUNG ALO1
Parashorea stellata HUNG DNang01
Parashorea stellata HUNG NDOL

1beL region tmH-psbA region

Parashoren stellata (MZ901836.1)
Parashorea macrophylla (MHT91330.1)

Shorea paciypiylla (NC 040966.1)
Shorea macrophylla (NC 064148.1)

“ Shorea zaylanica (NC 040965.1)

L —

0.0020
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Figure 3.10. The phylogenetic tree of the P. stellata is based
on the sequences of gene regions rbcL and trnH-psbA
3.1.3.2. Genetic diversity of P. stellata populations using

PCR-ISSR markers

- Polymorphism of PCR-ISSR markers: The study selected 9
out of 15 ISSR markers that exhibited polymorphism in PCR
reactions using total genomic DNA from P. stellata leaves,
with an amplification success rate of 100% across individuals.
The PCR reactions for these 9 ISSR markers amplified a total
of 52 DNA fragments ranging in size from 300 to 3,500 bp.
Research results indicate the species level (PPB = 100%, Na
= 2,000, Ne = 1,5239, h = 0,3404 va I = 0,5225) significantly
higher than the indicators at the population level (PPB =
52,3%, Na=1,519, Ne = 1,313, 4 =0,181 va I = 0,270). This
result can be explained by genetic drift, a reduction in population
size, and the species' environmental adaptability, leading to a
decline in genetic diversity within the population.

- Genetic diversity among P. stellata populations:

Table 3.9. Genetic diversity indices of P. stellata populations

in Hue City.
No. Parameter Symbol | Mean + SE

Number of samples 40

2 | Number of population 5

3 Genetic diversity index of the I 0,1753 =
aggregate of populations ! 0,0064

4 Average genetic diversity I 0,239 +
index in the population § 0,0033




5 Nei's genetic dls‘Fance index Gsr 0.2936
between populations

6 Gene exchange 1pdex Nm 12033
between populations

An analysis of polymorphism in P. stellata populations
sampled from five study areas revealed a relatively low level
of polymorphism, with a value of NPB =8 - 22, PPB = 15,38
-42,31%, Na = 1,1538 - 1,4231, Ne = 1,1 - 1,2810, The Na
index is always greater than Ne; genetic diversity index Nei 4
= 0,0601 - 0,1565, Shannon I = 0,089 - 0,2258. High Nei's
genetic correlation coefficient (0,8844 - 0,9584) and low
genetic distance (0,0425 - 0,1228) demonstrated a close
genetic relationship among the populations. Genetic
differentiation and gene flow serve as indicators for assessing
the genetic structure of the P. stellata and its populations. An
Nm value of 1.2033 indicates a moderate to high level of gene
flow among the study areas.

3.2. Silvicultural characteristics of forest plant communities
where P. stellata is distributed

3.2.1. Structural characteristics of forest stands containing P.
stellata

3.2.1.1. Diversity of woody plant species in the study areas
The survey results recorded 192 woody plant species,
belonging to 123 genera and 52 families across two divisions.
Among these, the Pinophyta for three species belonging to
three genera and one family (Podocarpaceae), comprising the
following species: Dacrycarpus imbricatus, Podocarpus
neriifolius and Dacrydium elatum. In contrast, the
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Magnoliophyta, with 189 species (98,4%), 120 genera
(97,6%), 51 families (98,1%). There are three species
belonging to the Dipterocarpaceae family: Hopea pierrei,
Dipterocapus  hasseltii  with P. stellata contributes
significantly to the classification and ecological valuation of
plant populations.

3.2.1.2. Structural characteristics of forest plant communities
where P. stellata is distributed

The results of the forest stand survey reveal significant
variation across locations and forest conditions. Forest
density ranges from 440 to 1,300 trees/ha, tending to be higher
in the TXG, TXB, and TXN categories, where density varies
widely between locations. This indicates differences in the
density of the forest plant communities. The diameter of the
forest from 7.7 to 20.5 cm, and the mean height from 8.7 to
24.44 m, indicating variations in structural composition and
the development of the upper canopy layer across different
forest states. For the P. stellata species, growth metrics
exceeded the stand averages, with diameters ranging from 9.2
to 42.1 cm and heights from 9.4 to 22.4 m. The species'
distribution density also varied by location, showing a gradual
increase from the TXN state to the TXG state, with values
ranging from 20 to 110 trees/ha.

3.2.1.3. Structural characteristics of forest plant communities
containing P. stellata

The results of the investigation and calculation of forest
composition based on the Importance Value Index (IV%)
presented in table 3.12 indicate a high level of species
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diversity, ranging from 27 to 39 species across different forest

states and study areas.

Table 3.12. Floristic composition of forest states where P.
stellata is distributed

Domi- IV of
Location Forest Spe— nance Composition formula P.
status | cies
stellata
16,59 Vtr + 8,97 Sm + 8,64 Dc +
TXN 27 6 5,81 Mn + 4,56 Tr + 5,34 Rr + 2,57
50,09 Ikh (21 species)
12,14 Gi+ 11,49 Dg + 8,54 Chd +
ALuoi | TXB 29 6 8,08 Bkh + 7,67 Kki + 5,61 Trch +| 8,54
45,97 1kh (23 species)
13,75 Chd + 12,09 Ch + 10,90
TXG | 37 5 | Trch+6,71 Gi +5,59 Sm + 50,96 | 13,75
Ikh (32 species)
11,19 Vtr + 8,37 Lxet + 7,28 Dc + 7,24
TXN | 32 8 |Da+t643Na+6,10Uo+539 Trm+| 2,57
5,32 Trch + 42,68 Ikh (24 1 species)
Nam 11,24 Chd + 8,66 Vtr + 7,47 Trm +
Dong TXB 39 7 | 6,67Dc+5,79 Lheo + 5,76 Tr.ch +| 11,24
5,2 Kha + 49,21 lkh (32 species)
9,90 Trch + 8,23 Ngt + 6,90 Tlg +
TXG | 34 6 7,79 Chd + 7,30 Tr + 5,22 Na + 7,79
54,66 1kh (28 species)
25,86 Chd + 18,39 Tlg + 8,99 Mch
TXN 3141 g 81 Sm + 37,95 Tkh (27 species)| 2050
15,58 Dad + 13,44 Dgi + 9,56 Nho
PhuLoc | TXB 36 7 +7,71 Trv + 6,18 Rsu + 5,33 Thr + 1,76
7,60 Su + 34,60 lkh (29 species)
™G | 27 5 30,25 Chd + 9,21 D¢ + 7,45 Mch + 7,39 30.25

Sm+ 6,61 Tlg+ 39,09 Ikh (22 species)

3.2.1.4. Assessment of biodiversity indices of forest plant
communities where P. stellata is distributed.
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The biodiversity indices are similar and relatively high

reflecting the stability and multi-species structure of the
woody plant communities within the distribution range of P.
stellata (table 3.13).

Table 3.13. Values of biodiversity indices and density of
woody plant individuals at the study sites

Mean (SD)
No Index A Luoi |Nam Dong | PhulLoc
1 | Margalef (D) 26,22 (4,12)]28,33 (5,24)(30,11 (8,64)
2 | Menhinick (D1) | 3,29 (0,48) | 3,38 (0,53) | 3,02 (0,37)
3 | Shannon (H") 3,04 (0,21) | 3,11 (0,19) | 3,01 (0,28)
4 | Simpson (D) 0,94 (0,02) | 0,94 (0,01) | 0,93 (0,02)
5 | Pielou (J) 0,93 (0,03) | 0,93 (0,02) | 0,90 (0,04)
6 | Density (ind./m?) | 0,07 (0,03) | 0,07 (0,01) | 0,10 (0,04)

3.2.2. Regeneration characteristics of populations containing
the P. stellata species.
3.2.2.1. Structural composition characteristics and stand

regeneration density
The density of regenerating trees increased progressively from
9,755 tr./ha (TXN) to 9,791 tr./ha (TXB) and 10,064 tr./ha
(TXG). The number of species varied (54 in TXN, 52 in TXB,
and 43 in TXG) with 5-6 dominant regenerating species.

Table 3.17. Composition formula of regeneration in forest

vegetation plots where P. stellata is distributed.

Forest | No. of Pi (%)
No . Plant composition formula of P.
status | Species
stellata
11,1 Tig+9,8 Bbu+ 8,1 Rr+7,2 Tr
L] TXN 54 164 Dc+5,5 Vir + 51,9 Ikh (48 2,3
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species)

12,6 Tr+9,5 Chd + 9,0 Dc + 5,5
2 TXB 52 Mch + 5,0 Trch + 58,3 lkh (47 9,5
species)

11,2 Trch+8,8 Tr+ 7,6 Chd + 5,9
Mch + 5,3 Cot + 61,2 Ikh (38 species)

3 | TXG 43 7,6

3.2.2.2. Current distribution of P. stellata regeneration by
forest status
Table 3.18. Current distribution status of P. stellata
regeneration across forest types

Densit
Forest Distribu e(:lfs ij
No Né Nt th Sz K -tiOH '
status attern stellata
P (tree/ha)

1 | TXB | 15| 91 | 6,07| 26,35 | 4,34 |Cluster | 809
2 | TXG | 14 | 72 | 5,14 | 25,05 | 4,87 |Cluster | 640
3 | TXN | 10 | 61 | 6,10| 43,66 | 7,16 |Cluster | 542
4| A0 | 24574 2883 | 5,02 e
forest
There was a stand regeneration density of 664 trees/ha with a
clumped distribution pattern and a relatively high degree of
aggregation; however, the loss rate at the seedling stage is

approximately 84.6%, and 14.2% of the regeneration lacks

future potential, indicating a need for silvicultural
interventions.

3.3. Distribution characteristics of the P. stellata species
in Hue City.

3.3.1. Developing a model of the correlation between the
density of P. stellata and ecological factors
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3.3.1.1. Identifying ecological factors affecting the
distribution density of the P. stellata species

Principal Component Analysis of 6 ecological factors
influencing the density of the P. stellata species yielded a
cumulative variance of 83.718% across the first three
components (PC1, PC2, PC3), meeting expectations. The
factor loadings for canopy cover and total rainfall both
exceeded 0.3. Furthermore, the variance inflation factor (VIF)
was 1.1282, indicating the absence of multicollinearity in the
model. These two ecological factors are key determinants of
the distribution density of P. stellata in the natural forest
stands of Hue City.

3.5.1.2. Developing a correlation model between the density
of P. stellata and canopy cover and total rainfall.

The linear equation relating density to the ecological factor
takes the form: Mat do = 103,79 + 81,452 x Do _tan che -
0,028 x Tong_luong mua (p = 0,015 < 0,05). The model's
forecasting accuracy results are satisfactory, RMSE =
71,36%.

3.3.2. Classification of density and determination of the
distribution status of the P. stellata species

3.3.2.1. Classification of P stellata distribution density in
surveyed forest stands

Analysis of sample characteristics reveals an average density
of 46 trees/ha (10 - 130 trees/ha); the variation is 9 trees/ha.
Based on a normal distribution model, the P. stellata
population has been categorized into three density levels
(Table 3.25). In addition, the results of the one-way analysis
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of variance indicate a statistically significant difference in
distribution density among the density levels (F. = 78.819 >
Foos=3.219; p < 0.05). Based on this classification and the
established equation, a density classification map was
generated using QGIS software.
Table 3.25. Classification of P. stellata density levels in the
surveyed areas

) Density (tree/ha)
Density level Min Max
Leve 1 (Low) 10 36
Leve 2 (Mean) 37 55
Leve 3 (High) 56 130

3.3.2.2. Current distribution of P. stellata by forest status

The distribution area of the P. stellata covers 126,163.49
hectares. Specifically, the low-density category (Level 1)
accounts for 76,383.98 hectares (approximately 60.54% of
the total area); the medium-density category (Level 2) covers
34,390.59 hectares (27.26%); and the high-density category
(Level 3) comprises 15,388.92 hectares (12.20%). These
findings suggest that the P. stellata population in Hue City
exhibits low to medium density across varying forest
conditions.

Table 3.26. Distribution area of P. stellata by forest status

Area by density level
Forest
status Total area Level 1 Level 2 Level 3
(ha) (<37 tree/ha)| (37 - 55 tree/ha)| (> 55 tree/ha)
HGI 3.819,82 3.819,82 0 0
HG2 1.382,73 1.382,73 0 0
TXB 26.903,16 0 24.250,85 2.652,31
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Area by density level

Forest
status | Lotal area Level 1 Level 2 Level 3

(ha) (<37 tree/ha)| (37 - 55 tree/ha)| (> 55 tree/ha)
TXG 11.165,27 0 0 11.165,27
TXK 1.649,38 1.406,6 242,78 0
TXN | 81.150,09 | 69.726,16 9.865,41 1.558,52
TXP 93,04 48,67 31,55 12,82
Total | 126.163,49 | 76.383,98 34.390,59 15.388,92
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Figure 3.16. Distribution map of P. stellata by forest status
3.4. Sexual propagation techniques for P. stellata

3.4.1. Seed physiological characteristics of P. stellata at the
nursery stage

3.4.1.1. Fruit morphological characteristics and seed quality
The P. stellata fruits are spherical, with a width of 16.53 & 0.22
mm and a length of 14.55 + 0.57 mm, and 448 to 477 seeds/kg.
Purity is averaging 91.03 £ 0.71%. Natural moisture content is
approximately 39.1 + 1.23%.
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3.4.1.2. Effect of water temperature on seed germination
Table 3.31. Effect of temperature on the germination rate
and germination energy of P. stellata seeds

Startin Germinate Sproutin
Formula ( day)g (day) Rate (%) stige (%§
CT1:27°C 3 10 90,0 +0,92* | 63,3%
CT2: 35°C 3 12 92,2+0,87° | 60,0
CT3: 45°C 2 10 87,8+0,85° | 55,6°
CT4: 55°C 2 7 40,0 £0,51° | 233°

3.4.1.3. Effect of storage methods on seed quality
Table 3.32. Effect of storage method and duration on seed
germination rate

Germination rate according to
Storage method storage duration (days) (%)

5 10 15 20

BQ1 (standard storage) 76,67 | 26,67 | 0,00 0,00

BQ?2 (storing moist sand) | 96,67 | 90,00 | 70,00 | 36,67

BQ3 (store in the
refrigerator 10°C) 93,33 | 73,33 | 66,67 | 40,00

3.4.1.4. Effect of soaking duration on seed quality

During the seed treatment process, longer soaking times resulted
in decreased germination rates and germination energy.
Germination began after three days, peaked between the sixth and
seventh days, and concluded on the eleventh day. Varying
soaking durations resulted in germination rates ranging from
81.1% to 93.3% and germination energy from 30.0% to 58.9%.
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Seeds soaked for four hours exhibited the highest germination rate
(93.3 +4.41%) and germination energy (58.9%).

3.4.2. Growth characteristics and factors affecting the growth
of P. stellata in the nursery.

Seedling development in the nursery is divided into four
stages: Sprout (0—60 days): the plant prioritizes taproot
development and utilizes nutrients from the cotyledons;
Transitional sprout (60—150 days): characterized by a strong
capacity for shoot regeneration (100%), the initiation of true
leaf formation, and a shift to autotrophic growth; Young
seedling (150-210 days): true leaves develop steadily, the
plant grows rapidly, and the survival rate is 97.60%, reflecting
good adaptability to nursery conditions; Seedling at 12
months: height of 39.64 cm, stem base diameter of 4.55 mm, 7
leaves/plant, and a survival rate of 90.22%.

3.4.3. Effect of nursery technical measures on the growth of
P. stellata seedlings in the nursery

3.4.3.1. The influence of the composition of the potting mix on
seedling growth

The composition of the potting medium significantly
influenced the survival rate and growth of seedlings during
the 12-month stage. The specific potting medium formula that
yielded the best growth and highest survival rate resulted in a
seedling height of 39.64 &+ 1.64 cm, a root collar diameter of
4.55+0.13 mm, and 7.66 + 0.29 leaves/seedling; the survival
rate reached 96.7%, with the highest proportion of seedlings
ready for outplanting (83.3% grade A and 14.3% grade B).
3.4.3.2. Effect of fertilization regimes on the growth of P.
stellata trees.
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After 12 months in the nursery, seedlings in the fertilizer
dosage experiments showed survival rates ranging from
93.3% to 98.3%. Treatments using 15 g and 30 g of fertilizer
achieved survival rates of 96.7-98.3%, with root-collar
diameters of 5.05 + 0.083-5.21 + 0.082 mm, heights of
45.06+1.065 — 46.96+1.139 cm, and seedling quality meeting
standards at a rate of 96.0-97.8%.

3.4.3.3. Effect of shading regimes on the growth of P. stellata
seedlings

Shading regimes influence the growth of P. stellata seedlings
in the nursery stage. Among the tested treatments, the 50%
shading regime resulted in the best growth in terms of root-
collar diameter and survival rate (98.3%). Conversely, leaf
count and height growth were similar between the 50% and
75% shading regimes.

3.5. Some solutions for the conservation and development
of the P. stellata population

3.5.1. Solutions for forest plant resource management
Forestry management and research agencies are stepping up
surveys, monitoring, and protection efforts for the P. stellata
species. Morphological, micro-anatomical, and molecular
data are being utilized to develop species identification
materials to support in-depth research.

3.5.2. Silvicultural technical solutions for population
restoration

Enclosure to promote natural regeneration; enclosure
combined with enrichment planting; tending of natural
forests; and forest enrichment through the planting of P.
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stellata and other native species of high ecological and
conservation value.

3.7.3. Technical solutions for developing seed sources
Genetic conservation is carried out in two forms: in-situ for
populations of high genetic value, and ex-situ genetic
resource management involves the use of plus trees and
designated seed collection areas.

3.7.4. Planning and development strategy for P. stellata
Planning for the conservation and development of P. stellata
forest populations, categorized by forest status, forest type,
administrative unit, and forest owner, covering an area of
approximately 126,163.49 hectares.
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CHAPTER IV. CONCLUSIONS AND
RECOMMENDATIONS

4.1. Conclusions

1). The morphological, micro-anatomical, powdered-sample,
and phenological characteristics of the P. stellata species are
described in detail. Two chloroplast gene regions rbcL (731
bp) and #nH-psbA (236 bp) were successfully isolated and
sequenced, showing 100% similarity to P. stellata samples
previously published on GenBank. Screening of 9 out of 15
PCR-ISSR markers yielded a 100% amplification rate across
individuals and produced 52 fragments (ranging from 300 to
3,500 bp); genetic diversity within individual populations was
significantly lower than that of the species as a whole, and
gene flow was observed between populations (Nm = 1.2033).
The tree produces new shoots and pale pink young leaves
between December and the following March. Flowering
occurs from April to May, while fruit ripening and abscission
take place from September to October.

2). A total of 192 species, 123 genera, and 52 families were
identified, with 9 species contributing to the compositional
structure. Biodiversity indices (species richness, abundance,
Shannon, Simpson, and evenness) for the population were
relatively high, and the similarity index (IS) between sites
ranged from 41 to 60. Species density within the population
ranged from 440 to 1,300 trees/ha, and the diameter growth
of the P. stellata species reached approximately Di3=9,2 -
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42,1 cm; Hyn= 9,4 - 22,3 m. It is taller than other species in
the population and occupies the emergent layer of the forest's
vertical structure. The regeneration of P. stellata exhibits a
clustered distribution pattern, with a total density of 1,274
trees/ha, a density of 417 trees/ha for promising regeneration,
and 5-6 other dominant tree species.

3). Two ecological factors influencing the distribution density
of the P. stellata species were identified: canopy cover and
total rainfall. A current status map was developed based on a
correlation equation and three distribution density levels:
Level 1 (< 37 trees/ha), Level 2 (37-55 trees/ha), and Level 3
(> 56 trees/ha). Across the 13 communes, the total distribution
area of the P. stellata species is approximately 141,925.15 ha
(56.6%). Specifically, the area for Level 1 is approximately
81,089.58 ha (57.1%), Level 2 is 41,212.85 ha (29.0%), and
Level 3 is approximately 19,622.45 ha (13.8%)).

4). The seed of P. stellata are classified as large, with 448477
seeds/kg, a moisture content of 39.10%, and a purity of
91.03%. Germination rates (96.67%) and germination vigor
(60%) are highest when seeds are treated immediately after
collection or stored in moist sand. In the nursery, seedlings
undergo four developmental stages: germinant, transitional
germinant, young seedling, and established seedling. All
germinants regenerate a shoot to replace the primary shoot and
progress through the seedling developmental stages. Seedlings
exhibit optimal growth using a potting mixture of 78% topsoil,
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20% decomposed manure, and 2% superphosphate, with 50%
shading applied after 12 months of nursery cultivation.

5). Five solutions for the conservation and development of P.
stellata in Hue City are proposed, comprising: forest plant
resource management; silvicultural techniques for population
restoration; management of seed sources and preservation of
superior tree germplasm; sexual propagation; and
development planning.

4.2. Recommendations

1). Forestry management agencies in Hue City can utilize the
dissertation's research findings for the management and
conservation of the P. stellata species. The developed
distribution map can be applied to designate priority areas for
in-situ conservation within special-use and protection forests,
as well as to implement silvicultural measures, such as
assisted natural regeneration and forest tending in areas where
the species occurs.

2). Establish seed-selection forest stands and areas with
concentrated distributions of mother trees to provide high-
yield, high-quality seed sources. These include stands in
Compartment 2, Sub-compartment 251 (Chan May - Lang Co
North Hai Van Landscape Protection Area) and Compartment
6, Sub-compartment 351 (Saola Nature Reserve, A Luoi
Commune).

3). Allowing the application of research results on breeding
techniques in production practices allows the application of
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potting formula (78% topsoil + 20% manure + 2%
superphosphate) and 50% light shading regime into the
technical process of producing seedlings at local forestry
nurseries to serve native forest planting.

4). Future research directions: Continue funding subsequent
studies to expand the scope of ecological distribution and
genetic diversity assessments to the northern habitats of Hue
City; apply genetic diversity research using SSR/SNP
methods and conduct trials on intensive plantation forestry for
large-diameter timber.
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