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MO DAU
1. Pit van dé

Tinh Thira Thién Hué (nay la thanh phd Hué) 1a mot
trong nhitng trung tdm da dang sinh hoc cua khu vyc mién
Trung v6i dién tich ring tu nhién 16n (205.602,31 ha), ty 1€
che pht cao (dat 57,15%) va da ghi nhan hon 1.126 loai cay
thudc. Pay 14 tiém ning quan trong cho phat trién kinh té
duoc licu gén véi béo ton da dang sinh hoc va sinh ké bén
vitng cho cong dong dia phuong.

Céc loai Thién nién ki€n co6 gia tri cao vé y hoc, duoc
hoc va cong nghiép nhd chira nhiéu hop chat c6 hoat tinh
sinh hoc va tinh dau c6 gia tri. Pay 1a ngudn nguyén liéu
trong y hoc ¢b truyén, cong nghiép dugc phim, my pham
va ché bién tinh dau. Trong khi d6, ngudén nguyén liéu hién
nay gan nhu hoan toan phu thudc vao khai thac tir rimg tur
nhién, din dén suy giam nhanh quan thé ngoai tu nhién,
nguy co suy giam ngudn gen va anh huong kha ning tai
sinh cua loai. Pang cht y, hai loai Thién nién kién 14 hinh
thia (Homalomena pierreana) va Thién nién kién 14 16n (H.
pendula) da duoc ghi nhan trong Sach D6 Viét Nam (2007),
cho thy nguy co suy giam ngudn tai nguyén va can cé cac
bién phap bao ton. Vi vay, viéc nghién ciru bao ton va phat
trién cac loai Thién nién kién (Homalomena spp.) 1a yéu
cau cap thiét nham bao ton ngudn gen, duy tri da dang sinh
hoc, chu dong nguén nguyén liéu phuc vu nganh dugc va



gop phan thyc hién myc tiéu phat trién ving nguyén liu
duoc liéu trong nudc.
2. Muc tiéu nghién ctru
2.1. Muc tiéu chung

Xay dung co s6 khoa hoc vé phan bd, dinh danh cac
loai Thién nién kién (Homalomena spp.); nhin gidng va giy
trdng Thién nién kién 14 16n (Homalomena pendula) phuc
vu béo ton va phat trién nguén duoc liéu dudi tan rung tu
nhién tai tinh Thira Thién Hué (nay 14 thanh phd Hué).
2.2. Muc tiéu cu thé

(1) Xac dinh dic diém phan bd, sinh hoc, sinh thai,
hién trang khai thac, st dung va dinh danh cac loai Thién
nién kién (Homalomena spp.) tai thanh phé Hué dua trén
didc diém hinh thai va chi thi phan tu.

(2) Nghién ctru k¥ thuat nhan giong giam hom va nudi
cdy m6 loai Thién nién kién 1a 16n (Homalomena pendula).

(3) Nghién ciru k§y thuat trong loai Thién nién kién 14
I6n dudi tan ring ty nhién, danh gia chat lwong va ham
lugng hoat chat cua tinh dau, déng thoi dé xuét giai phéap
bao ton va phat trién bén viing.
3. Y nghia ciia luin an
3.1. Y nghia khoa hoc

Luan 4n bd sung co s& dit liéu vé phan bd, dic diém
sinh hoc va sinh thai hoc cua cac loai Thién nién kién
(Homalomena spp.) ¢ tinh Thira Thién Hué (nay la thanh
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phé Hué). Két qua nghién ctru vé dic diém hinh thai két
hop voi chi thi phan tir gop phan bd sung co s khoa hoc
cho viéc phan loai va dinh danh céc loai thudc chi
Homalomena.

Két qua nghién ctru vé nhan gidng va ky thuat trong
loai Thién nién kién 14 1é6n (Homalomena pendula) dudi tan
rimg goép phan bd sung co s¢ khoa hoc cho viéc bao ton va
phat trién cac loai Thién nién kién theo hudng két hop bao
ton tai chd (in situ) va bao ton chuyén chd (ex situ).

3.2. Y nghia thuc tién

Luan 4an gop phan chu dong ngudn cay giéng thong
qua viéc hoan thién k¥ thuat nhan giéng bing gidm hom va
nudi ciy in vitro Thién nién kién 14 16n (Homalomena
pendula).

M6 hinh tréng thuc nghiém loai Thién nién kién 1a
16m dudi tan rung tu nhién cung cép co s thuc tién cho viéc
phat trién ving nguyén liéu cay duoc liéu, gop phan béo tén
ngudn tai nguyén Thién nién kién, nang cao hiéu qua st
dung tai nguyén rung.

4. Nhirng dong gop méi ctia luan an

- Pinh danh va b6 sung dir 1iéu phan tir 46i voi Thién
nién kién 14 16n (Homalomena pendula) tai thanh phé Hué:
xéac dinh duoc 03 loai Thién nién kién gdm H. pendula, H.
occulta va H. tonkinensis trén co s¢ két hop dic diém hinh
thai va dit liéu phan tir; dong thoi ding ky 04 trinh ty gen
rbcl cua H. pendula trén Ngan hang Gen quéc té GenBank
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v6i mi s6 PP516859—PP516862, gop phan b sung dit lidu
tham chiéu phuc vu dinh danh va nghién ctru bao tén ngudn
gen cua loai.

- Xac dinh duoc quy trinh nhan giéng Thién nién kién
14 16n (Homalomena pendula) bang phuong phap giam hom
va nudi cdy in vitro: d6i v6i gidm hom tir than r&, hom ngon
dai 5 cm xir Iy BAP 100 mg/L cho ty 1& ra & 99,66%, ty 1&
bat mam 99,82% va ty 1& cdy xuat vuon 96,51%; dbi voi
nudi ciy in vitro, méi trudng MS b sung 2,0 mg/L BAP +
0,5 mg/L NAA + 60 g/L khoai tdy nghién cho hé s6 nhan
chdi cao nhat, dat 5,9 chdi/mau, tao co sé chu dong nguén
gidng phuc vu nghién ciru bao ton va phat trién loai.

- X4y dyng va thir nghiém mé hinh trong Thién nién
kién 1a 16n (Homalomena pendula) duéi tan ring ty nhién:
sau 12 thang tréng, mo hinh dat ty 1€ séng 97,6%; cay sinh
truong va phat trién tt, ddng thoi tinh dau tir than ré c6 ham
luong linalool dat 47,68—54,47% va cac chi tiéu cam quan,
hoa 1y dat yéu cau theo Dugc dién Viét Nam V, budc dau
cho thay trién vong phat trién loai dudi tan ring tu nhién.
CHUONG |. TONG QUAN CAC VAN BE NGHIEN CUU
1.1. Tai nguyén cdy dwoe liéu va dinh huwéng bio ton va
phat trién cdy dwoc liéu dwéi tan rirng & Viét Nam
1.1.1. Tai nguyén duoc liéu trén thé gisi
1.1.2. Hién trang tai nguyén dugc li¢u & Viét Nam
1.1.3. Hién trang tai nguyén duoc lidu ¢ thanh phd Hué
1.2. Tong quan cac nghién ciru vé chi Homalomena
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1.2.1. Téng quan cac loai Thién nién kién (Homalomena
spp.) q ,
1.2.2. Bac diém phan bd cua chi Homalomena
1.2.3. Phéan loai chi Homalomena dua trén sinh hoc phéan tur
1.2.4. Céc loai thudc chi Homalomena ¢ Viét Nam
1.3. Pic diém sinh hoc, sinh thai, gia tri sir dung va tinh
trang bao ton cac loai Thién nién ki¢n
1.3.1. Pac diém thuc vat chi Homalomena
1.3.2. Bac diém vi phiu chi Homalomena
1.3.3. Thanh phan hoé hoc
1.3.4. Tac dung duoc ly cua chi Homalomena
1.4. Céc nghién ciu vé nhan giong, trong va bao ton cac
loai Thién nién kién (Homalomena spp.)
1.4.1. Cac nghién ctru vé nhan gidng
1.4.2. Cac nghién ctu vé dic diém sinh hoc va héa sinh

Tir cac tai lidu da cong bd, cdy Thién nién kién (H.
occulta) da duoc nghién ciru nhiéu, bao gdm ca nghién ctru
phan loai, thanh phan hoat chat, tac dung dugc 1y, xay dung
cac mo hinh trong... Tuy nhién, cac loai Thién nién kién khac
moi chi co cac nghién ctru riéng 1é, chua c6 su dong bo hay
nghién ctru mang tinh hé théng. Loai Thién nién kién 14 16n
(H. pendula) da dugc xac dinh c6 mit tai huyén Phong Dién,
tinh Thira Thién Hué nhung ciing chua dugc nghién ciru day
du. Cac nghién ctru trén ciy ndy hién nay tap trung chi yéu
vao danh gia thanh phan hop chét, tic dung dugc 1y cta cac
hop chét tach chiét tir cay tu nhién.
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CHUONG I1. POI TUQNG, NOI DUNG VA
PHUONG PHAP NGHIEN CU'U
2.1. Pdi twong va pham vi nghién ciru

Cac loai Thién nién kién (Homalomena spp.), thudc ho
R4y (Araceae) duoc ghi nhan/phat hién/cong b, phan bd
tir nhién & vung rimng tu nhién ¢ thanh phé Hué.

Thoi gian: 2022 - 2026.

2.2. Noi dung nghién ctru

Noi dung 1. Biéu tra phan bd, dic diém sinh hoc, sinh
thai va hién trang khai thac sur dung cua cac loai Thién nién
kién (Homalomena spp.) ¢ thanh phd Hué.

Noi dung 2. Nghién ciru dic diém hinh thai, giai phau
va dinh danh cac loai Thién nién kién.

Noi dung 3. Nghién ctu ki thuat nhan gidng loai Thién
nién kién 14 16n (Homalomena pendula) bang phwong phap
giam hom va nudi cay in vitro.

Noi dung 4. Nghién ctiu ky thuat trong loai Thién nién
kKién 1a I6n dudi tan rieng tu nhién; danh gia sinh truong, ty
1& song va chat luong, ham luong hoat chét caa tinh dau sau
tréng; dé xuat giai phap phat trién bén viing.

2.3. Céch tiép can nghién ciu

Tiép cap nghién ctru theo nguyén tic sinh thai hoc;
nguyén tic bao ton va phat trién; tiép can theo phurong phap
diéu tra chuyén nganh; phuong phéap thuc nghiém; nguyén
tac ké thira va c6 su tham gia ctia cong dong (PRA)
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2.4. Phwong phap nghién ciru
2.4.1.Noi dung 1: Diéu tra phan bd, dic diém sinh hoc, sinh
thai va hién trang khai thac sur dung cua cac loai Thién nién
kién (Homalomena spp.) ¢ thanh phé Hué.

Phuong phép thu thap va tong hop tai liu thir cap.

Phuong phap diéu tra thuc dia phan bd va dic diém sinh
thai: 50 tuyén, 50 6 tiéu chuan (10 x 10 m?)

Phuong phap diéu tra phong van cong dong vé kha
ning phan bé, trong, thu hai cac loai Thién nién kién.

Phuong phap xdy dung ban do phan bo

Xt 1y s6 licu
2.4.2.N6i dung 2: Nghién ctru dic diém hinh thai, giai phau
va dinh danh cac loai Thién nién kién

Phuong phép hinh thai hoc va gidi phau thuc vat

Phuong phap phan tich cac vung gen chi thi, dinh danh
bang chi thi phan tir va x4y dung cdy pha hé
2.4.3. Noi dung 3: Nghién ciru ky thuat nhan giéng loai
Thién nién kién 14 1én (Homalomena pendula) bang
phuong phap giam hom va nudi cay in vitro.
a. Nghién ciru ky thudt nhén giong bang gidm hom

Thi nghiém 1: Banh gia anh huong cia NAA va BAP
dén kha ning sinh truong ciia hom

Thi nghiém 2: Panh gia anh huong cua chiéu dai hom
dén kha ning sinh truong

Thi nghiém 3: Nghién ctru anh hudng ctia vi tri cat hom
dén kha ning tai sinh



Xtr 1y s6 liéu
b. Nghién ciru ky thudt nhdn giong bang nudi cdy mé

Chuén bj va khtr tring mau

Téi sinh chdi in vitro

Nhan nhanh chdi in vitro

Tao cdy in vitro

Danh gia anh huong cta gia thé dén sinh trudng cua
cay con ra ngoi

Xu ly sb ligu
2.4.4. Nghién ctru k§ thuat trong loai Thién nién kién 14 16n
dudi tan rimg tu nhién; danh gia sinh trudng, ty 1é séng va
chét lugng, ham lugng hoat chit cua tinh du sau tréng; dé
xudt giai phap phat trién bén viing
a. Nghién ctru k¥ thuat trong loai Thién nién kién 13 16n
dudi tan rung

Phuong phép phan tich mau dat, mau nudc

Thiét ké mé hinh trong

Theo ddi danh gia sinh trudng, phat trién va ning suét
b. Panh gia chat lwong va ham luong hoat chit cua tinh dau
cay Thién nién kién 14 16n sau trong

Phuong phap xac dinh tro ctia dugc licu

Phuong phép chiét xuat

Phuong phép xac dinh thanh phan héa hoc cua tinh dau

CHUONG III. KET QUA NGHIEN CUU



3.1. Pic diém phan bé, sinh thai va hién trang khai thac
cac loai Thién nién kién (Homalomena spp.) é thanh phé
Hué

Két qua khao sat cta 118 diém c6 loai Thién nién kién
trén dia ban tinh Thira Thién Hué c6 su phan b6 theo trang
thai rimg: rimg giau véi 21 diém chiém 17,8%; rimng trung
binh 49 diém chiém 41,53%; rimg phuc hoi 39 diém chiém
33,05% va rimg nghéo 9 diém chiém 7,62%

Céc loai Thién nién kién phan bd tir 46 cao 95 m dén
1.120 m, nhiéu nhét & dai cao 100-300 m véi 41 diém; dai
cao 300-600 m véi 26 diém; dai cao 600-900 m voi 41
diém; dai cao trén 900 m véi 7 diém va 01 diém & do cao
95 m. Sy phan bé theo d6 ddc tir d6 dbc 1,72 dén 47°, gdm
d6 doc dudi 10°véi 23 diem; do doc tir 10-20° voi 38 diem;
d6 ddc tir 20-30° véi 34 diem; do doc tir 30-47° véi 23 diem.

Su phan bd theo cac yéu td sinh thai dac trung: nhi¢t do
binh quan 22-26°C; d6 am trung binh tir 85-88%; luong
mua trung binh nam tir 4.200-5.100 mm. Loai dat pho bién
1a dat feralit mau do vang trén da sét va bién chat (Fs) va
dat feralit mau vang do trén ¢4 macma acid (Fa). Do day
ting dat trung binh (80-150 cm), nhiéu ving phan bd do
day tang dat mong (50-70 cm), nhiéu quan thé phan bd &
tang dat rat mong, trén da (10-20 cm). Trang thai thuc bi
chu yéu 13 rimg thuong xanh nghéo dén giau, ¢ do tan che
tr 0,3 trd 1én, khu vue ven khe sudi dén vung rung c6 do



day ting dat cao, am thuong xuyén. Do tan che tang cay gd
tir 0,3 trd 1én, phd bién tir 0,4-0,8.

Danh gia hién trang quan thé: 29 quan thé (chiém
24,58%) c6 mat do rt cao; 32 quan thé (chiém 27,12%)
mat d6 cao; 39 quan thé (chiém 33,05%), mat d6 trung binh;
15 quan thé (chiém 12,71%) mat d6 thip va 3 quan thé
(chiém 2,54%) mat d¢ rat thap.

Két qua tong hop diéu tra, phan bd cua cac loai Thién
nién kién (Homalomena spp.) dugc xac dinh: Pac trung khi
hau ctia ving phan bd c6 nhiét do trung binh tir 22-25°C;
d6 am trung binh tir 86-88%; lugng mua trung binh nam tir
4.500-5.000 mm. Do cao phan bé tap trung tir 100 dén 750
m so v&i muc nude bién, ca biét ¢ noi 1én tdi 965 m; tap
trung ¢ vung ven khe sui; Do dbc phé bién tir 15-20 do;
trén dat feralit ma do vang trén da sét va bién chat (Fs) va
dat feralit mau vang do trén ¢4 macma acid (Fa). P day
tang dit trung binh (60-300cm). Trang thai thuc bi chi yéu
1a ring thuong xanh nghéo dén giau, c6 do tan che tir 0,3
trg 1én, phd bién tir 0,5-0,8.

Két qua xay dung ban dd phan cap vung sinh thai phu
hop cua céac loai Thién nién ki¢n tai tinh Thira Thién Hué
6 159 khu vyc thich hop cao véi tong dién tich 1a 36.380
ha; mirc thich hop véi tong dién tich 248.166 ha va khong
thich hop la 185.499 ha.

3.2. Nghién ctu dic diém hinh thai, giai phiu va dinh
danh cac loai Thién nién kién
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3.2.1. DPic diém thuc vat hoc cta cac loai Thién nién kien

Dua trén dic diém hinh thai va chi thi phan tir d xac
dinh duoc 03 loai gém Thién nién kién 1a 16n (Homalomena
pendula), Thién nién kién hoa an (H. occulta) va Thién nién
kién bac b (H. tonkinensis) tinh Thira Thién Hué.

3.2.2. Bic diém chi thi phén tir cac loai Homalomena
3.2.3.1. Dinh danh mau thu thdp bang chi thi phén tir

Nghién ctru da lya chon cac loai chi thi khac nhau dé
dinh danh cac loai khac nhau, matK cho loai H. occulta,
rbcL cho loai H. pendula va H. tonkinensis, trén co s¢ cac
trinh ty twong tng di cong b trén ngan hang gen
3.2.3.2. Pdc diém cdc ving gen chi thi ciia lodi H. pendula

Déi v6i trinh tu ving trnL-trnF, ca 5 mau déu c6 san
pham khuéch dai, két qua phan tich cho thidy 5 mau nay
khong c6 su khac biét, tuong dong 99,43% véi trinh tu
trnL-trnFcua loai H. pendula (md sb GenBank:
KU727660.1, &6 dai ving bao phu 1a 340 bp), tuong dong
98,62% vai loai H. occulta (NC_054336.1).

Tuong tu, 5 trinh ty gen rbcL thu tir 5 mau nghién ctru
cling c6 mirc d6 twong dong 100%, dong thoi twong dong
99,65% so voi gen rbcL cua loai H. occulta
(NC_054336.1), 99,63% gen rbcL cua loai H. aromatica
(MW091545.1).

Nguoc lai véi 2 viing gen trén, két qua phan tich ving
gen trnH-psbA cho thay ¢ 22 vi tri khac nhau giita 5 mau,
trong d6 c6 21 diém xuat hién & mau TNK2 va TNK6. Trinh
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tr viung gen trnH-psbA ciia cac mau TNK1, TNK2, va
TNKG6 tuwong dong 1an lugt 13 92,35%, 92,09%, va 91,93%
so voi trinh tu trnH-psbA cua loai H. occulta
(NC_054336.1). V

Pbi véi ving trnQ-rps16, chi c6 3/5 mau duoc khuéch
dai va phan tich trinh tu (TNK2, TNKS5, va TNK6), cac
trinh t ndy c6 mirc trong ddng 100%. So vai cac loai khac
da duoc cong b, cac trinh ty nay tuong dong 98,73% so
véi loai H. occulta (NC_054336.1), 96,71% so véi H.
deltoidea (MH089240.1), 95,73% so véi H. rubescens
(MH089243.1), va 95,55% so véi loai H. aromatica
(MH089239.1).

Cay phat sinh chung loai thé hién & hinh 3.16

TNKS (PP516661)

nduis TNKG (PP516862)

(NE 054336)

K1

Aglacnema cestatum (MNO46881)

Philodsndron hedsrsceum (OLE31930)

Hinh 3.16. Cdy pha hé cac loai Homalomena dwoc xdy
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dung dua trén cdac trinh tw DNA barcode. (A. trnL-trnF , B.
rbcL, C. trnH-psbA , D. trnQ-rps16)
3.3. Nhan gidng loai Thién nién kién 1a Ién
(Homalomena pendula) bing phwong phép gidim hom va
nudi ciy in vitro
3.3.1. Nhan gidng bang phwong phap gidm hom
3.3.1.1. Anh hurong cua nong dé NAA va BAP dén ty 1é song
va chi tiéu sinh truéng cay giong

Pbi voi NAA, & cong thire xtr Iy 150 mg/L cho hiéu
qua cao nhat, cay ra ré sau 3 ngay xu 1y, ty 18 ra ré 97,14%,
ty 1& bat mam 97,45%. Trong khi d6, khi xir Iy voi BAP
ndéng d6 100 mg/L mang lai két qua tot nhat, ciy ra ré sau
2 ngay véi ty 18 98,42%, ty 18 bat mam dat 99,36% va ty 16
xuat vuon 1én t6i 91,04%. Nhu vay, BAP cho hiéu qua cao
hon NAA.
3.3.1.2. Anh hwéng cia chiéu dai hom giong dén ty 1é song
va chi tiéu sinh trudng cdy giong

Hom gibéng dugc cat thanh cac doan c6 chiéu dai khac
nhau (1 cm, 3 cm, 5 cm va 7 cm) trude khi giam hom. Két
qua cho thiy cac doan hom dai (5-7 cm) cho hiéu qua cao
hon cac doan hom ngin. P6i voi hom ¢ chiéu dai 5 cm,
cac chi s6 nhu ngdy ra ré (4), bat mam (3), ty 1& ra ré
(98,63%), ty 18 bat mam (97,87%), ty 1& xuat vuon
(89,88%), ... déu cho két qua cao nht.
3.3.1.3. Anh huréng ciia vi tri cdt hom dén ty 1¢ séng va chi
tiéu sinh truéng cdy giong

13



Két qua danh gia kha ning sinh truéng cia ting loai
hom gidng cho thiy ca ba vi tri cit hom (gbc, than va ngon)
déu co ty 1¢ ra ré va bat mam rat cao, dat gﬁn 100%. Nhu
vay, tat ca cac vi tri cat hom déu co thé sir dung cho qua
trinh nhan gidng. Tuy nhién, c6 sy khac biét dang ké vé chat
luong cua cay gidng. Dbi voi hom ngon, cac gia tri trung
binh vé chiéu dai chdi (6,70 cm), sb luong ré& (34,67) va
chiéu dai ré (19,86 cm) déu dat cao nhat.

3.3.2. Nhan gidng bang k¥ thuat nuéi cay mo
3.3.2.1. Khir triing madu

Anh huéng cia thoi gian khir tring bang HgClz 0,1%:
Khi ting thoi gian khir trung tir 10-50 phut cho két qua ty
16 nhiém giam tur 97,0% xuéng con 26,7%, tuy nhién ty 1€
mau chét ting 0,0% 1én dén 50%. Ty 1é mau song giam
(100-50,0%) khi tang thoi gian khur trung tang tir 10-50
phut, khi thoi gian khir tring 1a 50 phut ty 18 mau séng giam
chi con 50,0%. Nhu vay, khtr tring bang HgCl» 0,1% trong
30 phut cho hiéu qua khir trung t6t voi ty 18 séng 66,7%.

Anh hudng cua thoi gian khir tring bang NaClO 1,5%:
khi tang thoi gian khir tring tir 10-50 phut cho két qua ty 18
mau nhiém giam tir 100,0% xudng con 30,0%, nhung giam
100% xudng 46,7% khi ting thoi gian khir tring tang tir 10-
50 phat. Nhu vay, khir tring bang Javel 1,5% trong 40 pht
cho hiéu qua khir tring véi ty 18 sdng 63,4%.

Anh huodng cua thoi gian khir trung két hop bang HgCly
0,1% voi Javel 1,5%: Sur dung két hop 30 phat HgCl, 0,1%
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voi Javel 1,5% & cac khoang thoi gian khac nhau da anh
hudéng dén ty 16 mau nhiém, ty 16 mau chét va ty 1&é miu
song cua mau. Cuy thé, khir tring v6i 30 phat HeClz 0,1%
va tang thoi gian Javel 1,5% tir 10-50 phat cho két qua ty
1¢ mau nhiém giam tr 36,7% xudng 0%, tuy nhién ty 1& mau
chét tang tir 43,3% 1én 80%, ty 1& mau séng giam tir 56,7%
xudng 20%. Nhu vay, khir tring bang HgCl2 0,1% trong 30
phut két hop v6i NaClO 1,5% trong 30 phut cho hiéu qua
khir tring tot v6i ty 16 sdng sach 1a 43,3%.
3.3.2.2. Tai sinh choi

Anh hudng cia BAP dén kha nang tao chdi sau 4 tuan:
Méi truong bd sung 1,0 mg/L BAP khong c6 khéc biét vé
sO choi tai sinh trén moi truong khong bd sung DPHST. Tang
noéng d6 PHST Ién dén 2,0 mg/L BAP sé chdi tai sinh thu
duoc 1a tét nhat dat 2,5 chdi, chiéu cao trung binh 1,2 cm.

Anh huéng ctia KIN dén kha ning tao chdi sau 4 tuan:
Khi ting ndng d6 KIN tir 0,0-1,0 mg/L, s6 chdi/mau, chiéu
cao chdi thu dugc déu ting. Mbi truong MS bo sung 1,0
mg/L KIN cho hiéu qua tot dbi voi kha niang tao chéi in
vitro tir doan than &, v4i sd chdi/mau dat 1,5 choi, chiéu
cao trung binh 0,9 cm. Tang ndng d6 KIN 1én 3,0 mg/L sb
choi giam xubng con 0,7 chdi/mau, chidu cao giam con 0,3
cm. Trén moi trudng bd sung 2 mg/L BAP c6 100% mau
tai sinh chdi, s6 chdi 1a 2,5; chiéu cao trung binh 1a 1,2 cm.
Trong khi trén méi truong bd sung 1 mg/L KIN ¢6 100%
mau tai sinh choi, s6 chéi/mau dat 1,5; chiéu cao trung binh
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0,9 cm. Nhu vay, BAP cho hi¢u qua cao hon so véi KIN.
3.3.2.3. Nhan nhanh chai in vitro

Anh huéng caa BAP dén hiéu qua nhan nhanh choi, hé
sb nhan chdi cay Thién nién kién 14 16n dat cao nhat ¢ nong
d6 2,0 mg/L BAP, sb chdi dat 2,4 chdi, chiéu cao choi 2,7
cm va s6 14 2,1 14 so voi moéi truong ddi chung khdng bd
sung DHST co6 s chdi 1,0 chdi, chiéu cao 1,7 cm véi sb
la/chdi 1,4 14

Anh huéng ctua KIN c6 anh huong dén hiéu qua nhan
nhanh choi cay Thién nién kién 14 16n, hé s6 nhan choi dat
cao nhat & nff)ng do 1,0 mg/L KIN voi s6 chdi 1a 1,8 chéi,
chiéu cao chdi 2,5 cm va s6 14 2,1 14 so v6i mdi truong ddi
chtng c6 s6 chdi 1,0 chdi, chiéu cao 1,7 cm voi sé 14/chdi
1,4 |a.

Anh huéng cia BAP két hop vai NAA: Hé s6 nhan choi
cay Thién nién kién 14 16n dat cao nhit & ndng d6 2,0 mg/L
BAP vé6i 0,5 mg/LL NAA c6 s6 choi 2,9 choi, chiéu cao chodi
3,2 cm va sb 14 dat 3,2.

Anh huéng cia KIN két hop voi NAA dén kha ning
nhan chdi: Chdi in vitro Thién nién kién 14 16n sau 8 tuan
nudi cay trén moi truong MS c6 bd sung 1,0 mg/l KIN két
hop véi NAA (0-1,0 mg/L). Hé s6 nhan choi dat cao nhat &
noéng d6 1,0 mg/L KIN két hop vai 0,25 mg/L NAA, sb choi
dat 2,4; chiéu cao choi dat 2,8 cm va sd 14 12 2,6.

Anh huéng cua BAP két hop voi NAA va khoai tay:
Do KIN két hop véi NAA khong mang lai hi¢u qua nhu khi
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két hop KIN v6i BAP, vi vay sir dung cong thirc 2,0 mg/L
BAP va NAA 0,5 mg/L dé két hop khoai tiy nghién (20 -
100 g/L) két qua hé s6 nhan chdi dat cao nhat & ndng do 2,0
mg/L BAP + 0,5 mg/L NAA + 60 g/L khoai tdy nghién, voi
50 chdi dat 5,9, chiéu cao chdi 3,9 cm va s6 14 3,2 14 so véi
moi trudong débi chiing co s6 chdi 1a 2,9; chiéu cao 3,2 cm
v6i s6 14/chdi 3,2 14. B6 sung khoai tay nghién véi ndng do
60 g/L vao moi truong MS + 2,0 mg/L BAP + 0,2 mg/L
NAA di lam gia tang dang ké s chdi/mau, tuy nhién, chiéu
cao va so 1a/chdi khong co thay doi 1d rét .

3.3.2.4.Taoré

Anh huéng caa NAA dén kha nang tao ré in vitro cay
Thién nién kién 14 16n dat cao nhat & nong d6 1,0 mg/L
NAA vai s6 ré 2,8 ré/chdi, chiéu dai 2,72 cm. Tang nong
d6 NAA 1am giam s6 ré/chéi, thap nhat 1a 2,0 ré/choi & moi
truong bd sung 2,0 mg/L NAA.

Anh huéng cua IBA dén tao r& cho thdy nong d6 0,5
mg/L IBA cho hiéu qua cao nhat véi s ré dat 3,3 ré/chdi,
chiéu dai 3,26 cm. Tang nong do IBA lam giam s6 ré/choi
va thap nhat 1a 1,9 ré/chdi & méi trudong bd sung 2,0 mg/L
IBA.
3.3.2.5. Pdanh gid dnh hwéng cia gia thé dén sinh trudng
cua cdy con ra ngoi

Trén tit ca gia thé ty 1& sdng cua ciy Thién nién kién 14
lon ra dat déu rat tbt, dat 100%. Trén gia thé dat, xo dira va
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tro trau (1:1:1) cAy phat trién tot nhat, cho sd 14 méi dat 3,5
14 va chiéu cao cdy ting thém 3,9 cm.

Toém lai, nhan gidng in vitro cdy Thién nién kién 14 16n
cho thay khir tring mau bang HgCl2 0,1% trong 30 phut két
hop Javel 1,5% trong 30 phut cho ty 1¢ mau sach dat 43,3%
sau 4 tudn nudi cdy. Moi trudong co ban MS bd sung 2,0
mg/L BAP thich hop dé tai sinh chdi Thién nién kién, dat
100% mAu tai sinh chéi, v&i s6 chdi 14 2,5 chdi sau 4 tuan
nudi cdy. Moi trudng co ban MS b sung két hop 2,0 mg/L
BAP + 0,5 mg/L NAA + 60 g/L khoai tdy sau 8 tudn nudi
céiy s6 choi/mau 1a 5,9 chdi, chiéu cao chdi/mau 1a 3,2 cm
va s6 1a/chéi 1a 3,2 1a. M6i trudng co ban MS bb sung 0,5
mg/L IBA thich hop cho chdi in vitro ra ré, sau 8 tuan nudi
céy, s6 & trung binh dat 3,3 r&/chdi, chiéu dai 3,26 cm. Cay
con dugc trong vao gia thé dat, xo dira va tro trau (1:1:1)
cho ty 1& séng 100%. Sau 8 tuan cho s6 14 moi dat 3,1 14 va
chiéu cao cay tang thém 3,3 cm.

3.4. Nghién ciru ky thuat trong loai Thién nién kién 14
lon dwéi tan rieng tw nhién; danh gia sinh truwéng, ty 1€
song va chat lwong, ham lwong hoat chat caa tinh dau
sau trong; dé xuat giai phap phat trién bén virng

3.4.1. Bic diém tho nhudng, sinh thai, lap dia ving trong

Céc diéu kién sinh thai khoanh 1, tiéu khu 36 (ban Khe
Tran) va khoanh 1, tiéu khu 41 (thén Luu Hién Hoa) dy
kién xdy dung mo hinh trong Thién nién kién 14 16n duéi
tan rimg nhin chung dép tmg tot yéu cau sinh thai ctia loai.
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Trong d6, nhiét do binh quan niam (24°C) va d6 day tang
dat (>80 cm) déu duogc danh gia & muc thich hop cao tao
diéu kién thuén loi cho qua trinh sinh truéng, phat trién cay.
Céc nhan t6 nhu do cao, d6 4m khong khi, trang thai thuc
bi va dg tan che dugc danh giad tr mue thich hop trung binh
dén thich hop cao. Do cao dao dong trong khoang 80—150
m, két hop v6i do tan che tir 0,3-0,5 tao diéu kién anh sang,
nhiét d6 va d6 Am dudi tan rung phu hop vai dac tinh sinh
thai ctia loai cay ua bong phu hop vdi ddc tinh sinh thai ciia
loai Thién nién kién 14 16n.

Céc chi tiéu hoa hoc, dinh dudng va chét luong moi
truong dat tai hai khu vuc dy kién trong ¢ su tuong dong
vé dic diém dat dai, mtrc d6 phu hop cua diéu kién dat doi
v6i sinh trudng va phét trién cua loai.

3.4.2. X4y dung mé hinh tréng cdy Thién nién kién 14 16n
dudi tan ring tu nhién
3.4.2.1. Bién phap ky thugt trong, chdam séc va bao vé cay
Thién nién kién la lon

Pé trién khai xay dung mé hinh trong, str dung céc bién
phap k¥ thuat 1am sinh gém:

a. Xu ly thuc bi

b. Lam ddt, bén phdn

c. Trong cdy

d. Cham soc

e. Qudn Iy bdo vé cdy trong
3.4.2.2. Panh gid sinh triedng va nang sudt trong cay Thién
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nién kién 1a lon dudi tan ring

Két qua sau 12 thang tién hanh trong cay Thién nién
kién duéi tan rirng tu nhién: ty & song dat 97,6%:; chiéu cao
dat 22,5cm:; s6 14 dat 6,2; duong kinh cu trung binh 12 1,73
cm; chiéu dai trung binh 129,57 cm va trong luong cu trung
binh dat 25,73 gram.

Cay Thién nhién kién 14 16n tréng tai ban Khe Tran va
thon Luu Hién Hoa khong c6 sy khac biét dang ké vé duong
kinh ct va chiéu dai ct. Déi véi trong luong ct ban Khe
Tran ¢ can ning trung binh cao hon so véi thon Luu Hién
Hoa (28,24 g so v6i 23,55 g). Nhu vay, vé mit ning suat,
Thién nién kién 14 16n tréng & ban Khe Tran tdt hon & thon
Luu Hién Hoa.

3.4.3. Cac giai phap bao ton, khai thac sir dung va phat trién
bén ving loai Thién nién kién 14 16n & tinh Thira Thién Hué

Giai phap vé quan 1y ngudn giéng

Giai phéap vé cac bién phap k¥ thuat trong nhéan giéng,
phuc hoi va gy trong

Giai phap vé Pinh huéng khai thac va sir dung bén
virng loai Thién nién kién 14 16n
3.4.4. Panh gia ham luong mot s6 hoat chét chinh cua cay
Thién nién kién la I6n
3.4.4.1. Thanh phan héa hoc cia than ré

Thanh phan hoa hoc tir than r& cay Thién nién kién l4
16n sau tréng 12 thang da xac dinh dugc sy c6 mat cua 36
hop chat trong thanh phan tinh dau & Luu Hién Hoa. Trong
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do, sabinene (6,06%), linalool (47,68%), terpinen-4-ol
(5,43%) va a-cadinol (5,36%) la cac hop chat c6 ham luong
16n. Tai ban Khe Tran c¢6 30 hop chat trong d6, linalool
(54,47%) va o-cadinol (7,38%) 14 cac hop chat c6 ham
luong 16n trong thanh phan cia tinh dau.
3.4.4.2. Panh gid thanh phan hoa hoc cua tinh dau tir than
ré Thién nién kién 14 16n gay trong so véi tu nhién

Thanh phén hoa hoc tir than ré Thién nién kién duoc
thu hai trong tu nhién va cay Thién nién kién 14 16n trong
md hinh cho thay cdy bd me duoc thu hai trong ty nhién
(TNK) da xac dinh dugc sy c6 mit ciia 27 hop chat. Trong
d6, cac hop chat linalool (60,63%), terpinen-4-ol (4,01%)
va a-cadinol (6,73%) 1a cac hop chit chinh va dién hinh cta
tinh dau. Cac mau tinh dau Thién nién kién dugc nhan tré)ng
sau 01 nam ¢ Luu Hién Hoa va Khe Trin ciing d3 xac dinh
dugc su c6 mat cia cac hop chat nay véi ham lugng linalool
(47,68%), terpinen-4-ol (5,43%) va a-cadinol (5,36%) &
Luu Hién Hoa va ham luong linalool (54,47%), terpinen-4-
ol (3,85%) va a-cadinol (7,38%) & Khe Tran.
3.4.4.3. Danh gid cdc chi tiéu cam quan va hda ly cia Thién
nién kién

Céc chi tiéu cam quan va hoa 1y cho thay, cac chi
tiéu vé trang thai, mau sdc, mui vi, @ 4m, dinh tinh bﬁng
sic ky ban moéng va tro toan phan déu dat so v6i yéu cau
cua DBDVN 5. Ham luong tinh dau chiét duoc chi dat
2,24%, thap hon nhiéu so vé6i yéu cau cia DDVN 5 1a >
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4%. Piéu nay c6 thé do thoi gian tréng con kha ngan (1
nam), chua du dé dugce liéu tich ltiy da cac hoat chét theo
yéu cau ciia Duoc dién. ham luong cac kim loai ning (chi,
asen, thily ngan va cadimi) trong mau tich liiy trong duoc
liéu tir 0,024 mg/L dén 0,077 mg/L.

CHUONG 4. KET LUAN VA KIEN NGHI
4.1. KET LUAN

1. Céc loai Thién nién kién (Homalomena spp.) ¢ tinh
Thira Thién Hué, chi yéu phan bd & khu vuc am uét, ven
khe subi dudi tan rimg tu nhién c6 d6 cao 100-800 m, do
dbc 15-20 d9, trén dat feralit (Fs, Fa) voi do day trung binh,
trong diéu kién nhiét d6 22-25°C, 6 am 85-88% va luong
mua 4.235-5.112 mm/nam; do tan che 0,4-0,8.

2. ba xac dinh duoc 03 loai Thién nién kién ¢ tinh Thura
Thién Hué dua trén dic diém hinh thai va dinh danh phan
tir gom loai Thién nién kién 14 16n (Homalomena pendula),
loai Thién nién kién hoa an (H. occulta) va loai Thién nién
kién bac b (H. tonkinensis).

3. Pa diang ky va cong bd 4 trinh tu gen rbcl cia loai
Thién nién kién 14 16n trén GenBank (mé s6 PP516859—
PP516862).

4. Pa xac dinh duoc ky thuat gidm hom cay Thién nién
kién 14 16n tir than ré: sir dung hom ngon, dai 5 cm, xtr 1y
v6i BAP ndng d6 100 mg/1 cho két qua tot nhét, ciy ra ré
sau 5 ngay voi ty 1¢ dat 99,66%, ty 1¢ bat mam dat 99,82%
va ty 1& xuat vuon dat 96,51%.
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5. Pa xac dinh dugc mdi treong téi wu cho viéc nudi
cay trong 6ng nghiém loai Thién nién kién 14 16n tir mau
than ré ty nhién, d6 13 moi truong MS bd sung chit diéu
hoa sinh truong (BAP, NAA) va chit hitu co (khoai tay
nghién) véi cong thirc: moi trudng MS + 2,0 mg/L BAP +
0,5 mg/L NAA + 60 g/L khoai tiy da kich thich cum chdi
phat trién manh mé va dat hé sé nhan chdi téi wu (5,9
chdi/mau). Ngoai ra, cay con ra ré 6n dinh trong éng
nghiém duoc cay trén gia thé bang hdn hop dat, xo dira va
tro trau (ty 18 1:1:1) dat ty Ié séng tuyét d6i 100%.

6. Da xay dyng thanh céng 2 m hinh trong cay Thién
nién kién 14 16n dudi tan rung tuy nhién tai thon Luu Hién
Hoa va ban Khe Tran, véi mat do tuong ting 2.500 cay/ha
va 1.600 cay/ha. Sau 12 thang trong, cdy sinh truong va
phat trién tot, ty 18 song dat 97,6%, chiéu cao dat 22,5 cm,
sd 1a dat 6,2 1a/cay; cu c6 dudng kinh trung binh 1,73 cm,
chiéu dai trung binh 9,57 cm va trong luong trung binh dat
25,73 0.

7. Tinh dau tir than ré cay Thién nién kién 13 16n sau 12
thang trong c¢6 ham luong linalool (47,68%), terpinen-4-ol
(5,43%) va a-cadinol (5,36%) ¢ Luu Hién Hoa va linalool
(54,47%), terpinen-4-ol (3,85%) va a-cadinol (7,38%) &
Khe Tran. C4c chi tiéu vé cam quan, héa 1y & hai mo hinh
déu dat so v6i yéu cau theo quy dinh cia DDVN V.
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4.2. KIEN NGHI

Tiép tuc c6 nhitng nghién ctu tiép theo trong viéc bao
ton va phat trién cac loai Thién nién kién tao thanh san
pham hang hda phuc vu phat trién thi truong.

Tang cudng quan 1y va bao ton: Can co cac bién phap
khoanh ving bao vé nghiém ngit cic khu vuc c6 quan thé
Thién nién kién ty nhién tip trung, dé tranh nguy co tuyét
chung ngudn gen quy.

Pay manh nghién ctru nhan giéng va trong trot: Tiép
tuc hoan thién quy trinh k¥ thuat nhan giéng quy mé 16n va
xay dung cac mo hinh trong thir nghiém dudi tan rimg hoic
theo huéng nong 1am két hop.

Mo rong nghién ciru: Can theo doi ham lugng tinh dau
theo mdc thoi gian phat trién (24 thang, 36 thang, 48 thang)
dé xac dinh thoi diém thu hoach tdi wu va nghién ciru sau
hon vé thtr nghiém 14m sang va co ché tac dong cua cac hop
chat sesquiterpenoids mé&i phan 1ap tir cac loai Thién nién
kién nham phat trién cac dong san phém duoc liéu dac hiru
chét luong cao.

Xay dung tiéu chuan chat luong: Dé xuét cac co quan
chtre ning phéi hop xay dung va ban hanh tiéu chuan chat
luong cu thé (duge dién) cho ting loai Thién nién kién phd
bién dé kiém soat tot hon thi truong dugc liéu, tranh tinh
trang nham 14n giita cac loai trong thu mua va ché bién
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INTRODUCTION

1. Rationale

Thua Thien Hue Province (now Hue City) is a biodiversity
center in Central Vietnam, with a large area of natural forests
(205,602.31 ha), a high forest coverage rate (57.15%), and more
than 1,126 recorded medicinal plant species. This creates strong
potential to develop the medicinal plant economy while
promoting biodiversity conservation and sustainable livelihoods
for local communities.

Homalomena species have high medicinal, pharmaceutical,
and industrial value due to their rich content of bioactive
compounds and valuable essential oils. They serve as sources
of raw materials for traditional medicine, the pharmaceutical and
cosmetics industries, and essential oil production. However, the
current supply of raw materials is almost entirely dependent on
harvesting from natural forests, leading to a rapid decline in wild
populations, a risk of genetic resource loss, and reduced natural
regeneration capacity. Notably, two species, Homalomena
pierreana and H. pendula, have been listed in the Vietnam Red
Data Book (2007), indicating the declining status of these plant
resources and the need for conservation measures. Therefore,
research on the conservation and development of Homalomena
species is urgently needed to conserve genetic resources,
maintain biodiversity, ensure a stable supply of raw materials for
the pharmaceutical sector, and contribute to the development of
domestic medicinal plant production areas.

2. Research Obijectives
2.1. General objective



To establish a scientific basis for the distribution and
identification of Homalomena species; and to develop
propagation and cultivation techniques for big-leaved
Homalomena (Homalomena pendula) to support the
conservation and development of medicinal plant resources
under natural forest canopies in Thua Thien Hue Province (now
Hue City).

2.2. Specific objectives

(1) To determine the distribution, biological and
ecological characteristics, current status of harvesting and use,
and identify Homalomena species in Hue City based on
morphological characteristics and molecular markers.

(2) To investigate cutting propagation and tissue culture
techniques for big-leaved Homalomena (Homalomena pendula).

(3) To investigate cultivation techniques for big-leaved
Homalomena under natural forest canopies, evaluate the quality
and active compound content of its essential oil, and propose
solutions for its conservation and sustainable development.
3. Significance Of The Dissertation
3.1 Scientific significance
The dissertation provides additional data on the distribution,
biological characteristics, and ecology of Homalomena species
in Thua Thien Hue Province (now Hue City). The findings on
morphological characteristics combined with molecular markers
provide a scientific basis for the classification and identification
of species in the genus Homalomena.

The findings on propagation and cultivation techniques
for big-leaved Homalomena (Homalomena pendula) under
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forest canopies provide an additional scientific basis for the
conservation and development of Homalomena species through
a combination of in situ and ex situ conservation.

3.2. Practical significance

The dissertation helps ensure a stable supply of planting
materials by improving propagation techniques through cuttings
and in vitro culture for big-leaved Homalomena (Homalomena
pendula).

The experimental cultivation model of big-leaved
Homalomena under natural forest canopies provides a practical
basis for developing medicinal plant material production areas,
contributing to the conservation of Homalomena resources and
improving the efficiency of forest resource use.

4. New Contributions Of The Dissertation

- Identification and addition of molecular data for big-
leaved Homalomena (Homalomena pendula) in Hue City: Three
Homalomena species, including H. pendula, H. occulta, and H.
tonkinensis, were identified based on a combination of
morphological characteristics and molecular data. In addition,
four rbcL gene sequences of H. pendula were registered with the
international GenBank database under accession numbers
PP516859-PP516862, providing additional reference data for
species identification and genetic resource conservation
research.

- Development of a propagation protocol for big-leaved
Homalomena (Homalomena pendula) using cuttings and in vitro
culture: For rhizome cuttings, 5-cm-long tip cuttings treated
with 100 mg/L BAP achieved a rooting rate of 99.66%, a
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sprouting rate of 99.82%, and a nursery survival rate of 96.51%.
For in vitro culture, MS medium supplemented with 2.0 mg/L
BAP + 0.5 mg/L NAA + 60 g/L mashed potato produced the
highest shoot multiplication rate, reaching 5.9 shoots per
explant. These results provide a basis for ensuring a stable
supply of planting materials for the conservation and
development of the species.

- Establishment and testing of a cultivation model for big-
leaved Homalomena (Homalomena pendula) under natural
forest canopies: After 12 months of cultivation, the model
achieved a survival rate of 97.6%. The plants showed good
growth and development, while the essential oil from the
rhizomes had a linalool content of 47.68-54.47%. Its
organoleptic and physicochemical properties met the
requirements of the Vietnamese Pharmacopoeia V, initially
indicating the potential for developing the species under natural
forest canopies.

CHAPTER I. LITERATURE REVIEW
1.1. Medicinal plant resources and orientations for the
conservation and development of medicinal plants under forest
canopies in Vietnam
1.1.1. Medicinal plant resources in the world
1.1.2. Current status of medicinal plant resources in Vietham
1.1.3. Current status of medicinal plant resources in Hue City
1.2. Overview of studies on the genus Homalomena
1.2.1. Overview of Homalomena species (Homalomena spp.)
1.2.2. Distribution characteristics of the genus Homalomena
1.2.3. Molecular classification of the genus Homalomena
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1.2.4. Species of the genus Homalomena in Vietnam
1.3. Biological and ecological characteristics, use values, and
conservation status of Homalomena species
1.3.1. Botanical characteristics of the genus Homalomena
1.3.2. Anatomical characteristics of the genus Homalomena
1.3.3. Chemical composition
1.3.4. Pharmacological effects of the genus Homalomena
1.4, Studies on the propagation, cultivation, and
conservation of Homalomena species (Homalomena spp.)
1.4.1. Studies on propagation
1.4.2. Studies on biological and biochemical characteristics
Based on published studies, Homalomena occulta has been
extensively studied, including research on its classification,
active compounds, pharmacological effects, and cultivation
models. However, other Homalomena species have only been
studied individually, without comprehensive or systematic
research. (H. pendula) has been identified in Phong Dien
District, Thua Thien Hue Province, but it has not yet been
adequately studied. Current studies on this species have mainly
focused on evaluating the compounds and pharmacological
effects of compounds extracted from naturally growing plants.
CHAPTER Il. RESEARCH SUBJECTS, CONTENTS
AND METHODS
2.1. Research subjects and scope
The Homalomena species (Homalomena spp.), belonging to
the family Araceae, were recorded, identified, or reported as
naturally distributed in natural forest areas of Hue City.
Time: 2022 - 2026.



2.2. Research contents

Content 1. Investigation of the distribution, biological and
ecological characteristics, and current status of harvesting and
use of Homalomena species in Hue City.

Content 2. Study of the morphological and anatomical
characteristics and identification of Homalomena species.

Content 3. Study of propagation techniques for big-leaved
Homalomena (Homalomena pendula) using cuttings and in vitro
culture.

Content 4. Study of cultivation techniques for big-leaved
Homalomena under natural forest canopies; evaluation of
growth, survival rate, and the quality and active compound
content of essential oil after cultivation; and proposal of
solutions for sustainable development.

2.3. Research approach

The research approaches included ecological principles;
principles for conservation and development; a specialized
survey approach; experimental methods; and the principles of
inheritance and community participation through Participatory
Rural Appraisal (PRA)

2.4. Research Methods

2.4.1. Content 1: Investigation of the distribution, biological and
ecological characteristics, and current status of harvesting and
use of Homalomena species in Hue City.

Methods for collecting and reviewing secondary data.

Field survey methods for distribution and ecological
characteristics: 50 transects and 50 sample plots (10 x 10 m?).



Community interviews to investigate the distribution,
cultivation, and harvesting of Homalomena species.

Methods for developing distribution maps

Data analysis
2.4.2. Content 2: Study of the morphological and anatomical
characteristics and identification of Homalomena species

Methods of plant morphology and anatomy

Methods for analyzing marker gene regions, identification
using molecular markers, and constructing phylogenetic trees
2.4.3. Content 3: Study of propagation techniques for big-leaved
Homalomena (Homalomena pendula) using cuttings and in vitro
culture.
a. Study of propagation techniques using cuttings

Experiment 1: Evaluation of the effects of NAA and BAP
on the growth of cuttings

Experiment 2: Evaluation of the effects of cutting length on
growth

Experiment 3: Study of the effects of cutting position on
regeneration

Data analysis
b. Study of propagation techniques using tissue culture

Sample preparation and sterilization

In vitro shoot regeneration

In vitro rapid shoot multiplication

In vitro plantlet production

Evaluation of the effects of substrates on the growth of
acclimatized plantlets

Data analysis



2.4.4. Study of cultivation techniques for big-leaved
Homalomena under natural forest canopies; evaluation of
growth, survival rate, and the quality and active compound
content of essential oil after cultivation; and proposal of
solutions for sustainable development
a. Study of cultivation techniques for big-leaved Homalomena
under natural forest canopies

Methods for analyzing soil and water samples

Cultivation model design

Monitoring and evaluation of growth, development, and
yield
b. Evaluation of the quality and active compound content of
essential oil from big-leaved Homalomena after cultivation

Method for determining the ash content of medicinal plant

materials

Extraction method

Method for determining the chemical composition of
essential oil

CHAPTER I1l. RESEARCH RESULTS

3.1. Distribution, ecological characteristics, and current
status of harvesting of Homalomena species in Hue City

Survey results from 118 locations where Homalomena
species were recorded in Thua Thien Hue Province showed
differences in distribution according to forest status: rich forests
with 21 locations, accounting for 17.8%; medium forests with
49 locations, accounting for 41.53%; recovering forests with 39
locations, accounting for 33.05%; and poor forests with 9
locations, accounting for 7.62%.
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Homalomena species were distributed at elevations ranging
from 95 m to 1,120 m, with the highest number of locations
recorded at elevations of 100-300 m (41 locations), followed by
300-600 m (26 locations), 600-900 m (41 locations), and above
900 m (7 locations), with one location at an elevation of 95 m.
In terms of slope, the species were distributed across slopes
ranging from 1.72° to 47°, including slopes below 10° with 23
locations; slopes of 10-20° with 38 locations; slopes of 20-30°
with 34 locations; and slopes of 30—47° with 23 locations.

The distribution was associated with the following
characteristic ecological factors: mean annual temperature of
22-26°C; mean humidity of 85-88%; and mean annual rainfall
of 4,200-5,100 mm. The predominant soil types were red-
yellow feralitic soil on shale and metamorphic rocks (Fs) and
yellow-red feralitic soil on acidic igneous rocks (Fa). The
average soil depth was 80-150 cm, while many areas had
shallow soil layers of 50—70 cm, and many populations occurred
on very shallow soils over rocks (10-20 cm). The vegetation
was mainly poor to rich evergreen forests, with a canopy cover
of 0.3 or higher, particularly in areas along streams and in forests
with deep, continuously moist soil. The canopy cover of the tree
layer was 0.3 or higher, most commonly ranging from 0.4 to 0.8.

Population status assessment showed that 29 populations
(24.58%) had very high density; 32 populations (27.12%) had
high density; 39 populations (33.05%) had medium density; 15
populations (12.71%) had low density; and 3 populations
(2.54%) had very low density.



Based on the survey and distribution data, the distribution
characteristics of Homalomena species (Homalomena spp.)
were determined as follows: the climatic conditions of the
distribution areas had a mean temperature of 22-25°C, mean
humidity of 86-88%, and mean annual rainfall of 4,500-5,000
mm. The distribution was mainly concentrated at elevations of
100-750 m above sea level, with some locations reaching 965
m, particularly in areas along streams. The common slope range
was 15-20°. The species occurred mainly on red-yellow feralitic
soil on shale and metamorphic rocks (Fs) and yellow-red
feralitic soil on acidic igneous rocks (Fa). The average soil
depth was 60-300 cm. The vegetation was mainly poor to rich
evergreen forests, with a canopy cover of 0.3 or higher, most
commonly ranging from 0.5 to 0.8.

The ecological suitability zoning map for Homalomena
species in Thua Thien Hue Province identified 159 highly
suitable areas, with a total area of 36,380 ha; moderately suitable
areas with a total area of 248,166 ha; and unsuitable areas
covering 185,499 ha.

3.2. Study of the morphological, anatomical, and
identification characteristics of Homalomena species
3.2.1. Botanical characteristics of Homalomena species

Based on morphological characteristics and molecular
markers, three species were identified as follows in Thua Thien
Hue Province: big-leaved Homalomena (Homalomena pendula),
hidden-flowered Homalomena (H. occulta), and Northern
Vietnamese Homalomena (H. tonkinensis).

3.2.2. Molecular marker characteristics of Homalomena species
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3.2.3.1. Identification of collected samples using molecular
markers

Different molecular markers were used to identify different
species: matK for H. occulta and rbcL for H. pendula and H.
tonkinensis, based on the corresponding sequences published in
the GenBank database.
3.2.3.2. Characteristics of marker gene regions of H. pendula

For the trnL-trnF region, all five samples produced
amplification products. The analysis showed that these five
samples had no differences, with 99.43% similarity to the trnL-
trnF sequence of H. pendula (GenBank accession number:
KU727660.1, with a covered region of 340 bp) and 98.62%
similarity to H. occulta (NC_054336.1).

Similarly, the five rbcL gene sequences obtained from the
five study samples showed 100% similarity to each other, and
99.65% similarity to the rbcL gene of H. occulta (NC_054336.1)
and 99.63% similarity to the rbcL gene of H. aromatica
(MWO091545.1).

In contrast to the two gene regions above, analysis of the
trnH-psbA region showed 22 variable sites among the five
samples, of which 21 occurred in samples TNK2 and TNKG®.
The trnH-psbA sequences of samples TNK1, TNK2, and TNK6
showed 92.35%, 92.09%, and 91.93% similarity, respectively,
to the trnH-psbA sequence of H. occulta (NC_054336.1). V

For the trnQ-rpsl6 region, only 3/5 samples were
successfully amplified and sequenced (TNK2, TNKS5, and
TNKG6), and these sequences showed 100% similarity.
Compared with other published species, these sequences showed
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98.73% similarity to H. occulta (NC_054336.1), 96.71%
similarity to H. deltoidea (MH089240.1), 95.73% similarity to
H. rubescens (MH089243.1), and 95.55% similarity to H.
aromatica (MH089239.1).

The phylogenetic tree is presented in Figure 3.16

o

Figure 3.16. Phylogenetic tree of Homalomena species
constructed based on DNA barcode sequences. (A. trnL-trnF, B.
rbcL, C. trnH-psbA, D. trnQ-rps16)
3.3. Propagation of Big-Leaved Homalomena (Homalomena
pendula) Using Cuttings and In Vitro Culture
3.3.1. Propagation Using Cuttings
3.3.1.1. Effects of NAA and BAP Concentrations on Survival
Rate and Growth Parameters of Cuttings

For NAA, at 150 mg/L, NAA treatment produced the best
results, with rooting occurring after 3 days of treatment, a

12



rooting rate of 97.14%, and a sprouting rate of 97.45%.
Meanwhile, BAP treatment at 100 mg/L produced the best
results, with rooting observed after 2 days, a rooting rate of
98.42%, a sprouting rate of 99.36%, and a nursery-ready rate of
up to 91.04%. Therefore, BAP was more effective than NAA.
3.3.1.2. Effects of Cutting Length on Survival Rate and Growth
Parameters of Cuttings

The cuttings were prepared at different lengths (1 cm, 3 cm,
5cm, and 7 cm) before planting. The results showed that longer
cuttings (57 cm) were more effective than shorter cuttings. For
5-cm cuttings, the indicators, including days to rooting (4 days),
days to sprouting (3 days), rooting rate (98.63%), sprouting rate
(97.87%), and nursery-ready rate (89.88%), all showed the
highest values.
3.3.1.3. Effects of Cutting Position on Survival Rate and Growth
Parameters of Cuttings

The evaluation of the growth performance of cuttings from
different positions showed that all three cutting positions (basal,
middle, and tip) had very high rooting and sprouting rates,
reaching nearly 100%. Therefore, all cutting positions can be
used for propagation.  However, there were significant
differences in the quality of the resulting plantlets. For tip
cuttings, the mean shoot length (6.70 cm), number of roots
(34.67), and root length (19.86 cm) were all the highest.
3.3.2. Propagation Using Tissue Culture Techniques
3.3.2.1. Sample Sterilization

Effect of sterilization time using 0.1% HgCl.: Increasing the
sterilization time from 10 to 50 minutes reduced the
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contamination rate from 97.0% to 26.7%. However, the
mortality rate increased from 0.0% to 50%. The survival rate
decreased from 100% to 50.0% as the sterilization time
increased from 10 to 50 minutes. At a sterilization time of 50
minutes, the survival rate decreased to only 50.0%. Therefore,
sterilization with 0.1% HgCl: for 30 minutes provided effective
sterilization, with a survival rate of 66.7%.

Effect of sterilization time using 1.5% NaClO: Increasing
the sterilization time from 10 to 50 minutes reduced the
contamination rate from 100.0% to 30.0%, while the survival
rate decreased from 100% to 46.7%. Therefore, sterilization
with 1.5% Javel for 40 minutes provided effective sterilization,
with a survival rate of 63.4%.

Effect of combined sterilization time using 0.1% HgCl. and
1.5% Javel: Combining 30 minutes of treatment with 0.1%
HgCl. with different treatment durations using 1.5% Javel
affected the contamination, mortality, and survival rates of the
samples. Specifically, treatment with 0.1% HgCl. for 30
minutes, followed by increasing the treatment time with 1.5%
Javel from 10 to 50 minutes, reduced the contamination rate
from 36.7% to 0%. However, the mortality rate increased from
43.3% to 80%, while the survival rate decreased from 56.7% to
20%. Therefore, treatment with 0.1% HgCl. for 30 minutes
combined with 1.5% NaClO for 30 minutes provided effective
sterilization, with a clean survival rate of 43.3%.
3.3.2.2. Shoot Regeneration

Effect of BAP on shoot formation after 4 weeks: The
medium supplemented with 1.0 mg/L BAP showed no
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difference in the number of regenerated shoots compared with
the medium without PGRs. Increasing the BAP concentration to
2.0 mg/L resulted in the best shoot regeneration, with 2.5 shoots
and a mean height of 1.2 cm.

Effect of KIN on shoot formation after 4 weeks: As the KIN
concentration increased from 0.0 to 1.0 mg/L, both the number
of shoots per sample and shoot height increased. MS medium
supplemented with 1.0 mg/L KIN was effective in inducing in
vitro shoot formation from rhizome segments, producing 1.5
shoots per sample with a mean shoot height of 0.9 cm. When
the KIN concentration was increased to 3.0 mg/L, the number of
shoots decreased to 0.7 per sample, while shoot height decreased
to 0.3 cm. On the medium supplemented with 2 mg/L BAP,
100% of the samples regenerated shoots, with 2.5 shoots per
sample and a mean shoot height of 1.2 cm. Meanwhile, on the
medium supplemented with 1 mg/L KIN, 100% of the samples
regenerated shoots, with 1.5 shoots per sample and a mean shoot
height of 0.9 cm. Therefore, BAP was more effective than KIN.
3.3.2.3. In Vitro Shoot Multiplication
Effect of BAP: The highest shoot multiplication rate of big-
leaved Homalomena was obtained at 2.0 mg/L BAP, with 2.4
shoots, a shoot height of 2.7 cm, and 2.1 leaves, compared with
the control medium without PGRs, which produced 1.0 shoot, a
shoot height of 1.7 cm, and 1.4 leaves per shoot.

Effect of KIN: KIN affected the shoot multiplication of big-
leaved Homalomena. The highest shoot multiplication rate was
obtained at 1.0 mg/L KIN, with 1.8 shoots, a shoot height of 2.5
cm, and 2.1 leaves, compared with the control medium, which
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produced 1.0 shoot, a shoot height of 1.7 cm, and 1.4 leaves per
shoot.

Effect of BAP combined with NAA: The highest shoot
multiplication rate of big-leaved Homalomena was obtained
with 2.0 mg/L BAP combined with 0.5 mg/L NAA, producing
2.9 shoots, a shoot height of 3.2 cm, and 3.2 leaves.

Effect of KIN combined with NAA on shoot multiplication:
In vitro shoots of big-leaved Homalomena were cultured for 8
weeks on MS medium supplemented with 1.0 mg/L KIN
combined with NAA (0-1.0 mg/L). The highest shoot
multiplication rate was obtained with 1.0 mg/L KIN combined
with 0.25 mg/L NAA, producing 2.4 shoots, a shoot height of
2.8 cm, and 2.6 leaves.

Effect of BAP combined with NAA and potato: Since KIN
combined with NAA was less effective than KIN combined with
BAP, 2.0 mg/L BAP and 0.5 mg/L NAA were combined with
mashed potato (20-100 g/L). The highest shoot multiplication
rate was obtained with 2.0 mg/L BAP + 0.5 mg/L NAA + 60 g/L
mashed potato, producing 5.9 shoots, a shoot height of 3.9 cm,
and 3.2 leaves, compared with the control medium, which
produced 2.9 shoots, a shoot height of 3.2 cm, and 3.2 leaves per
shoot. Adding mashed potato at 60 g/L to MS medium
supplemented with 2.0 mg/L BAP + 0.2 mg/L NAA
significantly increased the number of shoots per sample;
however, shoot height and the number of leaves per shoot did
not change significantly.
3.3.2.4. Root Induction

Effect of NAA on in vitro root induction: The highest root
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induction in big-leaved Homalomena was obtained at 1.0 mg/L
NAA, with 2.8 roots per shoot and a root length of 2.72 cm.
Increasing the NAA concentration reduced the number of roots
per shoot, with the lowest value of 2.0 roots per shoot recorded
on the medium supplemented with 2.0 mg/L NAA.

Effect of IBA on root induction: A concentration of 0.5 mg/L
IBA produced the best results, with 3.3 roots per shoot and a root
length of 3.26 cm. Increasing the IBA concentration reduced the
number of roots per shoot, with the lowest value of 1.9 roots per
shoot recorded on the medium supplemented with 2.0 mg/L
IBA.

3.3.2.5. Evaluation of the Effects of Substrates on the Growth of
Acclimatized Plantlets

The survival rate of big-leaved Homalomena plantlets was
100% on all substrates. The plants grew best in the substrate
consisting of soil, coconut coir, and rice husk ash (1:1:1),
producing 3.5 new leaves and an increase in plant height of 3.9
cm.

In summary, in vitro propagation of big-leaved
Homalomena showed that sterilization with 0.1% HgCl. for 30
minutes combined with 1.5% Javel for 30 minutes resulted in a
clean sample rate of 43.3% after 4 weeks of culture. MS basal
medium supplemented with 2.0 mg/L BAP was suitable for
shoot regeneration of Homalomena, resulting in 100% shoot
regeneration, with 2.5 shoots after 4 weeks of culture. MS basal
medium supplemented with 2.0 mg/L BAP + 0.5 mg/L NAA +
60 g/L potato produced 5.9 shoots per sample, a shoot height of
3.2 cm, and 3.2 leaves per shoot after 8 weeks of culture. MS
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basal medium supplemented with 0.5 mg/L IBA was suitable for
root induction of in vitro shoots. After 8 weeks of culture, the
mean number of roots reached 3.3 roots per shoot, with a root
length of 3.26 cm. Plantlets grown in a substrate of soil, coconut
coir, and rice husk ash (1:1:1) had a survival rate of 100%. After
8 weeks, the number of new leaves reached 3.1, and plant height
increased by 3.3 cm.
3.4. Study of Cultivation Techniques for Big-Leaved
Homalomena Under Natural Forest Canopies; Evaluation of
Growth, Survival Rate, Quality, and Active Compound
Content of Essential Oil After Cultivation; and Proposal of
Solutions for Sustainable Development
3.4.1. Soil, Ecological, and Site Characteristics of the
Cultivation Areas

The ecological conditions of Compartment 1, Sub-
compartment 36 (Khe Tran Village) and Compartment 1, Sub-
compartment 41 (Luu Hien Hoa Village), where models for
cultivating big-leaved Homalomena under forest canopies are
planned, generally meet the ecological requirements of the
species. The mean annual temperature (24°C) and soil depth
(>80 cm) were both assessed as highly suitable, providing
favorable conditions for plant growth and development. Factors
such as elevation, air humidity, vegetation status, and canopy
cover were assessed as ranging from moderately suitable to
highly suitable. The elevation ranges from 80-150 m, combined
with a canopy cover of 0.3-0.5, providing suitable light,
temperature, and humidity conditions under the forest canopy
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for this shade-loving species, which are consistent with the
ecological characteristics of big-leaved Homalomena.

The soil chemical, nutrient, and environmental quality
indicators at the two proposed cultivation sites showed similar
soil characteristics and similar levels of suitability for the growth
and development of the species.

3.4.2. Establishment of a Cultivation Model for Big-Leaved
Homalomena Under Natural Forest Canopies

3.4.2.1. Technical Measures for Planting, Care, and Protection
of Big-Leaved Homalomena

To establish the cultivation model, the following
silvicultural techniques were applied:

a. Vegetation clearing

b. Soil preparation and fertilization

c. Planting

d. Care and maintenance

e. Management and protection of planted trees
3.4.2.2. Evaluation of Growth and Yield of Big-Leaved
Homalomena Cuvated Under ItiForest Canopies

After 12 months of cultivation under natural forest
canopies, the survival rate of Homalomena plants reached
97.6%; plant height reached 22.5 cm; the number of leaves
reached 6.2; the mean rhizome diameter was 1.73 cm; the mean
rhizome length was 9.57 cm; and the mean rhizome weight was
25.73 g.

Big-leaved Homalomena plants cultivated in Khe Tran
Village and Luu Hien Hoa Village showed no significant
difference in rhizome diameter or rhizome length. However, the
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mean rhizome weight in Khe Tran Village was higher than that
in Luu Hien Hoa Village (28.24 g compared with 23.55 g).
Therefore, in terms of yield, big-leaved Homalomena cultivated
in Khe Tran Village performed better than that cultivated in Luu
Hien Hoa Village.
3.4.3. Solutions for the Conservation, Sustainable Harvesting
and Use, and Sustainable Development of Big-Leaved
Homalomena in Thua Thien Hue Province

Solutions for managing planting materials

Solutions for technical measures in propagation, restoration,
and cultivation
Solutions for orientations for the sustainable harvesting and use
of big-leaved Homalomena
3.4.4. Evaluation of the Content of Some Major Active
Compounds in Big-Leaved Homalomena
3.4.4.1. Chemical Composition of the Rhizomes

The chemical composition of the rhizomes of big-leaved
Homalomena after 12 months of cultivation showed the
presence of 36 compounds in the essential oil at Luu Hien Hoa.
Among them, sabinene (6.06%), linalool (47.68%), terpinen-4-
ol (5.43%), and a-cadinol (5.36%) were the compounds present
at high concentrations. At Khe Tran Village, 30 compounds
were identified, among which linalool (54.47%) and a-cadinol
(7.38%) were present at high concentrations in the essential oil.
3.4.4.2. Evaluation of the Chemical Composition of Essential
Oil from Cultivated Big-Leaved Homalomena Rhizomes
Compared with Naturally Growing Plants
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The chemical composition of the rhizomes of naturally
growing Homalomena and cultivated big-leaved Homalomena
showed that 27 compounds were identified in the naturally
collected parent plants (TNK). Among them, linalool (60.63%),
terpinen-4-ol (4.01%), and a-cadinol (6.73%) were the major
and characteristic compounds of the essential oil. These
compounds were also identified in the essential oil samples from
big-leaved Homalomena cultivated for one year at Luu Hien Hoa
and Khe Tran, with linalool (47.68%), terpinen-4-ol (5.43%),
and a-cadinol (5.36%) at Luu Hien Hoa, and linalool (54.47%),
terpinen-4-ol (3.85%), and a-cadinol (7.38%) at Khe Tran.
3.4.4.3. Evaluation of Sensory and Physicochemical Parameters
of Homalomena

The sensory and physicochemical parameters showed
that the parameters for appearance, color, odor and taste,
moisture content, identification by thin-layer chromatography,
and total ash content all met the requirements of the Vietnamese
Pharmacopoeia V. The extracted essential oil content was only
2.24%, considerably lower than the requirement of the
Vietnamese Pharmacopoeia V (>4%). This may be because the
cultivation period was relatively short (1 year), which was not
sufficient for the medicinal material to accumulate the active
compounds required by the Pharmacopoeia. The concentrations
of heavy metals (lead, arsenic, mercury, and cadmium)
accumulated in the medicinal material samples ranged from
0.024 mg/L to 0.077 mg/L.
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CHAPTER 4. CONCLUSIONS AND
RECOMMENDATIONS
4.1. CONCLUSIONS

1. Homalomena species (Homalomena spp.) in Thua Thien
Hue Province are mainly distributed in moist areas along
streams under natural forest canopies at elevations of 100-800
m, on slopes of 15-20°, on feralitic soils (Fs, Fa) with moderate
soil depth, under conditions of 22-25°C temperature, 85-88%
humidity, and annual rainfall of 4,235-5,112 mm; the canopy
cover ranges from 0.4 to 0.8.

2. Three Homalomena species in Thua Thien Hue Province
were identified based on morphological characteristics and
molecular identification, including big-leaved Homalomena
(Homalomena pendula), hidden-flowered Homalomena (H.
occulta), and Northern Vietnamese Homalomena (H.
tonkinensis).

3. Four rbcL gene sequences of big-leaved Homalomena
were registered and published on GenBank (accession numbers
PP516859-PP516862).

4. The cutting propagation technique for big-leaved
Homalomena from rhizomes was determined: using 5-cm apical
cuttings treated with 100 mg/L BAP produced the best results,
with rooting occurring after 5 days at a rate of 99.66%, a
sprouting rate of 99.82%, and a nursery-ready rate of 96.51%.

5. The optimal medium for in vitro culture of big-leaved
Homalomena from naturally collected rhizome explants was
determined to be MS medium supplemented with plant growth
regulators (BAP and NAA) and an organic supplement (mashed
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potato), with the formula MS medium + 2.0 mg/L BAP + 0.5
mg/L NAA + 60 g/L mashed potato. This medium strongly
stimulated shoot cluster development and achieved the optimal
shoot multiplication rate of 5.9 shoots per sample. In addition,
stably rooted in vitro plantlets were transferred to a substrate
consisting of soil, coconut coir, and rice husk ash (1:1:1),
achieving a 100% survival rate.

6. Two cultivation models for big-leaved Homalomena
were successfully established under natural forest canopies in
Luu Hien Hoa Village and Khe Tran Village, with planting
densities of 2,500 plants/ha and 1,600 plants/ha, respectively.
After 12 months of cultivation, the plants showed good growth
and development, with a survival rate of 97.6%, a mean plant
height of 22.5 cm, and 6.2 leaves per plant. The rhizomes had a
mean diameter of 1.73 cm, a mean length of 9.57 cm, and a mean
weight of 25.73 g.

7. 7.After 12 months of cultivation, the essential oil from
the rhizomes of big-leaved Homalomena contained linalool
(47.68%), terpinen-4-ol (5.43%), and a-cadinol (5.36%) in Luu
Hien Hoa, and linalool (54.47%), terpinen-4-ol (3.85%), and a-
cadinol (7.38%) in Khe Tran. The sensory and physicochemical
parameters of both cultivation models met the requirements
specified in the Vietnamese Pharmacopoeia V.

4.2. RECOMMENDATIONS

Further research should be conducted on the conservation
and development of Homalomena species to develop
commercial products for market development.

Strengthen management and conservation: Strict protection

23



measures should be implemented in areas with concentrated
natural populations of Homalomena to reduce the risk of loss of
valuable genetic resources.

Promote propagation and cultivation research: The
technical procedures for large-scale propagation should be
further improved, and pilot cultivation models should be
developed under forest canopies or using agroforestry systems.

Expand research: Essential oil content should be monitored
at different stages of plant development (24, 36, and 48 months)
to determine the optimal harvesting time. Further studies should
also be conducted on clinical trials and the mechanisms of
action of newly isolated sesquiterpenoid compounds from
Homalomena species to develop high-quality, locally
specific medicinal products.

Develop quality standards: Relevant authorities should
coordinate to develop and promulgate specific quality standards
(pharmacopoeial standards) for each common Homalomena
species to better control the medicinal plant market and avoid
confusion among species during collection and processing.
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