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MO PAU
1. Pit van dé

Trong hé¢ thuc vat LSNG tai Viét Nam, cac loai thugc ho Cau dua
(Arecaceae), dac biét la nhom song may, duoc danh gia 1a ngudn tai nguyén
¢6 gia trj thuong mai va kinh té cao, chi dimg sau cdy g0 va tre nira. Trong s6
do, loai May nudc md 13 lodi c6 gid tri vuot troi vé mit kinh té, sinh thai va
xa hoi. Theo céc tai liéu phan loai thuc vat hoc, loai nay phan bd cha yeu tai
cac tinh duyén hai mién Trung, dic biét tap trung tai tinh Quang Nam, noi c¢6
diéu kién dia hinh va khi hau pht hop cho su sinh truong cua loai.

Vé mat sinh thai, May nuéc m& dong vai tro quan trong hiru ich
trong tang dudi tan rung, gop phan bao vé dat, duy tri d6 am va kién tao vi
moi trudng song cho h¢ sinh vat. Vé mat kinh té - xa hoi, day la nguon
nguyén liéu dau vao thiét yéu cho nganh thii cong my nghé va san xuit noi
that xuat khau. Pong thoi, viéc thu hai va ché bién may tao ra ngudn thu
nhap dang ké, gop phan on dinh sinh ké cho cong dong dan toc thiéu sb
song phy thudc vao rimg, nhu cac khu vie mién nui ca tinh Quang Nam.

Tai tinh Quang Nam, mic du tiém ning phat trién 1a rat 16n, nhung
cac nghién ciru lién quan dén loai May nude md hién nay con rat han ché.
Hién chua c6 cac nghién ctru chuyén séu, c6 hé thng vé dic diém sinh
hoc, sinh thai, cdu tric quan thé ciing nhu co so khoa hoc cho viéc khai
thac hop 1y gan lién véi tai sinh va nudi dudng.

Trong khi d6, Chién lugc phat trién 1am nghiép bén virng Viét Nam
giai doan 2021-2030, tAm nhin dén nim 2050 di d& ra dinh hudng “phat
trién cac loai 1am san ngoai gd c6 gia tri kinh té cao, gan v&i quan 1y rimg
bén vitng va sinh ké ctia ngudi dan mién nui”. Do d6, viée thyuc hién dé tai
“Nghién ciru co' s6 khoa hoc nhim dé xudt gidi phdp khai théc va phdt
trién bén viing loai May nuwéc mé tgi Tinh Qudang Nam” la rat cap thiét,
¢6 ¥ nghia quan trong vé mit khoa hoc va thuc tién siu sic.

2. Muc tiéu nghién ctru
2.1. Muc tiéu chung

Xac dinh dic diém sinh hoc, sinh thai, quy luat phan’ b6, trit luong va
luong tang trudng hang ndm lam co s¢ khoa hoc dé d& xudt giai phap khai
thac va phat trién bén virng loai May nu6c md tai tinh Quang Nam cii, nay
1a Thanh phb Da Ning.



2.2. Muc tiéu cu thé

- Xac dinh dugc ddc diém hinh thai va 1am 13 vi tri phan loai loai May
nuée md dua vao dic diém hinh thai két hop chi thi DNA ma vach.

- Xay dyng dugc ban dd phan ving phii hop sinh thai va phan viing
tiém nang phat trién loai May nudc md.

- Xac dinh dugc trit lugng, lugng ting trudng hang nam va xay dung
biéu tham chiéu vé du bao san luong khai thac bén vimg loai May nudc md
o rung ty nhién tai khu vuc nghién ctru.

- B¢ xuat dugc giai phap khai thac va phat trién bén vimng loai May
nudc mo.

3.Y nghia khoa hoc va thue tién

3.1.Y nghia khoa hoc: Luan an da bd sung va hoan thién co so khoa hoc
vé ddc diém hinh thai, sinh thai va quy lut phan bd ctia loai May nudc ma
tai tinh Quang Nam cii (nay 1a thanh phé Pa Néng). Két qua nghién ctru
cling da 1am ré muc d6 anh hudng cua cac yéu td sinh thai va méi truong
dén sy hién dién va tiém nang phat trién ctia loai, gop phan lap day khoang
trbng nghién ctru vé sinh thai hoc loai May nudc ma ¢ Viét Nam.

3.2. Y nghia thue tién: Luan an da xay dung dugc cac ban d6 phan ving
phu hop sinh thai, phan ving tiém nang, mo hinh dy bdo xu hudng sinh
truong, tai sinh va cac giai phap dé xuat phu hop véi khung phap 1y hién
hanh cta nganh lam nghiép, gop phan dinh hudng phat trién LSNG gan véi
sinh ké cong dong va quan 1y rimg bén viing.

4. Nhirng dong gép moi cia luan an

- Péy la cong trinh dau tién xac dinh vi tri phan loai cua loai May
nudc md thudc chi Calamus dua trén co s& dit 1iéu hinh thai két hop véi
sinh hoc phan tir. Luan 4n da diang ky/cong bd 2 doan gene trén GenBank
va két qua nghién ctru da chi ra rang: trinh tu nucleotide clia ca 4 ving gene
chi thi ma vach DNA cua 23 miu May nudc md trong quan thé déu tuong
ddng cao véi trinh tw cac ving gene twong tng thudc chi Calamus.

- Xay dung dugc ban do phan ving phu hop sinh thai va ban db tiém
ning khai thac va phat trién loai May nuéc md trén dia ban nghién ciru dua
vao 7 nhan t6 sinh thai. Day 1a ngudn dit liéu tham khao cé gia tri cho cac
nha quén 1y, cac nha hoach dinh chinh sach trong viéc quy hoach phat trién
vung nguyén li€u loai nay.



CHUONG 1. TONG QUAN CAC VAN PE NGHIEN CUU

Chuong tong quan dugc trinh bay voi 03 noi dung chinh:

(1) Co s6 1y luan bao gdm cac van dé tong quan vé (i) dac diém hinh
thai song may; (ii) dac diém phén loai; (ii1) déc diém sinh ly, sinh thai; (iv)
dic diém phan bé; (v) dic diém sinh truong va phat trién; (vi) Ung dung
GIS va vién tham trong nghién ciru phan bd loai; (vii) Co so khoa hoc cua
viéc két hop dit liéu hinh thai va dit liéu phéan tir (DNA barcode) trong xac
dinh loai.

(2) Co so thyc tién bao gdm cac van dé tong quan vé (i) dic diém
hinh thai song may; (i1) dac diém phan loai; (iii) dac diém sinh 1y, sinh thai;
(iv) dic diém phan b6; (v) dic diém sinh truong va phat trién; (vi) Ung
dung GIS va vién tham trong nghién ctru phan b loai; (vii) Ung dung chi
thi phan tir trong nghlen clru song may.

(3) Luén giai cac vén dé nghién ctru

Tir két qua tong quan cic cong trinh trong va ngoai nudc cho thy
viéc nghién ctru lodi May nudc md con ton tai nhiéu khoang tréng trong
nghién cuu:

+ Thiéu cac nghién ctru chuyén siu & cip do loai vé dic diém hinh
thai — sinh thai va co ché thich tmg sinh thai.

+ Chua c6 hé théng danh gia mic d6 phu hop sinh thai va phan bd
tiém nang cua loai dua trén mé hinh tich hop khong gian.

+ Thiéu mé hinh dy bao dong thai sinh truéng va san lwong ddi véi
loai may — mot nhém LSNG dic thu nhung chua c6 nén tang 1am hoc.

+ Chua c6 b6 tiéu chi ky thuat va hé thong giai phap khai thac — phat
trién bén viing dya trén diéu kién sinh thai cu thé ctua tung loai.
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CHUONG 2. PHAM VI, POI TUQNG, NOI DUNG, PHUONG
PHAP NGHIEN CUU
2.1. Pham vi, d6i twong nghién ciru
2.1.1. Déi twong nghién ciru

Luén an tap trung nghién cuu loai May nudc md ¢ trong rung tu
nhién cuia tinh Quang Nam cii, nay 1a Thanh ph6 Pa Ning.
2.1.3. Pham vi nghién cuu

- Vé thoi gian nghién ciru: Tir thang 09/2022 dén thang 09/2025.

- Vé khong gian nghién ctru: dé tai dugc thuc hién trén dia ban 2
BQLRPH Nam Giang va Pong giang, tinh Quang Nam cii, nay la Thanh
phd Pa Néng.

- N6i dung: nghién ciru ddc diém hinh thai, phan ving sinh thai, trit
lugng va lugng tang trudng hang nam loai May nudc md.

- Do ludn an dugc thyc hién tir nim 9/2022 dén hét thang 9/2025 nén
cac dia danh sur dung trong luén an 1a trudc ngay 1/7/2025.

2.2. Noi dung nghién ciru

Noi dung 1. Nghién ctru dac diém hinh thai va 1am rd vi tri phan loai cua
loai My nudc md dua vao dic diém hinh thai két hop chi thi DNA mé vach.

Noi dung 2. Xay dung ban do phan ving sinh thai phi hop va phan
ving tiém nang phat trién loai May nudc ma.

Noi dung 3. Xac dinh trit lvong, luong ting trudng hing nim va xiy
dung bang tham chiéu vé dy béo trit lugng cua loai

Noi dung 4. Xay dung cic giai phap khai thac va phat trién bén viing
cho loai May nudc ma.

2.3. Phwong phap nghién ciru
2.3.1. Phuwong phdp thu thap div liéu thir cap

Thu thap cac thong tin tir Nién giam thdng ké; Phuong an quan ly
bao vé rimg bén viing giai doan 2023-2030 cua cac Ban quan ly; Ban do
quy hoach sir dung dét; Ban dd hién trang rung; Ban dd theo ddi dién bién
rimg nim 2024 tai tinh Quang Nam; Ban d6 tho nhudng tinh Quang Nam
nam 2008; Cac cong trinh khoa hoc da dugc cong bd va cac thong tin, tai
liéu, bai bao tr nguén Internet, cac co so dir li€u khoa hoc tin cdy.

2.3.2. Phwong phdp nghién civu vé diic diém hinh thdi

Phuong phép nghién ciru vé dic diém hinh thai cta loai May nudc
m& duogc thuc hién theo Nguyén Nghia Thin (2007), bao gdm chuén bj cac
vat liéu, thu thap va xir Iy mau vat.



Cac chi tiéu hinh thdi duge do gdm cdc bd phan: chiéu dai than,
duong kinh than, cach moc than; kich thudc 14, chicu dai 1a, sé lugng 14
chét, chidu dai cudng 14; hinh dang, kich thudc, cach xép 1a chét, mau sic
14, sb lugng 16ng, hinh dang, mau séc long trén 14; thia lia, géi 14, roi leo,
truc 1a, kich thuéc gai, mau sac gai, hinh dang gai; hinh dang, sb luong,
kich thudc hoa ty, cach moc hoa va hinh dang qua, kich thudc qua.

2.3.3. Phuwong phdp xdc dinh vi tri phdn loai loai Mdy nwdéc mé dwa vao
chi thi DNA md vach
2.3.3.1. Vit liéu nghién ciru

Téng cong 23 mau 1a cdy May nudc m& dugc chon loc va thu thap
trén 23 dia diém thudc cac tiéu khu cua cac trang thai rimg khac nhau cua
hai BQLRPH Péng Giang va Nam Giang, tinh Quang Nam. Cac mau la
sau khi thu dugc rira sach bang nudc cat va bao quan lanh (4°C) trong toi
dé thuc hién cac thi nghiém tiép theo.
2.3.3.2. Phuong phdp tach chiét DNA tong sé

La May nuéc m& (100 mg) duoc chiét tach va tinh sach DNA tong
s6 theo phuong phap moé ta boi Vaze va cs (2010). Phuong phéap dua trén
kha nang tao phuc gitta CTAB (Cetyl trimethyl ammonium bromide) va
DNA c6 trong mau. DNA tong s sau d6 dugc tinh sach bang phuong phap
phenol: chloroform. Chat lwong DNA dugc xac dinh bang quang phd &
bude song 260 nm va 280 nm trén may Nanodrop 1000 (Thermo Scientific)
va kiém tra bang phuong phap dién di trén gel agarose 1% trong dung dich
dém TAE Tris-Acetate-EDTA 1X va nhudém bang thudc nhuoém Gelred
(Biotium, M¥).
2.3.3.3. Phuwong phap khuéch dai PCR

- Phuong phap khuéch dai PCR-ISSR: Phan tmg khuéch dai PCR-
ISSR duoc thyc hién trén may ludn nhiét SimpliAmp™ Thermal Cycler
(Thermo Fisher, My) voi tong thé tich 50 uL bao gdm mét s6 thanh phan
nhu sau: 1 pL khuén mau DNA (50 ng/uL), 25 pL dém phéan ung 2X
Green GoTaq® (pH 8.5) (Promega, USA), 1 uL mdi (20 pmol/uL) va 23
uL nudc cat vo tring.

- Phuong phép PCR khuéch dai cic ving gene thi thi phan tir ma
vach DNA: Thyc hién phan tng PCR khuéch dai cic ving gene Ribulose-
1,5-Bisphosphate Carboxylase (rbcL), Maturase K (matK) va trnH-psbA c6
ngudn gdc tir hé gene luc lap véi cac cap mdi dic hidu twong tng va Vung
gene ITS (Internal transcribed spacer 2) thugc hé gene nhan véi cap moi
duoc thiét ké dua trén ma sb MK692394.1. Phan tng PCR duoc thuc hién
trén may luan nhi¢t SimpliAmp™ Thermal Cycler (Thermo Fisher, M¥)



v6i thanh phan phan tng 1a: 25 pL GoTaq® Green Master Mix, 2X (2,4
mM dNTP modi loai, 0,3 don vi Taq DNA polymerase, Promega), 10 pmol
moi xubi (IDT, My), 10 pmol mdi ngugce (IDT, M), 100 ng khuén méau
DNA tong s va bd sung nude khir ion vo tring cho di 50 pL.

2.3.4. Phwong phdp xdy dung bin dé phian ving phii hop sinh thdi va
phén ving tiem nang phdt trién loai My nwéc mé

2.3.4.1. Phurong phdp xdy dwng ban do phén ving phii hop sinh théi

Ung dung GIS va phuong phap phan tich th bic AHP dé danh gia
va xay dung ban dd pht hop cho loai May nudc md dudi tan rimg theo qui
trinh sau:

Budc 1: Xac dinh cac nhén t6 sinh thai anh huong dén ving phan b
loai May nudc mo.

Nghién ctru d3 liwa chon 07 nhén t§ chinh anh huéng dén phan bd
May nuéc md: Khoang cach dén ngudn nudc, loai dat, do day tang dat, dai
cao, d6 déc, hudng phoi dia hinh va d¢ tan che.

Bude 2: Xay dung co s¢ dir liéu nghién ctru: Xay dung dir liéu 16p
che phu thyc vat rimg; Xay dyung dir liéu dai cao, do déc va huéng phoi dia
hinh; Xay dung dir liéu tiép can ngudn nude; Xay dung 16p dir lidu vé dat
va do day tang dt.

Budce 3: Xac dinh trong s6 va diém thich hop ctia cac nhan t6 sinh
thai anh huong dén phan bé loai May nudc md.

Budc 4. Xay dung ban db phan ving phu hop loai May nuéc md
2.3.4.2. Phurong phdp xdy dung ban do phdn vimg tiém ning khai thdc va
phat trién loai Mdy nuwée mo

Céc budc xay dung ban dd tiém niang phat trién loai May nudc m&
chi tiét nhu sau:

Budc 1: Xéc dinh vung phu hop loai May nudc md.

Budc 2: Xac dinh cac nhan t6 anh huong dén tiém nang khai thac va
phat trién May nuéc md.

Nghién ctru x4c dinh cic nhan t6 bao gdm: kha nang t1ep can rung
noi c6 Méy nuéc md phén b6 tir thong thay van (séng, sudi), tiép can rimg
May nuéc md phan b tir mang lu61 duong giao thong va dai cao.

Budce 3: Xéc dinh trong sO cua cac nhan t6 anh huong dén tiém ning
khai thac va phat trién loai May nudc md.

Budc 4: Xay dyng ban d6 phan ving tiém niang khai thac va phat
trién loai May nudc md.



2.3.5. Phwong phdp diéu tra dinh gid triv lwong va lwong ting truong
hang nam loai Mdy nwdc mo.
2.3.5.1. Phuwong phdp thiét ldp tuyén va 6 mau diéu tra

Phuong phap x4c dinh tuyén va 6 tiéu chuin theo hudng din cia
Charles.M. Peter va cs nam 2014 “Hé thong phan loai, sinh thai va quan ly Song
May ¢ Campuchia, Lao va Viét Nam - Co s¢ sinh hoc vé sir dung bén viing”.
2.3.5.2. Piéu tra hién truong

- Tién hanh diéu tra may theo phwong phap 6 tiéu chuan theo tuyén.
Trén cac tuyén diéu tra cic 6 tidu chuan c6 dién tich 200 m>

- Nam 2023, diéu tra xac dinh trit luong: Tién hanh diéu tra trén cac
trang thai rung c6 phén bd May nudc md. Tién hanh do dém cac chi tiéu
theo mau phiéu lap san.

- Nam 2023, tién hanh diéu tra luong ting truéng: Tién hanh diéu tra,
gin etyket, dinh vi dé xac dinh luong tang trudng cho loai My nude ma.

Tai mdi BQLRPH, véi moi cap chiéu dai tién hanh do it nhat 30
ciy/cap chiéu dai — twong duong sb luong ciy diéu tra ting trudng = 6 cip
chiéu dai x 30 ciy = 180 cdy cho loai trén m6i BQLRPH. S6 ciy nay s&
duoc tién hanh do lai sau 1 ndm (ndm 2024). Tién hanh do dém cac chi tiéu
theo mau phiéu 1ap sén.

2.3.6. Phwong phdp xdy dung cdc gidi phdp phat trién bén viing loai May
nwdoc mo tgi khu vwe nghién ciru.

Str dung bang hoi dé phong van nguoi dan khai thac may, can bg ciia
cac ban QLRPH dé thu thap thong tin vé tinh hinh quan Iy LSNG (may),
cac mbdi de doa dén sy sinh ton cua loai. Két hop véi két qua nghién ciru
ctia luan an dé xay dung cac giai phap.



CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Pic diém hinh thai va vi tri phan loai loai My nuéc mo
3.1.1. Diic diém hinh thdi loai May nuwéc mé

Pic diém hinh thai loai May nudc md duge mo ta véi cac dic diém
sau: Than moc cum, than trudng thanh dai hon 20 m, mang nhiéu dbt, mdi
dbt dai tir 18-31cm va duong kinh 1én dén 2,9 cm. Be 14 mau xanh vang
hodc néu voi 16ng mau néu do, gai moc ddy voi cac gai det hinh tam giac
mau nau, dai 1,5-3,5 cm nam xen ké giita nhleu gai ngan mau den. Cudng
14 dai tr 12-27 cm, truc 14 dai 1,2-1,8 m, mdi bén c6 35-45 14 chét hinh
mac, xép déu dan, mdi 14 dai 2,5-2,7 m hodc ddi khi xép khong déu thanh
ting cum c6 khoang cach tir 6,5-10 cm; La chét dai 31-48 cm, rong 2-2,5
cm, c6 3 gan chinh; c6 16ng ciing & mép 14, gan bén & mat trén va gan chinh
& mit dudi. Thia lia khong 13, gbi trén be 1a thuong c6 1ong to dai 1,2-1 A
mm. Thong thudng, 14 cua cdy con non c6 mau nau do va co cdc 14 chet xep
déu so vé6i than trudng thanh, voi cudng 1a co cac nhom gai mau vang gom
3-5 gai, va khoang cach giita cac cum gai trén truc 14 tir 9 dén 12,5 cm va &
dudi truc 14 tir 5-8 cm, roi leo xudt hién dai tr 1,2-1,5 m . Cum hoa duoc
bao quanh béi cac 14 bic dai tir 30-85 cm. Qua hinh cau, duong kinh 10 x
11 mm, nhon, mau nau vang
3.1.2. Vi tri phén loai loai May nuwéc mé

Bing 3.2. Ddc tinh di truyén dua trén cdc vimg gene ciia quan thé May

nuwoc mo
) 1A Khoang
Kich thuéc Ty lg cach di
Ay \ nucleotide m A
Tén vung gene | vung gene | S X h k ~ truyén
da hinh (x1073)
(bp) o) (Trung
binh)
0- 0,001355
rbelL 740 2 | 0,270276 | 3 |0,174| 0,240 (0,000236)
matK 924 0 0 1 0 0 0
trnH-psbA 678 0 0 1 0 0 0
ITS 467 0 0 1 0 0 0
rbcL+matK+
trnH-psbA + 2.809 2 - 3 10,174| 0,070 -
ITS

Két qua phan tich di truyén va xac dinh tén khoa hoc cho cac ca
thé may nuéc mo dua trén 4 ving gene cho thiy chi ¢6 ving gene rbcL
xuat hién hai vi tri nucleotide sai khac gitta 23 ca thé, chiém ty 18
0,270276% trén tong chiéu dai cia vung gene. Tuong ung véi sb luong
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nucleotide khac biét trung binh trén tong chiéu dai ving gene (k) va hé sb
da dang nucleotide (m) lan luot 14 0,174 va 0,240 x 1072,

Kich thudc cua cac ving gene thu duoc tir cac ca thé may nudc mo
sau khi giai trinh tg va hi€u chinh tuong tng 1a 740 bp (gene rbcL), 924 bp
(gene matK), 678 bp (gene trnH-psbA) va 467 bp (gene ITS), cac trinh tu
nucleotide nay dugc ky giri trén Genbank voi cic mi sd twong mg 1a
PP104953 dén PP104975 (rbcL), PP104978 dén PP105000 (matK),
PP109235 d&én PP109257 (ITS) va PP117900 dén PP117921 (trnH-psbA).

Viing gene ITS

Hinh 3.5. Cdy phdt sinh lodi ciia quan thé May nuwéc mé diea trén mét sé
viing gene va té hop ciia chiing

Két qua so sanh trinh tu nucleotide cic ving gene chi thi ma vach
DNA thu dugc tir 23 c4 thé trong quan thé May nudc md nghién ciru so véi
trinh tu nucleotide ciia cic ving gene twong tng duoc cong bd trén ngan
hang gene My (GenBank) bang chuong trinh BLAST cho thiy: Déi voéi
vung gene I7S thudc hé gene nhan thu duoc tir cac ca thé May nudc md
cho ty 1& twong ddng cao nhét chi ddi v6i loai Calamus jenkinsianus c6 gai
mau den phan bb bén ngoai than cay (ma sb MK692404.1) véi ty 1& chi co
88,64%. Trong khi d6, két qua trinh tu nucleotide cua t& hop 3 ving gene
rbcL, matk va trnH-psbA thudc hé gene luc lap ¢ mic d6 bao phi vung
gene dat 100% tuong Gmg voi mirc do twong dong dao dong tir 99,73 dén
100% ddi voi loai Calamus sp. N_XT142 (mi s6: ON248649.1) (hinh 3.5).

Do vay, két qua phan tich sinh hoc phan tir dua trén cac ving
gene chi thi ma vach DNA rbcL, matK va trnH-psbA cho thy toan bo
23 mau May nuéc md thu thip tai khu vuc nghién ciru déu thudc chi
Calamus, véi mic d6 twong dong cao (99,73-100%) so v&i cac trinh tyr
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tuong tmg da dugc cong bd trén GenBank. Tuy nhién, cac trinh ty nay
khong tuong dong voi trinh ty cta loai Calamus applanatus da duge cong
bd, didu nay cho thiy chua c6 du bang chimg phan tir dé khang dinh mau
nghién ciru thudc loai nay. Vé mat hinh thai, cic dic diém cua ca thé May
nudc md trong nghién ciru thé hién sy tvong dong nhat dinh véi cac mo ta
vé loai My nudc md di cong bd trudc ddy, voi cac tén goi nhu
Daemonorops poilanei, Daemonorops applanata va Calamus applanatus.
Sy khong thong nhét vé tén loai phan anh nhitng kho khin va phuc tap
trong phan loai d6i v6i nhom may nude, dic biét khi chi dwa trén ddc diém
hinh thai.

Trén co so tiép can tong hop gitta hinh thai hoc va sinh hoc phan tu,
nghién ctru nay chwa du co sé khoa hoc dé khang dinh chéc chin loai May
nudc mo tai tinh Quang Nam thudc mdt loai da duwgc mo ta cu thé. Tuy
nhién, c¢6 thé xac dinh mét cach tin cay rang loai nay thudc chi Calamus va
¢6 vi tri phan loai gﬁn v&i nhom may nude da duge ghi nhan ¢ Viét Nam.
Céc c4 thé May nude md (23 ca thé) trong quan thé nghién ciru duoc ching
toi dat tén loai voi nglr loai chua xac dinh nhu sau: Calamus sp. (in:
monocots) isolate HMNGVO01 dén HMNGV23.

3.2. Xdy dung ban dd phén ving sinh thai phit hop va phin ving tiém
niing khai thac, phat trién loai May nwéc mo

3.2.1. Xdy dwng bin dé phén viing sinh thdi phit hop loai My nwéc mé
3.2.1.1. Cdc nhan té anh hwong dén miec dé phit hop ciia loai

Trén co so phén tich cic nhén t6 sinh thai dic thu cta loai May nudc
m&, tham khao ¥ kién ctia 5 can bd ¢6 chuyén mon cta mdi don vi va ké
thira két qua nghién ciru cia Nguyén Vin Loi va cs, nghién ctru da tién
hanh x4y dung hé thong tiéu chi va phan hang muc d6 phu hop cua ting
chi tiéu trong cac nhan td sinh thai c6 anh hudng dén su phan bd va phat
trién cua loai. Két qua xur 1y sb lidu va phan hang dugc trinh bay chi tiét
trong bang 3.11.
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Bdng 3.11. Phdn hang phu hop cho loai Mdy nudc mé

Nhan té Phan hang phu hop -
sinh théi Ph hop cao Phu hop Phihop | Khong
i trung binh thap phu hop
Do tan che (%) 0,3-0,5 0,1-0,3 0,507 | >07:<0.1
Dai cao (m) <300 300-500 500-700 > 700
Do dbc (do) <10 10-20 20-30 >30
Khodng cdch dén <500 500-1000 1000-1500 | > 1500

ngudn nude (m)

Huong Dong, | Huéng Nam, Tay Huong | Huong Tay

Hudng phoi dia hinh | "5 0 Nam | Nam, Pong Bic | Béc, Tay | Bc, Bic

.k Fq, Pbc, | Py, Xa, Hs,
Loai dat Fa, Ha Fs, Rv, Pc, d Fe, Fv E, Hq

Do day tang dat (cm) >70 50-70 30-50 <30

Két qua dd xac dinh 07 nhan t6 sinh thai chinh anh huong dén sy ton
tai va phat trién cua loai May nudc m& dudi tan rung tu nhién, gom: do tan
che, dai cao, do dée, khoang cach dén nguon nuoc, huong phoi dia hinh,
loai dét va tang day dat. Két qua cho thdy, loai May nu6c md phat trién tdi
vu trong diéu kién rimg ty nhién c6 do tan che trung binh (0,3-0,5), dai cao
dudi 300 m, 6 doc dudi 10°, khoang cach gan ngudn nude dudi 500 m va
huéng phoi 1a Pong hoic Pong Nam. Bén canh d6, cac khu vyc c6 loai dat
Feralit hodc granit (Fa, Ha), ting dat day trén 70 cm, 1a méi truong thich
hop nhit. Nguoc lai, nhiing noi c6 d6 tan che qua day (> 0,7), dai cao >
700 m, d6 dbc 16n (> 30°), khoang cach dén nguén nude xa hon 1500 m,
huéng phoi Tay Béc hodc Bic, dit bac mau va ting dat mong < 30 cm
duoc xac dinh 1a khong phu hgp cho loai.
3.2.1.2. Xay dung ban do phit hop loai May nuéec mé

Bdng 3.21. Dién tich cac murc do phu hop cua loai Mdy nuoc mo

A \ BQLRPH Poéng Giang | BQLRPH Nam Giang
TT | Phan hang phu hop ha % ha o
1 | Phu hop cao 3661,36 11,57 3747,42 6,75
2 |Phu hop TB 10830,93 34,23 16327,03 29,41
3 | Phu hop thép 3090,72 9,77 6670,76 12,02
4 |Khong phu hop 14057,46 44,43 28764,87 51,82
Tong 31.640,47 100 55.510,08 100

Qua bang 3.21 cho thay, trong ca hai khu vuc BQLRPH Dong Giang
va Nam Giang nhom “khéng phu hop” chiém ty 18 tdi da, lan luot dat
44,43% va 51,82%. Phan anh rang phan 16n dién tich hién tai chwa dap ing
day du cac diéu kién sinh thai t6i wu cho sy phan bd va phat trién cia loai




12

May nudc md. Nhom “phu hop trung binh” chiém ty 18 1on thir hai ¢ ca hai
khu vuc (34,23% tai BDong Giang; 29,41% tai Nam Giang). Trong khi do,
nhom “Phu hop cao” chiém dién tich thép nhét trong ca hai khu vyc, dat
11,57% tai Pong Giang va 6,75% tai Nam Giang. Khu vuc han ché nay cho
théy sinh canh thue su tdi wu cho loai chua c6 nhiéu, déng thoi phan anh sy
can thiét phai bao v¢ va duy tri cac khu vuc co diéu kién thuan loi nay.

BAN DO PHAN VUNG PHU HOP LOAI MAY NUGC MO

BAN QUAN LY RUNG PHONG HQ DONG GIANG - BAN QUAN LY RUNG PHONG HO NAM GIANG, TINH QUANG NAM
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Hinh 3.8. Phdn vung phu hop sinh thai Mdy nuwoc mo tai BOLRPH Pong
Giang va Nam Giang

3.2.2. Xdy dwng ban dé phin viing tiém nding khai thdc va phdt trién May
nwdoc mé
3.2.2.1. Cdc nhdn té anh hieong dén tiém ndng khai thac va phat trién May
nuwoc mo

Céc nhan t6 nay bao gdm: Tiép can rimg May nude md tir mang lu6i
dudng giao thong; tiép can rimg My nudc md tir hé thong song sudi; dai
cao. Két qua tinh toan cac trong s6 va diém tiém ning cta timg nhan tb
dugc thé hién & bang 3.22.
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Bdng 3.22. Trong so va diém tiém nang cua cdc nhdn to anh huong den

tiém ndng
Nhan t6 anh hudng A Chitiéu | Diém tiém
TT dén tidm na Trong so <
€n tiém nang (m) nang
Tiép can rimg May <2000 4
1 nudc mo tr mang ludi 0.540 2000 - 4000 3
duong giao thong ’ 4000 - 6000 2
(MLDGT) > 6000 1
<300 4
. 300 - 500 3
2 Pai cao (PC) 0,300 500 -700 >
> 1700 1
. <
Tiép can ring May 500 > (1)800 g
3 nudc md tir hé thong 0,160
song sudi (HTSS) 1000 - 1500 2
> 1500 1
Tong 1,000 - -

3.2.2.2. Xay duwng ban do tiem ning khai thac va phat trién loai May nudc mé
Dién tich phan hang va ban d6 tiém nang phat trién ciia loai tai cac
BQLRPH dugc mé ta chi tiét tai bang 3.27 va hinh 3.9 dudi day.
Bing 3.27. Dién tich tiém ndang phdt trién loai Mdy nwde mé tai khu viee

nghién curu

R Ao BQLRPH DPong Giang | BQLRPH Nam Giang

TT Phén hang ti€ém nang ha % ha %
1 | Tiém ning cao 5.603,11 17,71 8.030,65 14,47
2 | Tiém ning TB 10.273,37 3247 | 16.117,83 29,04

3 | Tiém ning thap 475,63 1,50 725,79 1,31
4 |Khong tiém ning phat trién 15.288,36 48,32 | 30.635,81 55,19

Tong 31.640,47 100 55.510,08 100

Qua bang 3.27 cho thay, gan 50% dién tich toan 1am phan BQLRPH
boéng Giang thudc nhom tiém nang tir trung binh dén cao — phan anh nhiing
diéu kién sinh thai thudn loi cho sinh truéng ciia May nudc md. Nguoc lai,
gan 48% dién tich con lai (15.288,36 ha) dugc danh gia 1a khéng tiém
nang. Tai khu vuc BQLRPH Nam Giang, ty 1¢ phan bo co sy tuong dong
nhit dinh véi BQLRPH Pong Giang. Dién tich tiém ning cao chiém
8.030,65 ha (14,47%), trong khi ving tiém ning trung binh chiém
16.117,83 ha (29,04%), tong cong co t6i 43,51% dién tich c6 thé xem xét
quy hoach phat trién loai My nuéc m&. Tuy nhién, tai BQLRPH Nam
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Giang c6 dién tich khong tiém ning phat trién cao hon véi 30. 635,81 ha
(55,19%), phan 16n & cac khu vuc dai cao > 700 m hoic cac rung trong, dat
trong, noi loai nay khong co diéu kién sinh thai thich hop dé ton tai va phat
trién. Phan hang tiém ning thip & ca hai don vi déu chiém ty 18 nho
(BQLRPH Dbong Giang: 475,63 ha — 1,50% va BQLRPH Nam Giang:
725,79 ha — 1,31%), phan anh thyc té réng loai May nudc md cé tinh chon
loc sinh canh kha ro rét.

BAN DO PHAN VONG TIEM NANG PHAT TRIEN MAY NUGC MO
BAN QUAN LY RING PHONG HO BONG GIANG - BAN QUAN LY RUNG PHONG HO NAM GIANG, TINH QUANG NAM

I

Hinh 3.9. Phdn viing tiém nang khai thdc va phat trién May nuwée md tai
BQOLRPH Nam Giang va Dong Giang

3.3. Trir lwrgng, lwong ting truwéng va bang tham chiéu vé dw bao triv
lwgng ctia loai May nwoc mé tai khu vue nghién ciru.
3.3.1. Ddanh gia mirc ting truéng cua loai tai 2 BOLRPH

Dé danh gia toc do ting truong sau 1 nim, trude tién tién hanh kiém
tra sy khac biét vé tbc do ting truong giita 2 khu vuc nghién ctu. Tiéu
chuén T duoc st dung dé kiém tra hai mau doc 1ap. Két qua kiém dinh su
khac biét vé téc do tang truong hang nim cua loai May nudc md tai hai
BQLRH thé hién ¢ bang 3.32.
Bdng 3.32. Tang truong trung binh sau 1 nam cua loai May nuéc mo tai 2

BOLRPH
BOL RPH N(cay) | TB(m) | SE(m) | Ttinh | Sig (2-tailed).
Nam Giang 183 2,2 0,11056
Dong Giang 203 2,3 0,10246 0,834 0,405

Két qua kiém tra doc 1ap cho thay gid tri T = 0,834 voi gia tri muc y
nghia Sig.(2-tailed) = 0,405 16n hon 0,05, dac biét ve tang truong chicu dai
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trung binh gitra hai khu vuc khong c6 y nghia thong ké. Piéu nay cho phép
két luan rang ting truong chicu dai trung binh cua thdn may tai hai
BQLRPH khong khac biét dang ké va c6 thé xem 1a twong dong trong bdi
canh nghién ctu. Vi vay, dir liéu tur hai khu vuc dugc gop lai dé phan tich
chung trong cac budc tiép theo.
3.3.2. Ddanh gid lwong ting trwéng theo cdc cdp chiéu dai
Bing 3.33. Luong tang trudng chiéu dai sau 1 ndm theo cdp chiéu dai
Trung binh | Sai tiéu chuan [Nho nhat|Lén nhat
(m) SE)Ym) | (m) | (m)
1 70 0,3407° 0,05215 0,00 2,16
66 1,3303° 0,11574 0,00 3,85
62 2,5298¢ 0,13677 0,40 5,10
61 3,1436¢ 0,17577 0,40 5,80
61 3,3144¢ 0,09573 2,10 6,10
66 3,1591¢ 0,12116 0,90 5,40
Tong | 386
Ghi chii: a,b,c,d: cho biét sw khdc nhau vé tang trucng hang nam
Qua bang 3.33. cho thiy, luong tang truong trung binh sau 1 ndm co6
su khéac biét dang ké giita cac cip chiéu dai, cho thiy xu hudng céy cang
dai thi c6 luong tang truong cang 16n. Nhom cay tu cip 4 dén cap 6, khi
cdy bt dau budc vao giai doan 6n dinh hon vé sinh truong va luong ting
truong sau 1 ndm cua cip 4 dén cip 6 gan nhu gidng nhau va khac véi
nhom cay cip 1- cap 3.
Dua trén cac nhom chiéu dai va lugng ting trudng trung binh twong
g, c6 thé thiét 1ap phuong trinh tuong quan giita lugng ting trudng véi
chiéu dai (hinh 3.10).
3.3.3. Méi twong quan giiva lwong ting trwéng véi chiéu dai
Mdi twong quan giira ting truong chiéu dai hang nim va chiéu dai
than may cuia loai May nudc mad.

Cép H|S6 mau F tinh Sig.

105,704 | <0,0001

AN |~ |WI|N

>
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m/nam )

2.00

Luwong tang tredng (

y =-0.0285x%+ 0.5681lx + 0.8061

R*=0.8159

1.00

0.50

Chieu dai than may (m)

Hinh 3.10. Twong quan giita tang trudng chiéu dai hang ndam va chiéu dai
than may

Trong 6 5 mo hinh twong quan dugc khao sat, hé s6 x4c dinh R2 cua
mo hinh twong quan parabol 13 cao nhit so v6i cac mé hinh con lai. Vi vay,
nén chon mé hinh tuong quan parabol dé du bao lwong ting truong hang
nam theo chiéu dai ciia than May nudc md.

Phuong trinh twong quan cho loai May nuéc md nhu sau:

Y=-0,0285X*+0,5681X + 0,8061 R?*=0,8159
Trong do: Y: lugng tdng trudng hang nam
X: chiéu dai thin may
3.3.4. Trig lwgng loai Mdy nwdc mé hién co tai 2 BOLRPH
Bdng 3.34. Trit lvong loai Mdy nudc mo tai BOLRPH Nam Giang

Cép tiém niang 2 Trit luong L R .
thuong mai__ | YO"8 | (uoi (kg/ha) | D160 tich | Tong | Tong

Trang thai )
< 4 m 2 4 m (caY) < 4 m Z 4 m (ha) (kg) (tan)

rung

TXK 611 101 712 | 69,6 | 1244 | 541,86 |105151,4| 105,2

TXN 401 64 465 | 21,8 | 37,5 | 8736,49 |518127,1| 518,1

TXB 61 0 61 3,9 0,0 | 16988,7 | 65614,2 | 65,6

DT2 62 5 67 7,1 6,2 10299 [136209,0| 136,2

Tong 1135 170 1305 36566,04 | 825101,7 | 825,1
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Bdng 3.35. Trit lwong loai Mdy nudc mé tai BOLRPH Pong Giang

,.| Cap ti€ém nan Trir lwon e ur 2 z
Trar}g théi tlllauong maig Tong (ciy)| tuoi (kg/hfzgi) Dién tich) Tong T(:ng
M TeAm [ =4m <4m|>4m (ha) (kg) | (tam)
TXK 211 27 238 18,5 | 13,5 | 4456,5 [142274,5] 142,3
TXN 378 34 412 21,7 | 11,1 [4346,48 [142468,8| 142,5
TXB 197 15 212 6,8 3,0 |18862,82]184556,7| 184,6
DT2 7 0 7 1,2 0,0 | 846,05 | 984,7 | 1,0
Tong 793 76 869 28511,85470284,8| 470,3

Bang 3.34 cho thay, tai BQLRPH Nam Giang c6 tong trit luong tuoi
dat 825,1 tan, voi phan 10n tip trung & trang thai rimg ngheéo (518,1 tan).
Trang thai rimg trung binh ¢ trit lwong thap nhét (65,6 tan) va trang thai
rimg nay khong co cay dat chiéu dai cap thuong mai. Khéi lwong tuoi binh
quan dao dong tir 25,6 dén 42 kg/ha, cao nhat & cdy dat chiéu dai cép
thuong mai (> 4 m) tai TXK. Nhin chung, Nam Giang c6 tiém ning sinh
khéi cao, cho thay diéu kién sinh thai va cong tac quan 1y rimg tai day kha
hiéu qua.

Tuong tu & bang 3.35 ciia BQLRPH Péng Giang cho thiy, tong trit
luong tuoi dat 470,3 tan, trong do trang thai rung trung binh dat trir luong
nhiéu nhét (184.,6 tan) du s6 cdy khong cao nhung dién tich kha 16n, cho
thay nang suat sinh khi cao tai khu vyc nay. Trang thai DT2 gan nhu khong
dang ké (1,0 tin) do c6 mat do thap va dién tich nho. Khdi luong tuoi binh
quén kha thép, chi tir 6,9 d&én 12,0 kg/ha. Nhin chung, trir lugng va nang suét
loai May nu6éc md ¢ Pong Giang thip hon Nam Giang, c6 thé do diu kién
sinh thai khong thuan 191 hodc murc d9 tac dong trude do 16n hon.

3.3.5. Chu ky va sin lwong khai thdc bén viing loai Mdy nuwéc mé
3.3.5.1. Xdc dinh chu ky khai thac bén ving

Vi gia dinh khoang thoi gian 1a 20 ndm va véi cac chu ky thu hoach
12 3 ndm, 4 ndm, 5 ndm hodc 6 nam, két qua cho théy san luong thu hoach
theo chidu dai va khéi luong theo cac chu ky khai thac 1a khac nhau nhu sau:
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Bing 3.41. San lwong thu hoach bén viing theo timg chu ky khai thdc tai

Nam Giang
San lwgng thu | Chuky | S°Y¥ | cChidu | Knéi | Téng |Téng knéi
. . .1« | Khai thac i, . ‘A
hoach moi khai thac trong 20 dai |luwgng twoi| chiéu lwgng
chu ky (nam) nim (m/vu) | (Kg/vu) | dai (m) | twoi (Kg)
Trang thai rimg
3 6 2088,2 301,7 12529 18104
Thuong xanh 4 5 3986,0 576,0 19930 | 2879,9
ngheo kiét (TXK) 5 4 7068,7 | 10214 28275 | 4085,7
6 3 11678,2| 1687,5 35035 5062,5
3 6 659,8 95,3 3959 572,1
Thuong xanh 4 5 1252,6 181,0 6263 905,0
nghéo (TXN) 5 4 2188,8 316,3 8755 1265,1
6 3 3581,2 517,5 10744 1552,4
3 6 40,9 5,9 246 35,5
Thuong xanh 4 5 154,9 22,4 774 111,9
trung binh (TXB) 5 4 350,2 50,6 1401 202,4
6 3 645,1 93,2 1935 279,7
Dit tréng 6 tii 3 6 188,7 27,3 1132 163,6
sinh ciy g 4 5 378,3 54,7 1892 2734
(DT2) 5 4 659,0 95,2 2636 380,9
6 3 1071,2 154,8 3214 464,4
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Bing 3.42. San lwong thu hoach bén viing theo tirg chu ky khai thdc tai

Pong Giang
Sanlwong thu | Chuky |\ S°Y¥ | Chidu| Knéi | Téng | 1008
hoach mdi  |khai thac khai thac| ;.. lwong twoi | chiéu dai khoi
chu ky mim) |TO"E20 0 vl (Kgive) | (m) | \Uome
nam i i tuoi (Kg)
Trang théi rung

3 6 5321 | 769 3193 461,3

Thuong xanh 4 5 7974 | 1152 3987 576,1
nghéo kiét (TXK)| 5 4 [12079] 1745 4832 698.2
6 3 |1817,7] 2627 5453 788.,0

3 6 4997 | 722 2998 433,3

Thudng xanh 4 5 8563 | 1237 4282 618,7
nghéo (TXN) 5 4 (13800 1994 5520 797.6

6 3 |2148.8] 3105 6446 9315

3 6 1232 1738 739 106,8

Thudng xanh 4 5 2433 | 352 1216 175.8
trung binh (TXB)| 5 4 4403 | 63,6 1761 2545
6 3 7356 | 1063 2207 318,9

3 6 22,5 3,2 135 19,5

Dit tréng c6 tai 4 5 41,7 6,0 208 30,1
sinh cdy g& (DT2)| 5 4 67,7 9.8 271 39,2
6 3 1054 | 152 316 45,7

Qua bang 3.41 va 3.42 cho thdy, chu ky khai thac dai hon mang lai
hiéu qua vuot tri ca vé chidu dai va khéi lwong. Tuy nhién, néu diéu kién
khong cho phép chu ky khai thac qua dai (6 ndm) thi nén t6 chirc khai thac
v6i chu ky 4 nam vi nd c6 tong san lwong 16n hon hodc nho hon khong
dang ké so véi chu ky 5 nam. Diéu nay khang dinh vai tro cta thoi gian tich
lity sinh khdi trong chién luoc khai thac bén viing va chu ky 4 hodc 6 nim
1a phu hop hon cho muc tiéu t6i wu hoa san phim va duy tri tinh bén viing
tai nguyén may tai ca hai khu vuc.
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3.3.5.2. Xac dinh luong khai thac bén vitng theo chu ky
Bdng 3.46. Tong san luwong khai thac bén vitng voi chu ky khai thac 4 nam

Nam 1/4 dién tich duoc Khai thac toan bd
Giang khai thadc hang nam dién tich hang ndm
| Khoi | Diéntich [ 4y | Khoi | Diéntich | po g
Loai lwong | khai thac . | luong khai thac .
. ; S lwong tuoi ; S lugng tuoi
Rung tuo1 t1€m nang (T in /ndm) tuol t1€m nang (T in /ndm)
(Kg/ha) | (ha/nam) (Kg/ha) | (ha/nam)
TXK 576,0 135,47 78,03 144,0 541,86 78,03
TXN 181,0 2184,12 395,34 45,3 8736,49 395,34
TXB 22,4 4247,18 95,04 5,6 16988,70 95,04
DT2 54,7 2574,75 140,76 13,7 10299 140,76
Tong 9141,51 709,17 36566,05 709,17
Pong
Giang
TXK 1152 1114,13 128,38 28,8 4456,5 128,38
TXN 123,7 1086,62 134,45 30,9 4346,48 134,45
TXB 35,2 4715,71 165,77 8,8 18862,82 165,77
DT2 6,0 211,51 1,27 1,5 846,05 1,27
Tong 7127,96 429,87 28511,85 429,87

Bing 3.47. Tong san lwong khai théac bén vieng véi chu ky khai théc 6 nam

Nam 1/6 dién tich duoc Khai thac toan bd
Giang khai thac hang nam dién tich hang nam
e K01 ums] DR it i ms | D v s
Rl‘rﬁg tuot tiém ning lu‘fng ‘511’01 tuot tiém nang luqz’ng Eum
(Kg/ha) (ha/niim) (Tan/nam) | (Kg/ha) (ha/nim) (Tan/nam)
TXK 1687,5 90,31 152,40 281,2 541,86 152,40
TXN 517,5 1456,08 753,50 86,2 8736,49 753,50
TXB 93,2 2831,45 263,96 15,5 16988,70 263,96
DT2 154,8 1716,50 265,69 25,8 10299 265,69
Tong 6094,34 1435,55 36566,05 1435,55
Pong
Giang
TXK 262,7 742,75 195,09 43,8 4456,5 195,09
TXN 310,5 724,41 224,93 51,8 4346.,48 224,93
TXB 106,3 3143,80 334,19 17,7 18862,82 334,19
DT2 15,2 141,01 2,15 2,5 846,05 2,15
Téng 4751,98 756,36 28511,85 756,36
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Dit liéu tir bang 3.46 va 3.47 cho thay, tong san lugng khai thac bén
virng loai May nudc mo phu thudc vao chu ky khai thac. Véi chu ky 4 nam
(bang 3.45), tong khéi lwong tuoi hang nim wdc dat 1139,05 tin, trong do
Nam Giang dong gép 709,17 tan va Pong Giang 429,87 tan, bat ké phuong
an khai thac 1/4 hay toan bo dién tich mdi nim. Khi ap dung chu ky khai
thac 6 nam (bang 3.46), tong san luong ting dang ké dat 2191,91 tan/nam,
v6i Nam Giang chiém 1435,55 tan va Dong Giang dat 756,36 tan. So sanh
giita hai phuong an cho thdy chu ky khai thac dai hon (6 nim) mang lai san
lwong cao hon gan 52% so voi chu ky 4 nam.

3.4. Mt s6 giai phap khai thac va phat trién bén virng loai May nwéc mé

- Giai phap phén vung quan ly theo mirc 46 phu hop sinh thai.

- Giai phap vé khai thac bén vimg gin voi chu ky sinh truong da
xac lap.

- Giai phap diéu chinh d6 tan che va quan 1y canh tranh sinh thai.

- Giai phap bao vé tang dat mat va diéu kién lap dia then chét.

- Giai phap trong bd sung va lam giau ring duwa trén ban dd phan
vung phu hop.

- Giai phap bao vé tai nguyén va giam thiéu tic dong bén ngoai.
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CHUONG 4. KET LUAN VA KIEN NGHI
4.1. Két ludn

Trén co s& hé théng cac muyc tiéu nghién ctru da dat ra va toan bd
khéi dir liéu diéu tra - phan tich thu thap dugc tai hai BQLRPH Nam Giang
va Pong Giang, ludn an da l[am sang to mot cach toan dién nhitng dac diém
sinh thai, sinh trudéng va trt luong ctua loai May nudéc md (Calamus sp.)
trong diéu kién rimg ty nhién tinh Quang Nam cii, nay 1a Thanh phd Pa
Niéng, dong thoi dé xuat duoc cac dinh huéng va giai phap quan 1y - khai
thac mang tinh bén virng. Cac két luan chinh cta luan an duoc tom luge
nhu sau:

a. Vi tri phan loai loai May nudc md

- Trén co so phan tich dit liéu phan tir, 23 ca thé May nuéc md thu
thap tai hai BQLRPH Poéng Giang va Nam Giang (tinh Quang Nam ci)
duoc xac dinh thudc chi Calamus, tuy nhién chua du co sd dé dinh danh
dén muc loai. Cac mau nghién ctru dugc dat tén vdoi ngit lodi chua xac dinh
1a Calamus sp. (in: monocots), tr HMNGVO01 dén HMNGV23. Trinh ty
nucleotide ctia cic ving gene chuén (rbcL, matK, ITS va trnH—psbA) caa
23 ¢4 thé di duogc giai trinh tw va dang ky trén co so dit liéu GenBank véi
céc mé sd tham chiéu twong tng.

- Két qua phan tich da dang di truyén dua trén chi thi ISSR cho thiy
c6 mirc 6 da dang di truyén cao giira 23 c4 thé May nuéc m& (Calamus
sp.) trong quan thé nghién ctru (ty 1& % tuong dong = 79,918%, h* = 0,277,
I* = 0,417) phan b & Pong Giang va Nam Giang, tinh Quang Nam. Mb
hinh cdy phan nhom cho thiy 23 c4 thé May nuéc md (Calamus sp.) chia
thanh 3 nhom va hau hét cac kiéu gene dugce phan cum theo cing phan b
dia 1y cua chung va c6 su khac biét dang ké vé da dang di truyén.

Nhu vy, luan 4n di 1am rd trang thai phéan loai chua thdng nhét cua
loai May nuéc md tai khu vyc nghién ctru, dong thoi cung cap dit liéu sinh
hoc phén tir va hinh thai [am co sé khoa hoc quan trong cho cac nghién cuu
phan loai tiép theo.

b. Xay dung ban d6 phan ving phu hop sinh thai va tiém ning
phat trién

- Luén an xac dinh dugc hé théng bao g(‘Bm 7 nhan t sinh thai chu
yéu anh huéng dén sy phan bd cta loai May nude md tai khu vuc nghién
clru, bao gom: DO tan che, dai cao, do dbc, khoang cach dén ngudn nuéc,
hudng phoi, loai dat va tang day déat. Trong do: do tan che, khoang cach
dén ngudn nudc va loai dat dugc xdc dinh la cdc nhén t6 co mirc d6 anh
huéng 16n nhat theo trong s6 AHP. Pong thoi ciing xac dinh dwoc 3 nhén
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t6 anh huong dén tiém ning phat trién cia loai, d6 1a: Tiép can rimg May
nudc md tir mang ludi dudng va khu dan cu, dai cao va tiép can rimg May
nudc md tir cac hé thdng séng, subi.

- Luan 4n di xdy dung cac ban d6 phan ving phu hop sinh thai va
phan ving tiém nang phat trién cho hai BQLRPH Pong Giang va Nam
Giang. Két qua phan ving cho thay: Dién tich “khéng phu hop” chiém ty 1¢
16n nhat ¢ ca hai khu vuc (44,43% tai Bbong Giang va 51,82% tai Nam
Giang) Dién tlch “phu hop trung binh” chiém khoang 29-34%. Dién tich

“phu hop cao” con han ché (6,75-11,57%), chu yéu phan bd & cac khu vuc
¢6 diéu kién dia hinh thap, tang d4t sau va gan ngudn nudce. Cac ban dd nay
13 co sé khoa hoc quan trong dé quy hoach str dung dat 1am nghiép va bo tri
cac vung khai thac — phyc hoi loai trong thoi gian t6i.

c. Trit lugng, luwong tang truéng va mo hinh dy bao san luong

- Luén an da xac dinh dugc trilr lugng, lugng tang trudng hién cod va
xdy dung bo s6 liéu du bao tai sinh, sinh truong trong chu ky 10 nim cho
loai May nudc md tai khu vuc nghién ctru. Két qua nghién ctru ca luén an
cho thiy trit lugng, tong chiéu dai than may/ha va luong ting truong ting
manh theo thoi gian, dac biét tr nam thtr 6 trg di. Trong d6 cd su khac biét
13 rét giita hai ving sinh thai Nam Giang va Dong Giang, cho thiy tic dong
manh mé& cta diéu kién sinh thai dén ning suit loai. BO sd liéu du bao duoc
xdy dung gitup luong hoa xu thé phat trién cta loai theo thoi gian va 1am co
s& khoa hoc cho viée dé xuat chu ky khai thac hop 1y.

- San lugng thu hoach (chiéu dai, khoi luong tuoi) cling nhu téng san
luong thu hoach bén viing trong khoang thoi gian 20 nim cua loai May
nuéec md di duoc xac dinh theo cac chu ky khai thac khac nhau. Két qua
cho thay chu ky khai thac 6 nim hodc 4 nim s& cho tong san luong thu
hoach tot hon cac chu ky khai thac khac, trong d6 chu ky khai thac 6 nam
1a t6i wu nhat.

d. Giai phéap khai thac va phat trién loai May nudc m&

Luan an d3 dé xuét dugc hé théng giai phap ky thuat khai thac va
phat trién bén viing cho loai May nudc m& dam béo tinh toan dién: két hop
giita co s sinh thai, két qua nghién ciru cta luan an, yéu cau phap 1y hién
hanh va thyc tidn quan 1y ring tai tinh Quang Nam cii, nay 1a Thanh phd
Da Ning.

4.2. Han ché ciia luin 4n

Mic du luan an da dat dugc nhitng muc tiéu nghién ciru dé ra, song

van ton tai mot s6 han ché khach quan va chi quan nhu sau:
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- Han ché vé dit liéu phan loai: Viéc xac dinh tén khoa hoc chinh x4c
ctia loai May nuwéc m& con chiu anh hudng boi han ché cia 4 chi thi phan
to (matK, rbcl, trnH-psbA, ITS). Cac chi thi nay c6 d0 phan giai chua du
cao ddi v6i nhom Calamus, dan dén két qua phan loai chua thé khang dinh
& murc tuyét doi.

- Han ché vé chudi s6 liéu sinh truong theo thoi gian: Luén an da sir
dung mo hinh hoéa va du bo ting trudng dua trén chudi quan sat ngén han,
thay vi theo doi dai han. Do d6, cac md hinh du bdo dong thai 10 ndm mang
tinh quy chiéu va can dugc kiém chimg bang thuc nghiém theo thoi gian.

- Han ché vé pham vi khong gian: Nghién ctru chi tién hanh tai hai
BQLRPH Nam Giang va Pong Giang, nén két qua chwa phan dnh day du
toan bg bién dong sinh thai ciia loai trén pham vi rong hon ctia tinh Quang

Nam hodc ving Trung Trung Bo.

- Han ché vé cac yéu td quan 1y - xa hoi: Luan an méi tip trung vao
phén tich sinh thai va ky thuét, chua di sau danh gia tac dong cua co ché
chinh sach, thi truong 1dm san, hodc sy tham gia cia cong dong - nhitng
yéu tb quan trong cua quan ly 1am san ngoai g bén viing.

4.3. Kién nghi

Tt nhitng Kkét qua va han ché cua luan 4n, cac kién nghi va hudng
nghién ciru tiép theo duge luan an dé xuat nhu sau:

- Tiép tuc nghién ciru sir dung cic ving gen chi thi phéan tir cao hon
cling nhu tién dén giai trinh tw hé gen cua loai May nudc m& dé xac dinh
chinh xé4c tén khoa hoc cia loai nhdm phuc vu cho nhimng tmg dung cua
loai sau nay.

- Xay dung cac 6 theo ddi lau dai d& ghi nhan dong thai sinh truong
— tai sinh theo chu ky nhiéu niam. Pay s& 13 dit liéu chuin dé hoan thién md
hinh dy bao san lugng va xac dinh chu ky khai thac t6i wu.

- M6 rong pham vi nghién ciru sang cac dia ban 1an can c6 diéu kién
sinh thai twong dong nhu Tay Giang, Phudc Son. .. nhim hoan thién ban d6
phan bd va danh gia sy 6n dinh cua m6 hinh AHP-GIS.

- Tich hop nghién ctru kinh té — x4 hoi, danh gia chudi gia tri may,
thi trudng tiéu thy, mire d phy thude sinh ké ctia cong dong dé d& xuat mo
hinh ddng quan Iy LSNG theo huéng bén viing.
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INTRODUCTION
1. Rationale for the Study

In the flora of non-timber forest products (NTFPs) in Vietnam, species
belonging to the Arecaceae family, particularly the rattan group, are
considered high-value commercial and economic resources, ranking only after
timber and bamboo. Among them, the May nuoc mo stands out as a species
with superior economic, ecological, and social value. According to botanical
classification documents, this species is mainly distributed in the coastal
provinces of the Central Vietnam, with a particularly high concentration in
Quang Nam Province, where the topographic and climatic conditions are
highly suitable for its growth and development.

From an ecological perspective, the May nuoc mo plays a significant
and beneficial role in the forest understory, contributing to soil protection,
moisture retention, and the creation of microhabitats for various living
organisms. From an economic and social standpoint, it serves as an essential
raw material for the handicraft industry and exported furniture production.
At the same time, the harvesting and processing of rattan provide
considerable income, helping to stabilize livelihoods for ethnic minority
communities living in forest-dependent areas, particularly in the
mountainous regions of Quang Nam Province.

In Quang Nam Province, despite its high development potential,
research on the May nuoc mo remains very limited. To date, there have been
no in-depth, systematic studies on its biological and ecological
characteristics, population structure, or the scientific basis for rational
harvesting in conjunction with regeneration and sustainable cultivation.

Meanwhile, Vietnam’s National Forestry Development Strategy for
the period 2021-2030, with a vision to 2050, has outlined the direction of
“developing high-value non-timber forest products in association with
sustainable forest management and the livelihoods of mountainous
communities”. Therefore, conducting the research project entitled
“Research on the scientific basis for proposing solutions on sustainable
exploitation and development of the May nuoc mo in Quang Nam
province” is highly urgent and holds significant importance in both scientific
and practical terms.

2. Objectives
2.1. General Objectives

The objective of this study is to determine the biological and

ecological characteristics, distribution patterns, stock volume, and annual



growth increment of the May nuoc mo as the scientific basis for proposing
solutions for sustainable harvesting and development of the species in the
former Quang Nam Province, now belonging to Da Nang City.

2.2. Specific Objectives

To determine the morphological characteristics and clarify the taxonomic
position of the May nuoc mo based on a combination of morphological traits and
DNA barcoding markers.

To develop a map of suitable ecological zones and potential development
zones for the May nuoc mo.

To determine the stock volume, annual growth increment, and to
construct a reference table for forecasting sustainable harvest yield of the May
nuoc mo in natural forests within the study area.

To propose solutions for the sustainable harvesting and development of
the May nuoc mo.

3. Scientific and practical significance
3.1. Scientific significance: This thesis has supplemented and refined the
scientific basis regarding the morphological characteristics, ecology, and
distribution patterns of the Bamboo species in the former Quang Nam
province (now Da Nang city). The research results have also clarified the
extent of the influence of ecological and environmental factors on the
presence and development potential of the species, contributing to filling a
research gap on the ecology of Bamboo in Vietnam.
3.2. Practical Significance: The thesis has developed ecologically
appropriate zoning maps, potential zoning maps, models for predicting
growth and regeneration trends, and proposed solutions consistent with the
current legal framework of the forestry sector, contributing to guiding the
development of non-timber forest products in conjunction with community
livelihoods and sustainable forest management.
4. Novel contributions

This study represents the first effort to determine the taxonomic
position of the May nuoc mo of the Calamus genus based on an integrated
dataset combining morphological characteristics with molecular evidence.
Two gene sequences were registered and published in GenBank, and the
results demonstrated that the nucleotide sequences of all four DNA barcode
regions from 23 sampled individuals of the May nuoc mo exhibited high
similarity to the corresponding gene regions within the Calamus genus.



Furthermore, ecological niche modeling was employed to construct
both a suitability map and a potential exploitation and development map for
the May nuoc mo across the study area, based on seven ecological factors.
These outputs provide a valuable reference dataset for resource managers
and policy makers in planning and developing sustainable raw material zones
for this species.



CHAPTER 1. OVERVIEW OF RESEARCH

The overview chapter is presented with three main sections:

(1) Theoretical basis includes general issues on (i) morphological
characteristics of rattan; (ii) taxonomic characteristics; (iii) physiological and
ecological characteristics; (iv) distribution characteristics; (v) growth and
development characteristics; (vi) application of GIS and remote sensing in
species distribution research; (vii) scientific basis of combining
morphological data and molecular data (DNA barcode) in species
identification.

(2) Practical basis includes general issues on (i) morphological
characteristics of rattan; (ii) taxonomic characteristics; (iii) physiological and
ecological characteristics; (iv) distribution characteristics; (v) growth and
development characteristics; (vi) application of GIS and remote sensing in
species distribution research; (vii) application of molecular markers in rattan
research.

(3) Interpretation of research issues

A review of previous studies, both domestic and international, reveals
that research on the May nuoc mo still contains significant gaps:

+ There is a lack of in-depth investigations at the species level
addressing morphological and ecological characteristics as well as adaptation
mechanisms.

+ No systematic assessment has yet been conducted on ecological
suitability and potential distribution of the species using integrated spatial
modeling approaches.

+ There is a lack of predictive models for growth dynamics and yield in
rattans, a distinctive group of non-timber forest products (NTFPs) that
currently lack a silvicultural foundation.

+ Technical criteria and comprehensive strategies for sustainable
harvesting and development, tailored to the specific ecological conditions of
each species, have not been established.



CHAPTER 2. SCOPE, SUBJECTS, CONTENT, AND
RESEARCH METHODS
2.1. Scope and Subject
2.1.1. Research Subject

This thesis focuses on studying the species of the May nuoc mo in the
natural forests of the former Quang Nam province, now Da Nang City.
2.1.3. Scope

- Regarding the research period: From September 2022 to September
2025.

- Regarding the research area: the study was conducted in the Nam
Giang and Dong Giang Forest Protection Management Boards, formerly
Quang Nam province, now Da Nang City.

- Content: Research on the morphological characteristics, ecological
zoning, stock, and annual growth rate of the May nuoc mo species.

- Since the thesis was completed between September 2022 and the end
of September 2025, the place names used in the thesis are from before July
1,2025.

2.2. Research Content

Content 1: Investigation of morphological characteristics and clarification
of the taxonomic position of the May nuoc mo based on morphological traits
combined with DNA barcode markers.

Content 2: Development of ecological suitability maps and potential
distribution maps for the May nuoc mo.

Content 3: Determination of stock volume, annual growth increment,
and establishment of reference tables for predicting the species’ resource
availability.

Content 4: Formulation of strategies for sustainable harvesting and
development of the May nuoc mo under specific ecological conditions.

2.3. Materials and Methods
2.3.1. Methods for collecting secondary data

Data sources included the Statistical Yearbook; the Sustainable Forest
Management Plans for the period 2023-2030 prepared by the respective
Management Boards; land-use planning maps; current forest status maps;
forest change monitoring maps for 2024 in Quang Nam Province; the soil
maps of Quang Nam Province (2008); published scientific works; and
additional information, documents, and articles retrieved from reliable
Internet sources and scientific databases.

2.3.2. Research methods for morphological characteristics



The study of morphological characteristics of the May nuoc mo was
conducted following the methodology of Nguyén Nghia Thin (2007),
including preparation of materials, collection, and processing of specimens.

Morphological parameters measured encompassed: stem length, stem
diameter, and stem growth form; leaf size, leaf length, number of leaflets,
and petiole length; leaflet shape, size, arrangement, leaf color, number of
hairs, as well as hair shape and color; presence and structure of ocrea, knee,
climbing whip, leaf rachis, spine size, spine color, and spine morphology;
inflorescence shape, number, size, mode of emergence, and fruit morphology
and dimensions.

2.3.3. Method for determining the taxonomic position of the May nuoc mo
species based on DNA barcoding markers
2.3.3.1. Research materials

A total of 23 leaf samples of the May nuoc mo were selected and
collected from 23 sites located within different forest sub-compartments of
the Pong Giang and Nam Giang Forest Management Boards, Quang Nam
Province. After collection, the leaf samples were rinsed with distilled water
and stored under dark, cold conditions (4 °C) for subsequent experimental
analyses.
2.3.3.2. Method for extracting total DNA

Leaves of the May nuoc mo (100 mg) were subjected to total DNA
extraction and purification following the method described by Vaze et al.
(2010). This protocol is based on the ability of CTAB
(cetyltrimethylammonium bromide) to form complexes with DNA present in
the sample. The extracted DNA was subsequently purified using the phenol—
chloroform method. DNA quality was assessed spectrophotometrically at
wavelengths of 260 nm and 280 nm using a Nanodrop 1000
spectrophotometer (Thermo Scientific), and further verified by
electrophoresis on 1% agarose gel in 1x TAE (Tris—Acetate—EDTA) buffer,
followed by staining with GelRed dye (Biotium, USA).
2.3.3.3. PCR Amplification Method

- ISSR-PCR amplification: The ISSR-PCR reactions were performed
using a SimpliAmp™ Thermal Cycler (Thermo Fisher, USA) in a total
volume of 50 pL. The reaction mixture contained: 1 pL template DNA (50
ng/ul), 25 pL 2% Green GoTaq® reaction buffer (pH 8.5) (Promega, USA),
1 pL primer (20 pmol/pL), and 23 pL sterile distilled water.



- PCR amplification of DNA barcode regions: PCR reactions targeting
the chloroplast gene regions rbcL, matK, and trnH-psbA were conducted
using their respective specific primer pairs, as well as the nuclear gene region
ITS2 with primers designed based on accession number MK692394.1.
Amplifications were carried out on a SimpliAmp™ Thermal Cycler (Thermo
Fisher, USA) with a reaction mixture consisting of 25 ul. GoTaq® Green
Master Mix, 2% (containing 2.4 mM of each ANTP and 0.3 units of Taqg DNA
polymerase, Promega), 10 pmol forward primer (IDT, USA), 10 pmol
reverse primer (IDT, USA), 100 ng total DNA template, and sterile deionized
water to a final volume of 50 pL.

2.3.4. Methods for constructing ecological suitability maps and potential
development zoning maps for the May nuoc mo species.
2.3.4.1. Method for constructing ecological suitability zoning maps

Geographic Information Systems (GIS) combined with the Analytic
Hierarchy Process (AHP) were applied to evaluate and construct ecological
suitability maps for the May nuoc mo under forest canopy conditions,
following the procedure below:

Step 1. Identification of ecological factors influencing species
distribution.

Seven key ecological factors were selected as determinants of the May
nuoc mo distribution: distance to water sources, soil type, soil depth,
elevation, slope, aspect, and canopy cover.

Step 2. Development of the research database.

Datasets were established for forest vegetation cover, elevation, slope,
and aspect; accessibility to water sources; and soil type and soil depth.

Step 3. Determination of weights and suitability scores.

Weights and suitability values for each ecological factor influencing
the distribution of the May nuoc mo were defined using the AHP approach.

Step 4. Construction of ecological suitability maps.

Based on the weighted factors and integrated spatial analysis,
ecological suitability zoning maps for the May nuoc mo were generated.
2.3.4.2. Method for constructing potential exploitation and development
zoning maps for

Steps for constructing potential development maps of the May nuoc
mo:

Step 1. Identification of suitable areas for the May nuoc mo.

Areas ecologically suitable for the species were delineated as the
foundation for further analysis.



Step 2. Determination of factors influencing exploitation and
development potential.

The study identified key factors including: accessibility to forests
where the May nuoc mo occurs via hydrological networks (rivers and
streams), accessibility through the road network, and elevation zones.

Step 3. Assignment of weights to influencing factors.

Weights were determined for each ecological and accessibility factor
affecting the exploitation and development potential of the May nuoc mo.

Step 4. Construction of potential exploitation and development zoning
maps.

Based on the weighted factors and integrated spatial analysis, zoning
maps for potential exploitation and development of the May nuoc mo were
generated.

2.3.5. Method for Assessing Stock Volume and Annual Growth of the May
nuoc mo
2.3.5.1. Method for establishing survey routes and sample plots

he transect and standard-plot design was implemented following the
guidelines of Charles M. Peter et al. (2014), “Classification, ecology and
management system for rattans in Cambodia, Laos and Vietnam - Biological basis
for sustainable use.
2.3.5.2. Field survey procedures

Rattan surveys were conducted using the standard-plot-along-transect
method. Along each transect, standard sample plots of 200 m? were
established.

In 2023, stock (standing volume) surveys were carried out in forest
stands where Calamus sp. occurs. Measurements and counts were recorded
according to pre-designed data sheets.

In 2023, growth monitoring was conducted by tagging and geolocating
individuals to determine annual increment for Calamus sp.

At each forest management unit (BQLRPH), for each stem-length
class at least 30 individuals per class were measured - i.e., 6 length classes x
30 individuals = 180 individuals per BQLRPH. These tagged individuals
were re-measured after one year (in 2024). All variables were recorded using
the standardized field data forms.

2.3.6. Method for developing sustainable management solutions for the
May nuoc mo in the study area
The study employed structured questionnaires to interview local rattan

harvesters and staff of the forest management board to collect information



on the current management of non-timber forest products (rattan), and on
threats to the species’ survival. These socio-economic and management data
were integrated with the dissertation’s ecological and inventory results to
formulate practical, site-specific solutions for the sustainable exploitation
and development of the May nuoc mo.
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CHAPTER 3. RESEARCH RESULTS AND DISCUSSION

3.1. Morphological characteristics and taxonomic position of the May
nuoc mo species
3.1.1. Morphological characteristics

The morphological characteristics of the May nuoc mo are described
as follows: The stems grow in clumps, mature stems are over 20 m long,
bearing many nodes, each node 18-31 cm long and up to 2.9 cm in diameter.
The leaf sheaths are yellowish-green or brown with reddish-brown hairs,
densely packed with flat, triangular, brown spines 1.5-3.5 cm long
interspersed with many short black spines. The petioles are 12-27 ¢cm long,
the leaf axis is 1.2-1.8 m long, each side bearing 35-45 lanceolate leaflets,
arranged regularly, each leaflet 2.5-2.7 m long or sometimes irregularly
arranged in clusters with a spacing of 6.5-10 cm; the leaflets are 31-48 cm
long, 2-2.5 cm wide, with 3 main veins; there are stiff hairs on the leaf
margins, lateral veins on the upper surface and main veins on the lower
surface. The stipules are indistinct, and the leaf sheaths are usually covered
with long hairs 1.2-1.4 mm long. Typically, the leaves of young plants are
reddish-brown and have leaflets arranged evenly along the mature stem, with
petioles bearing groups of 3-5 yellow spines. The distance between these
spine clusters along the leaf axis is 9-12.5 cm, and below the leaf axis is 5-8
cm. Trailing tendrils appear, 1.2-1.5 m long. The inflorescence is surrounded
by bracts 30-85 c¢cm long. The fruit is spherical, 10 x 11 mm in diameter,
pointed, and yellowish-brown.
3.1.2. Taxonomic position

Table 3.2 . Genetic characteristics based on gene regions of the May nuoc

mo population
Percentage
Gene region (.}ene. of . T Genetic
name region size | S polymor.phlc h k (x107%) dlstapce
(bp) nucleotides ( Medium )
(%)
rbeL 740 2 | 0270276 | 3 0';7 0240 (()_000(())(())12256§
matK 924 0 0 1 0 0 0
trnH-psbA 678 0 0 1 0 0 0
ITS 467 0 0 1 0 0 0
rbcL+matK+ 0.17
trnH-psbA + 2,809 2 But 3|7 0.070 But
ITS 4
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Genetic analysis and scientific naming of the May nuoc mo
individuals based on four gene regions showed that only the rbcL gene
region exhibited two nucleotide differences among 23 individuals,
representing 0.270276% of the total gene region length. The corresponding
average number of nucleotide differences across the total gene region length
(k) and the nucleotide diversity coefficient (1) were 0.174 and 0.240 x 1073,
respectively.

The sizes of the gene regions obtained from the May nuoc mo
individuals after sequencing and corresponding correction are 740 bp (rbcL
gene ), 924 bp ( matK gene ), 678 bp ( trnH-psbA gene ), and 467 bp ( ITS
gene ). These nucleotide sequences are deposited on Genbank with the
corresponding accession numbers PP104953 to PP104975 ( rbcL ),
PP104978 to PP105000 ( matK ), PP109235 to PP109257 ( ITS ), and
PP117900 to PP117921 ( trnH-psbA ).

Ving gene rhel.

oo
Ving gene ITS Ving gene ITS

Figure 3.5. Phylogenetic tree of the May nuoc mo population based on
several gene regions and their combinations

The results of comparing the nucleotide sequences of DNA barcode
marker gene regions obtained from 23 individuals in the studied May nuoc
mo population with the nucleotide sequences of corresponding gene regions
published in the US gene bank (GenBank) using the BLAST program
showed that: For the ITS gene region in the nuclear genome obtained from
Calamus jenkinsianus individuals, the highest similarity rate was only with
the species Calamus jenkinsianus with black spines distributed on the outside
of the stem (code MK692404.1) with a rate of only 88.64%. Meanwhile, the
nucleotide sequence results of the combination of 3 gene regions rbcL, matk
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, and trnH-psbA in the chloroplast genome showed a gene region coverage
of 100%, corresponding to a similarity level ranging from 99.73 to 100%
with the species Calamus sp. N_XT142 (code: ON248649.1) (Figure 3.5).

Therefore, molecular biological analysis based on the DNA marker
gene regions rbcL, matK , and trnH-psbA showed that all 23 samples of
the May nuoc mo collected in the study area belonged to the genus of
Calamus, with a high degree of similarity (99.73-100%) to the
corresponding sequences published on GenBank. However, these sequences
did not match the sequence of the species Calamus applanatus that had been
published, indicating that there was insufficient molecular evidence to
confirm that the studied samples belonged to this species. Morphologically,
the characteristics of the Calamus individuals in the study showed a certain
similarity to previously published descriptions of Calamus species, with
names such as Daemonorops poilanei, Daemonorops applanata, and
Calamus applanatus. This inconsistency in species naming reflects the
difficulties and complexities in classifying the Calamus genus, especially
when based solely on morphological characteristics.

Based on a comprehensive approach combining morphology and
molecular biology, this study does not yet have sufficient scientific basis to
definitively confirm that the May nuoc mo species in Quang Nam province
belongs to a specifically described species. However, it can be reliably
determined that this species belongs to the genus of Calamus and has a
taxonomic position close to the Calamus genus already recorded in Vietnam.
The May nuoc mo individuals (23 individuals) in the studied population were
given the following species names with the unidentified species group:
Calamus sp. (in: monocots) isolate HMNGVO01 to HMNGV23.

3.2. Development of ecological-suitability maps and potential
exploitation zones for the May nuoc mo species

3.2.1. Development of ecological-suitability maps for the may nuoc mo
species

3.2.1.1. Factors affecting the suitability of a species

Based on the analysis of the specific ecological factors of the May
nuoc mo species, consulting with five experts from each unit, and building
upon the research results of Nguyen Van Loi et al., this study developed a
system of criteria and ranked the suitability of each indicator among the
ecological factors influencing the distribution and development of the
species. The results of data processing and ranking are presented in detail in
Table 3.11.



Table 3.11. Suitability ranking for the May nuoc mo
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Ecological factors

Appropriate classification

High

Medium

Low

suitability suitability suitability | Unsuitable
Canopy cover (%) 0.3-0.5 0.1-0.3 0.5-0.7 [>0.7,<0.1
Belt height (m) <300 300-500 500-700 > 700
Slope (degrees) <10 10-20 20-30 > 30
Distance to water | _ 5, 500-1000 | 1000-1500 | > 1500
source (m)
Aspect East, South, Southwest, North, Northwest,
Southeast Northeast West North
Soil type Fa, Ha Fs, Rv, Pc, d Flglé’P;)\S’ Py’]s)’(iI’qHs’
Soil depth (cm) > 70 50-70 30-50 <30

The results identified seven main ecological factors affecting the
survival and development of the May nuoc mo species under the canopy of
natural forests, including: canopy cover, altitude, slope, distance to water
sources, aspect, soil type, and soil depth. The results showed that May nuoc
mo thrives optimally in natural forests with medium canopy cover (0.3-0.5),
altitude below 300 m, slope below 10°, distance to water sources below 500
m, and exposure direction to the East or Southeast. In addition, areas with
Feralit or granite soils (Fa, Ha) and a soil thickness of over 70 cm are the
most suitable environments. Conversely, areas with excessively dense
canopy cover (> 0.7), altitude zones > 700 m, steep slopes (> 30°), distances
to water sources greater than 1500 m, northwest or north-facing orientation,
poor soil quality, and thin soil layers (< 30 cm) were identified as unsuitable
for the species.
3.2.1.2. Development of suitable map for the May nuoc mo

Table 3.21. Area of suitable conditions for the May nuoc mo

Dong Giang Forest Nam Giang Forest
No Appropriate Protection Protection

’ classification Management Board Management Board

ha % ha %

1 | High suitability 3661.36 11,57 3747.42 6.75
2 |Medium suitability 10830.93 34.23 16327.03 29.41
3 |Low suitability 3090.72 9.77 6670.76 12.02
4 | Unsuitable 14057.46 44.43 28764.87 51.82
Total 31,640.47 100 55,510.08 100
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Table 3.21 shows that in both the Dong Giang and Nam Giang Forest
Management Areas, the "unsuitable" group accounts for the maximum
percentage, reaching 44.43% and 51.82% respectively. This reflects that the
majority of the current area does not fully meet the optimal ecological
conditions for the distribution and development of the May nuoc mo. The
"moderately suitable" group accounts for the second largest percentage in
both areas (34.23% in Dong Giang; 29.41% in Nam Giang). Meanwhile, the
"Highly Suitable" group accounted for the lowest percentage in both regions,
reaching 11.57% in Dong Giang and 6.75% in Nam Giang. This limited area
shows that the truly optimal habitat for the species is still scarce, and reflects
the need to protect and maintain these areas with favorable conditions.

X . X BAN DO PHAN VUNG PHU HOP LOAI MAY NUGC MO . i
BAN QUAN LY RUNG PHONG HO DONG GIANG - BAN QUAN LY RUNG PHO! NAM GIANG, TINH QUANG NAM

450000 460000 70000 480000 290000 10000

1750000

1730000

i xd
— Ranh giéi BQLRPH Nam Gi
~— Ranh giéi BQLRPH Dang Gian;

5000 F60000 370000 40000 390000 500000 ST0000 S20000

1§16 1:100.000

Figure 3.8 . Ecological suitability zoning of the May nuoc mo in the Dong
Giang and Nam Giang Forest Management Boards

3.2.2. Construction of potential zoning maps for harvesting and
development of the may nuoc mo
3.2.2.1. Factors affecting the potential for exploitation and development of
the May nuoc mo

These factors include: Access to the Bamboo Forest from the road
network; access to the Bamboo Forest from the river and stream system; and
altitude zones. The results of calculating the weights and potential scores of
each factor are shown in Table 3.22.
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Table 3.2 2. Weights and potential scores of factors influencing potential

No. Factors 1nﬂgencmg Weight Indicator Potqntlal
potential (m) points
<2000 4
Accessing the May

2000 - 4000 3

1 | nuoc mo forest from 0.540
the road network 4000 - 6000 2
> 6000 1
<300 4
. 300 - 500 3
2 High belt 0.300 500- 700 >
> 700 1
Accessing the May <500 4
3 | nuocmo forest from 0.160 500 - 1000 3
the river and stream ’ 1000 - 1500 2
system > 1500 1
Total 1,000 - -

3.2.2.2. Construction of zoning maps for the potential of harvesting and
development of the May nuoc mo
The classification area and potential development map of the species
in the protected forest management areas are described in detail in Table 3.27
and Figure 3.9 below.
Table 3.27. Potential area for the development of the May nuoc mo in the

study area
Dong Giang Forest Nam Giang Forest
. . Protection Protection

T Potential ranking Management Board Management Board

ha % ha %
1 |High potential 5,603.11 17.71 8,030.65 14.47
2 | Average potential 10,273.37 3247 | 16,117.83 29.04

3 | Low potential 475.63 1.50 725.79 1.31
4 |No potential for growth 15,288.36 48.32 | 30,635.81 55.19

Total 31,640.47 100 55,510.08 100

Table 3.27 shows that nearly 50% of the total forest area under the
Dong Giang Forest Management Board belongs to the medium to high
potential group — reflecting favorable ecological conditions for the growth of
the May nuoc mo. Conversely, nearly 48% of the remaining area (15,288.36
ha) is assessed as not having potential. In the Nam Giang Forest Management
Board area, the distribution ratio is somewhat similar to that of the Dong
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Giang Forest Management Board. The high potential area accounts for
8,030.65 ha (14.47%), while the medium potential area accounts for
16,117.83 ha (29.04%), totaling 43.51% of the area that can be considered
for planning the development of the Water Bamboo species. However, in the
Nam Giang Forest Protection Management Board, the area with no potential
for development is higher at 30,635.81 ha (55.19%), mostly in high-altitude
areas (>700 m) or planted forests and barren land, where this species does
not have suitable ecological conditions for survival and development. The
low potential classification in both units accounts for a small percentage
(Dong Giang Forest Protection Management Board: 475.63 ha — 1.50% and
Nam Giang Forest Protection Management Board: 725.79 ha — 1.31%),
reflecting the fact that the May nuoc mo species has a fairly clear habitat
selectivity.

w _BAN DO PHAN VUNG TIEM NANG PHAT TRIEN MAY NUGC MG <
BAN QUAN LY RING PHONG HQ BONG GIANG - BAN QUAN LY RUNG PHONG HO NAM GIANG, TINH QUANG NAM

T3 s 000

Figure 3.9. Potential exploitation and development zones for the May nuoc
mo in Nam Giang and Dong Giang Forest Management Boards.
3.3. Stock, growth rate, and reference table for stock forecasts of the
May nuoc mo species in the study area
3.3.1. Assessing the growth rate of the species at the two Forest Protection
Management Boards
To assess the growth rate after one year, the difference in growth rate
between the two study areas was first examined. The T-test was used to test
two independent samples. The results of the test for the difference in annual
growth rate of the May nuoc mo species in the two forest management areas
are shown in Table 3.32.



17

Table 3.32. Average growth after 1 year of the May nuoc mo species at two
Forest Protection Management Boards

Forest
Protection Average T . )
Management N (tree) (m) SE (m) calculation Sig (2-tailed).
Board
Nam Giang 183 2.2 0.11056
Dong Giang | 203 |23 | 010246 | "%* 0.405

Independent test results showed a T-value of 0.834 with a significance
level of Sig.(2-tailed) = 0.405, which is greater than 0.05, especially
regarding average stem length growth between the two areas, which was not
statistically significant. This allows us to conclude that the average stem
length growth at the two forest management areas did not differ significantly
and can be considered similar in the research context. Therefore, data from
the two areas are combined for joint analysis in the subsequent steps.

3.3.2. Assessing growth rates according to length levels
Table 3.33. Length growth after 1 year by length class
Level |Sample| Average | Non-standard |Smallest| Largest F
H |number (m) (SE) (m) (m) (m) |calculation|
70 0.3407 * 0.05215 0.00 2.16
66 1.3303° 0.11574 0.00 3.85
62 2.5298 ¢ 0.13677 0.40 5,10
61 3.1436 ¢ 0.17577 0.40 5.80
61 3.3144¢ 0.09573 2.10 6,10
6 66 3.15914 0.12116 0.90 5.40
Total | 386
Note: a, b, ¢, d indicate the differences in annual growth.

Table 3.33 shows that the average growth rate after one year differs
significantly between length classes, indicating that the longer the tree, the
greater the growth rate. For trees from class 4 to class 6, as they enter a more
stable growth phase, the growth rate after one year is almost the same for all
classes 4 to 6, and differs from the group of trees from class 1 to class 3.

Based on the length groups and their corresponding average growth
rates, a correlation equation between growth rate and length can be
established (Figure 3.10).

3.3.3. Correlation between growth rate and length

The correlation between annual growth in length and stem length of

the May nuoc mo species.

Sig.

105,704 |<0.0001

N[ [W|N =




Annual
Increment
(m/year)

2.00
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y=0.0285:%+0.5681x + 0.8061

4.00

R*=10.8159

500  8.00

10.00

12.00  14.00

la.00

Stem Length (m)

18.00  20.00

Figure 3.10 . Correlation between annual length growth and stem length
Among the five correlation models examined, the coefficient of
determination R? of the parabolic correlation model was the highest
compared to the others. Therefore, the parabolic correlation model should be
chosen to predict the annual growth rate in length of the stem of the May

nuoc mo.

The correlation equation for the May nuoc mo species is as follows:
Y="-0.0285X2+0.5681X +0.8061 R 2= 0.8159
Where: Y: annual growth rate

X: length of the rattan stem

3.3.4. Existing reserves of the May nuoc mo species at the two Forest
Protection Management Boards.

Table 3.34 . Stock of the May nuoc mo species at Nam Giang Forest
Management Board

yield

Commercial potential level | Total Area Total | Total
Forest status (trees) (kg/ha) (ha) (kg) |(tons)
<4m >4 m <4m|>4m

TXK 611 101 712 69.6 | 124.4 | 541.86 [105151.4| 105.2
TXN 401 64 465 21.8 | 37.5 | 8736.49 [518127.1| 518.1
TXB 61 0 61 3.9 0.0 16988.7 | 65614.2 | 65.6
DT2 62 5 67 7.1 6.2 10299 [136209.0| 136.2
Total 1135 170 1305 36566.04 | 825101.7 | 825.1
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Table 3.3 5. Reserves of the May nuoc mo species at Dong Giang Forest

Management Board

Forest stamsCommercial potential levelTO tal (trees) (Egljﬁj) Area | Total | Total
<4m >4m 4 mp> 4 m| (ha) (kg) | (tons)

TXK 211 27 238 18.5]13.5| 4456.5 |142274.5| 142.3
TXN 378 34 412 21.7]11.1|4346.48 |142468.8 142.5
TXB 197 15 212 6.8 | 3.0 |18862.82[184556.7| 184.6

DT2 7 0 7 1,2 1 0.0 | 846.05 | 984.7 | 1.0
Total 793 76 869 28511.85470284.8 470.3

Table 3.34 shows that the total fresh biomass at the Nam Giang Forest
Management Board reached 825.1 tons, with the majority concentrated in
degraded forest conditions (518.1 tons). The forest conditions with average
yields had the lowest volume (65.6 tons), and this forest condition did not
have trees reaching commercial length. The average fresh biomass ranged
from 25.6 to 42 kg/ha, highest in trees reaching commercial length (> 4 m)
at the export processing zone. Overall, Nam Giang has high biomass
potential, indicating that the ecological conditions and forest management
practices here are quite effective.

Similarly, Table 3.35 of the Dong Giang Forest Management Board
shows that the total fresh biomass reached 470.3 tons, with the average forest
condition having the highest volume (184.6 tons). Although the number of
trees is not high, the area is quite large, indicating high biomass productivity
in this area. The DT2 condition is almost negligible (1.0 ton) due to low density
and small area. The average fresh biomass is quite low, only from 6.9 to 12.0
kg/ha. In general, the volume and productivity of the May nuoc mo species in
Dong Giang are lower than in Nam Giang, possibly due to unfavorable
ecological conditions or a greater level of previous impact.

3.3.5. Sustainable harvesting cycle and yield of the May nuoc mo species
3.3.5.1. Determining the sustainable exploitation cycle

Assuming a time period of 20 years and harvesting cycles of 3, 4, 5, or
6 years, the results show that the yield in terms of length and volume varies as
follows across the harvesting cycles:
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Table 3.4 1. Sustainable harvest yields by harvesting cycle in Nam Giang

. Mining Num.ber.of Length Frfe sh Total Total
Yield per evele exploitation (m/ weight lensth fresh
cycle y operations (Kg/ g weight

(years) over 20 years season) season) (m) (Kg)

Forest status

3 6 2088.2 301.7 | 12529 18104
Evergreen 4 5 3986.0 576.0 | 19930 | 2879.9
Depletion (TXK) 5 4 7068.7 | 1021.4 | 28275 | 4085.7
6 3 11678.2 | 1687.5 | 35035 | 5062.5

3 6 659.8 95.3 3959 572.1

Poor evergreen 4 5 1252.6 181.0 6263 905.0
(TXN) 5 4 2188.8 3163 8755 1265.1
6 3 3581.2 517.5 | 10744 | 15524

3 6 40.9 59 246 35.5

Medium 4 5 154.9 22.4 774 111.9
evergreen (TXB) 5 4 350.2 50.6 1401 202.4
6 3 645.1 93.2 1935 279.7

Vacant land with 3 6 188.7 273 1132 163.6
tree regeneration 4 5 378.3 54.7 1892 273.4
(DT2) 5 4 659.0 95.2 2636 380.9

6 3 1071.2 154.8 3214 464.4

Table 3.4 2. Sustainable harvest yields by harvesting cycle in Dong Giang

Number of Fresh Total
. Mining | exploitation | Length . Total
Yield per . weight fresh
cycle operations (m/ length .
cycle (Kg/ weight
(years) over 20 season) (m)
season) (Kg)
years
Forest status

B 3 6 532.1 76.9 3193 461.3
D‘;erlgefsz 4 5 7974 | 1152 | 3987 | 576.1
(IIEXK) 5 4 1207.9 | 174.5 4832 698.2

6 3 1817.7 | 262.7 5453 788.0

p 3 6 499.7 72.2 2998 4333

. ero‘izen 4 5 856.3 | 1237 | 4282 | 6187
\ET)g(N) 5 4 1380.0 | 1994 5520 797.6
6 3 2148.8 | 310.5 6446 931.5

3 6 123.2 17.8 739 106.8
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Number of Fresh Total
. Mining | exploitation | Length . Total
Yield per . weight fresh
cycle operations (m/ length .
cycle (Kg/ weight
(years) over 20 season) (m)
season) (Kg)
years
Medium 4 5 243.3 35.2 1216 175.8
evergreen 5 4 440.3 63.6 1761 254.5
(TXB) 6 3 735.6 106.3 2207 318.9
Vacant land 3 6 22.5 3.2 135 19.5
with tree 4 5 41.7 6.0 208 30.1
regeneration 5 4 67.7 9.8 271 39.2
(DT2) 6 3 1054 | 152 316 45.7

Tables 3.41 and 3.42 show that longer harvesting cycles offer superior
efficiency in both length and volume. However, if conditions do not allow
for an excessively long harvesting cycle (6 years), a 4-year cycle should be
implemented as it yields a total output that is only slightly larger or smaller
than a 5-year cycle. This confirms the role of biomass accumulation time in
sustainable harvesting strategies, and that 4 or 6-year cycles are more
suitable for optimizing product output and maintaining the sustainability of
rattan resources in both areas.
3.3.5.2. Determining sustainable exploitation levels over cycles

Table 3.46 . Total sustainable production with a 4-year harvesting cycle.

Nam 1/4 of the area is Exploit the entire
Giang exploited annually. area annually.
Potential | Total fresh Potential Total
Fresh . . Fresh I fresh
Forest ) exploitatio | weight ) exploitation .
Type weight narea | (Tons/year Welé}r’lht area weight
(Kg/ha) (ha/year) ) (Kg/ha) (ha/year) (T;);;/y
TXK 576.0 135.47 78.03 144.0 541.86 78.03
TXN 181.0 | 2184.12 395.34 45.3 8736.49 395.34
TXB 22.4 4247.18 95.04 5,6 16988.70 95.04
DT2 54.7 2574.75 140.76 13.7 10299 140.76
Total 9141.51 709.17 36566.05 | 709.17
Dong
Giang
TXK 115.2 1114,13 128.38 28.8 4456.5 128.38
TXN 123.7 1086.62 134.45 30.9 4346.48 134.45
TXB 35.2 4715.71 165.77 8.8 18862.82 165.77
DT2 6.0 211.51 1.27 1.5 846.05 1.27
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| Total | | 712796 | 429.87 | | 28511.85 | 429.87 |
Table 3.47 . Total sustainable production with a 6-year harvesting cycle.
Nam 1/6 of the area is Exploit the entire
Giang exploited annually. area annually.
Fresh ef ()lfir‘tl;t?(l)n Total Fresh ef Olt)eirtl;lt?(l)n Total
Forest Type | weight parea fresh weight | weight parea fresh weight
(Kg/ha) (ha/year) (Tons/year) |(Kg/ha) (ha/year) (Tons/year)

TXK 1687.5 90.31 152.40 281.2 541.86 152.40

TXN 517.5 1456.08 753.50 86.2 8736.49 753.50

TXB 93.2 2831.45 263.96 15.5 16988.70 263.96

DT2 154.8 1716.50 265.69 25.8 10299 265.69
Total 6094.34 1435.55 36566.05 1435.55
Dong
Giang

TXK 262.7 742.75 195.09 43.8 4456.5 195.09
TXN 310.5 724.41 224.93 51.8 4346.48 224.93
TXB 106.3 3143.80 334.19 17.7 18862.82 334.19
DT2 15.2 141.01 2.15 2.5 846.05 2.15
Total 4751.98 756.36 28511.85 756.36

Data from Tables 3.46 and 3.47 show that the total sustainable yield
of the May nuoc mo species depends on the harvesting cycle. With a 4-year
cycle (Table 3.45), the total annual fresh yield is estimated at 1139.05 tons,
of which Nam Giang contributes 709.17 tons and Dong Giang 429.87 tons,
regardless of whether 1/4 or the entire area is harvested each year. When
applying a 6-year harvesting cycle (Table 3.46), the total yield increases
significantly to 2191.91 tons/year, with Nam Giang accounting for 1435.55
tons and Dong Giang 756.36 tons. A comparison between the two options
shows that the longer harvesting cycle (6 years) yields nearly 52% higher
production than the 4-year cycle.

3.4. Solutions for sustainable exploitation and development of the May nuoc
mo species

- A solution for zoning management based on ecological suitability.

- Sustainable exploitation solutions linked to established growth cycles.

- Solutions for regulating canopy cover and managing ecological
competition.

- Solutions for protecting the topsoil and key site conditions.

- Solutions for supplementary planting and forest enrichment based on
appropriate zoning maps.

- Solutions for protecting resources and minimizing external impacts.
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CHAPTER 4. CONCLUSION AND RECOMMENDATIONS
4.1. Conclusion

Based on the research objectives set forth and the entire body of survey
and analysis data collected at the Nam Giang and Dong Giang Forest
Management Boards, this thesis has comprehensively clarified the ecological
characteristics, growth, and stock of the May nuoc mo (Calamus sp.) species
in the natural forests of the former Quang Nam province, now Da Nang City,
and simultaneously proposed directions and solutions for sustainable
management and exploitation. The main conclusions of the thesis are
summarized as follows:

a. Taxonomic position of the May nuo mo species

- Based on molecular data analysis, 23 individuals of the May nuoc
mo collected from the Dong Giang and Nam Giang Forest Management
Boards (formerly Quang Nam province) were identified as belonging to the
genus of Calamus; however, there was insufficient basis to identify them at
the species level. The studied specimens were named with the unidentified
species name Calamus sp. (in: monocots), from HMNGVO01 to HMNGV23.
The nucleotide sequences of the standard gene regions (rbcL, matK, ITS, and
trnH—psbA) of the 23 individuals were sequenced and registered in the
GenBank database with corresponding reference numbers.

- The results of the ISSR-based genetic diversity analysis showed a
high level of genetic diversity among the 23 individuals of May nuoc mo
(Calamus sp.) in the study population (% similarity = 79.918%, h* = 0.277,
I* =0.417) distributed in Dong Giang and Nam Giang districts, Quang Nam
province. The phylogenetic tree model showed that the 23 individuals of
Calamus sp. were divided into 3 groups, and most genotypes were clustered
according to their geographical distribution and showed significant
differences in genetic diversity.

Therefore, the thesis has clarified the inconsistent taxonomic status of
the May nuoc mo species in the study area, while providing important
molecular biological and morphological data as a scientific basis for further
taxonomic studies.

b. Ecological suitability and development potential mapping

- The thesis identified a system comprising seven main ecological
factors influencing the distribution of the May nuoc mo species in the study
area, including: canopy cover, altitude zone, slope, distance to water sources,
exposure direction, soil type, and soil depth. Of these, canopy cover, distance
to water sources, and soil type were identified as the factors with the greatest
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influence according to AHP weighting. Simultaneously, three factors
influencing the species' development potential were also identified: access to
the May nuoc mo from road networks and residential areas, altitude zone,
and access to the May nuoc mo from river and stream systems.

- The thesis developed ecologically suitable zoning maps and
development potential zoning maps for the Dong Giang and Nam Giang
Forest Protection Management Boards. The zoning results show that: The
largest proportion of "unsuitable" areas is in both regions (44.43% in Dong
Giang and 51.82% in Nam Giang). The "moderately suitable" area accounts
for approximately 29-34%. The "highly suitable" area is limited (6.75—
11.57%), mainly distributed in areas with low terrain, deep soil layers, and
proximity to water sources. These maps are an important scientific basis for
planning forest land use and allocating areas for exploitation and species
restoration in the future.

c. Stock levels, growth rates, and production forecasting models

- The thesis identified the existing stock and growth rate, and
developed a dataset for predicting regeneration and growth over a 10-year
cycle for the May nuoc mo species in the study area. The research results
show that the stock, total rattan stem length/ha, and growth rate increased
significantly over time, especially from the sixth year onwards. There were
clear differences between the two ecological zones of Nam Giang and Dong
Giang, demonstrating the strong impact of ecological conditions on the
species' productivity. The developed predictive dataset helps quantify the
species' development trend over time and provides a scientific basis for
proposing a rational harvesting cycle.

- The yield (length, fresh weight) as well as the total sustainable yield
over a 20-year period of the May nuoc mo species were determined
according to different harvesting cycles. The results showed that a 6-year or
4-year harvesting cycle yielded better total yields than other cycles, with the
6-year cycle being the most optimal.

d. Solutions for exploiting and developing the May nuoc mo species

The thesis has proposed a comprehensive system of technical
solutions for the sustainable exploitation and development of the May nuoc
mo species, ensuring a combination of ecological basis, research results of
the thesis, current legal requirements, and forest management practices in the
former Quang Nam province, now Da Nang City.

4.2. Limitations of the thesis
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Although the thesis has achieved its research objectives, some
objective and subjective limitations still exist, as follows:

- Limitations in taxonomic data: Determining the precise scientific
name of the May nuoc mo species is still affected by the limitations of 4
molecular markers ( matK, rbcL, trnH—psbA, ITS ). These markers do not
have sufficient resolution for the Calamus group, leading to results that can
not be definitively confirmed.

- Limitations regarding time series growth data: The thesis used growth
modeling and forecasting based on short-term observational data, rather than
long-term monitoring. Therefore, the 10-year dynamic forecasting models are
reference-based and need to be empirically validated over time.

- Limitations in terms of spatial scope: The study was conducted only
in the Nam Giang and Dong Giang Forest Management Boards, so the results
do not fully reflect the overall ecological changes of the species across the
broader Quang Nam province or the Central Vietnam region.

- Limitations related to socio-management factors: The new thesis
focuses on ecological and technical analysis, but does not delve deeply into
assessing the impact of policy mechanisms, the timber market, or community
participation - crucial elements of sustainable non-timber forest product
management.

4.3. Recommendations

Based on the results and limitations of the thesis, the following
recommendations and directions for further research are proposed:

- Further research will be conducted using higher-level molecular
marker gene regions, as well as progressing towards sequencing the genome
of the May nuoc mo species to accurately determine its scientific name,
which will be useful for future applications.

- Establish long-term monitoring plots to record growth and
regeneration patterns over multiple years. This will serve as benchmark data
for refining yield forecasting models and determining optimal harvesting
cycles.

- Expand the research scope to neighboring areas with similar
ecological conditions such as Tay Giang, Phuoc Son... in order to complete
the distribution map and assess the stability of the AHP-GIS model.

- Integrate socio-economic research, assess the rattan value chain,
consumer market, and the level of livelihood dependence of the community
to propose a sustainable co-management model for non-timber forest
products.
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