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PHAN MO DAU
1. Tinh cép thiét cia dé tai

Viét Nam thudc vung khi hau nhiét déi gi6 mua, co
hé sinh thai phong pht v6i khodng 5.117 loai cay duoc liéu
da dugc ghi nhan. Pay 1a tiém nang 16n dé phat trién nganh
duoc liéu thanh linh vuc kinh té — ky thuat quan trong.
Dugc liéu khong chi phé bién trong cham séc strc khoe véi
nhiéu cong dung (chdng viém, khang khuan, an than, giam
dau, hd tro tiéu hoa, tuan hoan, ho hap .) (Nag va cs.,
2015), ma con mang lai gia tri kinh té qua ché bién sau va
xuat khau. Tuy nhién, phat trién dugc liéu & nude ta con
han ché: khai thac chu yéu dya vao thu hai tu nhién, thiéu
ge“in két v4i bao ton, quy hoach dat va rung chua hop ly,
nhiéu loai quy bi suy giam; trong khi trong trot, nghién ctru
va lién két chudi gia tri con manh mun. Do d6, céan dau tu
nghién ciru, bao ton va phat trién dugc liéu theo hudng bén
virng, hi¢u qua va quy mo hang hoa.

Gia Lai 1a tinh c6 diéu kién thuén loi (dat do bazan,
khi hau 4m, mua nhiéu) cung tri thirc ban dia da dang vé
cay thudc, nén giau tiém niang phat trién duoc liéu thanh
nganh kinh té gan véi dic thu dia phuong. Vuon quéc gia
Kon Ka Kinh 14 khu bao ton thién nhién c6 tinh da dang
sinh hoc cao da ghi nhan c6 hon 1.700 loai thuc vat c6
mach, nhiéu loai c6 gia tri dugc liéu va bao ton (Pham Ngoc
Binh, 2017). Trong d6, cdy dia lién (Kaempferia galanga
L.) 1a loai ban dia, dugc cong ddng dan toc Ty Nguyén
dung lau doi dé chira bénh tiéu hoa, ho hap, thap khép.

Thot gian qua, do khai thac tu phat phuc vu thuong
mai, quan thé dia lién tai Kon Ka Kinh suy giam nghiém
trong, nhung chua cé nghlen clru chuyén sau vé déc diém
sinh hoc, hinh thdi, giai phiu, sinh thii song hay kha ning
thich nghi. Hon nita, cac co s& khoa hoc cho san xuét nhu
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thot vy, mat do, cong thirc bon phan t61 wu van chua duoc
xac 1ap, khién cay dia lién chua dugc dua vao canh tac quy
mo hang héa gin véi bao ton ngudn gen va da dang sinh hoc.

Xuat phat tir thyc tién d6, luan an tién si “Nghién ciru
danh gia ngudn gen va bién phap k¥ thuat trdng cay dia lién
(Kaempferia galanga L.) tai Vuon quéc gia Kon Ka Kinh,
tinh Gia Lai” dugc thuc hién nham xay dung co sé khoa hoc
cho bao ton va phat trién loai dugc liéu nay theo huong phu
hop diéu kién sinh thai dia phuong, hiéu qua san xuat va bén
viing lau dai.
2. Muc tiéu nghién ciru

2.1. Muc tiéu chung

Xac dinh ngudn tai nguyén cay duoc liéu dia lién
(Kaempferia galanga L.) hién c6 tai VQG Kon Ka Kinh va
xay dung quy trinh k¥ thuat trong phu hop véi diéu kién tai
dia phuong nham phuc vu cong tac bao ton va phat trién
nguén gen cay duoc liéu dia lién tai tinh Gia Lai.

2.2. Muc tiéu cu thé

- Xéc dinh dugc sy phan bd cua cay dia lién hién c6
tai VQG Kon Ka Kinh, tinh Gia Lai.

- X4c dinh ddc diém hinh thai, phan tir, ndng sinh hoc
ctia ciy dia lién hién c6 tai VQG Kon Ka Kinh, tinh Gia Lai.

- Xac dinh duoc thoi vu va mat do trong cay dia lién
tai VQG Kon Ka Kinh, tinh Gia Lai.

- Xéc dinh duogc liéu luong phan bon phu hop cho
cdy dia lién tai VQG Kon Ka Kinh, tinh Gia Lai.
3. Y nghia khoa hoc va thyec tién

3.1. Y nghia khoa hoc

Luén 4n cung cap dugc nhimg thong tin khoa hoc ¢
gia tri vé& nguon tai nguyén cay duoc liéu dia lién (Kaempferia
galanga L.) tai VQG Kon Ka Kinh, tinh Gia Lai.
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Két qua nghién cuu 1a co s¢ khoa hoc phuc vu cho
viée xay dung quy trinh k¥ thuat trong cay dia lién phu hop
v6i diéu kién sinh thai tai dja phwong, dong thoi bd sung
ngudn tu lidu cho cic nghién clru, bao ton va phat trién cac
loai cdy dugc li¢u ban dia tiép theo tai khu vyc Tay Nguyén
no6i chung va tinh Gia Lai néi riéng.

3.2. Y nghia thuc tién

Két qua nghién ctru cua luan an gop phan cung cap
co s thue tién trong viéc danh gia hién trang va tiém nang
phat trién cdy duoc liu dia lién tai Vuon qudc gia Kon Ka
Kinh, tinh Gia Lai.

Luan an dong thoi tao nén tang khoa hoc va thyc tién
cho viéc xay dyng cac mo hinh trong cay dia lién theo
hudng san Xuét hang hoa, phu hop voi diéu kién tu nhién
va nhu cau phat trién kinh té tai dia phuong.

4. Nhirng dong gop mai cia luan an

Xac 1ap duoc dir 1iéu phan b ty nhién va dic diém
sinh thai cua cay dia lién tai VQG Kon Ka Kinh.

Panh gia da dang di truyén cta 10 mau dia lién sir
dung chi thi ISSR.

Xac dinh duoc to hop thoi vy, mat do tré)ng va cong
thitc phan bon ti wu (két hop hitu co vi sinh va phan héa
hoc) nham nang cao nang suét, chat luong duoc liéu va hi¢u
qua kinh té.

Chuwong 1. TONG QUAN CAC VAN PE NGHIEN CUU
1.1. Co s6 1y luén ciia cac van dé nghién ctu

1.1.1. Ngudn gbc, vi tri phan loai va dic diém hinh thai,
sinh 1y cay dia lién

1.1.2. Panh gia da dang di truyén

1.1.3. Co s6 khoa hoc vé k¥ thuat canh tac cay dia lién



1.4. Twong quan giita cac loai phan bén va nguyén tac sir
dung hi¢u qua

1.4.1. Tuong quan gitra cac loai phan bon

1.4.2. Nguyén tic sir dung phan bon hop 1y

1.2. Co s6 thuc tlen ciia van dé nghién ciru

1.2.1. Khai quat vé VQG Kon Ka Kinh

1.2.2. Tinh hinh sdn xuét dia lién tai Viét Nam va tinh Gia
Lai

1.2.3. Céc nghién curu trong va ngoai nudc.

Chuong 2. POI TUQNG, NOI DUNG VA PHUONG
PHAP NGHIEN CUU
2.1. P6i twong, pham vi nghién ciru
2.1.1. Péi twong nghién ciru

Cay dia lién (Kaempferia galanga L.) ban dia tai
VQG Kon Ka Kinh, tinh Gia Lai.

Thoi vu, mat do trong va phan bon (phan hitu co vi
sinh va NPK) phu hop trong canh tac dia lién.

2.1.2. Pham vi nghién cuu

- Nghién ciru vé cdy dia lién thu thap duoc tai VQG
Kon Ka Kinh, tinh Gia Lai.

- Nghién ctru mot s bién phap k¥ thuat trong cay
dia lién trén dat san xuat tai vung dém thuoc VQG Kon Ka
Kinh, tinh Gia Lai.

- Diéu tra va thu thap mau cay dia lién tai VQG Kon
Ka Kinh, tinh Gia Lai.

- banh gia dac diém hinh thai, ndéng sinh hoc cay dia
lién tai VQG Kon Ka Kinh, tinh Gia Lai.

- Panh gia da dang di truyén cay dia lién thu thap
duoge tai VQG Kon Ka Kinh va 05 mau dia lién thu thap
duoc 0 cac noi trén ca nudc.



- B6 tri cac thi nghiém mét s6 bién phap k¥ thuat
trdng cay dia lién tai VQG Kon Ka Kinh, tinh Gia Lai.
2.2.2. Ngi dung nghién cuu
2.2.1. Diéu tra hién trang va thu thap ngudn gen cay dia lién
tai VQG Kon Ka Kinh
2.2.2. Panh gi4 da dang di truyén va dic diém néng sinh
hoc cua cdy dia lién
2.2.3. Nghién ctru 4nh hudéng cua cac bién phap ky thuat
dén nang suat, chat luong dia lién

- Nghién ctru anh hudng cta thdi vu va mat do trong
dén sinh trudng, phét trién, ning suat va chat luong dia lién.

- Nghién ciru anh huong lidu luong phan bon N, P,
K va phén bén hitu co vi sinh dén sinh truong, phat trién,
nang suét va chét luong dia lién.

2.3. Phuong phap nghién ciru
2.3.1. Phuong phap diéu tra
2.3.1.1. Phuong phap diéu tra thyc dia

Piéu tra hién trang phan bd: Thuc hién vao thang 3
va thang 5/2022 theo quy trinh diéu tra ctia Vién Duoc liéu
(2004), Nguyén Nghia Thin (2007), L& Thi Thanh Huong
va cs., (2016).

2.3.1. 2 Phuong phap dleu tra, phong van nguoi am hiéu

Diéu tra phong van cong dong dugc trién khai trén 90
ho c6 sinh ké chu yéu tir ving dém cta VQG Kon Ka Kinh.
2.3.3.2. Phuong phap ké thira

Ké thira cac tai liéu khoa hoc gdm bao cdo, bai bao,
du 4n da cong bd co lién quan dén cay thudc & VQG Kon
Ka Kinh cling nhu cac tai liéu khéc c6 1ién quan trén nguyén
tac ¢6 chon loc.



2.3.3.3. Phuong phép thu mau phan loai va xac dinh dac
diém sinh hoc

Thu mau lam tiéu ban thuc vat va phan loai theo
Nguyén Nghia Thin (2007). Str dung phuong phap so sanh
hinh thai, di chiéu v6i khoa phan loai va ban mo ta dé xac
dinh tén khoa hoc cho loai.
3.3.4. Phwong phdp ddinh gid da dang di truyén ciia cdy
dia lién

- Thu thap cac mau 14 tir 5 mau cay dia lién tai VQG Kon
Ka Kinh va cay dia lién thu thap dugc ¢ 5 tinh trén ca nudc.

- Str dung 13 mdi ISSR trong nghién ctru
2.3.5. Phuwong phdp bé tri thi nghiém déng ruéng
2.3.5.1. Diéu kién thoi tiét tai khu vuc nghién curu
2.3.5.2. Thi nghiém anh hudng cta thoi vu va mat do tréng
dén sinh truong, phat trién, ning suét va chat luong dia lién

Thi nghiém dugc bé tri theo kiéu split-plot, nhan t6
chinh 12 mat d6, nhan t6 phu 1a thoi vu, gém 9 nghiém thuec,
3 lan nhic lai.

Cong thirc thi nghiém

Yéu t6 thoi vu (T) Yéu t6 mat do (M)

T1: Thoi gian trong ngay 01/4  M1: Mat d6 250.000 cay/ha (20
cm x 20 cm)

T2: Thoi gian trong ngay 01/5  M2: Mat d6 166.000 cay/ha (30
cm x 20cm)

T3: Thoi gian trong ngay 01/6  M3: Mat d6 125.000 cay/ha (40
cm x 20 cm)

2.3.5.3. Thi nghiém anh huong liéu lugng phan bon N:P:K
va phan bén hiru co vi sinh dén sinh trudng, phét trién,
ning suat va chat luong dia lién

Thi nghiém dugc bé tri theo kiéu split-plot, nhan tb
chinh 13 t6 hgp phan N:P:K, nhan t phu 1a phan hitu co vi
sinh.



Cong thtrc thi nghiém duogc trién khai tai thi nghiém:

Y~eu to . Phan Yéu t6 phan bon N:P:K
hiru co vi sinh

SO: khong bon  PO: khong bon

SI: ltén/ha P1: 150 kg N + 150 kg P,Os + 110 kg K2O
S2: 2 tAn/ha P2: 120 kg N + 120 kg P,Os + 90 kg K20
S3: 3 tAn/ha P3: 90 kg N + 90 kg P,0s + 70 kg K2O

P4: 60 kg N + 60 kg P-Os + 50 kg K,O

2.3.5.4. Céc chi tiéu nghién ctu va phuong phap theo doi
s licu
2.3.5.4.1. Cdc chi tiéu vé sinh truong, phat trién

Thoi gian sinh trudng, phét trién: thoi gian nay choi,
thoi gian ra 14 that, thoi gian dé nhanh, thoi gian thu hoach.

Chi tiéu vé sinh trudng cdy: chiéu dai 14, chiéu rong 14,
duong kinh tan 1a.

Céc yéu t6 cdu thanh nang suat va ning sudt: khoi
luong cu, khdi lwong khom cu, nang suat 1y thuyét, ning suat
thuc thu.

Loi nhuén (1.000 dong/ha) = Tong thu - Tong chi.
2.3.5.4.2. Theo doi mirc d6 nhiém séu, bénh hai

Trong qué trinh trién khai cac mo hinh thi nghiém s&
tién hanh theo ddi su c6 mit cta sau, bénh trong sudt thoi
gian tién hanh cac thi nghiém, dong thoi lay s6 lidu danh
gia trong cac khoang thoi gian 15 ngay/lan
2.3.6. Phuong phap phan tich mau dat

Tién hanh phan tich dat trudc va sau thi nghiém, bao
g0m cac chi tieu: pH(H20), httu co tong s6, nito tong s,
photpho téng s0, kali tong sb, dam dé tiéu, 1an dé tiéu, kali
dé tiéu.

2.3.7. Phwong phdp xdc dinh thanh phan va ham lwong
tinh du ciia ci dia lién




Ham lwong tinh dau (%): Pugc xac dinh bang phuong
phap cit kéo hoi nudce theo Duge dién Viét Nam, mau than
ré duogc cat tinh ddu ngay khi thu hoach.

2.3.8. Phuong phap xt 1y s6 liéu

S4 liéu cac chi tiéu theo ddi duogc nhap va ma hoa
bang phan mém Excel 2010.

Phan tich da dang di truyén bang phan mém NTSYS
version 2.0 (Numerical Taxonomy System for the Analysis
of Multivariate Data).

Céc thi nghiém dong ruéng duoc phan tich theo mé hinh
Split-Plot trén phan mém SAS 9.1.

Chwong 3. KET QUA VA THAO LUAN
3.1. Thue trang va diéu kién sinh thai cay dia lién tai
VQG Kon Ka Kinh
3.1.1. Thuyc trang cay dia lién tai VQG Kon Ka Kinh

Két qua diéu tra thu dugc trén OTC cho thay cay dia

lién phan b khong déu trén cac ODB, mdi 6 c6 hién trang
ciy dia lién khac nhau. Tir cac két qua diéu tra, thu thap
duogc cho thay trén 03 tuyén diéu tra khong ghi nhan dugc
vung phéan bd tip trung cta cay dia lién.
3.1.2. Diéu kién sinh thai ciy dia lién tai VQG Kon Ka Kinh

Két qua diéu tra cho thay vao thang 3 chua phat hién
cdy dia lién trong rimg tu nhién do chua moc 14 non va cit
con an dudi dat; dén thang 5, loai nay da xut hién tai nhiéu
vi tri. V& sinh thai, dia lién thudng phan bd & noi sat mat
dat, giau mun, am do cao, dia hinh thong thoang, anh sang
trung binh dén kha tét, va dat c¢6 kha ning thoat nudc tdt.
V& thd nhudng, loai chi yéu phan bb trén dia hinh déc 21-
30°, dat thit nhe den trung binh, ting dat day, am, véi 16p
tham muc phét trién twong ddi, trung binh khoang 2,2 cm.



3.1.3. Tinh hinh sir dung, san xuat, kinh doanh dia lién tai
VQG Kon Ka Kinh

Tir nhitng két qua diéu tra cho thdy rang nhu ciu st
dung dia lién 13 dang hién hitu trong ca doi sdng thudng
nhat 1an chudi cung tng thuong mai quy mé nho.
3.1.4. Bic diém hinh thai giai phau cay dia lién

Két qua phan tich cho thdy cac mau dia lién thu thap
tir cac khu vire khao sat khac nhau trong VQG c6 dic diém
hinh thai va cdu triic giai phiu twong ddi dong nhat, khong
ghi nhén sy sai khac o rét gitra cac vung.

3.1.5. Xac dinh tén khoa hoc ciia cac miu ngudn gen dia
lién duoc thu thap

Tir két qua phan tich dac diém hinh thai, ddi chiéu
khoéa phan loai trong cac bg thuc vat chi va mot sb tiéu ban
dang luu gitr tai cac bao tang (Bao tang lich st va ty nhién
Paris, Phong tiéu ban ctia Vién Dugc li€u ) chung t61 da xac
dinh 9 mau nguodn gen thu duoc 14 loai dia lién (Kaempferia
galanga L.) thugc ho Gung (Zingiberaceae).
3.2. Panh gia da dang di truyen cua cay dia lién

Moi quan hé di truyén gitra 10 miu dia lién duoc xéac
dinh thong qua hé s twong dong di truyén, voi gid tri dao
dong tir 0,59 dén 0,97.

Dua vao so do hinh nhénh ¢6 thé chia 10 mAu dia lién
thanh hai nhom chinh véi chi s6 twong dong trung binh 0,78 %.
3.3. Anh huwong cia thoi vu va mat do trong dén sinh
tru’O'ng, phat trién caa cay dia lién
3.3.1. Anh hwong ciia thoi vu va mdt d trong dén sinh
truwéng, phdt trién ciia cdy dia lién

Thoi gian nay chdi chdm nhét duoc ghi nhan & nghiém
thirc TIM1 (tréng ngay 01/4, mét d6 250.000 cay/ha), trong
khi thoi gian nay chdi nhanh nhat thudc vé nghiém thirc T3M3
(trong ngay 01/6, mat do 125.000 cay/ha).
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Xét vé thoi gian sinh truéng tong thé tir khi trong
dén khi thu hoach, nghiém thirc T2M3 (trdng ngay 01/5,
mat do 125.000 cdy/ha) c6 thoi gian sinh tredng dai nhit,
dat 315 ngay. Tuy cac giai doan phat trién nhu ra 14 that, dé
nhanh va ra hoa khong co6 su khac biét dang ké giira cac
nghiém thirc (thoi gian ra 14 that dao dong tir 40 - 43 ngay;
thot gian dé nhanh tir 93 - 97 ngay; thot gian ra hoa tir 116
- 130 ngay), nhung thoi gian thu hoach & nghiém thuc
T2M3 kéo dai hon so véi cac nghiém thirc khac.

Tir cac két qua thu dugc, co thé nhan dinh rang, mic
du thoi vu va mat do trong khong tac dong c6 y nghia thong
ké dén cac giai doan phat trién trung gian nhu ra 1a, dé
nhanh, ra hoa va thu hoach, nhung lai c6 anh hudng ré dén
thoi gian nay chdi, giai doan khoi dau c6 y nghia quan trong
trong sinh trudng cdy trong.

3.3.2. Anh hwéng cia thoi vu va mit dé trong dén cdc chi
tiéu vé ld cia cdy dia lién

Cay dia lién trong theo nghiém thirc T2M3 (trong
ngay 01/5 véi mat d6 125.000 cay/ha) cho két qua sinh
truong bo 14 tét nhat, voi chidu dai va chiéu rong 14 tai 180
NST lan lugt dat 18,9 cm va 14,3 cm. Nguoc lai, nghiém
thirc TIM1 (trong ngay 01/4 v6i mat d6 250.000 cay/ha) co
b 1a phat trién kém nhat, véi chiéu dai va chiéu rong 14 chi
dat 14,5 cm va 10,9 cm tai cung thoi diém.

Két qua nghién ctru cho thy thoi vu va mat do trong
anh huong 1o rét dén su phat trién bo 14 cta cay dia lién,
trong d6 thoi vy dong vai tro chinh trong cac giai doan dau
va mat do anh hudéng rd & giai doan sinh trudng manh.
Nghiém thirc T2M3 (tréng ngay 01/5, mat do 125.000
cay/ha) 1a toi uu dé ciy dat kich thudc 14 16n nhét, tir d6
nang cao hiéu qua quang hop va tiém nang ning suat.
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3.3.3. Anh hwong ciia thoi vu va mat d trong dén cdc yéu

10 cdu thanh néng sudt va ning sudt dia lién

Bang 3.11. Anh hwéng ciia thoi vu va mat dd trong dén
cic yéu td cAu thanh ning suit va ning suit dia lién

, Khéi Khoi
Nghiém  So cd lwong cil lwong NSLT NSTT
thire  (cti/khom) : khom ci  (tan/ha) (tan/ha)
(2) (@)
TIM1 8,4¢ 8,2° 68,9¢ 17,24 15,3¢
T1M2 8,9¢ 9,5° 84,6° 14,04 12,6¢
T1M3 9,2¢ 9,9 91,1¢ 11,4¢ 12,5¢
T2M1 9,3¢ 10,5° 97,7¢ 24 .4¢ 22,3b
T2M2 14,72 14,92 219.0° 36.,4% 31,5°
T2M3 17,52 17,32 269,02 33,6% 29,82
T3M1 9,4¢ 10,3° 96,8°¢ 24,2¢ 21,8°
T3M2 13,0° 14,5° 205,6° 34,1% 30,6°
T3M3 14,92 15,92 236,9% 29,6 27,5°
CV% 15,0 12,3 13,5 12,1 10,8
Fr 28,19* 47,75% 144,77* 147,45* 96,6*
Fum 25,54" 37,2% 126,49* 16,16* 10,28*
Fr«m 11,01* 14,23* 43,75* 27,58* 29,88*

Ghi chii: Trung binh trong cung mgt cgt c6 chir cdi giong nhau thi
khac bi¢t khong cd y nghia thong ké tai a=0,05; : khac bi¢t co y nghia
thong ké tai 0=0,05; ns: khdc bi¢t khong c6 y nghia thong ké. NSLT =
Nang suat Iy thuyet. NSTT = Nang suat thuc thu.

S6 luwong ct/khom gitta cac nghiém thire khac biét
c6 ¥ nghia thong ké rd rét. Trong d6, nghiém thire T2M3
(trdng ngay 01/5, mat d6 125.000 cdy/ha) cho sb cu cao
nhit, trung binh dat 17,5 cu/khom, trong khi nghiém thirc
TIMI (trong ngay 01/4, mat d6 250.000 cay/ha) chi dat 8,4
cu/khom.

Khéi luong cu trung binh cling ghi nhan sy sai khac
c6 y nghia thong ké giira cac nghiém thirc. Nghiém thirc
T2M3 tiép tuc cho két qua cao nhat véi 17,3 gam/ci, trong
khi nghiém thirc TIM1 dat gia tri thip nhét 1a 8,2 gam/cu.
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Chi tiéu khdi lugng khom ci, yéu 6 truc tiép cau
thanh ning suét, ciing ghi nhan sy khac biét dang ké giira
cac cong thire. Nghiém thirc T2M3 dat khéi lwong khom cu
cao nhat 1a 269,0 gam, trong khi nghiém thac TIM1 dat
thap nhat v6i chi 68,9 gam. Diéu dang chii y 1a mat do trong
thap két hop véi thoi vu phu hop (d4u mua mua) giup ciy
dia lién c6 diéu kién sinh truong tét, ddn dén hinh thanh bo
khom cu c6 khéi luong 16n. Tuy nhién, cing can cin nhic
rang néu mat do qua thap, tong s6 khom trén don vi dién
tich s& giam, anh huong dén nang suat chung.

V& ning suit, nghiém thirc T2M2 (trong ngay 01/5,
mat d6 166.000 cay/ha) dat nang suit thuc thu cao nhit 1a
31,5 tan/ha, trong khi nghiém thirc TIM3 (trong ngay 01/4,
mat d§ 125.000 cay/ha) dat thap nhat véi chi 12,5 tn/ha.
Mic du nghiém thirc T2M3 ¢6 khdi lugng khom cu cao hon,
nhung nghiém thirc T2M2 v61 mat do trong cao hon da bu
lai bang sO luong khom trén dién tich, giup ning cao tong
ning suat. Nang suét 1y thuyet cia T2M2 dat 36,4 tan/ha,
phan anh tiém nang san xudt cao trong diéu kién canh tac
hop 1y. Tuy nhién, can ¢ phan tich hiéu qua kinh té dé xac
dinh tinh kha thi thyuc tién, vi mat do cao ciing ddng nghia
v0i chi phi gidng va chiam soc cao hon.

Téng hop cac két qua nghién clru cho thay, nghiém
thirc T2M2 va T2M3 dLrO‘c Xxac dinh 1a ti wu trong diéu kién
nghién ctru, tuy nhién can tiép tuc danh gia hiéu qua kinh
té dé lya chon mo hinh canh tac phi hop nhit cho tirng muc
tiéu san xuat.

3.3.4. Tinh hinh theo doi sau, bénh hai tai thi nghiém

Nghién ctru tai VQG Kon Ka Kinh cho thiy sau in 1a
1a tac nhan chinh, xuat hién & giai doan dau sinh trudng.
Khong ghi nhan bénh thdi non va théi cu, c6 thé do cay dia
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lién 14 cay trong moi tai day, dong thoi dong rudng co didu
kién thoat nudc tt nén giam thiéu nguy co bénh hai xut hién.
Nghiém thtrc trong thang 6, mat d6 day (T3M1) ghi
nhan siu hai cao hon so voi trong thang 4 va mat d6 thua
(T1M3). Mat do day tao diéu kién cho sau bénh phat trién,
trong khi nghiém thirc TIM3 (thang 4, mat do thua) 1a t6i
vu dé han ché sau bénh. Viéc khong phat hién bénh trong
thi nghiém mé ra tiém ning phat trién cay dia lién tai ving
chua c6 mam bénh, nhung can canh gic véi nguy co tich
lity mam bénh trong dat néu canh tac lién tyc.
3.3.5 Anh hwéng ciia thoi vu va mét dp trong dén hiéu
qud kinh té trong sin xudt dia lién
Bang 3.13. Anh hwéng ciia thoi vu va mat do trong dén
hi€u qua kinh té trong san xuit dia lién
‘n Tong thu Tong chi Loinhuin
th;‘l;im (zilea) (1. 600 gl.(g)oo (1000 VCR
dong/ha) dong/ha)  dong/ha)
TIM1 15,3 306.000 242.990 63.010 1,26
TiM2 12,6 252.000 174.590 77.410 1,44
TIM3 12,5 250.000 138.890 111.110 1,80
T2M1 22,3 446.000 242.990 203.010 1,84
T2M2 31,5 630.000 174.590 455.410 3,61
T2M3 29,8 596.000 138.890 457.110 4,29
T3M1 21,8 436.000 242.990 193.010 1,79
T3M2 30,6 612.000 174.590 437.410 3,51
T3M3 27,5 550.000 138.890 411.110 3,96
Ghi chu: Gid ban dia liéﬁ =20.000 dong/kg; Cong lao dong =
200.000 dong/cong; Gia dia lién giong = 45.000 dong/kg,; Phan bén
= 25.840.000 dong/ha; Thué may lam dat 4.000.000 dong/ha. VCR
(Value Cost Ratio) = Tong thu/Tong chi.

Két qua nghién ctru cho thdy mat do trong 125.000
cay/ha cho hiéu qué kinh t& vuot trdi hon so v6i cac mat do
khac. Cu thé, v6i nghiém thuc trong vao ngay 1/5 (T2M3),
tong chi phi dau tu giam dang ké do giam lugng giong, cong
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cham séc va thu hoach, dong thoi loi nhuan dat 457,11 triéu
ddng/ha, trong tmg v6i chi sé VCR 14 4,29 13 cao nhét trong
cac nghiém thirc dugc khao sat.

3.3.6. Anh hwéng cia thoi vu va mét dg dén chit liwong
ciia dwoc liéu dia lién

Két qua nghién ctru cho thidy ham luong tinh dau
téng s6 cua cu dia lién dao dong tu 3,10% dén 4,43%.
Nghiém thire T2M3 cho ham lwong tinh dau tong sb cao
nhat dat 4,43%, cac mau con lai déu thép hon. Diéu d6 cho
thdy viéc bo tri thoi vu va mat do trong hop 1y s& toi vu hoa
viéc chiét xuat tinh dau dia lién.

3.4. Anh hudng ciia phan bén dén sinh trwéng, phat
trién, niing suat, chat lwong dia lién

3.4.1. Anh hwéng ciia phin bén dén sinh truéng, phit
trién ciia cdy dia lién

Két qua theo ddi cho thay thoi gian ndy mam dao
dong trong khoang 22 - 24 ngay sau trong, va khong co sy
khac biét co y nghia théng ké giira cac nghiém thurc.

Thoi gian dé nhanh quyét dinh ning suét va sb cu
thu hoach; cdy dé nhanh sém c6 loi thé tich lity sinh khéi
lau hon. Cac nghiém thurc bon phan hitu co vi sinh, dac biét
& muc cao, rut ngin dang ké thoi gian dé nhanh, trong khi
bon phan hoa hoc don thuan khong dat hiéu qua tuong tu,
cho thay vai tro quan trong ctia phan hitu co trong tao diéu
kién phat trién bo ré. V& ra hoa, cdy it hoic khong bén phan
(SOPO0) ra hoa sém hon so v6i cAy bon phan day du (S3P4,
S1P2, S2P2), phan anh su canh tranh gitra sinh truéng sinh
dudng va sinh thyc. Tuy nhién, ra hoa sém lam gidm thoi
gian tich liiy dinh dudng, anh huéng dén chét luong va
trong lwong cu. Thoi gian thu hoach ciing rat ngan & nghiém
thirc khong bon phan, trong khi cac nghiém thirc bon phan
day du, dic biét S2P1, kéo dai chu ky sinh trudng, gitp ciy
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tich lily nhiéu sinh khdi hon va nang cao ning suat, chét
luong duoc licu.

3.4.2. Anh hwéng ciia phin bon dén cdc chi tiéu vé ld ciia
cdy dia lién

Két qua thuc nghiém cho thay, chiéu dai 14 dat gia
tri cao nhat tai nghiém thirc S3P1 (nghiém thic dugc bon
phan véi ham luong cao nhat) trong khi thap nhat 12 nghiém
thirc SOPO (khong bon phan).

Két qua phan tich cho thiy cac nghiém thic dugc
bon phan hitu co vi sinh vdi mirc cao (dac biét la S3P1,
S3P2) c6 chiéu rong 14 16n hon 13 rét so voi nghiém thirc
d6i chimg.

Trong nghién ctru nay, duong kinh tan dat gia tri cao
nhit & nghiém thire S3P1 (31,6 cm tai 180 NST), trong khi
thap nhat 13 SOPO (18,8 cm).

3.4.3. Anh hwéng ciia phin bén dén cdc yéu té ciu thanh
ndng sudt va nang sudt dia lién

Két qua nghién ctru cho thy sd cu trung binh trén
mdi khom c6 sy khac biét co ¥ nghia théng ké giira cac
nghiém thirc. S4 ¢t cao nhat dugc ghi nhan tai nghiém thurc
S3P1 (17,9 ctr). Trong khi d6, nghiém thirc ddi ching SOPO
chi dat 5,6 ct1 di cho thiy anh huéng kha 16n ctia phan bon
dén sy phat sinh co quan sinh san & cay dia lién.

Khéi luong cu, dai dién cho mutc do tich liy chat
kho, ciing cho thiy su gia ting rd rét tai cac nghiém thirc
duoc bon phan hop 1y. Nghiém thirc S3P1 tiép tuc gt vi tri
dan dau voi 17,5 g/ct, cao hon han so véi 12,1 g/ct &
nghiém thtrc ddi chting SOPO.

Khéi lwong khém cii, phan anh dong thoi sd luong
va khoi lugng cu, ciing ghi nhan cao nhét tai S3P1 (281,2
g/khom), va thap nhat tai SOPO (68,4 g/khom). Két qua nay
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cho thay mdi lién hé giira s6 ci, khdi lugng cu va khoi
luong khom cu.
Bang 3.19. Anh hwéng ciia phan bén dén cac yéu té
ciu thanh niing suit va ning suit dia lién

, Knsi  Khol
Nghiém So ci luwon lwgng  NSLT  NSTT
thic  (ci) (5 khém (tin/ha) (tin/ha)

ci (g)
SOP0  5,6° 12,14 68,4 8,6 8,68
SOP1  7,5% 13,4%4 100,1f 12,6 11,88
SOP2 6,28 12,7°4  78,9° 9,9f 9,7¢
SOP3  5,8¢ 12,34 74,41 8,9" 8,9¢
SOP4 5,78 12,34 70,1f 8,8f 8,88
S1IP0 6,08 12,44 74,6 9,3f 9,3¢
S1P1 12,5 16,5% 199,6%  25,0% 22,6
S1P2 11,7% 16,1*4 188,4%  23,6%  21,9>¢
S1P3 10,5¢ 15,6%4 161,8° 20,3¢ 18,79
S1P4 10,4 15,3%4 157,9¢ 19,7¢ 17,1¢
S2P0  6,4¢ 12,8%d 79 2f 9,9f 9,8¢
S2P1 15,13 16,7 253,1® 316" 26,6
S2P2 14,5%4 16,7 240,6%¢ 30,19 25,1%
S2P3 12,7¢%  16,5% 208,74 26,1¢¢ 23,20«
S2P4 11,6%  15,7%4 179,09 22,49  2(,3cd
S3p0 8, 1f% 13,4%4 107,1f 13,41 12,9%
S3P1 17,9* 17,5° 281,2* 35,2* 31,6
S3P2 17,6 17,3* 275,5% 34.4* 31,5°
S3P3 16,9® 16,9 264,7 33,12 30,1°
S3P4 13,1%%  16,4%° 216,84  27,1bd 23 5bd
CV% 16,7 14,0 14,2 14,2 15,28
Fs 54,54*  11,32* 112,21* 112,32*  84,76*
Fp 23,59*  5,89* 53,33* 53,37*  38,82%*
Fsp 16,41*%  2.71* 33,01*%  33,02*%  24,69*

Ghi chii: Céc so trong ciing mét logi trung binh dwoc kém theo
cuing mét chit cdi thi khdc biét khong c6 y nghia vé mdt thong ké tai
a=0,05; .": khdc biét c6 y nghia vé mat thong ké tai a=0,05; ns: la sai
khdc khéng cé ¥ nghia thong ké. NSLT = Nang sudt Iy thuyét. NSTT =
Ning sudt thuc thu.
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Ning suét 1y thuyét cao nhat ghi nhan tai nghiém
thire S3P1: 35,2 tAn/ha, ké dén 1a S3P2: 34,4 tin/ha, S3P3:
33,1 tAn/ha. Tuong ng, ning sudt thue thu 1an luot 13 31,6
tan/ha, 31,5 tan/ha, va 30,1 tan/ha. Trong khi dé, nghiém
thirc d6i chirng SOPO chi dat 8,6 tin/ha & ca hai chi tiéu.
Hi¢u qua st dung phan bén ¢ ba nghi¢m thirc c6 NSLT va
NSTT cao nhit (S3P1, S3P2, S3P3) cho thay khong c6 khac
biét 16n gitra cac mirc giam nhe lugng NPK khi lwgng hitu
co duoc gilt & muc cao (3 tin/ha). Piéu ndy md ra kha ning
t6i wu hoa cong thire bon phan theo hudng tiét giam chi phi
ma van duy tri ning suét.

3.4.4. Tinh hinh sdu, bénh hai tai thi nghiém anh hwong
ciia phdn bon dén cay dia lién

Két qua theo ddi cho thdy ty 1& cdy bi sau 4n 1a dao
dong tir 2,56% dén 13,00%. Trong d6, nghiém thirc SOP1
(khong bén phéan hitu co, nhung bon NPK licu cao) ghi nhan
ty 18 sau hai cao nhat (13,00%), trong khi nghiém thtrcc SOPO
(khong bon phan) ghi nhan ty 18 thap nhat (2,56%). Pang
cha y, cac nghiém thic c6 sir dung phan hiru co vi sinh két
hop v6i ham luong NPK trung binh dén thap (nhu S3P3:
3,97%; S3P4: 3,14%) cho théy mirc d6 nhiém sau hai thép
10 1ét so voi cac nghiém thuc bon NPK don thuan. Su gia
tang sau hai & cac nghiém thirc bon NPK cao c6 thé lién quan
dén ham luong nito trong mo thuc vat, day 13 yéu té duoc
biét dén co6 kha ning thu hit va nudi dudng nhiéu loai sau an
14, dac bi¢t 1a cac loai thude bd canh vay Lepidoptera.
3.4.5. Anh huéng ciia phan bon dén hidu qua kinh té
trong san xuit dia lién

Két qua cho thay, hai nghiém thtrc dat hiéu qua kinh
té cao nhat 1a S3P1 va S3P2, véi loi nhuan lan lugt 1a
490,89 triéu déng/ha va 491,16 triéu d@)ng/ha, cung voi
VCR tuong tng 13 4,48 va 4,54. Trong khi ning suit thuc
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thu gitra hai nghiém thirc nay khong c6 su chénh 1éch dang
ké (S3P1: 31,6 tdn/ha; S3P2: 31,5 tdn/ha), nghiém thuc
S3P2 - voi lugng phéan hoa hoc thap hon (120:120:90 kg/ha)
lai cho hiéu qua kinh té cao hon mét it, do chi phi dau tu
thap hon (138,84 triéu dong so véi 141,11 tridu dong &
S3P1).
Bang 3.21. Anh huéng ciia phan bon dén hiéu qua
kinh té trong san xuat dia lién

Nghiém  NSTT Tong thu Tong chi  Lginhuin VCR

, £ (triéu (1000 (1000

thirc (tan/ha) dong) dong) ddng)

SOPO 8,6 172 113,05 58,95 1,52
SO0P1 11,8 236 124,61 111,39 1,89
SOP2 9,7 194 122,34 71,66 1,59
SOP3 8,9 178 120,07 57,93 1,48
S0P4 8,8 176 117,8 58,2 1,49
S1P0 9,3 186 118,55 67,45 1,57
S1P1 22,6 452 130,11 321,89 3,47
S1P2 21,9 438 127,84 310,16 3,43
S1P3 18,7 374 125,57 248,43 2,98
S1P4 17,1 342 123,3 218,7 2,77
S2P0 9,8 196 124,05 71,95 1,58
S2P1 26,6 532 135,61 396,39 3,92
S2P2 25,1 502 133,34 368,66 3,76
S2P3 23,2 464 131,07 332,93 3,54
S2P4 20,3 406 128,8 277,2 3,15
S3P0 12,9 258 129,55 128,45 1,99
S3P1 31,6 632 141,11 490,89 4,48
S3P2 31,5 630 138,84 491,16 4,54
S3P3 30,1 602 136,57 465,43 441
S3P4 23,5 470 134,3 335,7 3,50

Ghi chi: Cong lao dong tai dia phuwong = 200.000 dong/cong gid ban
dia lién khi thu hoach = 20.000 dong/kg, gid mua dia lién giong =
45.000 dong/kg; tién thué may lam dat = 4.000.000 d/ha. VCR (Value
Cost Ratio) = Tong thu/tong chi.
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Piéu nay chi ra rang viéc giam bét lugng phan hoa
hoc trong khi van duy tri muc 'bon hiru co hop 1y (3 tan/ha)
khong lam suy giam nang sudt ma con nang cao hiéu qua
dau tu, giam thiéu chi phi dau vao va tiém an nguy co 6
nhiém moi truong dat. Day 1a xu hudéng pht hop voi dinh
hudng phat trién nong nghiép sinh thai, tiét kiém tai nguyén
va tang hi€u qua st dung phan bon tai Viét Nam hién nay.
Bén canh cac nghiém thirc hiéu qua cao, ciing can luu ¥
rang mot sO nghiém thic bon nhiéu phan hoéa hoc nhung
khong kém phan hitu co (nhu SOP1, SOP2) cho thay ning
suét va lgi nhuan thép, ching t6 kha nang st dung dinh
dudng cua cay dia lién bi han ché trong diéu kién dat chua
dugc cai tao hoac chua ¢ hé vi sinh vat phat trién tot. Tir
cac phan tich néu trén, c6 thé khang dinh rang S3P2 14 cong
thirc bon phan t6i wu nhat trong nghién ctru nay, vira dat
duoc ning suat cao, vira mang lai lgi nhudn cao nhat voi
chi phi hop ly. Day ciing 1a cong thirc c6 tinh rng dung thyc
tién cao nho tiét kiém luong phan hoéa hoc, tir d6 gop phan
giam thiéu 6 nhidém dat, ting d6 bén hé sinh thai va phi hop
v61 moé hinh canh tac bén viing.

3.4.6 Anh huwéng ciia phan bon dén chit lwong cia dwoe
lidu dia lién

Nghiém thirc S3P1 dat ham luong tinh dau cao nhat
1a 4,49%, trong khi nghiém thuc SOPO (khong bon phan)
chi dat 3,07%..

Ty 1é Tr-p dat cao nhét tai S3P1 (66,69%), ké dén 1a
S3P2 (66,57%), thap nhat 1a SOPO (51,38%). 1,3-
Isobenzofurandion (1,3-Iso): Mot hop chit c¢6 hoat tinh
chdng oxy héa va khang khuan, dat ty 1& cao nhat & S3P1
(25,32%) va S3P2 (25,30%). Isoborneol va Eucalyptol (Iso,
Eu): Hai thanh phan d& bay hoi c6 trong tinh dau, duoc biét
dén véi tac dung giam dau va thu gidn. Him luong cao nhét

19



lan luot 12 7,91% va 6,65% & S3P1, so véi murc thép 1,67%
va 2,14% & nghiém thuc khong bon phéan. Trans-2,3-
Epoxynonane (Tr-2,3-Ep) va Gamma-Elemene (Ga-El):
Hai thanh phén it ph6 bién hon nhung ciing dong gop vao
tinh dugc 1y téng hop. Pac biét, S3P2 cho ham lugng Tr-
2,3-Ep (9,82%) va Ga-El (2,35%) cao nhit trong sb tat ca
cac nghiém thirc.
3.4.7. Tinh chat dat trwée va sau khi thue hién cac thi
nghiém tai dia diém nghién ciru

Sau mdt mua vu canh tac, cc chi tiéu hoa hoc dat da
c6 bién dong theo hudng tich cuc ¢ nhitng nghiém thirc co
st dung phan hitu co vi sinh. Trong d6, chit hitu co va dam
tong so 1a hai yéu t6 cai thién rd rét nhat, dong vai tro thiét
yéu trong viéc duy tri 6 phi lau dai cua dat. Muc pH dat
cling duoc 6n dinh tét hon & cac nghiém thirc ¢6 bon hitu
co, tao diéu kién thuan loi cho vi sinh vat dat phat trién.
Nguoc lai, cac nghiém thirc khong bon hodc chi sir dung
phan héa hoc cho thay xu huéng suy giam OM, pH va cac
chi tiéu hap thu dinh dudng, tir d6 tiém 4n nguy co suy thoai
dat néu duy tri lién tuc trong thoi gian dai.

Chwong 4. KET LUAN VA PE NGHI

4.1. Két luan

O Vuon quéc gia Kon Ka Kinh, vi bi khai thac
khong co quy hoach va khong co bién phap bao ton, phat
trién bén virng nén cay dia lién trong tu nhién da bi suy kiét
nghiém trong.

Quan thé dia lién dugc thu thap co do da dang di
truyén tuong d6i cao, v6i hé sé twong dong trung binh dat
0,78. Cac mau dugc phan thanh hai nhom di truyén o rét,
phan anh sy phan héa gen theo ngudn gbc dia 1y.
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Cay dia lién tai Kon Ka Kinh c¢6 chu ky sinh truéng
9 - 10 thang, thich nghi véi diéu kién sinh thai dia phuong.
Cac dac diém hinh thai, gidi ph?lu 14, than, ré dugc mé ta rd
nét, gitip xac dinh dic diém nhan dién va phuc vu cong tac
chon gibng.

Tréng dia lién vao dau thang 5 v&i mat do 125.000
cay/ha (khoang cach 40 cm x 20 cm) khong chi cho néang
sut (29,8 tén/ha) va chét lugng cti cao ma con mang lai hi¢u
qua kinh té vuot troi (VCR dat 4,29). Mat do va thoi vu con
tac dong dang ké dén ham luong hoat chat, khang dinh vai
trd ctia cac yéu tb ky thuat trong viéc nang cao gia tri duoc
liéu cay dia lién.

Bon két hop 3 tin phan hitu co vi sinh/ha voi licu
luong 120 kg N + 120 kg P2Os + 90 kg K20 kg/ha giap cay
sinh truong manh, cho cu 16n va dong déu, ning suat dat
31,5 tan/ha, hiéu qua kinh té tot (VCR dat 4,54) va ham
lugng hoat chat cao. Viéc phdi hop giita phan hitu co va
phéan héa hoc vé1 mure hop 1y khong chi nang cao hiéu qua
canh tac ma con gop phan cai thién cu trac va do phi nhiéu
cua dat, huong dén canh tac bén virng.

4.2. Pé nghi

Str dung céc dit liéu diéu tra hién trang sinh thai va
két qua danh gia da dang di truyén lam co so khoa hoc cho
viéc bao ton tai chd va luu giit ngudn gen ciy dia lién tai
Vuon qudc gia Kon Ka Kinh. Uu tién Iya chon nhitng dong
ban dia c6 dac diém hinh thai 6n dinh, di truyén déc trung
dé nhan giong, phuc vu phat trién cac mo hinh trong dugc
lidu gin vai bao ton tai nguyén ring.

Tiép tuc nghién ctru xay dung mé hinh trong cay dia
lién vao thang 5 véi mat do 125.000 cay/ha va sir dung phi
hop phan hitu co vi sinh (3 tAn/ha) véi liéu lugng 120 kg N -
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120 kg P20s - 90 kg K20 kg/ha ¢ ving dém Vuon Qudc gia Kon
Ka Kinh va cac khu vic tuong dong vé diéu kién sinh thai.

Can tién hanh thém mot sb nghién ctru nhu ky thuat
cham soc sau tréng, phong trtr sau bénh, thot diém thu hoach,
phuong phap so ché - bao quan cling nhu danh gia ham
lugng hoat chét theo cac giai doan sinh trudng dé hoan thién
quy trinh k¥ thuat trong cay dia lién cho ning suit va hiéu
qua cao phu hop vé6i diéu kién sinh thai dic thu cia Vuon
qudc gia Kon Ka Kinh.
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INTRODUCTION
1. Rationale for the Study

Vietnam lies in the tropical monsoon zone, with rich ecosystems and diverse plant resources,
including approximately 5,117 recorded medicinal plant species. This represents substantial potential to
develop the medicinal-plant sector into an important technical-economic field. Medicinal plants are
widely used in health care for multiple purposes anti-inflammatory, antibacterial, sedative, analgesic,
and for supporting digestive, circulatory, and respiratory functions (Nag et al., 2015) [153] and they also
generate economic value through value-added processing and export. However, the current development
of medicinal resources in Viet Nam remains inadequate. Exploitation is still predominantly based on
wild harvesting and is not aligned with long-term conservation strategies. Unplanned use of land, forests,
and biological resources, together with spontaneous extraction, has led to a serious decline in many
valuable medicinal species. Meanwhile, cultivation, research and development, and value-chain
linkages for medicinal-plant products remain fragmented and poorly coordinated. In this context,
investment in research, conservation, and development of medicinal resources, toward sustainability,

efficiency, and commercial scale, is urgently required.

Gia Lai is a mountainous province in the Central Highlands, endowed with favorable natural
conditions such as fertile basaltic red soils, a humid tropical climate, high rainfall, and rich ethnic
cultural diversity with indigenous knowledge of medicinal plant use. These attributes offer significant
potential to develop medicinal plants into an important economic and technical sector that reflects local
characteristics. Recognizing this role, Gia Lai Province has issued a number of policies and programs

to promote the development of medicinal resources in recent years.

Kon Ka Kinh National Park is one of Gia Lai’s representative nature reserves and lies within a
biodiversity rich area of the Central Highlands. A 2017 survey recorded more than 1,700 vascular plant
species, many of which have high medicinal value and high conservation value (Pham Ngoc Binh, 2017)
[40]. Kaempferia galanga L. is indigenous to this area and has long been widely used in folk medicine,
especially among ethnic minority communities in the Central Highlands, to treat disorders of the

digestive and respiratory systems and rheumatism.

In recent years, however, harvesting by local residents for sale to traders has placed K. galanga
in Kon Ka Kinh at risk of a serious decline in both abundance and distribution. Prolonged and
uncontrolled collection from the wild, together with the absence of conservation and restoration
measures, has caused substantial damage to natural populations. Notably, no study to date has provided
a comprehensive assessment of the species’ biology, morphology, anatomical structure, habitat ecology,

or adaptive growth under the park’s specific ecological conditions.

Beyond these gaps in basic research, the scientific foundations for production have not been
established, including appropriate planting seasons, suitable planting densities, and rational fertilization
regimes to achieve optimal growth, yield, and medicinal quality. As a result, Kaempferia galanga L. has
not yet been integrated into cropping systems at scale for commercial production that could support
agricultural economic development while sustainably conserving indigenous germplasm and forest

biodiversity.



For these reasons, the PhD dissertation titled “Evaluation of genetic resources and cultivation practices
for Kaempferia galanga L. at Kon Ka Kinh National Park, Gia Lai province” is conducted to clarify the
scientific bases for conserving and developing this medicinal species in ways suited to the area’s
distinctive ecological conditions, thereby ensuring production efficiency and long term sustainability.

2. Study objectives
2.1. Overall Objective

To identify the existing medicinal-plant resources of Kaempferia galanga L. at Kon Ka Kinh
National Park and to develop a cultivation protocol suited to local conditions in order to support the

conservation and germplasm development of K. galanga in Gia Lai Province.
2.2. Specific Objectives

- Determine the distribution of Kaempferia galanga L. within Kon Ka Kinh National Park, Gia

Lai Province.

- Determine the morphological, molecular, and agrobiological characteristics of Kaempferia

galanga L. populations in Kon Ka Kinh National Park, Gia Lai Province.

- Determine the appropriate planting season and planting density for Kaempferia galanga L. at
Kon Ka Kinh National Park, Gia Lai Province.

- Determine suitable fertilizer application rates for Kaempferia galanga L. at Kon Ka Kinh

National Park, Gia Lai Province.
3. Scientific and Practical Significance
3.1. Scientific Significance

The dissertation provides valuable scientific information on the medicinal plant resources of K.
galanga in Kon Ka Kinh National Park, Gia Lai Province. By determining the current distribution,
ecological characteristics, levels of genetic diversity, and technical factors that influence growth, yield,

and quality, the study clarifies the biological traits and application potential of this medicinal species.

The findings furnish a scientific basis for developing a cultivation protocol for K. galanga that is suited
to local ecological conditions, while also enriching the evidence base for subsequent research,
conservation, and development of indigenous medicinal plant species in the Central Highlands in general
and Gia Lai Province in particular. The scientific evidence generated by the study helps guide the
sustainable utilization of K. galanga germplasm within strategies to develop the medicinal plant

economy in tandem with biodiversity conservation.
3.2. Practical Significance

The dissertation’s findings provide a practical basis for assessing the current status and
development potential of the medicinal plant K. galanga in Kon Ka Kinh National Park, Gia Lai
Province. This serves as the foundation for proposing measures for the conservation, restoration, and

sustainable development of valuable indigenous genetic resources.

The dissertation also establishes scientific and practical foundations for developing market-
oriented cultivation models for K. galanga that are suited to local natural conditions and economic

development needs. Integrating this species into cropping systems can enhance land-use efficiency and
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diversify agricultural products, aligning with Gia Lai Province’s agricultural restructuring toward value

addition and sustainability.

In particular, the rational utilization of K. galanga can bring tangible benefits to buffer-zone
communities, especially ethnic minorities, through the development of under-canopy medicinal-plant
cultivation models. This not only increases incomes and improves livelihoods but also fosters forest
protection awareness, thereby preserving and enhancing the value of natural resources effectively and

over the long term.
4. Original Contributions of the Dissertation

The dissertation establishes baseline data on the natural distribution and ecological
characteristics of K. galanga in Kon Ka Kinh National Park. This provides important ecological
evidence to support conservation, restoration, and sustainable development of this indigenous medicinal

species in the Central Highlands in general and Gia Lai Province in particular.

It assesses the genetic diversity of ten K. galanga samples using ISSR markers. This represents
the first genetic dataset to inform cultivar selection and germplasm conservation of K. galanga in the
Central Highlands.

It identifies the optimal combination of planting season, planting density, and fertilization
regime, combining organic microbial and mineral fertilizers, to enhance yield, medicinal quality, and
economic efficiency. This is a practical contribution to developing commercial scale production models

for K. galanga suited to local conditions.



Chapter 1. LITERATURE REVIEW
1.1. Theoretical foundations of the research

1.1.1. Origin, taxonomic position, and morphological and physiological characteristics of Kaempferia

galanga L.

1.1.2. Assessment of genetic diversity

1.1.3. Scientific basis for cultivation techniques for Kaempferia galanga L.

1.1.4. Relationships among fertilizer types and principles for efficient use

1.1.4.1. Relationships among fertilizer types

1.1.4.2. Principles for rational fertilizer use

1.2. Practical foundations of the research

1.2.1. Overview of Kon Ka Kinh National Park

1.2.2. Current status of Kaempferia galanga L. cultivation in Viet Nam and Gia Lai Province

1.2.3. Previous studies in Viet Nam and internationally



Chapter 2. SUBJECTS, CONTENT, AND RESEARCH METHODS
2.1. Research subjects and scope
2.1.1. Research subjects

The indigenous K. galanga at Kon Ka Kinh National Park, Gia Lai Province.
Appropriate cropping seasons, planting densities, and fertilizers (bio-organic and NPK) in the

cultivation of Kaempferia galanga.
2.1.2. Scope of the research
Study of K. galanga collected at Kon Ka Kinh National Park, Gia Lai Province.

Investigation of certain cultivation techniques for K. galanga on production land in the buffer

zone of Kon Ka Kinh National Park, Gia Lai Province.
Survey and collection of K. galanga samples at Kon Ka Kinh National Park, Gia Lai Province.

Evaluation of morphological and agro-biological characteristics of K. galanga at Kon Ka Kinh

National Park, Gia Lai Province.

Assessment of genetic diversity of K. galanga collected at Kon Ka Kinh National Park and five

additional samples collected from other regions across the country.

Arrangement of experimental trials on selected cultivation techniques for K. galanga at Kon Ka
Kinh National Park, Gia Lai Province.

2.2.2. Research content

2.2.1. Survey of the current status and collection of K. galanga genetic resources at Kon Ka Kinh
National Park

2.2.2. Evaluation of genetic diversity and agro-biological characteristics of K. galanga.
2.2.3. Study on the effects of cultivation techniques on the yield and quality of K. galanga.

- Investigation of the effects of cropping seasons and planting densities on the growth,

development, yield, and quality of K. galanga.

- Investigation of the effects of application rates of N, P, K fertilizers and bio-organic fertilizers

on the growth, development, yield, and quality of K. galanga.
2.3. Research methods

2.3.1. Survey Methods

2.3.1.1. Field survey methods

Survey of Distribution Status: Conducted in March and May 2022 following the survey
protocols of the Institute of Materia Medica (2004), Nguyén Nghia Thin (2007), and Lé Thi Thanh
Huong et al. (2016). Accordingly, the survey was carried out in areas where Kaempferia galanga L. is

distributed within the study site.



In each area, surveys were conducted along transects appropriate to the topographical
characteristics and the actual distribution of K. galanga populations. Transects were georeferenced using

GPS devices, and all distribution points of K. galanga were recorded.

Establishment of Standard Plots (SPs): Along the transects, at sites where K. galanga occurred,
three SPs per transect were established, with each SP covering 1,000 m? (20 x 50 m), totaling nine plots
(three SPs per district). Within each SP, ecological parameters were collected, including coordinates,
elevation, slope, topographical position, aspect, canopy cover (%), soil type, and litter layer thickness

(cm).

Establishment of Quadrat Subplots: Within the nine SPs, 45 quadrat subplots (QSPs) were
established for investigating K. galanga, each with an area of 25 m? (5 x 5 m). In these QSPs, the number
of K. galanga individuals was counted according to morphological characteristics, and the level of

harvesting was recorded.
2.3.1.2. Methods of survey and interviews with key informants

Community interviews were conducted with 90 households whose livelihoods primarily depend
on the buffer zone of Kon Ka Kinh National Park. A semi-structured interview approach was applied
following the ethnobotanical survey methodology of Nguyen Tap (2006). The predetermined
information collected included locations where K. galanga grows and is commonly harvested,
harvesting periods, harvesting methods, and the annual harvested quantities. In addition, survey methods
involving interviews on the collection and use of K. galanga within the community were applied using
the Rapid Rural Appraisal (RRA) and Participatory Rural Appraisal (PRA) approaches, along with

interviews of forest rangers.
2.3.3.2. Method of literature inheritance

Inheritance of scientific documents included reports, articles, and published projects related to
medicinal plants in Kon Ka Kinh National Park, as well as other relevant materials, based on the
principle of selective use. The set of criteria for K. galanga developed by Nguyen Dinh Thi et al. (2020)
was consulted to evaluate the morphological characteristics of the plant. The anatomical and
morphological characteristics of K. galanga were examined according to the textbook “Plant
Morphology and Anatomy” by Hoang Thi San (1998).

2.3.3.3. Methods of sample collection, classification, and determination of biological characteristics

Samples were collected for the preparation of herbarium specimens and classified following
Nguyen Nghia Thin (2007). From three to five specimens were collected at each site, ensuring that all
necessary plant organs were included. Information on the species was recorded, such as preliminary
descriptions of stem and leaf morphology. Photographs were taken of the habitat and environment where

the plants grow, capturing either entire or partial populations.

The morphological comparison method was used, in which classification keys and species
descriptions were consulted to identify the scientific name of the species. This method is based on the

morphological characteristics of both vegetative and reproductive organs.



3.3.4. Methods for assessing the genetic diversity of Kaempferia galanga L.

Leaf samples were collected from five K. galanga plants at Kon Ka Kinh National Park and

from K. galanga plants obtained in five provinces across the country.
Thirteen ISSR primers were used in the study.

2.3.5. Methods of field experiment design

2.3.5.1. Weather conditions in the study area

2.3.5.2. Experiment on the effects of cropping seasons and planting densities on the growth,

development, yield, and quality of Kaempferia galanga L.

The experiment was arranged in a split-plot design, with planting density as the main factor and
cropping season as the sub-factor, consisting of nine treatments with three replications. The area of each
experimental plot was 6 m?, and the total experimental area was 9 x 3 x 6 =162 m? (excluding protective
borders).

Experimental treatments

Cropping Season Factor (T) Planting Density Factor (M)
T1: Planting date on 01/4 M1: Density of 250,000 plants/ha (20 cm x 20 cm)
T2: Planting date on 01/5 M2: Density of 166.000 plants/ha (30 cm x 20cm)
T3: Planting date on 01/6 M3: Density of 125.000 plants/ha (40 cm x 20 cm)

The experiment was arranged in a split-plot design, with planting density as the main factor and
cropping season as the sub-factor, consisting of nine treatments with three replications. The area of each
experimental plot was 6 m?, and the total experimental area was 9 x 3 x 6 =162 m? (excluding protective
borders).

The experiment followed the production protocol issued by Hue University of Agriculture and
Forestry under Decision No. 505/QD-DHNL-KHCN dated June 16, 2020.

2.3.5.3. Experiment on the effects of N:P:K fertilizer rates and bio-organic fertilizers on the growth,

development, yield, and quality of Kaempferia galanga L.

The experiment was arranged in a split-plot design, with the N:P:K fertilizer combination as the
main factor and the bio-organic fertilizer as the sub-factor. The area of each experimental plot was 6 m?,

and the total experimental area was 5 x 4 x 3 x 6 = 360 m? (excluding plot paths and protective borders).

The fertilizer used was Song Gianh HC15 bio-organic fertilizer produced by Song Gianh
Corporation (Moisture: 30%; Organic matter: 15%; Humic acid: 2.5%. Secondary nutrients: Ca: 1.0%;
Beneficial microorganisms including Bacillus 1 x 10® CFU/g; Azotobacter 1 x 10 CFU/g; Aspergillus
sp. 1 x 10¢ CFU/g). The chemical fertilizers included urea, potassium chloride, and superphosphate.

The experimental treatments were implemented as follows:



Bio-organic fertilizer factor N:P:K fertilizer factor

S0: no fertilization PO: no fertilization

S1: 1 tons/ha P1: 150 kg N + 150 kg P,Os + 110 kg K>O
S2: 2 tons/ha P2: 120 kg N + 120 kg P,Os + 90 kg K,O
S3: 3 tons/ha P3: 90 kg N + 90 kg P,Os + 70 kg K,O

P4: 60 kg N + 60 kg P,0s + 50 kg K20

2.3.5.4. Research indicators and methods of data monitoring
2.3.5.4.1. Indicators of growth and development

Growth and development duration: sprouting time, true leaf emergence time, tillering time, and

harvesting time.
Growth indicators of the plant: leaf length, leaf width, and canopy diameter.

Yield components and yield: rhizome weight, clump rhizome weight, theoretical yield, and actual

yield.
Profit (1,000 VND/ha) = Total revenue — Total cost.
2.3.5.4.2. Monitoring the incidence of pests and diseases

During the implementation of the experimental models, the presence of pests and diseases was

monitored throughout the experimental period, and data were collected and evaluated at 15 day intervals.

2.3.6. Methods of Soil Sample Analysis

Soil analyses were conducted before and after the experiment, including the following parameters:
pH(H20), total organic matter, total nitrogen, total phosphorus, total potassium, available nitrogen,
available phosphorus, and available potassium.

2.3.7. Methods for determining the composition and content of essential oils in the rhizomes of

Kaempferia galanga L.

Essential oil content (%): Determined by the steam distillation method according to the

Vietnamese Pharmacopoeia; rthizome samples were distilled for essential oil immediately after harvest.
2.3.8. Methods of Data Processing
The data of the monitored indicators were entered and coded using Excel 2010 software.

To analyze the genetic diversity of the collected K. galanga samples, the ISSR banding data
obtained were coded into a binary matrix (0/1) based on the presence or absence of DNA bands. This
data matrix was processed and analyzed using NTSYS version 2.0 (Numerical Taxonomy System for
the Analysis of Multivariate Data). Based on the similarity matrix, a dendrogram was constructed using
the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) method to evaluate the genetic

relationships among the studied samples.



The field experiments were analyzed using a Split-Plot model in SAS 9.1 software. Analysis of
variance (ANOVA) was performed to assess the differences among treatments; when statistically
significant differences (p < 0.05) were detected, mean comparisons were carried out using Duncan’s

test.



Chapter 3. RESULTS AND DISCUSSION

3.1. Current status and ecological conditions of Kaempferia galanga L. in Kon Ka Kinh National
Park

3.1.1. Current status of Kaempferia galanga L. in Kon Ka Kinh National Park

Based on survey questionnaires and direct interviews with forest rangers and local people, three
transects for investigating K. galanga were identified and designed. Along each transect, at points where
K. galanga occurred, standard plots (20 x 50 m) were established, and five subplots (5 x 5 m) were
randomly selected at the four corners and one at the center. The results obtained from the standard plots
indicated that K. galanga was unevenly distributed across the subplots, with each subplot showing
different conditions of occurrence. From the survey and collected data, it was found that no concentrated

distribution areas of K. galanga were recorded along the three transects.
3.1.2. Ecological conditions of Kaempferia galanga L. in Kon Ka Kinh National Park

Survey results indicated that in March, K. galanga was not observed in natural forests, as the
plants had not yet produced new leaves and the rhizomes remained underground, making them

undetectable. However, by the survey period in May, the species had appeared in many locations.

Ecologically, K. galanga prefers to grow close to the ground surface, in areas with humus-rich
soils, high moisture, open terrain, and medium to relatively good light conditions. The soil environments

at the recorded sites all exhibited good drainage capacity.

Regarding edaphic conditions, the distribution sites of K. galanga were mainly located on terrain
with slopes ranging from 21° to 30°. The prevalent soil type was light to medium loam, with a thick soil
layer, high moisture content, and particularly a relatively well-developed litter layer, with an average
thickness of about 2.2 cm.

3.1.3. Status of utilization, cultivation, and trade of Kaempferia galanga L. in Kon Ka Kinh National
Park

Survey results indicate that the demand for K. galanga exists both in daily life and within small-
scale commercial supply chains. However, due to the lack of technical support systems, policies, and
specific development orientations, the management and conservation of this resource remain neglected.
In the context of declining forest resources, the development of K. galanga cultivation models in the
buffer zone, linked to local livelihoods and adapted to local conditions, is among the practical solutions

that provide dual benefits, both economic and biodiversity conservation, for Kon Ka Kinh National Park.
3.1.4. Morphological and anatomical characteristics of Kaempferia galanga L.

The analysis results showed that the K. galanga samples collected from different survey sites
within the National Park exhibited relatively uniform morphological and anatomical characteristics,
with no significant differences recorded among the regions. Nevertheless, these findings provide an
important preliminary dataset for subsequent studies aimed at assessing genetic diversity or potential
genetic variations among K. galanga populations in different ecological zones of the National Park,

thereby supporting the development of appropriate conservation strategies.
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3.1.5. Identification of the scientific names of Kaempferia galanga L. germplasm samples collected

Based on the analysis of morphological characteristics, in comparison with classification keys in
various floras and with reference to several specimens preserved in herbaria (the Paris Museum of
Natural History and the Herbarium of the Institute of Materia Medica), we identified the nine germplasm

samples collected as K. galanga, belonging to the Zingiberaceae family.
3.2. Assessment of the genetic diversity of Kaempferia galanga L.

The genetic relationships among the 10 K. galanga samples were determined through genetic
similarity coefficients, which ranged from 0.59 to 0.97. This relatively wide variation reflects a
considerable level of genetic diversity among the samples. The differences in similarity coefficients can
be explained by the different geographical origins of the collected samples, demonstrating the influence

of ecological and environmental conditions on genetic variation within K. galanga populations.

Based on the dendrogram, the 10 K. galanga samples can be divided into two main groups with
an average similarity index of 0.78%. Group 1 consisted of the Me Linh, Kon Ka Kinh 1, and Kon Ka
Kinh 2 samples. Kon Ka Kinh 1 and Kon Ka Kinh 2 had the closest similarity coefficient of 0.93, which
was the same as that between Me Linh and Kon Ka Kinh 1, and between Me Linh and Kon Ka Kinh 2.

This indicates that the three K. galanga samples in Group 1 are genetically very closely related.

Group 2 consisted of the remaining seven K. galanga samples: Kon Ka Kinh 3, Kon Ka Kinh
4, Kon Ka Kinh 5, Hiep Hoa, Hue, Dong Hy, and RCMP. Kon Ka Kinh 3 and Kon Ka Kinh 4 had the
closest genetic similarity coefficient of 0.97, whereas Kon Ka Kinh 3 and Hiep Hoa were the most
distantly related, with a similarity coefficient of 0.67. The other samples in Group 2 Kon Ka Kinh 4,
Kon Ka Kinh 5, Hue, Dong Hy, and RCMP were relatively closely related, with similarity coefficients
ranging from 0.76 to 0.93.

3.3. Effects of Cropping Seasons and Planting Densities on the Growth and Development of
Kaempferia galanga L.

3.3.1. Effects of Cropping Seasons and Planting Densities on the Growth and Development of
Kaempferia galanga L.

The physiological development and growth of crops are the results of complex interactions
between genetic factors and external conditions. Among these, cultivation conditions such as cropping
season, planting density, soil characteristics, climate, and technical measures have significant impacts
on growth indicators, development, and yield. For K. galanga, determining the optimal cropping season
and planting density is essential to achieve the highest cultivation efficiency in each specific ecological

zone.

Among the surveyed factors, cropping season had a significant effect on the sprouting stage of
K. galanga, whereas planting density did not have a statistically significant impact on this indicator.
Specifically, the slowest sprouting was recorded in treatment TIM1 (planted on April 1, density of
250,000 plants/ha), while the fastest sprouting occurred in treatment T3M3 (planted on June 1, density
of 125,000 plants/ha). This reflects the sensitivity of the sprouting process to external conditions,
particularly soil moisture and ambient temperature, which are decisive factors for water and oxygen

absorption and the initiation of physiological activity in the rhizomes.
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In April, at the end of the dry season in the Kon Ka Kinh area, the climate remained arid and
the soil had not yet reached sufficient moisture, limiting water absorption by the rhizomes and slowing
sprouting. In contrast, by June, the region had entered the rainy season for about one month, and soil

moisture had reached an optimal level, creating favorable conditions for rapid sprouting.

Regarding the overall growth duration from planting to harvest, treatment T2M3 (planted on
May 1, density of 125,000 plants/ha) had the longest growth period, reaching 315 days. Although
intermediate developmental stages such as true leaf emergence, tillering, and flowering did not show
significant differences among treatments (true leaf emergence ranged from 40 to 43 days; tillering from
93 to 97 days; flowering from 116 to 130 days), the harvest time in treatment T2M3 was extended
compared with other treatments. This may be due to the lower density and favorable planting season,

which allowed prolonged growth and delayed leaf senescence, resulting in a later harvest date.

From these results, it can be concluded that although cropping season and planting density did
not significantly affect intermediate developmental stages such as leaf emergence, tillering, flowering,
and harvesting, they clearly influenced the sprouting stage, the critical initial phase in crop growth.
Properly scheduling planting seasons in accordance with local climatic conditions plays an essential role
in ensuring a high sprouting rate, thereby laying the foundation for uniform development of the crop

population in the field.
3.3.2. Effects of cropping seasons and planting densities on the leaf indicators of K. galanga.

The planting season had a significant effect on the leaf morphological indicators of K. galanga.
Specifically, leaf length and width showed statistically significant variations across all growth stages.
This reflects the sensitivity of K. galanga to planting time, which is strongly influenced by external

conditions such as temperature, rainfall, and soil moisture at each period.

Meanwhile, planting density did not show a clear effect during the early stages, but at 120—150
days after planting (DAP), differences in leaf size among treatments began to reach statistical
significance. This indicates that planting density affects leaf development indirectly, through

competition for growth space, light, and nutrients during the vigorous stem and leaf development stage.

In particular, K. galanga grown under treatment T2M3 (planted on May 1 at a density of 125,000
plants/ha) exhibited the best leaf development, with leaf length and width at 180 DAP reaching 18.9 cm
and 14.3 cm, respectively. Conversely, treatment TIM1 (planted on April 1 at a density of 250,000
plants/ha) showed the poorest leaf development, with leaf length and width at only 14.5 cm and 10.9 cm
at the same time point. These differences can be explained by the factors of planting season and density:
April marks the end of the dry season, when soil moisture is insufficient for initial growth; at the same
time, dense planting causes competition for light and space, thereby limiting photosynthesis and leaf

development.

Low planting density under adequate soil moisture conditions (as in May) created favorable
conditions for maximum leaf development, due to reduced competition and increased light capture for
individual plants. This result is consistent with the physiological characteristics of K. galanga, which

has a shallow root system and depends greatly on surface soil conditions and diffuse light.

The research results demonstrate that planting season and planting density significantly affect

the leaf development of K. galanga, with season playing a dominant role in the early stages and density
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showing clearer effects during vigorous growth. Treatment T2M3 (planted on May 1 at a density of
125,000 plants/ha) was found to be optimal for achieving the largest leaf size, thereby enhancing
photosynthetic efficiency and yield potential.

3.3.3. Effects of cropping seasons and planting densities on the yield components and yield of
Kaempferia galanga L.

Yield and its components are important indicators reflecting both biological and economic
efficiency in crop production. For K. galanga, growth indicators related to the number of rhizomes,

rhizome weight, and clump rhizome weight play a key role in determining the final harvest yield.

The study on the effects of cropping seasons and planting densities on the yield components and
rhizome yield of K. galanga in the buffer zone of Kon Ka Kinh National Park showed that both cropping
season and planting density had significant impacts on the number of rhizomes per clump, average
rhizome weight, clump rhizome weight, as well as theoretical and actual yields.

Table 3.11. Effects of Cropping Seasons and Planting Densities on Yield Components and Yield
of Kaempferia galanga L.

Clump Theoretical Actual

. Rhizome . . .
Treatment rhizomes/clump . rhizome yield yield
weight (g) )
weight (g) (tons/ha) (tons/ha)
TiM1 8,4° 8,2° 68,9° 17,24 15,3¢
T1M2 8,9° 9,5 84,6° 14,0% 12,6°
TI1M3 9,2¢ 9,9 91,1° 11,4¢ 12,5¢
T2M1 9,3¢ 10,5° 97,7° 24.4° 22,3
T2M2 14,7 14,9 219.0° 36,4° 31,5°
T2M3 17,52 17,32 269,0° 33,6 29,8
T3M1 9,4¢ 10,3° 96,8° 24,2¢ 21,8°
T3M2 13,0° 14,52 205,6° 34,1 30,6
T3M3 14,9 15,9 236,9% 29,6 27,5%
CV% 15,0 12,3 13,5 12,1 10,8
Fr 28,19* 47,75% 144,77* 147,45% 96,6*
Fm 25,54™ 37,2% 126,49* 16,16* 10,28%*
Frsm 11,01* 14,23* 43,75% 27,58% 29,88%*

Note: Means within the same column followed by the same letter are not significantly different at o = 0.05; :

significant difference at o. = 0.05; ns: not significantly different. NSLT = Theoretical yield. NSTT = Actual yield.

Specifically, the number of rhizomes per clump differed significantly among treatments.
Treatment T2M3 (planted on May 1 at a density of 125,000 plants/ha) produced the highest number of
rhizomes, with an average of 17.5 rhizomes/clump, while treatment TIM1 (planted on April 1 at a
density of 250,000 plants/ha) recorded only 8.4 rhizomes/clump. This reflects the close relationship
between early-season growing conditions and rhizome formation capacity. Treatments planted in May
and June, coinciding with the onset of the rainy season in Gia Lai, benefited from high and stable soil
moisture, providing favorable conditions for root development and rhizome formation. In contrast,
treatments planted in April, at the end of the dry season, often faced early-season water shortages,

resulting in slower growth and reduced rhizome formation.
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Average rhizome weight also showed statistically significant differences among treatments.
Treatment T2M3 again gave the highest value, at 17.3 g/rhizome, whereas treatment TIM1 had the
lowest, at only 8.2 g/rhizome. The strong development of leaves and canopy in the May and June
plantings enhanced photosynthetic efficiency, thereby allowing greater accumulation of organic matter
in the rhizomes, the primary organs forming the harvestable product. Moreover, treatments with lower
planting densities produced heavier rhizomes compared with higher-density plantings, as plants
experienced less competition for light, water, and nutrients, creating favorable conditions for the

comprehensive development of individual plants.

Clump rhizome weight, a direct yield component, also differed significantly among treatments.
Treatment T2M3 achieved the highest clump weight of 269.0 g, whereas treatment TIM1 recorded the
lowest at only 68.9 g. Notably, lower planting density combined with appropriate planting season (early
rainy season) provided favorable growth conditions, resulting in clumps with greater rhizome weight.
However, it should be considered that if planting density is too low, the total number of clumps per unit

area decreases, which can negatively affect overall yield.

Regarding yield, treatment T2M2 (planted on May 1 at a density of 166,000 plants/ha) achieved
the highest actual yield of 31.5 tons/ha, whereas treatment T1M3 (planted on April 1 at a density of
125,000 plants/ha) had the lowest yield, only 12.5 tons/ha. Although treatment T2M3 produced heavier
clump weights, treatment T2M2, with its higher planting density, compensated by having more clumps
per unit area, thereby increasing total yield. The theoretical yield of T2M2 reached 36.4 tons/ha,
indicating high production potential under suitable cultivation conditions. However, economic
efficiency analysis is needed to determine practical feasibility, as higher planting density also entails

increased costs for planting material and crop management.

Overall, the results indicate that cropping season and planting density significantly affect the
yield components and rhizome yield of K. galanga. Planting season, through early-season climatic
conditions—particularly soil moisture—strongly influences sprouting, rhizome formation, and
development. Planting density regulates competition among individuals, thereby affecting rhizome size
and weight. Treatments T2M2 and T2M3 were identified as optimal under the study conditions;
however, further evaluation of economic efficiency is required to select the most appropriate cultivation

model for specific production objectives.
3.3.4. Monitoring of pests and diseases in the experiment

Research conducted in Kon Ka Kinh National Park showed that leaf-eating insects were the
primary pests, appearing during the early growth stage. No cases of shoot rot or rhizome rot were
recorded, possibly because K. galanga is a newly introduced crop in the area and the fields had good

drainage conditions, thereby reducing the risk of disease occurrence.

The treatment planted in June with high density (T3M1) recorded higher pest incidence
compared with the treatment planted in April with low density (T1M3). High planting density created
favorable conditions for pest development, whereas treatment T1M3 (April planting, low density) was
optimal for limiting pest damage. The absence of disease in the experiment highlights the potential for
developing K. galanga cultivation in areas free from pathogens, though caution is needed regarding the

risk of pathogen accumulation in the soil under continuous cultivation.
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3.3.5 Effects of cropping seasons and planting densities on the economic efficiency of Kaempferia
galanga L. production

In modern agricultural production, the ultimate goal of all cultivation practices is to maximize
economic efficiency for producers, in which technical factors play a pivotal role. The selection and
application of cultivation techniques depend not only on biological feasibility but also on economic
indicators such as investment costs, yield, net profit, and the value-cost ratio (VCR).

Table 3.13. Effects of Cropping Seasons and Planting Densities on the Economic Efficiency of
Kaempferia galanga L. Production

) Total revenue Total cost Profit
Actual yield
Treatment (tons/ha) (1,000 (1,000 (1,000 VCR
VND/ha) VND/ha) VND/ha)

TiM1 15,3 306.000 242.990 63.010 1,26
TIM2 12,6 252.000 174.590 77.410 1,44
TIM3 12,5 250.000 138.890 111.110 1,80
T2M1 22,3 446.000 242.990 203.010 1,84
T2M2 31,5 630.000 174.590 455.410 3,61
T2M3 29,8 596.000 138.890 457.110 4,29
T3M1 21,8 436.000 242.990 193.010 1,79
T3IM2 30,6 612.000 174.590 437.410 3,51
T3M3 27,5 550.000 138.890 411.110 3,96

Note: Selling price of K. galanga = 20.000 VND/kg; Labor cost = 200.000 VND/day, Seed rhizomes price
= 45.000 VND/kg, Fertilizer = 25.840.000 VND/ha; Land preparation by machine = 4.000.000 VND/ha. VCR

(Value Cost Ratio) = Total revenue / Total cost.

The research results showed that a planting density of 125.000 plants/ha provided superior
economic efficiency compared with other densities. Specifically, in treatment T2M3 (planted on May
1), total investment costs were significantly reduced due to lower requirements for seed rhizomes, labor
for care, and harvesting, while profit reached 457,11 million VND/ha, corresponding to the highest VCR
value of 4,29 among the treatments tested. Another important aspect recorded was that pest and disease
incidence during the entire study period was negligible, which minimized the use of plant protection
chemicals. It is evident that lower planting density not only facilitates better absorption of light and

nutrients but also makes monitoring and controlling pests easier if they occur.

An additional factor that cannot be overlooked is the effect of planting density on product
morphology and size. Observations from the experiment indicated that K. galanga rhizomes grown at
lower densities tended to be larger and more uniform, which enhanced both sensory value and market
price. This is an important factor, as consumers often assess product quality based on rhizome size and

uniformity.

Beyond density, planting time also played a crucial role in optimizing yield and profit.
Treatments planted in May produced better results compared with other planting times in the year. This
can be explained by the favorable weather conditions in May in the study area (temperature, humidity,
and rainfall), which were highly suitable for sprouting and early growth, allowing the plants to develop

vigorously and accumulate greater biomass.
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From the above analysis, it can be concluded that choosing a planting density of 125.000
plants/ha combined with planting in early May is the optimal cultivation technique for K. galanga in the
study area. This method not only delivers high economic efficiency, with profits reaching 457,11 million
VND/ha and a VCR of 4,29, but also reduces input costs, enhances market value, and facilitates pest
management. These results are consistent with and supported by many studies both domestically and
internationally, confirming the feasibility and broad applicability of this cultivation model for large-

scale commercial production of K. galanga.

3.3.6. Effects of cropping seasons and planting densities on the quality of Kaempferia galanga L.

medicinal materials

The analysis and evaluation of the effects of cropping seasons and planting densities on the
essential oil content and major chemical constituents of K. galanga medicinal materials are crucial in
research, since optimization should address not only yield but also quality. The results showed that the
total essential oil content of K. galanga rhizomes ranged from 3.10% to 4.43%. Treatment T2M3
recorded the highest total essential oil content at 4.43%, while all other samples were lower. This
indicates that an appropriate arrangement of cropping season and planting density can optimize the

extraction of K. galanga essential oil.

A suitable combination of cropping season and planting density corresponds to favorable
conditions of temperature, humidity, rainfall, and light, allowing the plants to maximize the utilization
of ecological factors, particularly in nutrient competition. High planting density leads to nutrient
deficiency and reduced photosynthetic capacity, whereas very low density causes inefficient use of
resources and affects yield. Thus, appropriate planting season and density ensure optimal nutrient
utilization and photosynthesis, promoting dry matter accumulation and thereby enhancing both yield
and quality. These findings indicate that planting in May at a density of 125,000 plants/ha is the most

suitable arrangement, yielding the highest values across all phytochemical indicators of K. galanga.

3.4. Effects of fertilization on the growth, development, yield, and quality of Kaempferia galanga
L.

3.4.1. Effects of fertilization on the growth and development of Kaempferia galanga L.

In modern agricultural production systems, fertilizers play a pivotal role in regulating crop
growth and development processes. For medicinal plants such as K. galanga, the duration of each growth
stage depends not only on genetic factors but is also significantly influenced by external conditions,
among which fertilizers, particularly bio-organic fertilizers, are central to improving soil structure,

enhancing nutrient exchange, and supporting soil microbiota.

Germination time is the first indicator in the developmental sequence of K. galanga. Monitoring
results showed that germination occurred within 22-24 days after planting, with no statistically
significant differences among treatments. This suggests that the breaking of dormancy in K. galanga
rhizomes is primarily affected by endogenous factors and environmental conditions such as temperature
and soil moisture, rather than fertilizers. This perspective is supported by recent studies, which indicate
that the germination stage of rhizomatous plants in general is not significantly influenced by soil nutrient

availability but relies more on the internal reserves of vegetative organs.
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However, from the true leaf emergence stage onward, the influence of fertilization became more
evident. Although statistical analysis did not reveal significant differences among treatments, those with
bio-organic fertilizer application, particularly at higher levels such as S3P1 and S3P2, showed noticeably
earlier leaf emergence compared with the unfertilized treatment (SOPO0). This reflects the role of bio-
organic fertilizers in improving soil structure, maintaining moisture, and enhancing nutrient absorption

by young roots during early growth.

Tillering time, which is closely associated with yield and the total number of rhizomes at
harvest, followed. Plants that tillered earlier had longer biomass accumulation periods, contributing to
greater rhizome yield and quality. The analysis indicated that treatments with bio-organic fertilizer
application, especially at higher levels, shortened tillering time compared with treatments with little or
no fertilization. However, treatments using only chemical fertilizers at high levels, such as S3P1 and
S3P2, did not demonstrate equivalent effectiveness, highlighting the role of bio-organic fertilizers not

only in nutrient supply but also in creating favorable conditions for vigorous root development.

For flowering time, experimental results revealed an interesting phenomenon: plants with little
or no fertilization flowered earlier than those adequately fertilized. Treatments such as SOP0 exhibited
markedly earlier flowering compared with treatments such as S3P4, S1P2, or S2P2. This may be
explained by the trade-off between vegetative and reproductive growth. When nutrient supply is
insufficient, vegetative growth is suppressed, prompting plants to shift prematurely to the reproductive

stage in order to complete their life cycle.

However, early flowering is not always a positive sign, particularly for rhizome-harvested crops
such as K. galanga. A shortened developmental period means reduced nutrient accumulation, which
negatively impacts the quality and weight of the final product. This directly relates to the final and most
important indicator: harvest time. Monitoring results showed that the unfertilized treatment (SOP0) had
the shortest duration from planting to harvest, whereas treatments with adequate fertilization,
particularly S2P1, had longer harvest durations. Prolonged harvest time allowed plants more time to

accumulate biomass, resulting in higher yield and improved quality.
3.4.2. Effects of Fertilization on the Leaf Indicators of Kaempferia galanga L.

Experimental results showed that leaf length reached its highest value in treatment S3P1 (the
treatment with the highest fertilizer application), while the lowest was recorded in treatment SOP0O (no
fertilization). The difference between these treatments was statistically significant at the 95% confidence
level (p < 0.05). This demonstrates the clear role of bio-organic and chemical fertilizers in stimulating

apical meristem development and leaf blade expansion.

Leaf width contributes to determining canopy area, influencing light interception and
transpiration capacity. Analysis results indicated that treatments with high levels of bio-organic fertilizer
(particularly S3P1 and S3P2) had significantly greater leaf width compared with the control treatment.
The differences in leaf width between the bio-organic and non-organic groups were statistically
significant, confirming the positive biological effects of organic fertilizers in expanding leaf area during

growth.

Canopy diameter reflects the development of individual leaves as well as the plant’s ability to

expand its living space. In this study, canopy diameter was highest in treatment S3P1 (31.6 cm at 180
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DAP) and lowest in SOPO (18.8 cm). From 90 days after planting, canopy diameter in fertilized
treatments stabilized and continued to increase, while unfertilized or lightly fertilized groups showed
slower growth. This phenomenon can be explained by the positive effects of bio-organic fertilizer on
soil structure and the root system. When soil is porous and rich in organic matter, the root system of K.
galanga develops more vigorously, absorbs nutrients more efficiently, and supports leaf development.

This is a key factor enabling canopy expansion and enhancing photosynthetic capacity.

Overall, leaf growth indicators such as length, width, and canopy diameter exhibited an
increasing trend corresponding to fertilizer levels, most pronounced in treatments with high bio-organic
fertilizer application. This relationship highlights the important role of nutrition in promoting leaf
growth, which is crucial for photosynthetic efficiency and biomass accumulation. The findings are
consistent with experimental observations and align with recent international scientific publications,
thereby confirming the effectiveness and sustainability of integrated fertilization strategies in the

cultivation of medicinal plants such as K. galanga.
3.4.3. Effects of fertilization on yield components and yield of Kaempferia galanga L.

Crop yield is the cumulative result of biological factors, in which yield components such as the
number of reproductive organs, the weight of harvested products, and the degree of dry matter
accumulation play decisive roles. For Kaempferia galanga L., a medicinal plant primarily harvested for
its rhizomes, indicators such as the number of rhizomes, rhizome weight, clump rhizome weight,
theoretical yield, and actual yield are the core yield components. These indicators are strongly influenced
by ecological conditions, particularly nutrient availability and soil structure, where the root system and

rhizomes develop.

Table 3.19. Effects of fertilization on yield components and yield of Kaempferia galanga L.

) . Theoretical )
Number of Rhizome Clump rhizome ] Actual yield
Treatment . . . yield
rhizomes weight (g) weight (g) (tons/ha) (tons/ha)

SOPO 5,68 12,14 68,41 8,6 8,68
SO0P1 7,5% 13,4%4 100,1f 12,6 11,88
SO0P2 6,28 12,754 78,9° 9,9 9,7¢
SO0P3 5,88 12,34 74,4 8,9 8,9¢
SoP4 5,7% 12,34 70,1f 8,8f 8.,8¢
S1P0 6,08 12,4 74,6 9,3f 9,3¢
S1P1 12,50 16,5% 199,6%4 25,0 22,64
S1P2 11,74 16,1%4 188,44 23,6% 21,9
S1P3 10,5¢ 15,64 161,8¢ 20,3¢ 18,74
S1P4 10,4 15,3%4 157,9¢ 19,7¢ 17,1¢f
S2P0 6,4% 12,85 79,2f 9,9 9,8¢
S2P1 15,12 16,7% 253,1% 31,6% 26,6%
S2pP2 14,5b 16,7 240,6%° 30,1%¢ 25,1%
S2P3 12,7¢d 16,5%® 208,74 26,1 23,20
S2P4 11,6% 15,724 179,0% 22,44 20,3
S3P0 8,1f* 13,44 107,1f 13,4 12,9
S3P1 17,9 17,5% 281,2° 35,28 31,6
S3p2 17,6% 17,3* 275,5° 34,42 31,5°
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S3P3 16,9 16,9 264,7% 33,1° 30,1¢

S3P4 13,1¢d 16,4%¢ 216,8% 27,10 23,50

CV% 16,7 14,0 14,2 14,2 15,28
Fs 54,54* 11,32%* 112,21%* 112,32%* 84,76*
Fp 23,59%* 5,89* 53,33* 53,37* 38,82%*
Fsp 16,41* 2,71* 33,01* 33,02%* 24,69*

Note: Means within the same category followed by the same letter are not statistically different at o = 0.05; :
statistically significant difference at a = 0.05; ns: not statistically significant. NSLT = Theoretical yield. NSTT =
Actual yield.

The research results showed that the average number of rhizomes per clump differed
significantly among treatments. The highest number of rhizomes was recorded in treatment S3P1 (17.9
rhizomes), while the control treatment SOPO produced only 5.6 rhizomes, clearly demonstrating the
substantial effect of fertilization on the formation of reproductive organs in K. galanga. The main reason
is that organic fertilizer improves soil structure, increases porosity and water retention, thereby creating
favorable conditions for root development and rhizome differentiation. Chemical fertilizers, particularly
nitrogen (N) and potassium (K), also play important roles in promoting cell division and expansion,

contributing to an increase in rhizome number.

Rhizome weight, representing the level of dry matter accumulation, also showed a marked
increase in appropriately fertilized treatments. Treatment S3P1 again achieved the highest value with

17.5 g/rhizome, compared with only 12.1 g/rhizome in the control treatment SOPO.

Clump rhizome weight, which reflects both the number and weight of rhizomes, was also
highest in S3P1 (281.2 g/clump) and lowest in SOP0O (68.4 g/clump). This result highlights the close

relationship among rhizome number, rhizome weight, and clump rhizome weight.

Theoretical yield and actual yield serve as indicators reflecting the combined effects of growth
factors and cultivation practices. In this study, the highest theoretical yield was recorded in treatment
S3P1: 35.2 tons/ha, followed by S3P2: 34.4 tons/ha, and S3P3: 33.1 tons/ha. Correspondingly, actual
yields were 31.6 tons/ha, 31.5 tons/ha, and 30.1 tons/ha, respectively. Meanwhile, the control treatment
SOPO achieved only 8.6 tons/ha for both indicators. The efficiency of fertilizer use in the three treatments
with the highest theoretical yield and actual yield (S3P1, S3P2, S3P3) showed no major differences
when NPK levels were slightly reduced while organic fertilizer was maintained at a high rate (3 tons/ha).

This opens the possibility of optimizing fertilization formulas to reduce costs while maintaining yield.

Comparing the three treatments with the highest yields (S3P1, S3P2, S3P3), it was observed
that the yield increase tended to plateau as the amount of chemical fertilizer decreased from P1 to P3.
This indicates that S3P1 is not only optimal in terms of yield but also provides the best overall balance
between organic and inorganic fertilizers. However, considering economic factors (fertilizer cost, labor,
etc.) and environmental impacts, S3P2 or S3P3 may be more practical options for production in areas

with lower investment capacity, while still maintaining actual yields above 30 tons/ha.
3.4.4. Pest and disease incidence in the fertilization experiment on Kaempferia galanga L.

Monitoring results showed that the proportion of K. galanga plants damaged by leaf-eating
insects ranged from 2.56% to 13.00%. Among the treatments, SOP1 (no organic fertilizer, but high-rate
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NPK application) recorded the highest pest incidence (13.00%), while SOPO (no fertilization) recorded
the lowest (2.56%). Notably, treatments that combined bio-organic fertilizer with medium to low NPK
levels (such as S3P3: 3.97% and S3P4: 3.14%) exhibited significantly lower pest infestation compared
with treatments using NPK alone. The increased pest incidence in high-NPK treatments may be
associated with elevated nitrogen content in plant tissues, which is known to attract and sustain various

leaf-feeding insect species, particularly those belonging to the order Lepidoptera.
3.4.5. Effects of fertilization on the economic efficiency of Kaempferia galanga L. production

The results showed that the two treatments with the highest economic efficiency were S3P1 and
S3P2, with profits of 490.89 million VND/ha and 491.16 million VND/ha, respectively, and
corresponding VCR values of 4.48 and 4.54. While the actual yields between these two treatments did
not differ significantly (S3P1: 31.6 tons/ha; S3P2: 31.5 tons/ha), treatment S3P2—with a lower chemical
fertilizer input (120:120:90 kg/ha)—achieved slightly higher economic efficiency due to lower
investment costs (138.84 million VND compared with 141.11 million VND in S3P1). This indicates that
reducing chemical fertilizer inputs while maintaining an appropriate level of organic fertilization (3
tons/ha) does not decrease yield but instead enhances investment efficiency, reduces input costs, and
minimizes the risk of soil pollution. This aligns with the current trend in Vietnam toward ecological

agriculture development, resource efficiency, and improved fertilizer use efficiency.

Table 3.21. Effects of fertilization on the economic efficiency of Kaempferia galanga L. production

Actual
. Total revenue Total cost Profit (1,000
Treatment yield . VCR
(million VND) (1,000 VND) VND)
(tons/ha)
SOPO 8,6 172 113,05 58,95 1,52
SoP1 11,8 236 124,61 111,39 1,89
SoP2 9,7 194 122,34 71,66 1,59
SoP3 8,9 178 120,07 57,93 1,48
SoP4 8,8 176 117,8 58,2 1,49
S1P0 9,3 186 118,55 67,45 1,57
S1P1 22,6 452 130,11 321,89 3,47
S1P2 21,9 438 127,84 310,16 3,43
S1P3 18,7 374 125,57 248,43 2,98
S1P4 17,1 342 123,3 218,7 2,77
S2P0 9,8 196 124,05 71,95 1,58
S2P1 26,6 532 135,61 396,39 3,92
S2pP2 25,1 502 133,34 368,66 3,76
S2P3 23,2 464 131,07 332,93 3,54
S2P4 20,3 406 128,8 277,2 3,15
S3P0 12,9 258 129,55 128,45 1,99
S3P1 31,6 632 141,11 490,89 4,48
S3P2 31,5 630 138,84 491,16 4,54
S3P3 30,1 602 136,57 465,43 4,41
S3P4 23,5 470 134,3 335,7 3,50

Note: Means within the same category followed by the same letter are not statistically different at o = 0.05; :
statistically significant difference at a = 0.05; ns: not statistically significant. NSLT = Theoretical yield. NSTT =
Actual yield.
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In addition to the high-efficiency treatments, it should be noted that some treatments with high
levels of chemical fertilizer but without organic input (such as SOP1 and SOP2) resulted in lower yields
and profits, indicating that the nutrient uptake capacity of K. galanga is limited under soil conditions
that are not improved or lack a well-developed microbial community.

From the above analyses, it can be concluded that S3P2 is the optimal fertilization formula in this
study, as it achieved both high yield and the highest profit with reasonable costs. This formula also has
strong practical applicability, as it reduces chemical fertilizer use, thereby contributing to reduced soil
pollution, enhanced ecosystem sustainability, and alignment with sustainable cultivation models.

3.4.6 Effects of fertilization on the quality of Kaempferia galanga L. medicinal materials

In medicinal plant production, beyond biological yield, an essential criterion is the quality of
the medicinal material, which is determined by the content and composition of characteristic active
compounds. For K. galanga, product quality after harvest largely depends on the content and structure
of essential oils. Therefore, studying the effects of fertilization on essential oil content and major

chemical constituents is a crucial step in developing effective cultivation techniques.

The analysis showed that total essential oil content ranged from 3.07% to 4.49%, reflecting
significant variation influenced by both the type and amount of fertilizer. Treatment S3P1 produced the
highest essential oil content at 4.49%, while the unfertilized treatment SOPO recorded only 3.07%. A
positive correlation between fertilization and essential oil content was also evident in treatments with

bio-organic fertilizer, particularly when combined with moderate to high levels of chemical fertilizers.

The essential oil of K. galanga is evaluated not only by its total content but also by the
proportion of key active compounds, including cinnamaldehyde derivatives and cyclic compounds with

pronounced pharmacological effects:

- Trans-p-methoxy-ethyl-cinnamate (Tr-p): The most important principal component, with anti-
inflammatory, analgesic activity, and COX-2 inhibition. The highest proportion was observed in S3P1
(66.69%), followed by S3P2 (66.57%), and the lowest in SOPO (51.38%).

- 1,3-Isobenzofurandione (1,3-Iso): A compound with antioxidant and antibacterial activity,
reaching the highest levels in S3P1 (25.32%) and S3P2 (25.30%).

- Isoborneol (Iso) and Eucalyptol (Eu): Two volatile constituents known for analgesic and
relaxing properties. Their highest proportions were 7.91% and 6.65% in S3P1, compared with low levels
of 1.67% and 2.14% in the unfertilized treatment.

- Trans-2,3-Epoxynonane (Tr-2,3-Ep) and Gamma-Elemene (Ga-El): Less common
components but contributing to overall pharmacological effects. Notably, S3P2 recorded the highest
contents of Tr-2,3-Ep (9.82%) and Ga-El (2.35%) among all treatments.

The results also indicated that increasing fertilizer inputs had positive effects only up to a certain
threshold. From SOPO to S3P2, essential oil content and major components consistently increased.
However, in S3P3 and S3P4, despite higher overall fertilizer levels, slight declines were observed in
some indicators (Tr-p, Iso, 1,3-Iso...), suggesting a “biological limit” in the plant’s nutrient absorption

capacity.
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Considering both total essential oil content and the content of principal active constituents,
treatment S3P2 emerged as the most optimal option, achieving values nearly equivalent to S3P1 but
with lower chemical fertilizer input. This provides dual benefits: improving economic efficiency and
reducing the risk of chemical residues, thereby promoting safe and sustainable medicinal plant
production. These findings are of practical significance in developing cultivation protocols for K.

galanga aimed at producing high-quality essential oils.
3.4.7. Soil properties before and after the experiments at the study site

After one cropping season, the soil chemical indicators showed positive changes in treatments
with bio-organic fertilizer application. Among them, organic matter (OM) and total nitrogen were the
most notably improved factors, playing essential roles in maintaining the soil’s long-term fertility. Soil
pH was also better stabilized in the organic treatments, creating favorable conditions for soil microbial
development. In contrast, treatments without fertilization or with chemical fertilizers alone showed a
tendency toward decreased OM, pH, and nutrient uptake indicators, posing a potential risk of soil

degradation if maintained continuously over the long term.

From the study results, it can be affirmed that combining bio-organic fertilizer with chemical
fertilizer at appropriate levels is an effective solution to maintain and improve soil quality for K. galanga
cultivation. This forms the foundation for sustainable farming strategies, while simultaneously

enhancing yield and medicinal quality under practical production conditions.

In summary, the research results demonstrated that fertilization, particularly the combination of
bio-organic fertilizer with NPK, had clear effects on the growth stages of K. galanga. The germination
stage was not significantly influenced by fertilization; however, from the true leaf emergence stage
onward, indicators such as tillering time, flowering, leaf development, and canopy expansion all showed
notable improvement in treatments with sufficient bio-organic fertilizer and NPK. Treatment S3P1 (3
tons bio-organic fertilizer + 150:150:110 NPK) produced the largest canopy diameter, leaf length, and

leaf width, reflecting superior photosynthetic capacity and biomass accumulation.

Regarding yield components, fully fertilized treatments also produced the highest rhizome
numbers, rhizome weights, and clump rhizome weights. The highest theoretical and actual yields were
recorded in treatments S3P1 and S3P2, both reaching approximately 31-35 tons/ha. Treatment S3P2,
with a lower chemical fertilizer input, reduced production costs while generating the highest profit

(491.16 million VND/ha), demonstrating strong economic efficiency and practical applicability.

In terms of quality, total essential oil content ranged from 3.07% to 4.49%, with the highest
observed in S3P1. The concentrations of major essential oil components such as trans-p-methoxy-ethyl-
cinnamate, isoborneol, and eucalyptol were also highest in treatments combining bio-organic fertilizer
with NPK. However, when NPK input levels were too high, the contents of these compounds tended to

decrease slightly, indicating a limit to the plant’s nutrient absorption capacity.

Notably, throughout the experimental period, no major diseases were recorded, except for leaf-
eating insect damage, which reached its highest incidence (13%) in treatment SOP1—where no bio-
organic fertilizer was applied but NPK was used at a high rate. Conversely, treatments with bio-organic
fertilizer showed much lower pest incidence, demonstrating the role of bio-organic inputs in improving

plant resistance and reducing pest attractiveness.

22



Overall, considering growth, yield, quality, and pest resistance, treatment S3P2 emerged as the
most optimal option, suitable for recommendation in the technical protocol for K. galanga cultivation

toward safe, sustainable, and economically efficient production.
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Chapter 4. CONCLUSIONS AND RECOMMENDATIONS
4.1. Conclusions

In Kon Ka Kinh National Park, due to unplanned exploitation and the absence of conservation
and sustainable development measures, wild populations of Kaempferia galanga L. have been severely
depleted.

The collected populations exhibited relatively high genetic diversity, with an average similarity
coefficient of 0.78. The samples were divided into two distinct genetic groups, reflecting genetic

differentiation based on geographical origins.

Kaempferia galanga L. in Kon Ka Kinh has a growth cycle of 9-10 months and is well adapted
to the local ecological conditions. The morphological and anatomical characteristics of leaves, stems,

and roots were clearly described, providing essential traits for identification and breeding purposes.

Planting K. galanga in early May at a density of 125,000 plants/ha (40 cm x 20 ¢cm spacing) not
only yielded high productivity (29.8 tons/ha) and superior rhizome quality but also delivered outstanding
economic efficiency (VCR of 4.29). Planting density and season also significantly affected the levels of
bioactive compounds, confirming the role of technical factors in enhancing the medicinal value of K.

galanga.

Fertilization with a combination of 3 tons/ha of bio-organic fertilizer and 120 kg N + 120 kg
P20s + 90 kg K20 per hectare promoted vigorous growth, resulting in large, uniform rhizomes, with a
yield of 31.5 tons/ha, high economic efficiency (VCR of 4.54), and elevated bioactive compound
content. The integration of organic and chemical fertilizers at appropriate levels not only improved
cultivation efficiency but also contributed to enhancing soil structure and fertility, thereby supporting

sustainable cultivation.
4.2. Recommendations

Using ecological survey data and genetic diversity assessment results as the scientific basis for
in situ conservation and germplasm preservation of Kaempferia galanga L. in Kon Ka Kinh National
Park. Priority should be given to selecting local lines with stable morphological traits and distinct genetic
characteristics for propagation, thereby supporting the development of medicinal plant cultivation

models linked to forest resource conservation.

Further research should focus on establishing cultivation models for K. galanga planted in May
at a density of 125,000 plants/ha, using a combination of 3 tons/ha of bio-organic fertilizer with 120 kg
N — 120 kg P20s — 90 kg K20 per hectare in the buffer zone of Kon Ka Kinh National Park and other

regions with similar ecological conditions.

Additional studies are needed on post-planting care techniques, pest and disease management,
harvest timing, preliminary processing and storage methods, as well as evaluating bioactive compound
content at different growth stages. These will contribute to completing a technical cultivation protocol
for K. galanga that ensures high yield and efficiency, adapted to the specific ecological conditions of
Kon Ka Kinh National Park.
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