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SUMMARY

PRELIMINARY RESULTS OF RARE EARTH MICRONUTRIENT
TRIALS ON MEDICINAL PLANTS AND PROPOSED RESEARCH
DIRECTIONS

Rare earth element (REE) micronutrient fertilizers have emerged as a promising tool for sustainable
agriculture, particularly in medicinal plant cultivation. This study reviews national and international
evidence on the effects of REES on seed germination, root development, biomass accumulation, and
secondary metabolite production. Preliminary field trials in Vietnam on Camellia nitidissima and Morinda
officinalis showed notable increases in yield and bioactive compound content, with minimal heavy metal
accumulation. Based on these results, future research is proposed to investigate molecular mechanisms,
expand target plant species, integrate beneficial microorganisms, and assess economic and environmental
impacts to support safe and effective REE application in medicinal plant production.

Keywords: Fertilizer;
crassiphylla.

1. MO PAU

Céy duogc li¢u giir vai tro trung tam trong y
hoc ¢d truyen va dang ngay cang khang
dinh vi thé trong duoc pham, my pham va
thue pham chuc nang, dic biét trong xu
huéng “quay vé thién nhién” hién nay. Tuy
nhién, nang suét va cht luong dugc ligu
van chju anh huéng manh béi diéu kién
sinh truong, bién dong ham luong hoat
chat va kha nang chdng chiu han ché. Do
do, viéc tim kiém giai phap sinh hoc an
toan nham ning cao sinh trudng va chét
lwong cay duoc liéu 14 nhu ciu cap thiét.
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Trong bdi canh d6, cac nguyén t6 dét
hiém (Rare Earth Elements — REE) duoc
xem 1a nhom vi lugng tiém niang nho kha
ning kich thich sinh trudng & nong do rat
thip. Nhiéu nghién ciru cho thay REE
(dac biét La**, Ce3*) c¢6 thé thuc ddy nay
mam, phat trién ré, hiéu suat quang hop
[1], cai thién tong hop protein va diéu hoa
cac hop chét thtr cép théng qua kich hoat
enzyme hoic diéu bién gen [2, 3]. O ndng
do tdi uu, REE kich hoat cac enzyme nhu
a-amylase, peroxidase (POD) va nitrate
reductase (NR), gitp ting trao doi chét,
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hap thu dinh dudng va ting stc chong
chiu cua cdy.

Céc két qua nghién ciru qudc té ghi nhan
tac dong tich cuc ro rét:

Giai dogn ndy mam: REE & nong do
thich hop tang nay mam, hdp thu nuéc,
tinh thim mang va hoat dong trao d01 chat
[4,5]. Nd3* 1-3 mg/L nang ndy mam Co
muc den, toi wu ¢ 3 mg/ L nhung ndng do
>5 mg/L gay uc ché [6]. Nd** 6 mg/L
ting ndy mam Ding sim bac 40-42 %
[7]; Nd3* 80 mg/L ting nay mam Puong
quy 57 % [8]. Oxit nano La,O3 10 mg/L
tang ndy mam co linh lang, tang ré 23,4
cm va mam 13,3 cm [9]. Co ché tuong tac
chinh ciia dét hiém 1a kich thich enzym a-
amylase, tang gidi phong duong hoa tan
dé cung cap nang luong can thiét cho qua
trinh nay mam [10].

Phdt trién ré: REE diéu hoa phan chia va
biét hoa t& bao mam ré qua peroxidase
(POD) va nitrate reductase (NR) gitp duy
tri qué trinh kéo dai té bao ré va hip thu
nito [11,12]. Pién hinh: La3*, Eus* ting tdc
d6 ra ré va khdi lugng twoi Moc qua [12—
14]. Nd®* 4 mg/L gitp Lan kim tuyén 100
% tai sinh ré, dat 23,9 ré/cay [15]. La** 10
uM kich thich ré Thach ting 1,7 lan nhung
ndéng d6 50-100 UM gay trc ché [16].

Sinh khéi va quang hgp: REE ting di¢p
luc, protein, duong hoa tan, hiu suét
quang hop, sinh khéi [17]. REE 50 mg/L
tang protein 33 %, duong 29 %, flavonoid
48,6 % trén Bach qua nhung ndng d6 400
mg/L gay uc ché [18]. Trong nudi ciy
Hoang lién, Yb3" 0,1 mg/L, Eu* 1 mg/L
tang khoi lugng mo [19]. Pdi véi Nam
Linh chi, REE + brassinosteroid tang 35
% sinh khéi; ting polysaccharide,
triterpenoid [20].

Téng hop chit chuyén héa thir cip: REE
kich thich alcaloid, flavonoid, taxol nhu:
La%" 20 ppm tang alcaloid Dura can, 60 ppm
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trc ché [21]; La** 5,8 mM ting taxol trong
Thi moc gap 3 1an, 23 mM gay hiéu tmg
dao nguoc [22]; Ev** 1 mg/L tang emodin
10 1an, chrysophanol 130 lan trong Dai
hoang [23]; La¥* 20-80 pM tang
artemisinin trong Thanh hao; REE 50 mg/L
tang flavonoid Bach qua 48,6 % [24].

Hip thu khodng va giim kim logi ning:
REE tang Fe, Zn, Mg trong Nam Linh chi
0,7-3,98 % [25]; La®* 50 pM lam giam
Pb trong Bach qua 15 %, giam Cd trong
Ditra can 10 %; Ce** 100 pM giam Hg,
tang GST trong Hoang Lién [26,27]; La3*
20 UM giam As trong Duong quy voi co
ché lién quan dén ting tong hop
phytochelatin dé chelat hoa As noi bao.

Ttr nhimng bang ching két qua nghién clru
trén thé gidi, co thé thay c4c nguyén tb
dat hiém (REE) c6 tiém ning 16n trong
nong nghiép, dac bi¢t vdoi cdy duogc licu
c6 gia tri cao nhung nhay cam véi moi
truong ciing nhu diéu kién trong. Tai Viét
Nam, REE da dugc quan tam tu nhiing
nim 1990, chu yéu trén cic cdy nong
nghiép nhu che, ca phé, lua va ng6. Thu
nghiém cho thdy REE phdi trén vao phan
bon vi luong ting sinh trudng, ning suit
va kha niang hép thu dinh dudng ma
khong tich liiy dang ké trong san pham.
Mot s6 md hinh tai Tdy Nguyén va Tay
Bic da ching minh tiém ning ung dung
nay. Tuy nhién, nghién ctru dinh lugng vé
hiéu qua va an toan sinh hoc cta REE trén
cay duoc liéu van con han ché, chua co hé
thong va thiéu co ché tac dong rd rang.

Trong bdi canh d6, nghién ciru nay duoc
thuc hién nham danh gid tic dong cia
phan bén vi lugng REE tong hop dén sinh
truong, nang suat, chat luong hoat chat va
du lugng cua hai cay dugc liéu ban dia
tiéu biéu: Tra hoa vang (Camellia
crassiphylla) va Ba kich tim (Morinda
officinalis). Cac khao nghiém thyc dia
dugc thiét ké dé lam rd hiéu qua sinh
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truéng — kinh té, cung cap co so khoa hoc
cho phat trién phan bon vi luong thé hé
moi, hd tro canh tac duoc lidu chat luong
cao va bén virng.

2. THUC NGHIEM

2.1. Nguyén vat liéu, dbi twong va dia
diém khio nghi¢m

Nghién ctu dugc thyc hién nhiam danh
gia kha nang mg dung phéan bon vi luong
dat hiém (REE) trong san xuat dugc liéu,
thong qua khao nghiém thyc dia trén hai
loai ban dia c6 gia tri cao: Tra hoa vang
(Camellia crassiphylla) va Ba kich tim
(Morinda officinalis).

Phdn bon sw dung: Phic REE chelate
véi EDTA/axit amin (glutamic, lactic)
dugc tong hop tir cacbonat/hydroxit dat
hiém thu hoi tai mé Pong Pao. Thanh
phan chinh: La,0; 18,35%; CeO,
29,12%; Nd,03 6,93%; Pr,0O3 3,53%. Hai
ché pham (Pé tai cip Bo mi s6 DTCB-
19/20/TTCXHN) gom: HIC-DG.22 (bén
1é): Chét hitu co 28%; C/N =7.2; pH=135;
am 30%; tong REE 200 ppm; va HIC-
DL.22 (phun 14): Chat hiru co 25%; pH
4,5-5,0; Mg 0,1%; B 0,1%; Zn 0,05%;
Mn 0,05%; tong REE 12.000 ppm.

Dia diém khdo nghiém: Cong ty C6 phan
Lam san Pap Thanh, xa Dap Thanh,
huyén Ba Ché, tinh Quang Ninh (d¢ cao
300-600 m; dat co pH 4,5-5,5; khi hau
can nhiét d6i am).

Déi twong khio nghi¢m: Tra hoa vang 10
nim tudi (giai doan khai thac). Ba kich
tim 3 nam tudi (giai doan phat trién cir).

2.2. Thiét ké thi nghiém

Thi nghiém bé tri theo kiéu hoan toan
ngau nhién (CRD) vé6i hai cong thirc va
ba lan lap lai: CTI (Péi chirng): Bon
NPK 30-10-10 theo quy trinh k¥ thuét
(Tra hoa vang: 500 kg/ha/nam; Ba kich
tim: 2.400 kg/ha/nam); va CT2 (REE):

121

Giam 15% luong NPK, két hop 800 kg/ha
HIC-DG.22 (=160 g oxit REE/ha) va
phun 13-14 L/ha HIC-DL.22.

Thoi gian khdo nghiém: 14 thang (2023—
2024).

2.3. Phwong phap theo doi va phan tich

Chi tiéu theo déi: Sinh truéng (duong kinh
gbc, sb nu/ qua), ning sut (hoa kho, 1& cu
twoi), ham lwong hoat chit dic trung (rutin
¢ Tra hoa vang; nystose ¢ Ba kich tim), du
luong REE trong mau thu hoach, va cac chi
tiéu chat luong (d6 am, tro, chat chiét).

Phan tich: Cac chi tiéu sinh truéng va
ning suit do theo tiéu chuan thuc nghiém
dong rudng, cac phép do duoc thuc hién
theo quy trinh tiéu chuén nganh, ham
lugng rutin & nystose phan tich dinh
luong bang phuong phap chuin HPLC,
du luong REE x4c dinh bang ICP-MS, s
liéu biéu dién trung binh £ SD; so séanh
bang kiém dinh t/ANOVA thich hop (P <
0,05 1a khac biét c6 y nghia).

Céc chi tiéu theo ddi bao gdém: Sinh
truong (chiéu cao, duong kinh gbc, sé nu
hoa/qué); Niang suét (hoa kho ddi voi Tra
hoa vang, cu twoi dbi véi Ba kich tim);
Ham lugng hoat chit chinh (rutin ¢ Tra
hoa vang, nystose ¢ Ba kich tim); Du
lugng REE trong mau thu hoach (hoa, la,
cti); va Céc chi tiéu chat lugng (46 am,
tro, chat chiét).

3. KET QUA VA THAO LUAN

3.1. Két qua khao nghiém trén ciy Tra
hoa vang va Ba kich tim

Tra hoa vang 10 nim tudi sau khi bon
REE cho théy tan 14 xanh dam, choi khoe,
nu hoa nhiéu va déng déu hon. Ning suét
hoa kho tang 11,5 %, $b nu hoa ting 7,4
%. Phan tich dinh luong cho thdy ham
luong flavonoid (rutin) tdng nhe (= 3,1%),
phan anh hiéu tng kich thich tong hop
chat chuyén hoa thir cap.
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Bdng 1: Anh hwéng ciia phdn bon vi lwong ddt hiém (REE) dén sinh truong, nang sudt
va chat lwong hai loai cdy dwoc liéu

o ien . .o Tra hoa vang (Camellia Ba kich tim (Morinda
Chi tiéu Don vi/ Ghi chd crassiphylla) officinalis)
S nu hoa / aud / ci B 1.050 + 58 — 1.128 + 62 154+6,7— 185+5,9
0 nu hoa / qua / cay (+7,4%) (+20,1%)
. 159,0+ 18,0 —» 177,3 + 1.530,0 + 63,5 — 1.740,0 +
- A 2 9 b 1 b b ’
Ning suat kg/500 m 22,5 (+11,5%) 70,4 (+13,7%)
Niing suit (Kg/cay) B 1,060+ 0,12 — 1,182 + 2,55+ 0,35 — 2,90 + 0,52
g grcay 0,15 (+11,5%) (+13,7%)
N 1,43 +0,43 — 2,05+ 0,68
Puwong kinh goc (cm) - - (+43,4%)
Do 4m (%) - 11,9 - 9,5 6,4 — 6,9
Chét chiét (%) - 56,2 — 52,3 69,7 — 71,5
Hoat chéit chinh Rutin éozl)ysmse 0,230 — 0,237 (+3,1%) 5,20 — 5,33 (+2,4%)

Ba kich tim 3 nam tudi cho phan tGng 1d
rét voi REE: cay phat trién manh, 14 xanh
day, duong kinh gbc va tan 16n hon d6i
ching. Ning suit cu twoi ting 13,7 %,
ham luong hoat chat nystose tang khoang
2,4 %.

3.2. Du lwgng REE va hi¢u qua kinh té
so' bo

Ham luong REE trong hoa, 14 va cii déu &
mirc rat thap khong vuot ngudng an toan
cho thay cay hip thu c¢6 chon loc. Pong
thoi, tinh toan hiéu qua kinh té so by cho
thdy loi nhuan ting dang ké khi sir dung
REE.

Nhu vay, viéc sit dung phan bon vi luong
dat hiém giup cai thién sinh truong, chat
luong hoat cht va hiéu qua kinh té, déng
thoi ham lugng REE ton du van trong gidi
han an toan theo cac nghién ctru quéc té.
Tuy nhién, thi nghiém méi chi tién hanh
trong mot vu va mot diéu kién sinh thai,
can tiép tuc lap lai ¢ nhiéu vu va vung
khéc nhau dé danh gia tinh on dinh va co
ché tac dong. Két qua nay 1a co sé thuc
tién quan trong cho viéc md rong Ung
dung phan bén REE trong san xuit duoc
liéu Viét Nam.
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Bdng 2: Du lwong REE trong mau thu hoach

(mg/kg)
Chi tiéu T\rlz :;a Bat il:];ch
Ham luong La (mg/kg)
_DC/PH 0,43/0,62 1,8/5,3
Ham lugng Ce (mg/kg)
_ PC/PH 0,31/0,51 457121
Ham lugng Nd
(mg/kg) — DC/PH 0,46/0,50 1,1/35
Tang nang Suét (%) +11,5 +13,7
Chi phi phén bon (tri¢u
ddng /500 m?) 1,788 5,988
Hiéu qué ting thu
(triéu ddng/500 m?) +274,012 +38,052

3.3. So sanh két qua véi cic nghién ciru
trudc day

Két qua khao nghiém trong nghién ctru
nay nhin chung phu hop véi xu hudng
qudc té vé tac dong kich thich sinh truong
ctia nguyén t6 dat hiém (REE) ¢ nong do
thap.

Céc nghién ctru tai Trung Qudc, Nhat Ban
va chau Au di chimg minh La3*, Ce3*,
Nd3* ¢6 kha ning thiic ddy nay mam, phat
trién ré, ting hiéu suit quang hop va tong
hop chét chuyén hoa thir cip ¢ nhiéu loai
cay [6-12].
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Liu va cs. (2018) ghi nhan dung dich nano
La,03 10 mg/L lam ting ty 1& niy mam
cua Medicago sativa tir 30% 1én 81,3%
trong diéu kién man, trong khi Zhang va
cs. (2020) cho thady Ce** tiang hoat tinh
enzyme nitrate reductase va flavonoid
trong Ginkgo biloba.

Mirc ting ning suat 11,5% & Tra hoa
vang va 13,7% ¢& Ba kich tim trong nghién
cu ndy nam trong khoang 10-20%
thuong gap & cac loai dugce liéu khac nhu
Coptis chinensis hay Catharanthus roseus
[18, 21-24].

Pic biét, ham luong REE ton du (La, Ce,
Nd: 0,3-12,1 mg/kg) thap hon nhiéu so
v6i mot sd bao cao qubc té (>20 mg/kg)
[26, 27], chimg to phuong phap va lidu
luong st dung phu hop, an toan cho cdy
duoc ligu.

Nhu vay, két qua nghién ctru khong chi
clng ¢ cac bang ching qudc t& ma con 1a
dit liéu thuc dia dau tién tai Viét Nam
chimg minh hi¢u qué va d¢ an toan cua
phén bon vi lugng REE trén hai loai cay
duogc li¢u ban dia c6 gia tri cao.

Hiéu Ung ting ning sudt va hoat chat
trong nghlen cuu nay twong duong véi
cac két qua qubc té, nhung c6 uu diém
ndi bat 13 du lugng REE thap va hiéu qua
on dinh trong diéu kién thuc dia, cho
thdy tiém ning tng dung REE vio san
xuat duoc liéu an toan va bén ving tai
Viét Nam.

4. KET LUAN VA PE XUAT PINH
HUONG

41. Két luan

Khao nghiém thuc dia cho thiy phan bon
vi luong chira nguyén t6 dat hiém (REE)
c6 tac dung rd rét trong viéc tang sinh
truong, ning suat va chat luong hoat chét
cua Tra hoa vang (Camellia crassiphylla)
va Ba kich tim (Morinda officinalis) khi
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sir dung & lidu lwong phu hop.

Tdc dong sinh Iy — sinh hoa: REE gilp
tang cuong quang hop, hoat héa enzyme
va diéu hoa tong hop flavonoid,
polysaccharide, 1am ham luong rutin va
nystose tang lan luot 3,1% va 2,4%.

Hiéu qua sinh truéng — ning sudt: Ning
sudt hoa va cu ting tuong ung 11,5% va
13,7%, phan anh hi€u tng kich thich sinh
hoc da huéng cuia REE.

An toan va hiéu qud kinh té: Ham luong
La, Ce, Nd ton du trong san pham rét thip
(0,3-12,1 mg/kg), nam trong gidi han an
toan; lgi nhudn ting 38-274 triéu
d6ng/500 m?, khang dinh tinh kha thi
trong san xuat.

Két qua nay khang dinh tiém ning tng
dung REE nhu nhéom vi lugng thé hé mai,
g6p phan nang cao ning suit, chit lugng,
hiéu qua kinh té va tinh bén viing trong
canh tac duogc liéu Viét Nam.

4.2. P& xuit dinh hwéng

Duya trén cac két qua khao nghiém budc
dau, dé hoan thién va mo rong ung dung
REE trong san xuat dugc liéu, nhém
nghién ciru dé xuét cac dinh hudng trong
tam sau:

Lam vé co ché tic dong sinh hoc: Két
hop cac phan tich enzyme, gen va
proteome dé xac dinh co ché truyén tin
hi¢u va anh huéng cia REE téi qua trinh
trao ddi chit & thuc vat.

Téi wu héa licu lwong va diéu kién siv
dung: Thiét ké thi nghiém da nhan té
(REE - NPK - stress) nham xac dinh liéu
t6i wu va gidi han an toan.

Ddnh gid higu qua kinh té — méi truwong:
Ung dung cac mo hinh phan tich chi phi —
loi ich (CBA) va vong doi san pham
(LCA) dé xac dinh tinh bén vimng tong
hop.
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Bdng 3: Tong hop 5 loai cdy dioc lidu c6 chu ki thu hoach ngan (<1 ndam) dinh hiéng vmg dung dat hiém

A Tinh
A Tén . Chu ky § A
T? ) khoa NhAom Ly do chon lua thu Vup g Rhan trg{ng Gia tri kinh té
cay hoc cay hoach bo chinh ban
v < dga
£ - Giau
3 polysaccharide, ’ 0,7-1,2 triéu
Nim S Néim triterpenoid; co Bac Trung d/kg kho; loai
. © thé trong nhan a B9, Tay Du | do dat 1,2-1,5
linh E | duoc | d@ 6| S M9 Nguyen, | nhap | trieu dikg; gis
H [<3) 1A . b “ H . v , b 2
il e | e nghién  ctu Lam Ddng tri xudt khau
(CDCB REE ho trg sinh cao.
khi.
— Chtra iridoid, 0,6-0,9 triéu
anthraquinon; d/kg; hang
< .2 ¢ R , : .
Ba llo'g || pg [[imictnghvving | o, Quing Nioh, | Sp, ) rimg 20,95
kich S5 cq | M ed the tang than Bac Giang, dia | iGu d/kg;
tim = % sinh truong, g Ha Giang : tiem nang che
khang  stress pham suc
gua REE. khde.
m — Giau ferulic 0,2-0,5 triéu
%) S 1. ex s 1A Ao~ AL .
Purong % S | Ra_ agld, tan ty 1? ] Ha\Gmn_g, Du d/kg kho; t’h;
Qo \ ndy mam nho 1 ndm Lao Cai, ~_ | truong 16n
quy e £ cu X A nhap
<> REE; dé€ trong Kon Tum trong dugc —
kieém soat. my pham.
5 - Chua n
chi)g:g I § Ré— | berberin; md Lao Cai, Lai | (11}12(_21;?16. :Sgg
chan | 52| than |sco di thi| 2-3nam | ChauHa | oL £ Xho; ton
X O35 ré REE; thich hop Giang P U quy &
ga vine lanh 4 bong y.
g lanh am.
2 A i . . 0,1-0,3 triéu
. .| §8 Day Glau glkalmd, Mién Trung, .| d/kg kho; nhu
Ca gai £ € | leo— | flavonoid; chiu 6-10 R R Ban A
I c 5 . XA . Tay Nguyeén, . cau cao trong
€eo S © | toan | han, dé trong thang 2 s dia X 2 5
3o o X n dong bang san pham ho
5 | cay | khao nghiém. tro gan

Phdt trién mé hinh canh tic tich hop:
Két hop REE véi vi sinh vat co ich
(PGPR, nam &) hoic cong nghé nano dé
kiém soat giai phong dinh dudng, hudng
t61 mo hinh “REE — hitu co — vi sinh”.
Mé réng khdo nghiém da ving: Tién
hanh tai cac vung sinh thai khac nhau
(Pong Bic, Tay Nguyén, Trung Bo) dé
danh gid kha nang thich nghi va hiéu qua
tong hop.
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Bén canh hai di tuong khao nghiém hi¢n
tai, can xac dinh thém cac loai cay duoc
liéu co chu ky sinh truéng ngin va gia tri
kinh té cao, phu hop cho nghién ctru tng
dung REE giai doan téi. T Danh muc
100 duoc liéu c6 gia tri y té va kinh té cao
(Quyét dinh 3657/QB-BYT, 2019 [29]),
nhoém nghién ctu lwa chon 5 loai tiém
nang (Bang 3) dua trén cac tiéu chi sau:
(i) chu ky thu hoach < 1 nam hodc trong
nhiéu vu/nam; (i) gia tri duoc 1y rd, thi
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truong on dinh; (iii) diéu kién canh tac
don gian; va (iv) c¢o dir liéu sinh 1y hoac
hoa sinh lién quan dén vi luong kim loai.
Viéc lya chon nhom cay nay giup tho
nghiém nhanh, chi phi thap va dé kiém
sodt, 1a budc dém thuc tién trude khi mo
rong sang cac loai c6 chu ky dai hon.

Loi cam on: Nhom tac gia tran trong cam
on Vién Nang luong nguyén tur Viét Nam,
Vién Cong nghé xa hiém va Cong ty C6
phan Lam san Dap Thanh (Quang Ninh)
da hd tro co s vat chat va phdi hop khao
nghiém.
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