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Abstract: This study focused on the synthesis of Nd,O3/SiO, material and its applications as a
plant stimulant for Paramignya trimera (Oliv.) Guill. (Rutaceae). A solid-phase heating method
was used to successfully synthesize Nd,Os/SiO, material from Nd(NOs)s and SiO; precursors. The
cultivation results indicated the potential application of the synthesized Nd»Os/SiO, material as
plant stimulants to induce root growth of Paramignya trimera as compared to the control, SiO, and
Nd,O3 exposed plants. Root lengths of the control, SiO2, Nd.Os; and Nd.Os/SiO, exposed
Paramignya trimera were 12.11, 15.12, 17.56, and26.12 cm, respectively. Silica is a nutrient that
promotes growth, and increases crop output by assisting in the formation and regeneration of plant
cell walls. Nd;Os increased the seedling and root growth. Combining both SiO, and Nd;Os;
exhibited synergic effects to greatly induce root growth of the Paramignya trimera. The root
length of the Nd.Os/SiO, material exposed plant was greatly higher than those of the individual
material exposed plants.
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Tong hop vt liéu Nd20s/SiO nham tng dung lam chét kich
thich sinh trudéng cho cady Xao tam phan (Paramignya trimera)
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Tém tit: Nghién ctru nay tip trung vao viéc tong hop vat liéu Nd,03/SiO; va tmg dung lam chat
kich thich sinh trudng cdy Xéo tam phan. Vat lidu Nd,03/SiO, dwoc tong hop thanh cong tur tién
chat Nd(NOs); va SiO; duge xac nhan thong qua cac phuong phap dac trung hoa 1y bao gom: déc
trung XRD, EDX, IR, SEM va BET. Két qua khao sat kha néng phat trlen ré cua ciy Xéo tam
phan khi sir dung SiO, Nd,O3 va Nd204/SiO; cho thiy, r& chinh phat trién hon so véi mau ddi
chtng. Chiéu dai ré chinh X4o tam phan dbi v6i mau dbi chimg SiO2, Nd,03 va Nd,0s/SiO; trong
ky khao sat thay d6i lan luot 13 12,11; 15,12; 17,56 va 26,12 cm. Diéu nay co6 thé do SiO chi yéu
lam ting sy phat trién cua cdy, con Nd,Os thi ting cudng phat trién ré. Do vy, khi két hop ca SiO;
va Nd,O3 da c6 su kich thich hiép trg lam cho ré chinh Xao tam phan phat trién manh hon so véi

khi chi st dung SiO> hodc Nd2Osriéng 1€.

Tir khéa: Nd203/SiO;, X0 tam phan, ré, sinh trudng.

1. Mé dau

Trong ndng nghiép, cac nguyén t6 dat hiém
1a mét trong nhimg nguyén t6 vi luong can thiét
cho mét sb loai cdy trong nhu: lua, mé, ngd,
chubi, cam, ché,... [1- 4]. Nhiéu nghién clru da
chi ra vai tro cia dat hiém dén su phat trién cia
ciy trong [5-7]. Cac nguyén td dat hiém dong
vai trd quan trong ddi voi qua trinh sinh trudng
va phat trién cta thuc vat, chung tic dong dén
su phat trién cta hé thong ré, 14 va qu4 trinh nay
mam, phat trién chdi, ting ham lugng chat diép
luc, 1am cho qua trinh quang héa dién ra manh
mé do d6 thuc diy qua trinh phat trién cua cay
déng thoi tang kha néang chéng chiu lai nhiing
diéu kién bat loi cuiia moi trudng, gop phan tang
nang sudt cdy trong [8]. Trong cay coi va dat
trdng thudng chira mot lwong nhit dinh cac
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nguyén to dat hiém. Cay cbi chtra trung binh
khoang 0,0003% Ln,Os, trong dét trdng c6 chira
tir 0,0015 - 0,002% Ln,0s [5, 6, 9, 10]. V6i ham
luong rat it cac nguyén td dat hiém co trong dat
trong nén khi di trai qua vai vu gieo trong, ham
lugng cic nguyén t6 dat hiém bi giam dan qua
qua trinh st dung cua thuc vat. Ning va cong su
da cong bd rang cac oxide dat hiém (ham luong
cac oxide dét hiém R,03 < 5 mg/L) c6 kha ning
lam ting sy phat trién ré& ciia clia cdy lua nhung
dat hiém s& trc ché su phat trién cta laa khi ham
luong 16n hon 5 mg/L [5]. Tang va cong su da
chi ra rang, bép cai Trung Qudc co thé dat duoc
su tang truong t6i uru bang cach str dung La, Ce,
Pr va Nd ¢ nong do thap (khoang 0,05-1 mg/L),
nhung v6i ndng do dat hlem cao (>10 mg/L) s&
ngan can sy phét trién cia ré bap cai [6]. Diéu nay
cho thay, su tac dong cua cac loai dat hiém khac
nhau lén sy phat trién ctia thuc vat 1a khac nhau.
Hién nay, silica dd dugc biét dén 1a mot
trong nhimng yéu t6 dinh dudng thiét yéu di véi
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ciy trong va co vai tro quan trong dbi véi ciy
trong. Theo nhiéu nghién ciru, silica gitp cay
trong ting kha ning quang hop, diéu hoa dinh
dudng khoang, cdy moc thiang, clng cap, la
dirng, st dung anh sang hi¢u qua, ting kha nang
chiu mian, chiu han cua cdy trong, ting st
chéng chiu véi diéu kién bat loi, tang suc dé
khéang,... [11-13]. Do do, silica déng vai tro
quan trong trong viéc ting ning sudt va chat
luong cy trong. Cac hop chit cua silica ton tai
trong dat chi yéu trong cac tinh thé
aluminosilicat, dit sét, cao lanh va silica v
dinh hinh (thanh phén silica c6 trong dat thuong
chiém 50-400 g/kg dat) Nhimng dang silica nay
¢6 d6 hoa tan rat thap va thuong tro vé mit sinh
héa. Do do, viéc bd sung lugng silica thiéu hut
trong d4t canh tac 1a can thiét dem lai hiéu qua
kinh té cao.

Theo Pham Hoang H¢ tac gia sach “Cay co
Viét Nam” [14] thi cay Xao tam phén
(Paramignya trimera), la loai cay ban dia Viét
Nam c6 than gb nho, dang leo. Than cay trudng
thanh dai dén 5 m, c6 duong kinh tir 8 - 12 cm
va ¢6 vo mau nau vang. Trén than va canh cia
duoc lidu déu co gai nhon. Phan gd cua than hoi
clmg, ¢6 mau vang. Phan gd cta ré c6 mau dam
hon. L4 X4ao tam phén la 14 don, c6 hinh thuén
dep, mép cong xudng dudi, phién 14 day c6 mat
dudi mau xanh nhat va mat trén mau xanh dam.
Tét ca nhitng bd phan cua dugc licu déu chua
tinh diu, nhiéu nhit ¢ phan ré, c6 mui thom
nhe. Tir lau, ré Xao tam phan dugc coi 1a bd
phan tét nhét co tac dung ting cudng mién dich,
gidi nhiét, bdi bb stre khoé, mat gan va dac biét
la diéu tri ung thu. Trong sd cac hop chat hoa
hoc ¢6 trong ré cdy X4o tam phan thi hop chat
ostruthin hién da dugc phan lap va cé tac dung
bao vé gan tbt. Nhidu két qua nghién ctru vé
X4o tam phan di duoc cong bd nhu: nam 2014,
Tran Thi Thay Quynh va cong su da phan 1ap
ba coumarin la ostruthin, 8-methoxyostruthin
va xanthyletin cung véi hai acridon alkaloid 1a
oriciacridon va citrusinin-I tir ré cay thu hai &
Khéanh Hoa [15, 16]. Nhom nghién ctru DS Thi
Thao di thir nghiém cao methanol ctia ré ciy
X4éo tam phan trén chudt, két qué thu dugc cho
thdy, cao chiét c6 tac dung bio vé gan gan

twong dwong so v6i chat dbi ching duong
sylimarin khi thr trén chu¢t [17]. Nam 2017,
Trinh Hoang Duong va cong sy da phan l1ap tur
1& cdy X4o tam phan (Paramignya trimera) bon
coumarin la ostruthin, 8-methoxyostruthin,
7-hydroxycoumarin  va 7-methoxycoumarin
cing v6i bdn acridon alkaloid 13 oriciacridon,
5-hydroxynoracronycin, citruscinin-I va
glycocitrin-II1. Két qua thir hoat tinh gay doc té
bao ung thu gan HepG2 su dung phuorng phéap
sulforhodamin B cho thiy cac hop chat nay
c6 hoat tinh yéu véi IC50 tir 30,53 dén
62,90 pg/mL [18].

Trong nghién ctru nay, hé vat li€u
Nd.03/SiO; duoc tong hop va budc dau khao
sat anh huong ciia Nd,03/SiO2 dén su phat trién
1 chinh ciia cdy X4o tam phan nhim gop phan
dinh hudng tung dung dat hiém va silica trong
phat trién cay duoc liéu.

2. Thue nghiém
2.1. T(fng hop vat liéu

2.1.1. Tong hop SiO;

a) Diéu ché Na,SiOs tir quing cat

Cat duoc rua sach va phoi kho, sau d6 nung
o nhiét d6 600 °C trong thoi gian 240 phut, dé
ngudi va nghlen bang cbi st. Can 10 gam cat
cho vao coc teflon, cho tlep 100 mL dung dich
NaOH ndng d6 6,5 M. Tién hanh dun hdn hop
(ludn giit thé tich khong d6i) trén bang may
khudy tir gia nhiét trong 120 phit & nhiét do
90 °C. Sau d9, tiép tuc khudy dén khi hon hop
ngudi hoan toan. Tién hanh loc thu dung dich
Na28i03 [19]

b) Piéu ché vat liu SiO; tir dung dich
Na28i03

Cho tu tir dung dich HCI 2M vao trong 1 lit
dung dich Na,SiOs (vira cho vira khudy déu
tranh tao két tia ngay 1ap tirc) dén khi xuét hién
két tna trang va pH khoang 7, thu dugc hdn hop
silica 1dn NaCl. Rira hdn hgp bang nudc ct, thir
lai nuéc rira bang dung dich AgNO3 cho dén
khi khong con tao két tua tring. Loc lay phan
két tua tring dem sdy & 80 °C trong 12 gid, sau
do tiép tuc nung trong 4 gio tai nhiét do 700 °C,
thu duoc vat liu SiO; [19].
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2.1.2. Piéu ché vat liéu Nd,03/SiO,

Hoa tan 7,88 g Nd(NO3)3.6H,0 trong 100 mL
nuéc cat. Dung dich NHs.H20 (ndng do 25%)
dugc nho tir tir vao dung dich mudi Nd(NO3)s
dén pH = 12, tiép tuc khudy manh trong 2 gio,
sau d6 thém 3,02 gam SiO, va khuiy thém 2
gid nira, boc kin cbc va tiép tuc u & nhiét do
phong trong 48 gio. Sau khi loc, phan chét rin
dugc ria nhiéu lan bang nudc khir ion va sy
khd & 100 °C trong khdng khi. H3n hop chat rin
duoc nung ¢ 700 °C trong 4 gio, thu dugc vat
licu Nd205/SiO2 [20]. Vat lidu NdzOs duoc téng
hop twong tu nhung khong cé SiO».

2.2. Dac trung vt liéu

Thanh phan pha dugc x4c dinh bang
phuong phap nhiéu xa tia X (D8-Advance
5005). Pac trung cac lién két hoa hoc cua vat
lidu tong hop duoc xac dinh bing phuong phap
pho héng ngoai (IR- Tensor-27, Bruker). Su ¢o
mit clia cic nguyén td trong cac mau vat liu
tong hop dugc phan tich bang phuong phap phd
tan xa nang luong tia X (thiét bi Jeol 5410).
Khao sat hinh anh bé mit bang phuong phap
hién vi dién tor quét (JEOL JSM-6500F).
Dién tich bé mat riéng dugc xac dinh bﬁng
phuong phap hip phu - giai hap phu nitrogen
(BET - TriStar 3000 V6.07 A).

2.3. Thi nghi¢m khdo sat anh huong cia
Nd.Os/SiO; dén sw phat trién ré chinh Xao
tam phan

- Pia chi tréng Xao tam phan: tai khu thuc
nghiém Nhon Tan cia Truong Pai hoc Quy
Nhon thudc thén Gia Ty, xd Nhon Tan, thi xa
An Nhon, tinh Binh Dinh.

- Thoi gian khao sat: tir 02/01/2023 dén
30/6/2023.

- Bé tri thi nghiém & diéu kién tu nhién
ngoai doéng rudng trén 04 cong thic thi nghiém
(I, I, 11, IV), dugc bd tri theo phuwong phap
khdi hoan toan ngiu nhién, v6i 3 1an nhic lai
(a, b, ¢), dién tich mdi 6 thi nghiém la 30 m?,

- Cong thure thi nghiém (tinh cho 1 ha):

+ Céng thirc I (BC): 15 tan phan chudng +
30N kg + 30P,0s kg + 30K;0 kg (nén).

+ Cong thirc II (SiO2): Nén + 1 gam SiO2/1
lit dung dich chitosan nong d6 500 mg/L (pha
trong 360 lit nudc trudc khi phun).

+ Cong thac I (Nd,0s): nén + 1 gam
Nd,O/1 lit dung dich chitosan nong d6 500 mg/L
(pha trong 360 lit nudc trude khi phun).

+ Cong thic IV (Nd203/SiOz): nén + 1 gam
Nd.03/SiO2/1 lit dung dich chitosan néng do
500 mg/L (pha trong 360 lit nudc trudce khi phun).

- Thoi gian phun vat liéu Nd2O3, SiO; va
Nd203/SiO2: phun 1 1an trong ky khao sat. Cac
vat liéu dugc hoa vao dung dich chitosan theo ti
1€ 1 gam vat li¢u/1 lit dung dich chitosan né)ng
d6 500 mg/L pha trong 360 lit nudc trudc khi
phun va phun cho cdy (phun 14) luc chidu mat,
khong phun truéc mua.

3. Két qua va thao luin
3.1. Ddc trung vt liéu

Pé xac dinh cac hop phan trong vat licu
Nd203, SiO; va Nd20s/SiO2, cac vat liéu tong
hop duoc dic trung bang phuong phap nhidu xa
tia X, két qua duoc trinh bay & Hinh 1.

Nd,0, l i

Cuwong dé (a.u)

Nd,0./5i0, ‘ " l
»

sio,

10 20 30 40 50 60 70 80
2-theta (dd)

Hinh 1. Gian dd XRD cua cac vt liéu Nd20s, SiO,
va NdzOs/SiOz.

Trén gian d6 XRD ciia NdOz cho thiy,
xuét hién céac dinh nhiu xa dugc quan sat & cac
goc 2-theta bﬁng 26,5; 29.8; 30,8; 40,5; 47,4 va
53,1° lan luot twong Ung véi cac mat (100);
(002); (101); (102); (110); (103) [21, 22]. Podi
v6i Si0y, gian dd nhidu xa tia X cua SiO2 xuat
hién mot dinh nhidu xa khong sic nét c6 do
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rong ban phd 16n voi dinh nhiéu xa & goc
2-theta khoang 23°[23, 24]. Trong khi do, gian
dd nhiéu xa tia X cua cac vat lidu Nd203/SiOs,
xuit hién cac dinh nhiu xa dic trung sic nét
cho hop phan cho Nd,0s, con dinh nhiéu xa dac
trung cho SiO; tai géc 2-theta khoang 23° cé
cuong do rat yéu va khéng quan sat duoc rd
rang, gan nhu chi xuat hién dudng go ghé hon
SO vOi NdzOs.

Dé xac dinh thanh phan cac nguyén té c6
mat trong vat liéu Nd,Os/SiO,, cac vat liéu
dugc dic trung bang phd EDX.

Weight (%%)
1305

$6.05
100,00

Hinh 2. Ph6 EDX cua cac vat liéu Nd2O3 (a) SiO2
(b) va Nd203/SiO (c).

'Két qua duoc trinh bay & Hinh 2. Két qua
pho tan xa ndng lugng tia X cua cac vat liéu
Nd,Os, SiO, va Nd,O3/SiO, & Hinh 2 chi ra

rang, dinh dic trung cho nguyén t& Nd xuat
hién rd nét tai muc nang luong 4,62 keV, dinh
dac trung cho Si xuét hién tai mirc nang lugong
1,88 keV, dinh dic trung cho O xuét hién tai
muc nang luong 0,50 keV. Tir phd EDX cho
thdy, xuit hién day du cac dinh phd dic trung
cho ca hai hop phan SiO2 va Nd,Os trong vit
lidu Nd,0s/SiO,, khong co sy xuat hién cua
nguyén t6 la [25].

Céc dic diém lién két trong vat liéu Nd2Os,
SiO, va Nd,0s/SiO; dugc khao sat bang pho
hdng ngoai, két qua dugce trinh bay ¢ Hinh 3.

Nd,0,/Si0,

\
Si0, J |

Do truyén qua T (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Sé séng (em™)

Hinh 3. Phé h6ng ngoai cua cac vt li¢u
Ndan, SiOz va Nd203/Si02.

Ph6 hong ngoai ciia Nd,Os3 cho thdy, xut
hién cac dinh ph tai sb séng 533 cm™ ung véi
dao dong cua lién két Nd-O trong Nd,Os, tai s6
séng 858 va 3600 cm™ lan lugt ing véi dao
dong cua nhoém carbonate va nhom -OH
[20, 26]. Con ddi véi phd hong ngoai cua SiOz
¢6 dinh hip thu co cuong d6 manh ¢ sb song
1115 cm* dac trung cho dao dong O-Si-O
(siloxane), tai s6 song 1594,73 cm™ 13 tmg véi
dao dong udn ciia nhom -OH, dao dong & sb
song khoang 800 cm™ c6 thé 1a dao dong cia
cac nhém Si-OH (silanol), tir 475 cm™ la dao
dong cua Si-O [27]. Trong khi do, trén phd
hong ngoai cia vat liu Nd,0s/SiO, xuét hién
ddy du cac dinh phd dic trung cho hop phan
SiO, v6i cuong d6 di manh, con ddi véi Nd20s
thi cac dinh pho c6 cudong do yéu hon.

Hinh anh bé mit ngodi cua céc vat liéu
Nd.03, SiO, va Nd,0s/SiO, dwoc quan sét bang
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phuong phap SEM, két qua duoc trinh bay &
Hinh 4. Anh SEM ¢ Hinh 4 cho thay, vat liéu
Nd203 gdm céc hat véi da dang hinh dang khéc
nhau va c6 su két hop lai voi nhau tao nén bé
mat kha go ghé; con vat liéu SiO; ciing gom céc
hat tao ra bé mit go ghé, 16i 16m. Poi vai vat
liéu Nd2O3/SiO;, cac hat cd su phan tan va cé
kich thudc dong déu hon so véi vat lieu Nd2O3
va SiO; riéng lé.

Hinh 4. Anh SEM cua céc vat liéu
Nd.Os (a) SiO, (b) va Nd,03/SiO; (C)

3.2. Kha nang kich thich sinh truong cia
Nd2Os/SiO; dén ré chinh cia Xdo tam phdn

Két qua khao sat janh hudéng cua SiOp,
Nd,Os va Nd,O/Si0O, dén su phét trién ré chinh
cua cay Xéo tam phan duogc trinh bay ¢ Bang 1.

Bén’g 1. Anh hu@ng gﬁa Si0», Nd>O3 va Nd»0s/SiO»
dén sy phat trién re chinh cuia cdy Xao tam phan

Ky khao sat
) bon | tir02/01/2023
Congthuc | dén 30/6/2023
02/01/23 | 30/6/23

PC cm | 734 1211
Si0; cm | 734 | 1512
Nd,Os | cm | 734 | 17,56
Nd,0/Si0, | cm | 7,34 | 2612

Két qua thyc nghiém ¢ Bang 1 cho thay, khi
khao sat kha ning phat trién ré cta cay Xéo tam
phan c6 st dung SiOp, Nd,Os va Nd>O3/SiO, thi
1& chinh déu dai hon so v6i mau X4o tam phan
d6i ching. Cu thé, chiéu dai r& chinh X4o tam
phan cuoa ciac mau PC, SiO; Nd.O; va
Nd203/SiO; trong ky khao st thay d6i lan luot
la 12,11; 15,12; 17,56 va 26,12 cm. Diéu nay
duogc giai thich 1a do, khi bon SiO» cho cdy chu
yéu lam ting sy phat trién cua cay [28], con
Nd.O; thi ting cudng phét trién b 1& [6]. Do
vay, khi két hop ca SiO, va Nd,0s di co su kich
thich hiép trg 1am cho chiéu dai r& chinh Xao
tam phan ting 1én dang ké so voi khi chi sir
dung SiO; hoic Nd,Osriéng 1¢. Két qua nay cho
thdy, c6 thé ung dung trong viéc nghién ctru
phat trién cay X4o tam phan.

4. Két luan

Pia tong hop thanh cong vat ligu
Nd,0s/SiO; tir tién chat 1a Nd(NOs)s va SiO
(diéu ché tir quang cat) bang phuong phép nhiét
pha ran. Két qua khao sat sy anh huong cua
Nd,05/SiO, dén kha ning sinh truéng cua cay
X&o0 tam phan cho thay, c6 sy ting chiéu dai ré
chinh khi stir dung vat liéu Nd203/SiO; so Vvoi
mau SiO2, Nd203 va d6i ching DC. Chiéu dai ré
chinh X4o tam phan cia cic mau PC, SiO;,
Nd»Oz va Nd203/SiO; trong ky khao sat thay
d6i lan luot 1a 12,11; 15,12; 17,56 va 26,12 cm.
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