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Abstract: In this paper, La,O3/SiO, material was synthesized and applied for growth stimulants
of Salvia miltiorrhiza Bunge. La>O3/SiO, material was successfully synthesized from La(NQOs3)3
and SiO; precursors by solid-phase thermal method. The material properties were confirmed
through physicochemical characterization methods, including XRD, EDX, IR, and SEM
analysis. The results of using La,03/SiO, as a stimulating plant growth material for Salvia
miltiorrhiza plants indicated that using La,O3/SiO on Salvia miltiorrhiza plants had a significant
effect. In the experimental model, the dry root yield increased by 0.27 tons/hectare, the root length
increased by 3.6 cm on average, and the harvest time for Salvia miltiorrhiza was eleven days
earlier. Additionally, the Salvia miltiorrhiza with La,O3/SiO, material was tougher than without it,
and the gold leaf symptom was not observed in the experimental Salvia miltiorrhiza. Thus, the data
suggested that La,03/SiO, had a favorable effect on alvia miltiorrhiza; the harvest time for Salvia
miltiorrhiza was eleven days.
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Tong hop vat liéu trén co s¢ La20s va SiOz ing dung
lam chat kich thich sinh truéng cho cay Pan sam
(Salvia miltiorrhiza Bunge)
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Tém tat: Trong nghién ctru nay, vat liéu La,03/SiO, duoc tong hop va ung dung lam chat kich
thich sinh truéng cdy duoc liéu Pan sim. La,03/SiO; dugc tong hop thanh cong tir tién chit
La(NO3)3 va SiO; bang phuong phap nhiét pha rin, dwgc xac nhan thong qua cac phuong phéap dic
trung héa 1y bao gdbm XRD, EDX, IR va SEM. Két qua khao sat anh huéng cua vit lidu
La,03/Si0O, dén sy sinh trudng phat trién cia cdy Dan sdm cho thdy, La;03/SiO; anh huéng dang
ké dén su sinh trudng, phat trién cua cdy Pan sim. Dir liéu thuc nghiém thu dwogc chi ra ring ning
suét & kho tang 0,27 tan/ha, chidu dai r& trung binh ting 3,6 cm va thoi gian thu hoach it hon 11
ngdy so v&i mau déi ching. Ngoai ra, cdy Pan sam c6 bd sung La;04/SiO; thi cling cap hon va
khong c6 hién twong vang. Didu nay cho thiy La;0a/SiO, c¢6 tic dung kich thich sinh truéng dbi

voi cady Pan sam.

Tir khéa: La;Os, SiOy, kich thich sinh truéng thuc vat, Dan sdm, ning suét ré.

1. M& dau

Trugc day, nguyén to silic khong dugc xem
1a mot nguyén td thiét yéu (trong 16 nguyen tb
can thiét cho cay trong) nhung c6 vai trd quan
trong dbi voi cay trong [1-3]. Hau hét trong dat
vé ban chét déu gidu nguyén t6 silic, chiém tir
50-60% tuy loai dt. Nhung diéu quan trong 1a
silic ton tai trong dat, cdy trong kho co thé hap
thu va st dung duoc. Dat rat d& ngheo silic do
trong diéu kién nhiét déi, lwong silic d& tiéu bi
rura tr6i lién tuc, mat khac hr:ing nam cac loai
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ciy trong déu lay di mot luong silic dang ké.
Theo Miyake va Takahashi, strc chiu dung tdt
hon cua cdy dbi v6i su xAm nhap cta nim bénh
6 thé ciing nho vao sy tich liy Si trong 16p té
bao biéu b1 [1]. Két qua nghién ctu trén nhleu
loai cdy trong da chimg to, Si c6 anh huong tbt
dén kha niang chéng chiu cta cay nhd vao ham
lugng Si trong cy cao giup bao vé cay trude sy
tn cong cua sdu bénh [2, 3]. Nhiéu nghién ctru
cho rang, silic dugc cdy hat dudi dang SiOs*
mot cach thu dong bing qua trinh thoat hoi
nudc cua cay, hép thu c6 chon loc do su chi
phdi ciia qua trinh trao d6i chit qua hé thng ré
cdy, rd rang di dén lac phai nhin nhan viéc bon
silic cho cdy trong 1a can thiét dic biét, voi
nhom cay nhu laa, ngé, mia, dira, cao Iuong,...
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Nhiéu dir licu vé két qua phan tich ham luong
cac nguyén t6 dat hiém trong dat trong va cay
cbi cho thiy, trong dét trong va cdy cOi thuong
chira mot lugng nguyén td dat hiém nhat dinh
[4-6]. Cay trong hap thy dat hiém tir dat dé dap
Gmg nhu cau sinh truéng va phat trién. Céc
nguyén t6 dat hiém dong vai tro quan trong dbi
vOi qua trinh sinh truong va phat thién cua thue
vat. Pat hiém anh hudéng téi hé thong ré, hé
thong 14 va qué trinh nay mam, phat trién chéi;
thac ddy qua trinh phat trién cta cay, 1am ting
ham lugng chét diép luc, ting qua trinh quang
hoa, ting sy hip thu cic chat dinh dudng vi
luong va da lugng ciing nhu kha niang chong
chiu trong diéu kién bat loi cua thoi tiét [7-9].
Dit hiém ting sy hap thu va tich lity chat dinh
dudng, tang toc d6 tong hop, ting kha ning tich
lily va van chuyén cac chit duong trong ngii
cde [10]. Sy ¢6 mit cta dat hiém con 1am ting
ham lugng duong cua mia, cu cai duong, dua
hau, ting ham lugng fructozo va vitamin C
trong trai céy, tang do cay va thom cua hat tiéu.
Nhirng vai tro ndy la nguyén nhén lam cho néng
suét cay trong tang cao khi st dung phan bon
chura dat hiém.

Bén canh d6, cdy Pan sim la mot ciy
thudc quy di thuc vao Viét Nam. Hién nay, cdy
Dan sam duoc trong nhiéu & Tay Bic, sinh
truong t6t. Trong Pong s 1é cua dan sam dugc
dung trong cdc bai thudc ¢ tac dung bd mau,
diéu tri bénh tim mach [11]. Pan sam (Salvia
miltiorrhiza Bunge) thudéc ho Hoa moi
Lamiaceae la cay thdao lau ndm cao chung
40 - 80 cm, ré hinh try duong kinh 0,5 - 1,5 cm
mau d6 nau. L4 kép moc d6i, phién 1a co long,
hoa moc thanh cham & dau canh, hoa moi, mau
do tim nhat, qua nho dai 3 mm, rong 1,5 mm. Ra
hoa thang 4 - 6, qua thang 7 - 9; thu hoach lay
1é vao trude mua dong. RéE cdy co vo mau do
ndu, trén mat cit ngang c6 nhidu vét mau do
sam, nén vi thudc co tén goi Pan (Pon) sam,
tic 14 sim c6 mau do tia. Cac thanh phan co
hoat tinh sinh hoc quan trong ctia Pan sém bao
gdbm cac hop chit diterpen thudc nhdm
tanshinones, trong d6 cac hop chat quan trong
Ia tanshinon IlA, cryptotanshinon va acid acid
salvianolic A [12, 13]. Gan day, cdy Pan sam
duoc di thuc trf‘mg & khu vuc mién Trung va

Tay Nguyén, két qua budc dau cho thiy, ciy
thich nghi v6i diéu kién tho nhudng, dic biét
phi hop trong dudi tan rimg. Trong nghién ciru
nay vét liéu La;0s/SiO; tong hop dugc Ung
dung 1am chét cung cap dinh dudng cho cay
Pan sdm nham gop phan gia ting ning suét va
chét luwgng dugc licu.

2. Thyc nghiém
2.1. Téng hop vat liéu

2.1.1. Diéu ché vat ligu SiO,

Céan 15 gam cét (cat da dugc ruoa sach va
phoi kho va nung ¢ nhiét do 600 °C) cho vao
cdc teflon, thém 150 mL dung dich NaOH néng
d6 6,5 M. Tién hanh dun hdn hop (ludn gitr thé
tich khong d6i) trén bang may khudy tir gia
nhiét trong 120 phut & nhiét d6 90 °C. Sau do,
tiép tuc khudy dén khi hdn hop ngudi hoan
toan. Tién hanh loc thu dung dich Na3SiOs.
Dung dich HCI 2M dugc cho tir tir vao trong 1
lit dung dich Na;SiOs (vira cho vira khudy déu
tranh tao két tiia ngay 1ap tirc) dén khi xuét hién
két tua trang va pH khoang 7, thu duogc hdn hop
silica 1an NaCl. Rira hdn hop bing nudc cit, thi
lai nu6c rira bang dung dich AgNO; cho dén
khi khong con tao két tua tring. Loc lay phan
két tua trang dem sy ¢ 180 °C trong 12 gio, sau
d6 nung trong 4 gio tai nhiét d6 450 °C.

2.1.2. biéu ché vt liéu La;03/SiO;

Hoa tan 3,94 g La(NOs)3.6H,0 trong 50 mL
nuée cat. Cho dung dich mubi La(NOs)s tir tir
vao 75 mL dung dich NHs néng d6 25% duoc
dung trong cdc thiy tinh va khudy lién tuc
trong 2 gid. Thém 0,755 gam SiO; vao hon hop
trén (ty 1& khéi luong La204/SiO; = 2/1), khudy
thém 2 gio nita, cdc thuy tinh duoc bit kin va
tiép tuc G & nhiét d6 25-30 °C trong vong 48
gid. Sau do, loc phan chit rn va rira nhiéu lan
bang nudc cit va siy kho ¢ 100 °C trong khong
khi. Hon hop chit rin duoc nung ¢ 800 °C
trong 4 gio, thu duoc vat liéu La,03/Si0O,. Vit
litu La;Os duge tong hop tuong tu nhung
khong c6 SiO, [14].

2.2. Bac trung vdt liéu

Thanh phén pha duoc xac dinh bang phuong
phap nhiéu xa tia X (D8-Advance 5005).
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bac trung cac lién két hoa hoc cua vat lidu téng
hop dugc xac dinh bang phuong phap phd hong
ngoai (IR- Tensor-27, Bruker). Sy c6 mat cua
cac nguyén tb trong cac mau vat liéu tong hop
dugc phén tich bang phuong phap phd tan xa
ning luong tia X (thiét bi Jeol 5410). Khao sat
hinh anh bé mit bang phuong phap hién vi dién
tu quét (JEOL JSM-6500F).

2.3. Thi nghiém khdo sat anh huong cua
La,0s/Si0, den sw sinh truong cua cdy
Dan sam

Dién tich dat trong 300 m? chia 6 luéng thu
nghiém, trong d6 3 ludng déi ching va 3 ludng
thir nghiém c6 bd sung La,0s/SiO; kich thich
sinh truong cdy trong. Vat lieu La,0s/SiO;
dugc pha véi ty 1€ thich hop theo tung thoi
diém kich thich sinh truéng va phun trén I4.

- Céc ludng dbi ching dugc trong theo quy
trinh k§y thuat trong cdy Pan sdm cua Vién duoc
liéu [15] nhu sau: thoi gian trong vao ngay
05/4/2022, khoang cach trong 30 x 20 cm; phan
bon trén 1 ha gdm 20 tin phan chudng hoai,
200 kg phan (uré), 500 kg supe lan va 300 kg
phén kali (K20).

- Céc ludng tha nghiém c6 bo sung
La,O4/SiO2: cho 1 gam La,O4/SiO; vao 1 lit dung
dich chitosan ndng d6 500 mg/L, sau d6 pha trong
360 lit nude trude khi phun cho 1 ha cady Pan
sam. Tong s 1an phun La,03/SiO; cho mau thi
nghiém trong subt qua trinh phat trién va sinh
truong cla cdy Pan sim 13 5 lan (thoi diém Dan
sam trong duoc 0,5; 2; 4; 8 va 12 thang), phun
cho cay (phun 14) lac chiéu mat, khong phun
trudc mua.

3. Két qua va thio luin
3.1. Bgc trung vdt liéu

DPé x4c dinh cac hop phan trong vat liéu
La,0s, SiO; va La,0s/SiO2, cac vat lidu tong
hop duogc dic trung bang phuong phap nhidu xa
tia X, két qua duoc trinh bay ¢ Hinh 1. Trén
gian dd nhiéu xa tia X cta SiO2 xuét hién mot
dinh nhiéu xa c6 d6 rong ban phd 16n véi dinh
nhiéu xa & goc 2-theta khoang 23°[16, 17]. Con
trén gian do XRD ciia La,03 ¢6 cac dinh nhiéu

xa cd cuong do manh dugc quan sat & cac goc
2-theta bang 27, 28, 39 va 48° lan lugt tuong
ng v6i cac mit (220), (300), (400) va (622)
(theo thé chuan JCPDS 04 - 0856) [18]. Trong
khi @6, gian dd nhiéu xa tia X cua cac vat lidu
La,03/Si0,, xuat hién cac dinh nhiéu xa dic
trung sic nét cho hop phan cho La;0s, con dinh
nhiéu xa dic trung cho SiO, & goc 2-theta
khoang 23°c6 cuong do rat yéu.

La,0,

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

Cuong do (a.u)

Hinh 1. Gian dd XRD cua céc vat liéu
Lazo3, SiOz va La203/Si02.

Pé xac dinh thanh phan cic nguyén té c6
mat trong vat liéu La,03/SiOy, cac vt liéu dugc
dic trung bang phd EDX. Két qua duogc trinh
bay ¢ Hinh 2. Két qua phd tan xa ning luong tia
X cua cac vat liéu LaxOs, SiO, va La,03/Sio, &
Hinh 2 chi ra rang, dinh phé c¢6 cudng do manh
dic trung cho Si, O va La xut hién lan luot tai
muc nang lugng 1,88; 0,50 va 4,62 KeV. Tu
ph6 EDX cho thdy, xuit hién day du cac dinh
phd ddc trung cho ca hai hgp phan SiO, va
La;0s trong vat liéu Laz04/SiOz, khong ¢6 su
xudt hién ctia nguyén t6 la [19].
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Hinh 2. Phd EDX cua céc vat liéu
La,O3 (a) SiOz (b) va L8.203/Si02 (C)

Céac dic diém lién két trong vat liéu La,Os,
Si0, va La,04/Si0, dugc khao sat bang phd
hdng ngoai, két qua duoc trinh bay & Hinh 3.
Pho hong ngoai cia La;Oz cho thdy, xuat hién
cac dai phd tai sb song 649 cm™ ung voi dao
dong cua lién két La-O trong La;0z [20] va mot
dai phd c6 cuong d6 cao va sic nét ¢ 3625 cm™®
duge gan cho dao dong kéo dai va udn cong cia
O-H trong nhém La-O-H [21]. Con ddi voi phd
hong ngoai ctia SiO, c¢6 dinh hip thu c6 cudng
d6 manh & sb song 1115 cm™ dac trung cho dao
dong O-Si-O (siloxane), tai ) song 1594,73 cm?
1a tmg v6i dao dong ubn cua nhém -OH, dao
dong ¢ sb song khoang 800 cm™ c6 thé 1a dao
dong cta cac nhom Si-OH (silanol), tir 475 cm™
la dao dong cua Si-O [22]. Cac dai phd &
3421 cm™ va 1625 - 1490 cm™ ¢6 thé duoc quy
cho dao dong O-H trong nudc hap thu trén bé
mat vat liéu [23]. Trong khi do, trén phd hong
ngoai cua vat liéu La,03/Si0,, xuat hién dy du
cic dinh phd dic trung cho hop phan SiO;
va La203.

La,0/Si0,

sio,

La,0,

IR

. - - . - : .
4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)

D6 truyén qua T (%)

Hinh 3. Phd héng ngoai cua cac vt liéu
La203, SiOz va L3.203/Si02.

Hinh anh bé mit ngoai cua céc vat liéu
La,0s, SiO, va La,04/SiO, dugc quan sat bang
phuong phap SEM, két qua duoc trinh bay &
Hinh 4.

Hinh 4. Anh SEM cua cac vt liéu
La,O3 (a), SiOz (b) va Lazo::;/SiOz (C)



102 N. V. N. Mai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 1 (2024) 97-104

Anh SEM ¢ Hinh 4 cho thay, vat liéu La,0s
gém cac hat véi da dang hinh dang véi kich
thuac trung binh khoang 40 - 50 nm nhung c6
xu hudng co cum lai vai nhau; con vat liéu SiO»
cling gom cac hat két hop lai véi nhau tao ra bé
mat gd ghé, 16i 16m cé kich thuéc khoang
50 - 100 nm. Déi véi vat licu La,0s/SiO2, ¢b su
phan tan cac hat La,O; trén SiO; tao nén bé mat
g6 ghé, 16i 16m va kich thudc khoang 50 - 80 nm.
3.2. Anh huong cia La,03/SiO; dén su sinh
truong cua cdy Pan sam

Két qua khao sat anh huong ctia La,03/SiO;
dén sy sinh truéng, phat trién cdy Pan sam
duoc trinh bay ¢ Bang 1.

Béng 1. Cac thong sb lién quan dén su sinh truéng
phat trién cua cay Pan sam khi st dung vat li¢u

La,03/Si0s.
2 Pbi chimg | Lay03/SiO;
Thong s0 (n=50) (n=50)
Thoi gian trong 05/4/2022 | 05/4/2022
Thoi gian thu (5/8/2023) | (24/7/2023)
hoach 487 ngay 476 ngay
Chiéu dai trung
binh ré chinh (cm) 21,6+0.3 81,2+05
Ning suét (tan ré
kho/ha) 1,94+0,1 2,21+0,3
Xanh va co
Mau sic 14 hién tugng Xanh dam
vang l&

Hién tuong vang la cua cdy Dan sam khi
khong c6 (d6i ching) bo sung vat liéu
La,03/SiO; dugc trinh bay & Hinh 5.

Két qua thir nghiém trong Pan sam trong
truong hop c6 bd sung vt liéu La,04/SiO; cho
thdy, dbi véi mau ddi chtng thi ning suét ré& dat
1,94 tin ré kho/ha, 1& chinh c6 chiéu dai trung
binh 27,6 cm, thoi gian sinh truong dén lac thu
hoach 1a 487 ngay. Trong khi d6, mau b sung
vat liéu LayO3/SiO; c6 nang suit r& dat 2,21 tin
r& kho/ha (ning suat ré thu duoc ting 13,92%
so v6i mau dbi ching), r& chinh c6 chiéu dai
trung binh 31,2 cm, thoi gian sinh truong dén
thoi diém thu hoach 1a 476 ngay. Bén canh do,

1& chinh con c6 kich thudc dong déu, 1a xanh
dam va khong co hién tuong vang 14 so v6i mau
d6i chimg. Diéu nay co thé duoc giai thich do
Si ¢6 anh huéng 1én sy tong hop lignin, néu
thiéu Si thi ham luong lignin bi giam dang ké.
Si dong vai tro nhu chat dinh dudng c6 tac
dung ting cuong sy sinh trudng, cung cap, cai
thién niang sudt cdy trong va chat luong nong
san [24].

Hinh 5. Céy Dan sam khi khong c6 (d6i chtng)
(a) va c6 bo sung vit liéu La,03/SiO; (b).

Bén canh do, cac nguyén t6 dat hiém duoc
biét dén c6 vai trd quan trong trong viéc phat
trién ré cta thuc vat; thiic ddy qua trinh quang
hop, ting sy hap thu cac chit dinh dudng vi
lwong va da luong va c6 kha ning chdng chiu
tdt trong diéu kién bat loi cua thoi tiét [25]. Do
vay, khi bd sung La,03/SiO; trén cdy Pan sam
da 1am cho cdy cimg cap hon va sy phat trién
cua ré ciing manh hon, din dén ting ning suit
cay dugc liéu Ban sam.

4. Két luan

P tong hop thanh cong vt liéu La,03/SiO;
bang phuong phap nhiét pha rin. Két qua khao
sat anh hudng cua vat lieu La,0s/SiO, dén sy
sinh truéng cua cdy Pan sim cho thiy, mau dbi
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chung thi nang suét ré dat 1,94 tan ré kho/ha, ré
chinh c¢6 chiéu dai trung binh 27,6 cm. Mau b6
sung vat liéu La,0s/SiO; co ning sudt ré dat
2,21 tan ré kho/ha (ning suit ting 13,92%), ré
chinh ¢6 chiéu dai trung binh 31,2 cm va khong
thdy hién tugng vang 14 so véi mau ddi chimg.
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