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TOM TAT

Nanocomposite AgCu—SiO, da dugc téng hap bang phuong phéap khir hda hoc xanh két hap vdi
séng siéu am. Tinh chat hoa ly ctia AgCu—SiO, dugc phan tich théng qua phé hap thu ti ngoai-
kha kién, gian d6 nhiéu xa tia X, hinh &nh kinh hién vi dién tir quét, hinh &nh kinh hién vi dién tu
truyén qua, phd tan sdc nang luong tia X, phé nguén plasma cam Ung cao tan két ndi khéi phd
va phé hdp thu nguyén ti. Cac két qua phan tich chi ra ring nanocomposite AgCu—SiO, chuia
bac va dong & dang ludng kim, va cac hat kim loai nay co kich thudc tir vai nanomet dén vai chuc
nanomet va kich thudc hat trung binh 1a 7,52 4 1,12 nm, dugc phan b6 day dac trén bé mat silica.
Kha ndng khang ndm ctia AgCu—SiO,, so véi cac nanocomposite don kim loai Ag—SiO,, Cu—SiO,
va thudc trir bénh thuong mai Ridomil gold 68 WG, dugc danh giad thong qua kha ndng tc ché su
phét trién tan sgi clia céc ndm Rhizoctonia solani, Fusarium oxysporum va Pythium catenulatum, gay
bénh I& c6 ré cay ca chua trong diéu kien phong thi nghiém. Két qua cho thay hiéu qua Uc ché
su phat trién tan sgi ndm ctia AgCu—SiO; cao hon cac nanocomposite don kim loai Ag—SiO; va
Cu—Si0,, chiing té rang su két hop bac va dong lam tang cudng hoat tinh khang nam. Dac biét,
nanocomposite AgCu—SiO, 3 néng dd 125 ppm ¢ hiéu luc tc ché ném dat 100% d6i véi ca ba
loai ndm trong diéu kién phong thi nghiém.

Tu khoa: nanocomposite, bac dong-silica, Rhizoctonia solani, Fusarium oxysporum, Pythium

catenulatum

MG PAU

Bénh 16 ¢6 ré ctia cdy ca chua hay con goi 1a bénh théi
gbc ca chua, mét trong nhiing loai bénh nguy hiém,
géy thiét hai I6n trong san xuét ca chua. Bénh 16 ¢6 ré
ca chua do nhém céc loai ndm cé ngudn goc trong
dat gay ra, dién hinh nhu ndm Rhizoctonia solani,
Pythium sp., Fusarium sp. Bénh 16 c6 ré lay lan trong
modi trudng nudc va xadm nhép qua cac vét thuong co
hoc, phat sinh, phat trién manh trong diéu kién d¢
4m cao hoic mua, ning, rét, néng thit thusng !. Viéc
kiém soat bénh 16 ¢ ré hién nay chu yéu tap trung
vao stt dung céc thudc diét ndm phé rong hodc mot s6
ché phém sinh hoc tit ndm d6i khang, tuy nhién hiéu
qua chua ro rét, dc biét vao miia mua, gy anh hudng
nghiém trong dén ning sudt va chat lugng ciy trong.
Do d6, viéc tim kiém cdc gidi phdp méi d€ phong tri
bénh 16 ¢6 ré ctia cay tré nén cip thiét.

Cong nghé nano dang dugc nghién ctiu va ting dung
dé phong trli bénh hai trén ciy tréng?. Trong dé,
nano bac (Ag NP) dugc st dung phé bién nh¢ kha
néng tiéu diét ndm va vi khuén cy trong rét hiéu qua,
n6 co thé kiém soat duge bénh dao 6n trén ciy lua
do ndm Pyricularia oryzae gay ra>. Nano déng (Cu

NP) da dugc sti dung d€ phong trii vi khuén Ralstonia
solanacearum giy bénh héo xanh trén ciy dua chuodt®.
Mic du, cd Ag NP va Cu NP déu c6 dédc tinh khang vi
sinh vat dang ké nhung hén hgp Ag NP va Cu NP
thé hién dic tinh khang khang vi sinh vét 16n hon so
v6i tling Ag NP hoic Cu NP riéng 18>, nhé c6 tac dung
hiép déng ctia hai loai nano déi véi vi sinh vat . Dic
biét, khi Ag NP va Cu NP dugc c6 dinh trén nhiing vét
liéu mang nhu TiO, 8 khodng chat aluminosilicate?,
hiéu qua khang vi sinh vét clia vat liéu cang tang lén,
vi khi d6, cdc hat nano Ag NP va Cu NP tré nén 6n
dinh hon, tranh bi két ty, két dam lai.

Nano silica (Si NP), dugc san xudt ti phu phdm tro
trdu, chit dot trong 1o hoi cong nghiép & Viét Nam,
dang dugc ing dung da dang trong nhiéu linh vic san
xuit khdc nhau nhu dugc phdm, cao su, son phu va
néng nghiép 1. Viéc san xuét nano silica dugc xem
la mot hudng phit trién ning lugng téi tao vi vo triu
la nguodn sinh khéi doi dao, c6 thé téi tao hing nim
ti cac rudng lia nong nghiép tai Viét Nam, dic biét
tai vung dong bang song Ctiu Long. Trong linh vuc
trong trot, Si NP dugc st dung v6i nhiéu cong dung
khac nhau nhu kha nang chéng ngd doc do kim loai
ning '°, kha ning chéng chiu UVB!!, khi nang chéng

Trich dan bai bao nay: Khanh TC,Vinh TQ,HaV TN, ThAo BTT, NhuTTH, Thay HL N, Van T H, Quang D
V. Téng hgp nanocomposite luéng kim bac déng trén nén silica dé iing dung khang nam gay bénh
16 ¢4 ré cha cay ca chua. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(2):3338-3345.
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chiu min 12, kha ning chéng mit nuéc '* va kha ning
dan truyén thudc bao vé thyc vat va phan bén 14,

Bai bdo trinh bay su két hgp Ag NP, Cu NP va Si NP,
tao thanh nanocomposite bac, dong trén nén silica
(AgCu—SiOy).
téng hgp bing phuong phap khu hoa hoc xanh két
hop v6i séng siéu am va phén tich tinh chat ly—hda
béng céc ki thuat phd hép thu ti ngoai—kha kién,
gian d6 nhiéu xa tia X, kinh hién vi dién tt quét va

Nanocomposite AgCu—SiO, dugc

kinh hién vi dién td truyén qua. Bén canh d6, hoat
tinh khang ndm ctia AgCu-SiO, dugc thuc hién d6i
vGi cac ndm Rhizoctonia solani, Fusarium oxysporum
va Pythium catenulatum trong diéu kién phong thi
nghiém.

VAT LIEU VA PHUONG PHAP

Héa chat

Silica (SiOz, > 95%, kich thuéc ti 3—8 um) dugc
cung cip bdi Cong ty CS phan Coéng nghé Nano BSB,
Viét Nam); bac nitrate (AgNO3, > 99%), ddng acetate
ngadm mot nudc [Cu(CH3CO0),.H,0;99,99%] duge
cung cdp bai Sigma Aldrich. Sodium lauryl ether sul-
fate [CH3(CHa)1 (OCH,CH,),0SO3Na, 70%, Thai
Lan], ascorbic acid (C¢HgOg, > 99%, Xilong, Trung
Qudc). Nudc cit c6 do dan dién < 5 uS/cm dugc st
dung trong tét ca cac thi nghiém.

Phuong phap téng hop

Nanocomposite ludng kim bac—dong trén nén silica
(AgCu-8i0,) dugc tdng hgp bing phuong phéap khit
héa hoc xanh, két hgp véi song siéu am cudng do cao.
Cu thé, hén hop Cu(CH3CO0),.H,0 va AgNO3 ¢6
ty 1& mol 1:1 dugc khudy ti trong 100 mL nudc cét.
Sau d6 0,2 gam silica va sodium lauryl ether sulfate
(0,5 M) dugc thém vao hén hgp hai mudi. Sau 15
phut, ascorbic acid (0,5 g) dugc cho vao hén hgp
va siéu &m hoén hgp cudng d6 cao (HIELSCHER'S,
200W, 26 kHz) trong 15 phit; mau dung dich chuyén
ti mau trang xanh sang den xdm. Tiép theo, hén hgp
dugc ly tam & 4000 vong/phut trong 10 phut; sau do,
phén bot rin dugc riia véi nude cit va ethanol (ty 1é
1:1) va sdy & nhiét d¢ 60°C trong 8 gid. Cac méu
Ag—SiO; va Cu—SiO, dugc téng hop bing phuong
phép tuong ty délam vt liéu d6i chiing.

Phuong phap phan tich

Tinh chit quang cua vét liéu dugc xac dinh thong
qua phé hdp thu tit ngoai - kha kién (UV—Vis, Jasco
V670) véi khoang bude séng khao sat tli 300-750 nm,
tinh chdt tinh thé va thanh phan pha dugc xdc dinh
béng phuong phap nhiéu xa tia X (XRD, D8 Advance-
Bruker Eco) véi budc séng tia X phat ra tit nguén Cu

Ky bing 1,54 A, khoing ghi s6 liéu tit 10-80°, budc
nhay 0,0195°. Ham lugng bac trong cac vat liéu dugc
xdc dinh bing phép do phd ngudn plasma cam ting
cao tn két n6i khdi phd (ICP-MS) trén may iCAP-RQ
ICP-MS, Thermo Scientific v6i ddu phun thach anh
dudng kinh 2,5 mm, skimmer cone bing Ni, dudng
kinh 3,5 mm, t6¢ 40 phun miu 0,1843 L/phit, ngudn
RF 1550 W va thoi gian do 60 gidy. Ham lugng dong
trong cac vat liéu dugc xdc dinh bing phd hép thu
nguyén tii (AAS, AA-6800, Shimadzu) & buéc séng
324,8 nm c6 dong dién 6 mA, do rong khe 0,5 nm,
thaoi gian do 5 gidy va téc do phun khi Air/CoH; 1a
2,5 L/phut.

Thi nghiém hoat tinh khang nam

Kha nang khang nidm cta cac vat liéu Ag—SiO,,
Cu—SiO,, CuSiOp va AgCu—SiO, déi véi cdc ndm
Rhizoctonia solani, Fusarium oxysporum va Pythium
catenulatum dugc danh gia bing phuong phip nhiém
moi trudng. Cac mau ndm R. solani, E oxysporum va
P, catenulatum, gay bénh 16 c6 ré cay dugc phéan lap va
cung cdp ttt BO mon Bao vé Thuc vat, Khoa Nong hoc,
Trudng Pai hoc Nong Lam Tp. H6 Chi Minh. Moi
truong PDA (Potato Dextrose Agar gém 200 g khoai
tay, 20 g dextrose, 15 g agar cho 1 L mdi truong) dugc
khtt triing, bé sung 20 pL hé phan tin clia cic mau
Ag—Si0;, Cu—SiO; va AgCu—SiO; trong nudc cat
(tuong ting v6i cac ham lugng kim loai trong hé phéan
tan tinh theo két qua ICP-MS va AAS la 16, 32, 64,
125 ppm), va d6 vao dia petri v6i thé tich 10 mL/dia.
Khoanh ndm (dudng kinh 0,5 cm) dugc dat vao tim
dia petri, mat ndm Gp xudéng mit moi trudng PDA,
sau do boc dia bing parafilm va 4 & nhiét do 28 +
2°C. Thudc trii bénh thuong mai Ridomil gold 68 WG
v6i cac hoat chat metalaxyl-M (40 g/L) va mancozeb
(640 g/L), ddc tri cac ndm noi trén dugc st dung véi
ty 1¢ pha loang khuyén cdo 300 g/100 lit nudc (tuong
duong véi nong d6 khuyén cdo 3000 ppm) dé€ lam
nghiém thiic d6i chiing duong, va nuédc cit duge su
dung lam d6i chiing am. Thi nghiém dugc thuc hién
v6i mbi nghiém thiic 5 1an 1dp lai, moi 14n 13p lai cta
mot nghiém thiicla 1 dia petri.

Céc chi tiéu theo déi bao gom duong kinh trung binh
ctia tan ndm, dugc xdc dinh boi cong thiic (1) va hiéu
Iuic Gc ché ndm ctia hoat chat thudc, dugc xdc dinh
theo cong thiic (2):

d=(d; +d2)/2 (1)

trong d6: d la duong kinh trung binh tdn ndm (tan
s0i), con d; va d; la chiéu dai dudng chéo ctia tin nim
(tan sgi).

H = (D - d)x100/D (2)

trong d6: H Ia hiéu luc tic ché ndm cua hoat chit
thudc, D la duong kinh tan ndm ctia nghiém thic déi
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chting 4m (mm), d 13 dudng kinh tdn ndm ctia nghiém
thiic chtia hoat chéat (mm).

KET QUA VA THAO LUAN

Tinh chat vat liéu

Hinh 1 thé hién ph6 hép thu t& ngoai-kha kién cua
cadc miu Ag—SiO,, Cu—SiO; va AgCu—SiO,. Ciac
mau Ag—SiO; va Cu—SiO; thé hién dinh hép thu dic
trung cho dao dong plasmon bé mit clia nano bac va
d6ng 1an lugt & budc song 410 va 570 nm '>1°, Miu
AgCu—SiO; hién thi hai dinh hdp thu & 403 va 568
nm, diéu nay thé hién trong mau nanocomposite hinh
thanh song song ca nano bac va dong & trang thai

riéng 1& hoic tao cdu tric ludng kim bac—dong 718,

AgCu-SiO,
Ag-SiO,
Cu-SiO,

D{ hap thy (d.v.b.k)

L L
300 450 600 750

Buéc séng (nm)

Hinh 1: Phé hap thu UV—Vis cia cdc m3u nanocom-
posite Ag—SiO2, Cu—SiO, va AgCu—SiO;.

Hinh 2 thé hién gian d6 nhiéu xa tia X cdc miu
nanocomposite Ag—SiO;, Cu—SiO; va AgCu—SiOs.
Két qua XRD cuia cdc mau nanocomposite xuat hién
viung nhiéu xa rong tit 15 dén 25°, dugc cho la ving
vo dinh hinh ctia chit nén SiO, 1°. Mau Cu—SiO; ¢
xudt hién 3 dinh nhiéu xa tai vi tri géc 26 1an lugt la
43,3°,50,4° va 74,1° tuong ting v6i mat (111), (200),
(220) ctia mang lap phuong tdm mdt cta kim loai
dong (JCPDS s6 04-0836)*. Mau Ag—SiO, thé hién
rd cdu truc lap phuong tdm mét (FCC) ctia kim loai
bac theo JCPDS s6 04-0783 véi cac dinh dac trung
& cac vi tri 38,08°, 44,29°, 64,6° va 77,68°, tuong
Uing v6i cdc mit phéng tinh thé (111), (200), (220) va
(311)1>2%, Gian d6 XRD ciia AgCu—SiO, c6 ton tai
dong thoi cdc dinh nhiéu xa, dic trung cho bac, 1an
dong. Diéu nay cho thdy AgCu—SiO, dugc tao ra c6
c4u triic composite ludng kim bac—déng 2122,

Hinh 4a trinh bay két qua ph6 EDS cta mau
AgCu—SiO,, AgCu—SiO, chua cdc nguyén t6 sili-
cium (22,01 £ 0,33% khdi lugng), oxygen (43,16 £
0,48% khoi lugng), dong (2,83 £ 0,19% khéi lugng) va
bac (22,09 £ 0,58% khdi lugng). Ngoai ra, trong mau
AgCu—SiO; con c6 su hién dién ctia carbon (9,92 £
0,16% khoi lugng), dugc quy cho sy ton tai ctia mot

6 chét hitu co, xudt phét ti cic tién chit sodium lau-
ryl ether sulfate, ascorbic acid con du sau qua trinh
téng hop va bang keo carbon st dung d€ ¢6 dinh mau
AgCu—SiO; trong phép phén tich SEM-EDS.

Hinh 4b cho théy sy phan b6 clia cic nguyén t6 trong
mau AgCu—SiO;. Su phén bd cua silicium va oxy-
gen dong déu trong hinh dnh. Bac phan bé day dic
hon so v6i dong, va cac vi tri phan bé ctia chung khac
nhau. Diéu d6 cho thdy trong mau AgCu—SiO;, bac
¢6 ham lugng cao hon nhiéu so dong. Bac, dong ton
tai & cac pha riéng biét, phu hgp véi két qua XRD
(Hinh 2). Nhiing két qua nay chung té rang mau
AgCu—SiO; ton tai & dang composite ludng kim. Bén
canh d6, két qua phén tich ICP-MS va AAS cho thiy,
mau AgCu—SiO, chua 28,14 + 0,03% khdi lugng
nguyén t6 bac va 5,09 & 0,11% nguyén t6 dong; trong
khi d6 mau Ag—SiO, chua 30,08 £ 0,50% khdi lugng
nguyén t6 bac, va mau Cu—SiO, chitta 13,91 4 0,97%
khéi lugng nguyén t6 dong.

JCPDS S& 04-0836 JCPDS S& 04-0783
AgCu-Si0, —— Ag-SiO, Cu-Sio,
—
,—;: l
=
= A .
=
= l
gﬁ A
A
£
U L)L
A A
i .
15 30 45 60 75

Géc nhi&u xa 20 (d))
Hinh 2: Gidn d6 XRD cla cac mau Ag—SiO,,

Cu—SiO, va AgCu—SiO,, kém theo gidn d6 XRD
chuéan ctia kim loai bac va déng.

Hinh thai ctia AgCu—SiO; dugc thé hién thong qua
két quad hinh anh SEM va TEM, dugc trinh bay &
Hinh 3. Mau SiO; chta cac hat toi x6p va khong co

Hinh 3: Hinh anh SEM, TEM cta SiO, (a1, a2) va cGa
AgCu—SiO; (b1, b2).
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Hinh 4: Ph EDS (a) va phan bé nguyén té trong phé EDS (b) cia AgCu—SiO,.

bién hat ro rang (Hinh 3al, a2). Trong khi d6, mau
AgCu—SiO; ¢ nhiéu hat nho ti vai nano mét dén vai
chuc nano mét véi duong kinh trung binh 7,52 £ 1,12
nm, phén bd day déc trén bé mat vat liéu (Hinh 3b1,
b2). Két qua SEM va két qua XRD chiing to trong
AgCu—SiO; ¢6 céc hat nano kim loai dong va bac,

¢6 kha nang tic ché sy phat trién ctia ndm R. solani t6t
hon so véi vat liéu Ag—SiO,, va dong déng gop vai
tro quan trong hon so véi bac trong viéc tic ché nim
nay.

90

E
dugc c6 dinh trén bé mit ctia SiO5. E 80
i
Hoat tinh khang nam ctia vat liéu g 5
c
Kha ndng u'c ché ctia cdc nanocomposite déi = ‘3‘2
c
vdi R. solani 2 %
@
Hinh 5 va Hinh 6 thé hién kha ning dc ché cta cic 10
0
nanocomposite Ag—Si0;, Cu—SiO,, va AgCu—SiOy
PR . e » » . 3 ", Thoi gian sau céy, gio
doéi véi su phét trién cta ndm R. solani. O thdi AGSIO 16 AgSI0,32 - AGSI0, 60 —eAgSO, 125
diém 24 gi(‘i sau Céiy' (GSC), cac nghiém thic chia 0CuSi0,16  —-Cui0,32 - CuSi0,64  -o-CuSi0, 125
-@-AgCu-Si0, 16 -o-AgCu-Si0, 32 -8 AgCu-SiO, 64 -8-AgCu-Si0, 125
~RD —--DC

Ag—SiO; (125 ppm), Cu—SiO; (64 ppm va 125 ppm)
va AgCu—SiO; (64 ppm va 125 ppm) khong ghi nhan
su phét trién ctia ndm. Dén thoi diém 48 GSC, cac
nghiém thiic Ag—SiO; (125 ppm), Cu—SiO; (64
ppm) va AgCu—SiO, (64 ppm) c6 dudng kinh tin
ndm tang 1én lan lugt la 9,48 mm, 17,07 mm va 7,30
mm, tuong ung voi hiéu luc tGc ché giam tit 100%
xuéng con 79,00%, 62,20% va 83,85%. Con & cac
nghiém thic Cu—SiO, (125 ppm) va AgCu—SiO;
(125 ppm) chua quan sét thdy sy phat trién ctia ndm R.
solani. Tai thoi di€m 72 GSC, nghiém thiic d6i ching
dat duong kinh 80 mm. Trong khi dé, cac nghiém
thic Cu—SiO; (125 ppm) va AgCu—SiO; (125 ppm),
chua c6 sy phét trién ctia ndm va dat hiéu lyc tc ché
100%, bang v6i nghiém thiic thudc hoa hoc Ridomil
gold 68 WG (néng d6 khuyén cdo 3000 ppm). Két qua
trén cho thdy, cac vat liéu Cu—SiO, va AgCu—SiO;

Hinh 5: Anh hudng cia Ag—SiO,, Cu—SiO,, va
AgCu—Si0, dén su phéat trién cia ndm R. solani. BC:
Bai chiing, RD: Ridomil gold 68 WG. S& & méi thir
nghiém tuong ing la néng d6 ctia cac vat liéu, ppm.

Khd ndng i'c ché ctia cdc nanocomposite déi
V@i P. catenulatum

P catenulatum phét trién nhanh hon ndm R. solani
trong moi truong PGA, dusng kinh P. catenulatum
dat 80 mm (dudng kinh ctia dia petri) chi sau 60 gio
sau cdy. Kha ning tic ché su phat trién nim P. catenu-
latum cta cac nanocomposite Ag—SiO,, Cu—SiO»,
va AgCu-SiO, dugc thé hién qua cic Hinh 7 va
Hinh 8. Két qua cho thdy kha ning tic ché su phat
trién P. catenulatum clia cic nanocomposite ting dan
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Hinh 6: Hinh anh tan sgi cla R. solani & thdi diém
72 GSC dugc xtr ly bdi Ag—SiO; (A), Cu—SiO; (B) va
AgCu—SiO, (C). RD: Ridomil gold 68 WG; BC: Déi
chiing nudc. SO tuong Ung la néng do tuong Ung
clia cac vat liéu & méi thi nghiém, ppm.

theo nong d¢. Va kha nang khang ndm ctua Ag—SiO;
kém hon AgCu—SiO,, va t6t nhdt la Cu—SiO,. Sau
60 GSC, & cic nghiém thic Ag—SiO; (125 ppm),
Cu—SiOy (64 va 125 ppm), va AgCu—SiO; (125
ppm) déu khong quan sat thdy su phat trién cta tan
ndm, tuong tu nhu ¢ nghiém thtic cta Ridomil gold
68 WG (n6ng do khuyén cdo 3000 ppm). Diéu d6 thé
hién cac nghiém thtic nay c6 hiéu luc tic ché P. catenu-
latum dat 100% va ndm nay rat nhay véi vat liéu chiia
nano dong.
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Hinh 7: Anh hudng cta Ag—SiO;, Cu—SiO,, va
AgCu—SiO, dén su phét trién ctia ndm P. catenula-
tum. BC: Déi chiing; RD: Ridomil gold 68 WG. S6 &
méi thir nghiém tuong Ung la néng d6 clia cac vat
liéu, ppm.

Kha ndng u'c ché cta cdc nanocomposite doi
VvGi F. oxysporum

Nam E oxysporum phat trién chdm hon R. solani va
P. catenulatum trén méi trudng PGA, duodng kinh
tan ndm E oxysporum dat 80 mm (duong kinh cta
dia petri) sau 5 ngay cdy (NSC). Két qua vé kha
néng tic ché sy phét trién ndm E oxysporum cla cic

Hinh 8: Hinh anh tan sgi cla P. catenulatum & thoi
diém 60 GSC, xtr ly bdi Ag—SiO, (A), Cu—SiO, (B)
va AgCu—SiO, (C). RD: Ridomil gold 68 WG; BC: Ddi
chiing nudc. SO tuong Ung la nbng dé tuong ting
cla cac vat lieu & mbi thit nghiém, ppm.

nanocomposite Ag—Si0;, Cu—SiO,, va AgCu—SiOy
dugc trinh bay trén cic Hinh 9 va Hinh 10. Vit liéu
Ag-Si0; & nong do khao sit cao nhét (125 ppm)
duong kinh tan ndm thidp nhit, dat 16,2 mm, tuong
ung véi hiéu lyc tc ché dat 79,7%. Con Cu—SiO;
c6 kha nang tic ché ndm sy phat trién ndm Fusarium
oxysporum cling tuong duong véi Ag—SiOy; cu thé
nghiém thiic Cu—SiO; (125 ppm) c6 dudng kinh tan
ndm thip nhit dat 14,7 mm, tuong ting véi hiéu luc
tc ché 81,6%. Nghiém thic AgCu—SiO; (125 ppm)
khong ghi nhén sy phat trién cta .E oxysporum va c6
hiéu luc tc ché hoan toan dat 100%, tuong duong véi
nghiém thic Ridomil gold 68 WG. Piéu do cho thiy
AgCu—SiO; c6 kha néng tic ché ndm E oxysporum
cao hon dang ké so v6i Ag—SiO; va Cu—SiO,.
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Hinh 9: Anh hudng ctia Ag—SiO,, Cu—SiO,, va
AgCu—SiO, dén su phéat trién cla nam Fusarium
oxysporum. BC: B6i chiing; RD: Ridomil gold 68 WG.
S6 & méi thir nghiém tuang Ung la ndng d6 clia cac
vat liéu, ppm.

Nguyén Thi Bich Ngoc va cac cong su (2015) 21 d3 chi
ra ring 6 nong do 100 mg/L cta nano bac cho ty 1é
tc ché khoang 57,6% d6i v6i ndm E oxysporum va
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Hinh 10: Hinh anh tan sgi cda Fusarium oxysporum
& thoi diém 5 NSC, x{ ly bdi Ag—SiO; (A), Cu—SiO,
(B) va AgCu—SiO; (C). RD: Ridomil gold 68 WG; BC:
BGi ching nudc. S6 tuong Uing la nbng d6 tuong
Uing clia cac vat liéu & méi thtr nghiém, ppm.

78,07% d6i v6i ndm R. solani, tai néng d6 300 mg/L
cho ty 1€ tic ché 79,2% d6i v6i E oxysporum. Nguyén
Thi Thanh Hai va cic cong sy (2020)>* nghién ctiu
kha ning tc ché sy phat trién cac ndm Pyricularia
oryzae va Rhizoctonia solani gay bénh dao 6n va kho
van trén cdy lua cia nanocomposite Cu—SiO,. Két
qua cho théy hiéu luc tic ché ndm P, oryzae va R. solani
ctia Cu—SiO; tuong déi tét, véi hiéu luc tc ché dat
79,0 % va 76,7 % tuong ting v6i mdi loai ndm & néng
d6 100 ppm. Trong mot nghién ctiu khac, Edgardo
Cruces va cic cong su da tdng hop nano luéng kim bac
dong, c6 dinh trén khoang vat aluminosilicate va chi
ra rang kha nang khang cac khuén Escherichia coli va
Staphylococcus aureus ctia nano lugng kim bac déng
t6t hon so véi cac nano don kim loai. Gan day, Ahmed
I. El-Batal va cac cong su (2024) da két hgp nano
ludng kim bac dong va ndm Bacillus safensis dé tri

bénh théi ré trén cay dau tay>*

. Két qua trong bai bao
cho théy rang viéc két hop nano ludng kim bac déng
dé phun trén 14 (v6i ndng d6 200 ppm) va B. safen-
sis tudi 1am udt dét ¢ thé kiém sodt hiéu qué bénh
mdc xam va théi ré trong qua trinh phat trién ctia dau

tﬁy 24,25 .

Nhiing nghién ctu trén da cho théy tiém
nang ting dung nanocomposite AgCu—SiO, nhu la
phuong phap thay thé méi cac thudc hoa hoc, khing

sinh dé kiém sodt cic ndm bénh trén cay trong.

KET LUAN

Nanocomposite AgCu—SiO; dugc tdng hgp thanh
cdng bing phuong phap khii héa hoc xanh, két hgp
v6i song siéu 4m cudng dd cao. Cac hat nano kim
loai véi kich thudc tii vai nano mét dén vai chuc nm
va kich thudc hat trung binh la 7,52 + 1,12 nm dugc
phan b6 day dic trén bé mit silica. Bén canh dé,
AgCu—SiO; c6 kha nang tic ch€ hiéu qua sy phat trién
ctia cac ndm R. solani , E oxysporum va P. catenula-
tum, gy bénh 16 ¢6 ré cho ciy ca chua. Nano dong

c6 anh huéng manh hon dén kha nang khang nim
s0 vOi nano bac d6i vdi ca ba loai ndm, va cic ndm
R. solani va P. catenulatum rat man cam véi vat liéu
chtia nano déng. Ndm R. solani khong phat trién &
cac nghiém thic Cu—SiO; (125 ppm) va AgCu—SiO,
(125 ppm), trong khi ndm nay phét trién ¢ nghiém
thiic Ag—SiO; (125 ppm) v6i dudng kinh 17,93 mm
va phat trién ddy dia petri (80 mm) & nghiém thtc
déi chiing sau 72 gid sau cdy. D6i voi ndm F oxys-
porum, cac vat liéu Ag—SiO, va Cu—SiO; dat hiéu
Iuyc tic ché cao nhat khoang 80% & nong d6 125 ppm,
con AgCu—SiO; (125 ppm) dat hiéu luc tic ché 100%,
bang v6i nghiém thiic thudc héa hoc Ridomil gold 68
WG (ndng d6 khuyén cdo 3000 ppm). Cac két qua
trén cho théy su két hgp bac va dong trong nanocom-
posite AgCu—SiO, lam tang cudng hoat tinh khing
ndm, gay bénh 16 c8 ré ctia ciy ca chua.

DANH MUC CAC TU VIET TAT

Ag NP: nano bac

Cu NP: nano dong

Si NP: nano silic

UV-Vis: hg hép thu tit ngoai — kha kién

XRD: Gian d6 nhiéu xa tia X

ICP-MS: Phé nguén plasma cam ting cao tan két ndi
khéi phé

AAS: Phé hép thu nguyén tu
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ABSTRACT

This paper presented the preparation of AgCu—SiO, nanocomposite by green chemical reduction
method combined with ultrasound. The physicochemical properties of AgCu—SiO, were analyzed
using techniques such as ultraviolet—visible absorption spectroscopy, X-ray diffraction, scanning
electron microscopy, transmission electron microscopy, energy-dispersive X-ray spectroscopy, in-
ductively coupled plasma mass spectrometry and atomic absorption spectroscopy. The analytical
results indicated that the AgCu—SiO, nanocomposite contained bimetallic nanoparticles of silver
and copper, with sizes of 7.52 + 1.12 nm. These nanoparticles were densely distributed on the
silica surface. The antifungal activity of AgCu—SiO, was compared to monometallic nanocom-
posites (Ag—SiO,, Cu—SiO,) and a commercial fungicide Ridomil gold 68 WG against Rhizoctonia
solani, Fusarium oxysporum and Pythium catenulatum, causing collar rots disease on Solanaceae.
The results showed that AgCu—SiO, exhibited good fungal growth inhibition compared to the
monometallic nanocomposites. Specifically, the AgCu—SiO, nanocomposite with complete fun-
gal inhibition at a concentration of 125 ppm against all three studied fungal strains suggested its
potential as an effective alternative to conventional chemical active ingredients in managing root
rot disease.

Key words: nanocomposite, silver copper - silica, Rhizoctonia solani, Fusarium oxysporum,
Pythium catenulatum

Cite this article: Tran CK, TranQV,Vo TN H, Bui TT T, Tran TH N, Huynh L N T, Trieu H V, Dang V Q. The
preparation of bimetallic silver copper-silica nanocomposites for antifungal application against
fungi causing root rot disease. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(2):3338-3345.

3345


https://crossmark.crossref.org/dialog/?doi=10.32508/stdjns.v9i2.1426&domain=pdf&date_stamp=2025-06-23

