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Hoat tinh khang ndm ctia ché phdm nano phtic hgp Ag-Cu@CS ché tao bang phuong

phap boc in-situ

In-vitro  antifungal activities

of silver-copper complex/chitosan (Ag-Cu@CS)

nanoparticles synthesized by in-situ encapsulation
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ABSTRACT

In this study, silver-copper complex/chitosan (Ag-Cu@CS) nanoparticles
were successfully synthesized by in-situ encapsulation reduction
method. The results show that as-synthesized nanoparticles were quasi
spherical in shape with the average diameter of 7.97 nm, well-dispersed
particles in water and stable. The test phytopathogenic fungi Sclerotium
rolfsii, Magnaporthe oryzae K, Botrytis cinerea, and Colletotrichum
gloeospodises were isolated from diseased fruits of Vinh orange trees,
which was cultivated in Nghe An province. The obtained Ag-Cu@CS
product have strong inhibition agaisnt four fungi in-vitro. The inhibitory
effect of silver-copper complex/chitosan (Ag-Cu@CS) nanoparticles at
concentrations of 25 ppm was reached over 50% on Sclerotium rolfsii,
Magnaporthe oryzae, and Botrytis cinerea at a concentration of 50 ppm,
the inhibitory effect of the nanoparticles on Colletotrichum
gloeospodises reached over 50% after 4 days of culture. These results
suggested  that  silver-copper  complex/chitosan  (Ag-Cu@CS)
nanoparticles can be used as a promising fungicide for plant protection.

Gidi thiéu chung

trudng dat, khong khi, dac biét la méi trudng nudc do
su rUia tréi, gay déc cho ngudi va gia suc, anh hudng

Thudc bao vé thuc vat dugc coi la mét v khi loi hai cua
con ngudi trong viéc phong chéng dich hai, bdo vé cay
tréng. Tuy nhién, lugng thuéc bao vé thuc vat (BVTV)
ton du va phét tan trong qua trinh canh tac lai gay ra
nhiéu tac hai nghiém trong khéc nhu 6 nhiém mai

truc tiép dén suic khoe ngudi tiéu ding. Doéng thdi, nd
lam suy gidm tinh da dang sinh hoc, gay tén hai dén
quén thé thién dich cling nhu lam phét sinh tinh khang
thudc cla sdu bénh, tdng chi phi phong trl, gay anh
hudng I6n dén con ngudi va moéi trudng. Cho nén, tim
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kiém loai thuéc BVTV hiéu quéd va an toan hon cho
nguai va mai trudng sinh thai la van dé hét sic cép
thiét nham xay dung nén néng nghiép xanh, sach va
bén ving. Diéu nay, thic day cac nha khoa hoc huéng
dén céng nghé nano va nhiing Ung dung ctia nd trong
néng nghiép.

Trong nhitng ndm qua, viéc nghién clu va Ung dung
cong nghé nano trong linh vuc BVTV da cé nhiéu két
qua quan trong trong san xudt cac ché phdm phong
trr bénh do ndm, vi khudn gay nén [1]. M6t s6 bénh
phd bién trén cay an qud, cay luong thuc nhu bénh
vang 14, théi ré, ghé, than thu, ri st, loét qua, dém nau,
khé la...dugc diéu tri hiéu qua bang cac ché pham nano
dong, kém, bac, titan oxit, chitosan [1-3].

Déi vai cac bénh trén thuc vat, cac hat nano bac c6
phé hoat déng réng va manh véi nhiéu loai ndm nhu
Bipolaris sorokiniana (bénh théi ré), Colletotrichum
gloeosporioides (bénh than thu), Magnapothe grisea
(bénh dao 6n), Pythium ultimum (bénh théi den),
Botrytis  cinerea  (bénh  m&c  xam),  Scalerotinia
sclerotiorum (bénh mdc tréng), Sphaerotheca pannosa
(bénh phan trang), Rhizoctonia solani (bénh khé van),
Colletotrichum theae Petch (bénh théi blp ché),
Phytophthora sp (bénh vang 14 théi ré) [4-6]. Két qua
thir nghiém nano bac véi néng dé thap cho thdy nhiéu
loai ndm gay bénh hai trén cay tréng lam gidm néng
sut cla cac san phdm néng nghiép da dugc vo hiéu
hoa.

Tuong tu, khd nang chéng khuén, chéng ndm mdc hiéu
qua cla hat nano dong trong néng nghiép da dugc
nghién clu trén mét sé loai cay trong & cac thai ky sinh
trudng khac nhau, dem lai hiéu quéa khac biét, vugt troi
han so vdi cac loai thudc BVTV truyén théng cd ngudn
gdc hda hoc. Nano déng cé kha nang diét hau hét cac
loai ndm bénh gay hai cay tréng, nd dugc xem nhu mét
loai thuéc bdo vé thuc vat dac tri ndm an toan, hiéu
qua va khéng géy ton du cac chat déc hai trén nong
san [2]. Tac gia P. Kanhed va cdng sy trong nghién cliu
clla minh d& cho thdy nano déng cé kha nang khang
cac loai ndm gay bénh trén cac cay trong nhu nam
Phoma destructiva, nam  Curvularia lunata, nam
Alternaria alternata va ndm Fusarium oxysporum [7].

Céc hat nano déng cé kich thudc 3-10 nm ¢6 hoat tinh
khédng ndm géy bénh trén cay tréng nhu nam Fusarium
oxysporum (gay bénh vang la théi ré, bénh héo vang,
héo rl, bénh théi than gdéc);, ném Alternaria alternate
(géy bénh dém la, dém vong). Trong khi do, tac gia S.
M. Ouda va cong sy cling da phat hién ra rang nano
déng va nano déng két hgp véi nano bac co kha nang
kim ham va diét hai loai ndm Uernaria alternata va

Botrytis cinere gay bénh trén nhiéu loai cay trong khac
nhau [8].

Tai Viét Nam, hoat chit g&c dong da dang ky trong
danh muc thuéc BVTV dugc phép st dung dé phong
trlr nhiéu loai bénh hai trén cay khoai tay, bap cai, hd
tiéu, cay co mui... Tuy nhién, cac thuéc BVTV hoat chéat
gbc doéng hién nay hau hét la hgp chat déng vo cg,
thudc nhém ddc I, cham phan huy trong méi trudng,
gay ddc hé sinh thai. Trong tuong lai gan Chau Au sé
cdm céac thudc vé co géc dong. Cac thude géc hitu co
clia dong s& 1a san pham dugc thay thé va dudc phép
st dung trong ndng nghiép cong nghé cao. Hién nay,
ngoai san phadm géc dong vé ca thi mét s& san pham
thudc BVTV dang nano da dudc s&r dung nhu nano bac
dong hop kim. Mac du hoat luc ting 1én dang ké,
nhung nha san xuét van dua ra Ioi khuyén khi sir dung
cho muc dich phong va dac tri bénh cho cay tréng nén
két hgp 2 loai nano bac déng dang hgp kim néng dé
t6ng s6 1én dén 500-1000 ppm va nano déng oxyclorua
dén 10.000 ppm. Diéu nay cho théy cac san phédm nano
bac, nano déng vo ¢a hién nay van chua dat dugc hoat
luc cao nhu mong mudn.

Mat khac, cac hat nano dudi dang dung dich thudng
kém &n dinh va dé bi két tu, 1am han ché dang ké tiém
nang st dung cac ché ph&dm nano hién nay. Mac du,
c4c hat nano da dugc bao boc bang céac chét hoat
déng bé mat hodc bang cac polyme nhung do qué
trinh t6ng hop hat nano thudng bang phuang phap ex-
situ 1am cac hat dé bi két thanh dam kich thudc 18n, do
don phan tan thap.

Trong nghién cltu nay, ching téi dung phucng phéap
boc in-situ dé€ ché tao hat nano hap kim bac-déng (Ag-
Cu@CS) bang céch st dung chitosan vifa lam chéat boc
cac hat nano trong qué trinh tao hat, vira lam chéat 6n
dinh, déng thai cling la chét khd. Bac biét, viéc st dung
chitosan lam chét khir d& lam gidm dang ké lugng chét
kh NaBH4, gilip gidm chi phi va than thién maéi trudng
hon. Bong thdi, ching toi cling da thir nghiém hoat
tinh clia ché phdm thu dugc déi vdi cac loai ndm gay
bénh céy tréng phé bién, cho thdy hoat luc cao, cb
trién vong trong viéc st dung lam cac ché phdm phong
trir nam.

Thyc nghiém va phuang phap nghién clu
Hda chat

Cac hoa chat dugc dung trong qua trinh téng hop
nano phuc hgp Ag-Cu déu thudcloai tinh khiét phan
tich cia hédng BDH Chemicals va Merck, bao gém: Silver
nitrate (AgNO3), Copper(ll) sulfate (CuSO4.5H20), Acetic
https://doi.org/10.51316/jca.2021.085
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Acid (CHsCOOH), Sodium borohydride (NaBHa),
Polyvinylpyrrolidone (PVP), chitosan (CS). Nudc cat dé
ion dugc sU dung trong qua trinh nghién clu.

Téng hgp nano phutc hgp Ag-Cu boc chitosan

Can 0,7 gam chitosan (93%) pha trong 50 ml dung dich
Acetic acid 2%, khudy déu & téc dé 500 vong/phut
trong thdi gian 5 giG & nhiét dé 50 °C thu dugc dung
dich chitosan. Hoa tan 0,1 gam AgNO3 va 0,1 gam
CuSO4.5H20 trong 50 ml nudc cat, thém 20 ml dung
dich PVP 5% va khudy lién tuc & nhiét d6 phong dén
déng nhét, thu dugc dung dich A réi nap vao thiét bj
phan Ung. Nhé tU tir dung dich chitosan vao dung dich
A trong binh phan Ung va khudy lién tuc dé dugc hdn
dich B. Bun néng B trong 5 gid & nhiét d6 70 °C, dugc
dung dich C. Cudi cting, 0,05 g NaBH4 pha trong 30 ml
nudc dugc nhd tu tU vao dung dich C thu dugc dung
dich mau nau va tiép tuc khudy trong vong 3 gig, &
nhiét dé tu 50-60 °C, thu dugc nano Ag va Cu phan tan
trong nén chitosan dé tao thanh nano phic hop Ag-
Cu/chitosan (Ag-Cu@cCs).

Cdc phuong phdp phén tich ddc trung cdu trac va
thanh phdn

Phan tich dac trung cdu tric bang phép do phé hdng
ngoai FT-IR trén thiét bi Nicolet iS10 (Thermo Scientific -
M§). Hinh thai va kich thudc hat cac mau Ag-Cu@CS
NPs thu dugc khao sat trén kinh hién vi dién tir truyén
qua (TEM) JEM 2100. Phéan bé kich thudc va dudng kinh
trung binh cla hat dugc tinh todn bang phan mém
cong cu hinh anh Java (Image)), dua trén dif liéu trung
binh cla 100-150 hat tU két qua anh TEM. Phé UV-Vis
clia cac mau dugc ghi trén may quang phd Libra S80
(Biochrom-Anh), va thanh phan nguyén té trong san
phdm dugc xac dinh bang phuong phap hién vi dién tlr
quét (SEM) véi dau do tan xa nang lugng tia X (EDX,
Oxford Instruments-Anh) trén thiét bi JSM-6510LV
(JEOL-Nh&t Ban). Phan bd kich thudc thay déngcla hat
va thé zeta dé danh gid dé bén hé keo clia cac mau
nghién clu dugc xac dinh bang phuong phap tan xa
laser dong (Dynamic Light Scattering-DLS) trén thiét bi
Zetasize-Nano ZS (hang Malvern-Anh)

Phuaong phdp ddnh gia hogt tinh sinh hoc (hogt tinh
khdng ndm)

Phuong phap poisoned food technique dugc st dung
dé thit nghiém hoat tinh khéng céc ching ném:
Colletotrichum gloeospodises (C-G); Sclerotium rolfsii
(SRBV); Magnaporthe oryzae K (MGK) va Botrytis cinerea

(BCK). Trong do, C. gloeospodises 1a tac nhan gay bénh
than thu trén cdy cam; S. rolfsii gy bénh héo rii géc
mac tréng va Magnaporthe oryzae K gay bénh dao 6n
trén lGa va ndm Botrytis cinerea la loai ndm mdc gay
bénh bénh mdc xdm trén nhiéu thuc vat.

N&m dugc phan lap va lam thuan, dung dung cu duc 16
c6 dudng kinh 4 mm tién hanh duc vanh ngoai dudng
kinh tdn ndm sau do dat 1én modi trudng Potato
Dextrose Agar (PDA) cla dia petri d& trén véi mau thr
va nudi trong tu dinh 6n & nhiét do 25 °C. Mau thi Ia
nano phic hop Ag-Cu@CS & cac nong do tng Ag, Cu
trong khoang tir 12,5 ppm dén 50 ppm. M&i ndng do
khac nhau sé& dugc thr nghiém nhac lai 3 1an trén moi
trudng PDA. Theo d&i sy phét trién cla ching ndm 1-7
ngay (tuy theo tung loai ném) va do dudng kinh tan
nam. Hiéu qua khang ndm dudc tinh theo cong thic:

HL(%) = 1005 2= D

D.—4
Trong do, HL(%) la hiéu luc Uc ché, Dc la dudng kinh
tan ndm trén dia petri déi chiing (mm); 4 la dudng kinh
khoanh agar-ndm; Dt 1a dudng kinh tdn nédm trén dia
petri trén mau thi nghiém (mm).

Cac nghién cru hoat tinh clia hgp chét nano phic hgp
Ag-Cu@CS dugc thyc hién tai Trung tam Nghién clu
Trién khai cic Hoat chat Sinh hoc (R&D Center of
Bioactive Compounds), Vién Hoa hoc cong nghiép Viét
Nam.

K&t qua va thao luan

Ddc trung cdu trdc, hinh thdi, thanh phdn va d@é bén cua
vat liéu

Hinh 1a chira phd héng ngoai cia mau nano phic hap
Ag-Cu@CS t6ng hap trong nghién clu nay khi so sanh
véi phé hdng ngoai clia cac polymer PVP va CS. Phé
hong ngoai cta CS c¢d dai hédp thu trung binh & 1599
cm™ clia dao déng bién dang nhdom NH., bén canhdai
hap thu kha réng & 1654 cm™ 13 dao déng hda tri cla
nhém C=0, cho thdy su cd mat cla mét s6é nhém
acetyl chua bj deacetyl hda hoan toan & chitosan.

Dai manh va réng & tan s§ cao 3424 cm' 1a dao déng
hoa tri cla cac nhom OH, chong 1&n vai déi & khodng
3400 cm™ clia dao dong hda tri NHz. Dai hdp thu manh
& 1091 cm™ thudc dao déng hoa tri C-OH phan gdc
duong cla CS. Béi vai PVP, déi hap thu manh va réng
& 1658 cm' 1a dao déng hoa tri ciia nhém C=0 trong
polymerpolyvinylpyrrolidone; dai hdp thu manh & 2955
cm' 13 do dao déng héa tri C-H phan gdc
hydrocarbon.
https://doi.org/10.51316/jca.2021.085
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Daéi vai vat liéu nano phdc hgp Ag-Cu@CS, dai hép thu
manh va réng & 3433 cm™ 1a dao dong hoa tri clia cac
nhom OH cla CS, c6 dich chuyén so vai 3424cm’
trong CS. Dai hap thu manh 1091 cm™ ing vdi nhom C-
OH trong CS dich chuyén thanh dai trung binh & 1101
cm’ trong phd clia vat liéu. Nhitng diéu nay ching to
c4c nhém OH cla CS ¢6 tuong tac nhét dinh véi bé
mét cac hat vat liéu. Dai trung binh & 1643 cm™ ¢6 thé
la dao dong hoa tri cia C=0 & cac nhom acetyl con lai
trong CS, bén canh db dao déng bién dang nhdom NH:
dich chuyén tir 1599 cm™ dén 1562 cm™ ¢ cudng do
manh han, chiing t& nhém NHz cla CS cling ¢ thé da
tham gia tuang tac yéu vdi hat vat liéu [9]. Dai hap thu
kha manh 3 1423 (& PVP) va 1420 cm™ (3 CS) Ung Vvdi
dao déng bién dang ki€u Iudi kéo (scissor) clia nhom
CHz, xudt hién & 1415 cm™ trong vat liéu Ag-
Cu@CS.Nhing s6 liéu phé IR néu trén ching té san
ph&m nano phtc hap Ag-Cu da dugc tao thanh va boc
bai chitosan bang phuong phép in-situ.

DPE xac nhéan su hinh thanh cdu trdc phic hop Ag-
Cu@CS chuing téi tién hanh do phé UV-Vis cla vat liéu
ché tao duac (hinh 1b), so sanh véi phd hdp thu UV-Vis
clia hat Ag va hat Cu hinh cau dugc t6ng hap trong
diéu kién tuong tu. Phé hédp thu clia hat Ag cho dai
c6ng hudng plasmon bé mat (SPR) véi cuong dé manh,
tlr 320 dén 500 nm vdi cuc dai & khoang 405 nm [10],
con hat nano Cu cho dai SPR réng tUr 450 dén 850 nm
vdi dinh c6 cudng dé yéu han & budc séng 570 nm.

Trong khi do, déi vdi vat liéu nano phic hop Ag-
Cu@CS, dinh hép thu plasmon cuc dai (SPR) da bj dich
chuyén sang budc séng 415 nm, chiing té ¢é sy hinh
thanh cau trdc phic hgp gitta cac hat nano Ag va Cu.
Su tang cudng tinh chat cong hudng plasmon bé mat
cla cac hat phic hgp dugc gidi thich dua vao su thay
déi tinh chat dién tir bé mat clia cac thanh phén trong
hé vat liéu phic hop [1].

200

——PVP
——cCs

— Ag-Cu@CS NPs ]

80 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Sé song (cm™ 1)

/Agl-Cu NPs (&05 nm) I

b)

Ag NPs (415 nm)

Cu NPs (570 nm)

D6 hép thu (d.v.t.y)

500 600 700

Budc song (nm)

300 400

Hinh 1: Phé FTIR (a) va phé UV-Vis ctia dung dich nano phtic hap Ag-Cu@CS thu dugc (b)

RRe

en2aBRERsS

n=135
d=7,97£4,2 nm

0-5 0 5 10 15 20 25 30

Pwéng kinh (nm)
= P P

Hinh 2: Anh hién vi dién t truyén qua TEM vdi dé phéng dai 100.000 3n (a); 200.000 [an (d) va gian do
phan bé kich thudc hat (c) cia dung dich nano phic hap Ag-Cu@CS
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Hinh 2 trinh bay hinh dnh TEM vé hinh théi vi cau trdc,
G cac dd phéng dai 100.000 lan, 200.000 lan tucng
Ung va gidn do phan b kich thudc hat nano Ag-
Cu@CS da t6ng hop dugc theo phuong phap boc in-
situ. Két quéa cho théy, cac hat nano phiuc hop Ag-
Cu@CS thu dugc co kich thudc dudgc chia lam hai loai,
loai thir 1 1a cac hat c6 kich thudc bé tir 3 nm dén 6
nm, chiém sé lugng Ién; loai nhém hat th( hai co kich
thudc 16n han, chiém s6 lugng it vdi kich thudc tu 10
nm dén 20 nm. Tuy nhién tat c& cac hat nano thu
dugc déu dang hinh cau, don phan tan, khong c6 hién
tudng cac hat két dam vdi nhau va kich thudc trung
binh cho t&t ca cic hat 7,97 £ 4,2 nm (hinh 2¢).

Trong nghién cltu nay, chitosan déng vai tro vua lam
chét boc céc hat nano trong qué trinh tao hat, vua la
chét khir. Béng thdi, dé lam tang do phan tan va én
dinh, ching t6i b6 sung thém PVP gilip tao thanh cac
hat nano phuc hgp don phan tan va co kich thudc bé.
Cac hat bac hap thu manh 1én bé mat ctia PVP, chudi
polyvinyl pyrolidon tao ra hiéu Ung khong gian, ngan
can su két hop giltta cac hat. Co ché én dinh hat bac
clia PVP c6 thé dudc gidi thich gdbm céc giai doan sau:
(i) Bau tién, PVP chuyén mét cap electron tir nguyén
tlr oxi va nitg trén mach sang cac orbital s va p cla cac
ion bac tao nén lién két phdi tri; (i) PVP thic déy su
hinh thanh nhan cla kim loai bac do phuc ion Ag™ -
PVP dé bj khit hon so vdi ion Ag+ ty do trong dung
dich vi ion Ag*® nhan dién t& ti& PVP; (i) Chudi PVP
ngan can sy tich tu cla cac hat bac do hiéu Ung
khong gian [11].

Dé danh gia do bén phan tan, su phan bé kich thudc
clia hé hat nano trong dung dich, mau dugc khdo sat
bang phuong phép phd tan xa &nh sang dong. Két
qua phan tich DLS cho thdy c6 1 dinh duy nhét (tuong
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Total Counts

Ung vdi kich thudc c& hat 43,43 nm, hinh 3a), hoan
toan khong ¢ su két khéi, tao ra cac tdp hgp hat &
vung kich thudc trong khodng 30 nm dén 60 nm. Diéu
nay khang dinh cac tiéu phan nano phan tan dong
déu, kich thudc bé va don phan tan. Kich thudc xac
dinh t& dnh TEM nho hon so vdi két qua thu dugc tu
két qua phan tich DLS la hoan toan phu hgp, vi két
qua phan tich DLS (phuong phap tan xa anh sang
déng) la kich thudc ddng, thu dugc t mot tap hgp
hat rat 16n, trong khi anh TEM chi quan sat mét ving
nhd, s6 lugng hat dugc quan sat bé, kich thudc thu
dugc la kich thudc tinh. Mat khac kich thudc hat cla
cac mau boc do trong méi trudng chat 16ng (do DLS)
o kich thudc 16n hon khi chup anh TEM, ¢6 thé dugc
giai thich do khi do hat trong méi trusng chét long,
cac polime ua nudc sé tuong tac vdéi nudc va lam cac
hat c6 kich thudc 16n hon.

Trong hé san phdm dang long, thé zeta thudng dugc
st dung dé danh gid do én dinh hé keo. Thé zeta thé
hién muc do day gilta cac hat tich dién cung dau gan
nhau trong hé phén tan. Gidn do thé zeta cla nano
phtic hgp Ag-Cu@CS dugc chi ra trén hinh 3b. Két
qué cho thay, dung dich nano phtic hgp thu dugc cé
dé bén tuang déi tét vdi gia tri thé zeta +23,7 mV.

Céc nghién ctu phan tich su phan bé cla cac nguyén
tO trén bé mat va thanh phan % khdéi lugng ctia chiing
trong vat liéu nano phic hgp Ag-Cu@CS téng hop
dugc thuc hién bang cach st dung kinh hién vi dién tir
quét (SEM) vdi dau do tan xa nang lugng tia X (EDX)
dua trén SEM céc vi anh trong hinh 4. Két qua phan
tich phd EDX cho thdy bac va dong chiém 13,42 % va
10,3 % tudng Ung khdi lugng vat liéu. Két quéa nay phu
hop vdi lugng bac va dong trong céc tién chat mudi
ban dau.

400000
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300000
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g
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W Record 33: Nano Ag-Cu @CS 1

Hinh 3: Su phan bé kich thic (a) va (b) thé zeta clia dung dich nano phic hgp Ag-Cu@CS ché tao bang
phuong phap boc in-situ
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Hinh 4: Phé tan sdc nang lugng tia X (EDX) (a) va su phan bd clia cac nguyén tir trong vat liéutai cac ving
lua chon (b)

Két qua hogt tinh khdng ndm

Két quéd thir hoat tinh khédng ndm dudc thé hién trong
bang 1.

Bang 1: Hoat tinh khang ndm cuia nano phuic hgp Ag-
Cu@CS tai thai diém sau 4 ngay nudi céy

, ND B
Nam HL (%
(ppm) () )
50 9,23 57,22
25 15,43 16,54
C-G
12,5 16,50 0
Control 16,23 0
50 13,27 69,43
SRBY 25 18,47 52,26
12,5 26,57 25,52
Control 34,30 0,00
50 10,70 75,39
MGK 25 12,90 67,31
12,5 18,75 45,82
Control 31,23 0
50 11,10 59,89
BCK 25 12,80 50,28
12,5 16,80 27,68
Control 21,70 0

Ghi chu: Colletotrichum gloeospodises (C-G); Sclerotium
rolfssi (SRBV), Magnaporthe oryzae K (MGK)va Botrytis
cinerea (BCK); NB: Nong d¢; TB: dudng kinh trung binh
cua tan mycelia cta ndm (mm); HL (%): Hiéu luc dc ché

Thir nghiém so bd ban dau bang phuong phap in-vitro
cho théy ché phdm clia nano phuic hop Ag-Cu@CS ¢
phé Ung ché rong véi ca 4 loai ndm thir nghiém. Tai
néng doé thir nghiém cao nhat 50 ppm ché pham Uc
ché tir 57,22 16 75,39% vdi ca 4 ching ndm (Bang 1 va
Hinh 5). Béng thdi, ndbng dé thr nghiém tu 12,5-50
ppm déi véi ca 3 ndm Sclerotium rolfsii, Magnaporthe
oryzae vaBotrytis cinerea ché phdm déu thé hién mdi
tuong quan gitta ndng dé va hiéu qua Uc ché.

N&m Magnaporthe oryzae gay bénh dao 6n trén Ila
dugc thay la chding ndm nhdy cam nhét véi ché pham.
Tai ndng dé 12,5 ppm ché phdm Uc ché téi 45,82% su
phat trién cla thé sgi ndm. Tai 50 ppm ché phadm Uc
ché t&i 75,39% su phét trién cla sgi ndm, cho thay kha
nang Uc ché manh cla ché phdm cé thé ing dung vao
thuc t€ va thir nghiém trén déi tugng cay tréong. Chung
ném C. gloeospodises gay bénh than thu trén nhiéu
loai cdy trong va cay &n qua co gié tri cao nhu xoai,
cay ¢ mui, thanh long, lam gidm gia tri dinh duéng
cling nhu cdm quan cla trai cay sau thu hoach. Ché
phdm cla nano phic hgp Ag-Cu@CS dugc thdy cb
hiéu qua Uc ché 57,22% déi véi ndm C. gloeospodises.
Day la chdng ndm gy bénh cay trong va thuong phai
st dung cac loai thuéc BVTV hda hoc tng hop dé
phong trir do tinh nhdn thudc clia ndm thudng xuéat
hién khi phun qua liéu trong thai gian dai va lap lai
nhiéu [an. Do vay kha nang Ung dung cla nano phuc
hop Ag-Cu@CS dé phong trlt bénh than thu do ndm
C. gloeospodises géy ra trén cay trong la rét co trién
vong Ung dung vi chua thédy hién tugng ndm nhan
thuéc. Trong cac nghién ctu tiép theo, co thé tang
néng dé cla ché phdm va tht nghiém trén déi tuong
cay trong cé bénh dé kiém tra hiéu lyc thuc nghiém
trén déng rudng.
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Hinh 5: Khad nang Uc ché clia nano phic hgp Ag-
Cu@CS dai v&i ndm Colletotrichum gloeospodises (C-
G); Sclerotium rolfssi (SRBV); Magnap orthe oryzae K
(MGK)va Botrytis cinerea (BCK) sau 4 ngay nudi cdy.
Cot 50 ppm, 25 ppm va 12,5 ppm: cac dia petri trong
cling cot dudc thir nghiém & ndng dé 50 ppm, 25 ppm
va 12,5 ppm, tuong Ung. Control: cac dia petri trong
cung cét dugc thr nghiém khéng chira hoat chat

Két luén

Bang phuong phap boc in-situ si dung chitosan lam
chat 6n dinh, déng thdi la chét khir ching t6i thu dugc
cac mau nano phic hogp Ag-Cu@CS cé kich thudc
nhd, hat phan tan tét trong nudc va én dinh. Thu
nghiém s bd ban dau bang phuong phap in-vitro cho
thédy ché phdm clia nano phic hgp Ag-Cu@CS cé phd
Ung ché réng vdi ca 4 loai ndm th nghiém. Tai ndng
do thir nghiém cao nhat 50 ppm ché phém Uc ché ti
57,22 t&i 75,39% vdi ca 4 chung ndm. Nhiing két qua
nay cho thdy rang cac hat nano phtc hop Ag-Cu@CS
c6 thé dugc st dung nhu mét loai thube diét ném cé
trién vong Ung dung lam céac ché phdm bao vé thuc
vat, phong trlf ndm va bénh hai cay trong
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