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MO DAU

Sen (Nelumbo nucifera) mot loai hoa dep, thanh khiét, 13 biéu tuong gan lién véi Phat
Giéo ciing nhu vian hoa va lich str. Bén canh do, cy sen con mang nhiéu gia tri kinh té gan lién
v6i sur da dang san pham dic san dia phuong va cac yéu t6 lién quan dén canh quan sinh thai.
Tét ca cac bd phéan cua cay sen tir hoa, 14 cho dén ngo sen, guong sen va hat sen déu duoc st
dung dé 1am moén an va vi thube c6 gia tri trong y hoc cb truyén (Pokhrel et al., 2022; Sharma
et al., 2017). Hat sen va cu sen la hai bd phan dugc sir dung phé bién nhét, tir 1au cling dugc
dung trong ché bién thuc pham hay thirc udng nhur tra thao moc. Cac hop chét c6 hoat tinh sinh
hoc cao nhu alkaloid, flavonoid, triterpenoid, vitamin c6 trong hoa, 14, hat va ct sen ¢6 tac dung
16n trong cai thién cac van dé vé stic khoe con ngudi nhu chdng viém, hoat tinh chéng oxy hoa
cao cling duoc ghi nhan & cac bao céo gﬁn day (Chen et al., 2018; Lin et al., 2023; Liu et al.,
2015; Zheng et al., 2016).

San xu4t ndng nghiép lién tuc bi anh hudng béi rat nhidu cac mdi de doa, tic dong boi
nhiéu loai mam bénh thyc vat khac nhau dan dén thiét hai 16n vé nang suét va kinh té, v6i con
s6 wdc tinh xap xi 25-30% (Gai & Wang, 2024). O Thura Thién Hué, cay sen duoc trong tap
trung trong c4c ao, hd & ca Noi thanh va ngoai thanh nhu mét tap quén truyén thdng cé tir 1au
doi. Tuy nhién, trong quéa trinh trong, canh tac sen ghi nhan nhiéu bénh hai gay thiét hai l6n vé
ca chat luong, san lugng, anh huong truc tiép dén cac ho ndng dan trong va kinh doanh vé sen.
Niam 2019, mét s6 dién tich sen & cac dia phuong c6 hién tuong chét, bénh véi ty 18 1on (co
nhiéu ving ty 1¢ chét 1én dén 50 - 70%). Phuong thirc xt 1y dwoc ap dung phé bién hién nay 1a
str dung thudc diét ndm, thudc trir sau. Tuy nhién, cuong d6 sir dung va phd hoat dong hep cua
hau hét cac loai thudc diét nam téng hop 1a dan dén cac van dé vé khang thude va gia tang chi
phi xir Iy méi truong do du luong thude con lai trong méi trudng.

Nhiéu giai phap chién luoc, d6i méi cdng nghé tién tién duoc dua ra dé giam thiéu nhiing
thiét hai. Trong d0, cong nghé nano dang ndi 1&n, thu hit sy quan tdm cua cac nha khoa hoc véi
tiém ning tng dung, cach mang hda manh mé& nhiéu linh vuc nhu khoa hoc, ¢dng nghé, y hoc
va ndng nghiép nho cac dic tinh 1y hoa doc déo, dién tich bé mat tac dong I6n, kha nang phan
ting cao (Siddiqui et al., 2015). Hién nay, viéc phat trién va ting dung céc hat nano sinh tong
hop d3 ma ra con duong méi trong nghién ciu ndng nghiép hudng toi phét trién cac phuong
phép kiém soét bénh cay than thién véi moi trudng va hiéu qua. Trong cac vét liéu nano, nano
bac (AgNPs) véi dac tinh khang déc trung va dién tich bé mit 16n d& duoc minh ching va ting
hiéu qua & lidu thap, hira hen s& cung cip mot giai phap thay thé phit hop, than thién véi moi
truong (Roy et al., 2013; Zhang et al., 2016). Nhu vay, viéc ng dung cac vat liéu nano dugc
ky vong s€ dong mot vai tro nhu mot giai phép day hira hen trong viéc giai quyét thach thirc
nay. Nham muc tiéu chung 14 thic day tinh hiéu qua va tinh bén vimg cua cac hoat dong nong
nghiép doi hoi it dau vao, tao ra it chét thai, vat cht thira so v6i phuong phap truyén thong.

Xuat phat tir nhitng nhu cau thuc tién néu trén, dé tai “Nghién citu dnh hwong ciia vit
ligu nano bac dén mét sé6 bénh hai trén cdy sen (Nelumbo nucifera) trong ¢ Thira Thién
Hué” duoc tién hanh nham xac dinh céc tac nhan giy hai va danh gia hiéu qua ctia nano bac
trong viéc phong chdng cac tic nhan gay hai trén cay sen.

2. MUC TIEU CUA NGHIEN CUU
2.1. Muc tiéu chung:

- Panh gia duoc anh hudng nano bac dén cic tac nhan gay hai trén cdy sen trong &

Thanh phd Hué.



2.2. Muc tiéu cu thé:

- Phéan 13p, dinh danh dugc cac tdc nhan nam gay hai trén cay sen.

- Panh gia duoc hiéu lyc @c ché va cac tac dong anh hudng ciia nano bac 1én cac
d6i twong gy hai trén cay sen trong ¢ Thanh phd Hué trong diéu kién phong thi nghiém.
3.POI TUQNG VA PHAM VI NGHIEN CUU
3.1. Péi twong nghién ctiru: Nhitng tac dong cua nano bac 1én cac dén (hiéu lyc trc ché kha
nang sinh trudng, dac diém hinh thai, tinh toan ven mang té bao, bién dong sinh hoa) céc tac
nhan ndm gy hai trén cy sen trong ¢ Thanh phd Hué.

3.2. Pham vi nghién ctru

- Pham vi thoi gian: Luan an duogc thyuc hién tir thang 01/2021 dén thang 04/2025

- Pham vi doi twgng: Tap trung vao cac tac nhan gy hai (ndm) trén 14 cua 2 giéng sen: sen
trang Hué va sen hong Cao san (sen hong Pong Thap)

- Pham vi khong gian: Qua trinh khao sat, diéu tra, thu mau bénh sen tién hanh tai diém
trong sen dic trung & Thanh phd Hué* (Quan Phu Xuén, Quan Thuin Hoéa va cic huyén
Huong Tra, Huong Thuy, Phong Dién, Phu Loc). Qua trinh phan lap, danh gia cac anh hudng
ctia vét liéu nano bac dugce tién hanh tai Vién Cong nghé sinh hoc, Pai hoc Hué

4.Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI

4.1. Y nghia khoa hoc

Két qua nghién ctru ctia dé tai s& cung cip dan liéu khoa hoc méi c6 tinh hé thong va
c6 gié tri vé phén loai hoc ctia cac tac nhan gay hai trén cdy sen trong ¢ Thanh phd Hué, tir
d6 1am rd su da dang vé ching loai va phan b ciia cac tic nhan nim gdy hai trén cay sen,
dong gop b6 sung dit liéu hé thdng hoc va sinh thai hoc cho nhom nam gay bénh trén cay
trong tai Thanh pho Hué ciing nhu Viét Nam. Nghién ctru cung cép dit liéu quan trong vé
hiéu qua khang nam ctia nano bac, co ché sinh h6a ma nano bac tac dong Ién tirng dbi tuong
nam giy hai gop phin mé rong hiéu biét vé co ché khang ndm ciia cc nano bac. Lam ngudn
théng tin, tai lidu tham khao cho viéc ung dung nano bac trong phong chéng, quan 1y bénh
hai trén cay sen.

4.2.Y nghia thue tién

Nghién ctru cung cap co sé khoa hoc dé tmg dung nano bac lam chat khang nim hiéu
qua trong quan Iy bénh hai trén cay sen, giup giam thiéu viéc str dung thude bao vé thuce vat
hoéa hoc truyen thong, tir d6 gop phan bao vé méi truong. Viée xac dinh cac chi s6 ndng do
tic ché thi thleu nong do diét ndm t6i thiéu va ECso gitp dinh huéng Iya chon liéu lwong nano
bac phu hop, t6i wu hoa hiéu qua phong chéng nam gy hai va giam thiéu nguy co phat sinh
khéng thuc.

Két qua nghién ctru cho thiy nano bac c6 tinh dic hiéu cao 601 v6i cac chiing nam gay
hai trén cay sen, gop phan nang cao ning suat va chat luong cay trong. Tir d6, mo ra huéng
di méi trong viéc tmg dung cong nghé nano vao nong nghiép bén viing, dic biét trong kiém
sodt sinh hoc cac bénh thuc vat, tir d6 thuc day phat trién nong nghiép xanh, sach va than
thi¢n v&1 moi truong.
5.NHUNG PONG GOP MOI CUA LUAN AN
- Nghién ctru trong ludn 4n da dong gop mot sb két qua moi sau day:

1. Nghién ciru da xay dyng mot bo dir liu chi tiét Ve su da dang cac loai nam gay hai
trén céy sen trong tai Thanh phd Hué, bao gdbm théng tin ve thanh phan loai gdy hai dac diém
phéan bd dia ly va diéu kién sinh canh dua trén cach tlep can tong hop da bang ching. Viéc
két hop dong thoi cac phuong phéap phén tich hinh thai, phat sinh loai da locus cling véi cac



phuong phap xac dinh ranh gio1 loai GCPSR va PTP, nghién ctru dé xac dinh 21 tac nhan gay
bénh dén cap d6 loai, thudc 9 chi ndm khéac nhau. Trong d6 13 loai nam ghi nhan mai & Viét
Nam, 17 loai 1a tac nhan bénh mai trén cay sen trén pham vi toan cau‘ va 20 loai la ghi nhan
moi trén cdy sen tai Viét Nam. Nhitng dit liéu nay khong chi gop phan hoan thién h¢ thong
phan loai hoc cua nhom nam gdy hai trén cdy sen tai Thanh pho Hué va Viét Nam, ciing nhu
trén thé giéi ma con tao nén tang khoa hoc vimng chic cho cac nghién ciru tiép theo.

2. Nghién ctru d cung cp cac co so dit liéu vé hiéu lyc trc ché ciia nano bac 1én 29
chung phén 1ap thur nghiém dai dién cho cac chi gy hai duge xac dinh. Nghién cttu cling da
u’ng dung mo hinh hdi quy phi tuyén tinh Probit loglo dé xac dinh gia nong d6 hiéu qua (ECso)
va phén dinh hi€u qua ctia nano bac — tinh khang cta chung phén 1ap tha nghiém lam 4 nhém
theo phu’ong phap thong ké tir phan vi. Phuong phap nay cung cap mot cach thirc hi€u qua
gitp danh gia hiéu luc khang nam cta nano bac va kha ning khang cua cac chung nim.

3. Nghlen ctru da lam 10 co che tdc dong cua nano bac Ién 8 chiing phan lap dai dién.
Cung cap cac bang chimg nano bac vé cac tic dong ctia nano bac 1én tinh toan ven ctia mang
té bao nam, lam tang ro ri vat chat noi bao, giam ham hIO’Ilg ergosterol, tang peroxy hoa lipid
va lam suy giam hoat dong enzyme chéng oxy héa ndi bao nhu SOD va CAT, tir d6 lam mat
can bang OXy hoa khir va tic ché sy phat trién ctia nam. Bén canh do, nghién clru nay cling
cung cip cac minh chimg tac dong & cap do vi thé 1én sgi nAm va bao tu.

CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU
1.1. GIOI THIEU CHUNG VE CAY SEN
1.1.1. Ngudn gbc, lich sir va sw phan bo ciia ciy sen

Cay sen (Nelumbo nucifera Gaertn.) thuoc ho Nelumbonaceae, mét ho thuc vat nho
va 1a loai thyc vat hai 14 mam c6 lich su tién hoa lau doi. Ho thyuc vat ndy chi chira mét chi
voi hai loai: N. nucifera Gaertn. va N. lutea Willd., véi tén goi tuong tng pho bién twong ng
la sen chau A (phan bd chu yeu & Chau A, chau Uc) va sen My (chu yéu ¢ céc bang phia
Pong, phia Nam Hoa Ky). TAm quan trong cua cdy sen khong chi nam ¢ vai trd trong phan
loai hoc va nghién ctu tién hoa ma con & kha ning tao canh quan sinh thai, tmg dung trong y
hoc va nghién ciru ngudn gdc phat sinh loai, tir d6 thu hut sy quan tAm ngay cang 16n tir cong
ddng khoa hoc.

Tai Trung Qudc, dién tich trong sen lay cu khoang hon 250.000 ha, san lugng trén 3
triéu tan ci mdi ndm, tap trung cha yéu & hai tinh VVan Nam va Hé Béc. Thoi vu thu hoach
kéo dai tir thang 7 dén thang 3 nam sau.

O Viét Nam, sen chu yéu dugc trong trong ao hd dé 1y hoa va hat, véi tong dién tich
khoang 3.000 ha, phan bé tai cAc tinh nhu Hung Yén, Hai Duong, Thai Binh, Nghé An, Nam
Pinh, Hué va Bdng bang sdng Ctu Long. Tinh Pong Thap cé dién tich trong sen khoang 258
ha, san luong dat 286 tan. G khu vuc Pai Noi va thanh phd Hué, sen duoc trong chu yéu trong
cac ho chuyén dung voi dién tich 26,35 ha, chiém 7,72% tong dién tich trong sen. Hau hét
c4c gidng sen dia phuong déu dugc trong trong cac ho chuyén trong sen nay. Riéng giong
Sen Cao San, chi mot sé it duoc trong trong cac hd & thanh phd Hué, con phan 16n giéng nay
duoc trong trén cac ruong thuoc khu vuc phu can nhu thi xa Huong Tra, huyén Pha Loc, Phi
Vang va Phong Dién (Trang, 2021).

Gan day, trong bao cao mai nhat ciia Chi cuc Trong trot va Bao vé thuc vat Thira Thién
Hué nam 2024, dién tich trong sen toan tinh dat khoang 655 ha tap trung chii yéu huyén Phong
Pién, Phi Vang, Phi Loc, thi xa Huong Tra va thanh phd Hué.



1.1.2. Pic diém sinh truéng ciia ciy sen

Tam quan trong cua cdy sen trong tao canh quan sinh thai, sir dung 1am thudc va phat
sinh loai thyc vat, sen ngay cang duoc gidi khoa hoc quan tam. Hoa sen 12 biéu tuong cua su
thuan khiét tam linh va “syr truong ton” trong ca Phat gido va An Do gi4o, mang nhiéu gla tri
vé mat ton giéo, kinh té va y hoc. V& mit sinh hoc, cay sen khong chi co nhitng dac diém
chung cua thuc vat thity sinh ma con ¢6 nhiing dic diém doc dao nhat dinh gitp phan biét no
Véi céc loai thuc vat khac. Nhimg dic diém nay bao gom tudi tho caa hat, tinh siéu ky nudc
cua 14 va kha nang diéu nhiét caa hoa. Su hiéu biét vé cac co ché dan dén sy hinh thanh cac
dic tinh doc déo nay 1a rat quan trong, khdng chi ddi véi sinh hoc thuc vat co ban ma con
tiém nang sir dung to I6n cua ching théng qua sinh hoc.
1.1.2.1. Thoi gian sinh truong

Thoi gian sinh truong cua cac giéng sen dugc tinh tir lUc trong dén khi 14 khé hoan
toan (sen tan). K&t qua nghién ctu vé thoi gian sinh trudng cua cac gidng sen ¢ Thira Thién
Hué ghi nhan thai gian tir trong dén khi sen tan trung binh caa cac gidng 1a 159,3 ngay, dao
dong tir 152-171 ngay (Trang, 2021). C6 3 giéng cd thoi gian sinh treong dai nhat 1a Sen Cao
San (157 ngay), Sen Trang Tret Loi (169 ngay), Sen Trang Tret Lom (171 ngay). Ba gidng
con lai ¢6 thoi gian sinh tredng ngén hon dao dong tir 152-154 ngay.
1.1.2.2. Pic diém sinh Iy ciia cdy sen

Quang hop va hd hap 14 hai qua trinh sinh 1y dwgc nghién cttu nhiéu nhat trong khoa
hoc thuc vat, bai vi sy can bang giira hai qué trinh ndy quyét dinh ty Ié rat 16n dén kha
nang sinh trudng va ning suat cua hau hét cac loai cay trong. Quang hop 1a mot chirc nang
sinh ly quan trong cua thuc vat. La qua trinh bién ddi cac chét vo co don gian 1a khi CO;
va nuéc thanh cac hop chat hitu co phuc tap nhd ning lwong anh sdng mat troi véi su tham
gia cua cac hé sic. Co quan 1am nhiém vy quang hop chua yéu ¢ thyc vat 12 14.

Qué trinh phét trién 14 cta cay sen gdom ba giai doan chinh: giai doan l4 trai, 14 nam
trén bé mat nudc vi mat trén tiép xic anh sang mat troi va mat dudi tiép xac nudée, gidp 1a
thich nghi véi cuong d6 anh sang manh va bong ram, dong thoi thuc hién chic ning quang
hop cung Cép carbon cho cay; giai doan la du, khi cac la vuot 1€n trén mat nudc xuét hién
dong thoi véi 14 trai, hd tro cly trong viéc tiép xudc vaoi khong khi va anh sang; va giai doan
tao hat, trong do 14 du van ton tai con Ia trai c6 thé bi tiéu giam hodc phan hay mot phan. Su
phét trién va bién dbi ciia cc loai 14 ndy phan anh kha nang thich nghi sinh hoc ciia cay sen
V&1 moi truong nude va dam bao hiéu qua quang hop ciing nhu thich nghi véi cac giai doan
phét trién khéc nhau. L4 sen thé hién tinh ky nudc cuc cao, con dugc goi 1a “hiéu tng hoa
sen” (Darmanin & Guittard, 2015). Diac tinh siéu ky nuéc ndy cd thé dam bao rang I6p biéu
bi trén cua l4 khong bi nuéc bao pha, do d6 duy tri chitc nang binh thuong cua khi khong,
d6ng thoi giam tinh nhay cam véi mam bénh (Ensikat et al., 2011).

1.2. TONG QUAN VE CACH TIEP CAN VA CAC TIEU CHI NHAN DIEN, PHAN
PINH LOAI NAM

Du 1a don vi co ban trong sinh hoc, “loai” van 1a khai niém gay tranh luan kéo dai, dic
biét trong nam do dic trung sinh san da dang, pho v tinh rong va cau trlic quan thé phuc tap.
Tir quan diém co dién caa John Ray (1686) nhan manh tinh 6n dinh caa céc thyc thé cing
ngudn gdc, qua hé thdng danh phép chuan héa cia Linnaeus va tu tudng tién hda cua Darwin,
khai niém loai lién tuc duoc hiéu chinh theo tri thire duwong thoi. Bude ngoat quan trong la
khai niém loai sinh hoc (Biological Species Concept) cua Ernst Mayr (1942), xem loai la cac
quan thé ty nhién c6 kha nang giao phéi thuc hoic tiém ning va duoc cach ly sinh san véi



céc quan thé khac (De Queiroz, 2005). Tuy nhién, khi 4p dung dinh nghia nay cho nam, khéi
niém loai sinh hoc boc 16 nhiu gici han do nhicu taxon thé hién sy da dang chién luoc sinh
san, pho I6n cac dong vo tinh, chu ky Song da pha, tai t6 hop khong dong nhat, va rao can
giao phdi khé quan sat. Trong phan loai nim, cau hoi cdt 151 “khi ndo mot quan thé xing dang
duogc cong nhan 1a 1oai?” van tiép tuc gay tranh luan (Dupuis et al., 2012; Xu, 2020). Ngudn
g6c caa cac tranh luan phan I6n bat nguon tir viéc nham 1an hai 16p khéi niém vén phai duoc
phan biét rach roi: (i) khéi niém loai (species concept) — nén tang, co sd ly thuyét dinh nghia
ban chat cua “loai”; va (ii) tiéu chi/tiép can phan dinh ranh giéi loi (species criteria/species
delimitation) —tap hop bang chirng va quy trinh thuc nghlem nham hién thuc héa khai niém
d¢ trong thuc tién. Su thiéu rach roi nay dé dan dén két qua phan dinh mo hé va thiéu tinh
ddng nhat. Hon nira, cac khai niém va tiéu chi c6 thé mau thun nhau, tao ra cac ranh gigi va
s6 luong loai khac nhau (De Queiroz, 2007; Stankowski & Ravinet, 2021). Cho dén nay, c6
khoang 30 tiéu chi ghi nhan/phan dinh loai dugc dé xuat (Chethana et al., 2021). Tuy nhién,
chi mét s6 it dwoc dung rong réi trong thuc hanh phan loai nam. Cac nhém tiéu chi phé bién
gom: (i) sinh hoc (cach ly sinh san), (i) hinh thai/phenetic, (iii) sinh thai (hc sinh thai/khi
hau/ky chu), (iv) cum kiéu gen/di truyén quan thé, va (v) phét sinh-dong quy (da locus,
GCPSR). Viéc lra chon va két hop céc tidu chi nay can phu thudc vao dix liéu sén cd, lich st
tién hoa cua ting chi. Song song véi hé thdng hoc phan tir, phan loai tich hop (integrative
taxonomy) di tr& thanh dong luc cha dao cho céc nd luc phan loai lai nam, bao gom ca tac
nhan nam gy hai trong linh vuc bénh hai thuc vat. Céch tiép can nay str dung dong thoi va
d6i chiéu nhiéu dong bang chung doc 1ap — hinh thai (vi mo/vi mo), sinh thai-sinh dia ly,

nham nhan dién va phan dinh loai mot cach hiéu qua (Cao et al., 2021; Damodara Shenoy,
2025; Jayawardena et al., 2021). Thay vi phu thuoc mét chi dau hay khai niém don 1¢, muc
tiéu cach tiép can nay tim kiém sy dong thuan lién nguon (cross-evidence concordance), dong
thoi nhan dién va xem xét cac bat dong giira gene, kiéu hinh va sinh thai.
1.3. TONG QUAN TiNH HiNH BENH HAI TREN CAY SEN

Trong nhitng ndm gan dy, nhiéu nghién ctru d duoc tién hanh nhim xac dinh va danh
gia thyc trang cac bénh hai trén cdy sen & nhidu ving trong khac nhau trén thé gioi, gop phan
lam r8 nguyén nhan cua cac bénh hai trén cay sen.
1.3.1. Thye trang va tinh hinh bénh hai trén ciy sen trén thé gi6i

Nhiéu nghién ctru tai Trung Qudc va Pai Loan da xac dinh cac tic nhan gdy bénh quan
trong trén cay sen lién quan dén ndm va virus. V& bénh dém 1a, Zhang et al. (2019) xac dinh
nam Alternaria tenuissima 1a nguyén nhan gay bénh dém 14 tai Quang Xu’ong, Giang Tay. Triéu
chimg ban dau 14 cac ddm nhé méau nau vang voi tim ddm den nhat va vién vang nau, sau dé
gay hoai ttr 16 rét trén 1a. Ngoai ra, Curvularia lunata ciing duge xac dinh gy bénh dom 14 véi
cac ddm nau tim, tAm tring xam va Vién nau den bao quanh (Cui & Sun, 2012). Nghién cu’u
ctia Zhang et al. (2018) da ghi nhan nam Nigrospora oryzae la tac nhan gay chay 14 trén glong
sen Taikonglian 36 tai Phuic Kién, voi cac dém tring xam c6 vién nau va lan rong thanh vét
bénh mau nau, ddy duoc xem 1a bao cao dau tién ghi nhan N. oryzae gy bénh trén cdy sen tai
Trung Quéc. Gan déy, Gong et al. (2023) x4c dinh thém loai N. pyriformis lién quan dén cac
triéu chimg d6m den va hoai tir dang lu6i trén 14 sen & Quang Xuong, gy chét khoang 20% sb
la. Bénh phén tréng trén sen cling dugc ghi nhan tai Thanh Pao, Son BDong, vé1 tac nhan la nam
Erysiphe takamatsui, dugc xac dinh qua phan tich gene rDNA ITS va 28S (Zhou et al., 2019).
Mot nghién ctru toan di¢n tai Pai Loan do Chen va Kirschner (2018) thuc hi¢n da phan 1ap 33



loai ndm tir 1002 mAu bénh 14 sen, chii yéu thudc cac chi Colletotrichum, Diaporthe va
Fusarium. Nghién cru ndy lan dau tién ghi nhan sy xuit hién cua Erysiphe takamatsui va
Pseudoscopora nymphaeacea tai Bai Loan.

Lién quan dén bénh thdi nhiin va héo kho trén ciy sen, Wang et al. (2020) xac dinh
nam Fusarium innarcatum 1a nguyén nhan gay bénh théi nhiin tai Vii Han thong qua phan
tich phan tir va thir nghiém lay nhiém nhan tao. Trudc d6, cic nghién ciru cling ghi nhan cic
loai nAm nhu F. tricinctum (Li et al., 2016), F oxysporum (Tang et al., 2017) va gan day 1a F.
proliferatum (Cai et al., 2022) la cac tac nhan gay bénh tuong tu trén sen. Ngoai cac tac nhén
nam, mot sd nghién ctru con cho thay cac tac nhan virus duoc phat hién trén cdy sen: virus
kham Dasheen (DsMV) Cucumber mosaic virus (CMV), sweet potato latent virus (SPLV),
badnaviruses (LBV) va apple stem grooving virus (ASGV) cling da dugc bdo céo trén cay
sen trong cac nghién ctru gan day (He et al., 2019, 2020; Wang et al., 2019).

Thyc trang bénh hai trén cay sen cho thiy sy da dang va phiic tap cao cta cac tac nhan
gay bénh. Phan 16n cic nghién ctru vé bénh hai trén cy sen thudng tap trung ghi nhan mot
hoic vai loai ndm riéng biét, dan dén viée tiép cin theo hudng “mot bénh — mot loai — mot ky
chii”. Biéu nay tuy c6 gia tri khoa hoc nhung lai tao ra cic két qua don 1€, thiéu sy tong hop
va dong bd. Sy phan manh nay phan anh tinh da dang sinh hoc phong pht trong hé sinh thai
bénh hai trén cay sen, dong thoi chi ra rang van con nhiéu loai gdy bénh tiém an chua duoc
phat hién hodc nghién ctru day du.

1.3.2. Thuc trang va tinh hinh nghién ciru bénh hai trén ciy sen & Viét Nam

Tai Viét Nam, s lugng bdo cdo nghién cuu vé bénh hai trén cay sen con tuong dbi
han ché, va céc bao cdo nay ciing chi tap trung & mot s6 tinh nhu Thira Thién Hué hay ¢ khu
vuc Pdng bang Séng Ciru Long. Nam 2016, ba loai Colletotrichum: C. acutatum, C.
lagenarium, C. gloeosporioides da dugc nhom nghién ctiru Tuong et al. xac dinh lién quan
dén bénh than thu trén cdy sen tir cac mau thu thap & céc tinh Déng Thap, Can Tho, Hau
Giang, Vinh Long, Bac Liéu va Ca Mau. Bén canh do, mot nghién ctru doc 1ap khac tién hanh
sir dung cac chung xa khuén cho thé'ly c6 hi€u qua quan Iy bénh than thu do Colletotrichum
gay ra (Tudng et al., 2022; Tudng & Qui, 2016). Sinh vét gidng nam - Phytophthora sp. ciing
duogc chi dinh gy bénh chay 1a va thdi than trong mot bao cdo ctia (Thai & Tudng, 2016).
Tuy nhién, nghién ctru ndy tap trung vao danh gia kha nang déi ctia cac chiing xa khudn, nén
cac tac nhan trén cling khong dugc lam ro vé mat hinh thai, cach thirc phan lap, phan loai va
chi dinh véi cach goi chung Phytophthora sp.

Tai Thira Thién Hué, Chi cuc Bao vé Thuc vat di ghi nhén hién tugng ciy sen chét va
tan lui tai mot s6 ving trong trong tinh & ndm 2018 véi nguyén nhan duoc xac dinh 1a do nAm
than thu. Trudng & Vuong (2020) dya trén giam dinh vé hinh thai va lay nhim nhén tao da
béo cao Fusarium 13 tac nhan gdy bénh théi than, thdi cu sen va ghi nhan rang bénh dic biét
nghiém trong & giai doan thu hoach. Trong mdt nghién ctru khac thuc hién trén ba giéng sen
Yén Thanh, Kim Lién va cao san da ghi nhan 7 dich hai trén cay sen, bao gém: sau khoang,
bo tr1, rﬁy mém, siu rom, 6¢ buou vang, ¢ sén nho va bénh than thu. Trong do, sau khoang,
bo tri va rdy mém 14 Ia nhiing tic nhan ghi nhan pho bién v&i mat do cao. Bén canh d6, nhom
nghién ctru ciing chi ra rang thuéc Map JOWO 700W c6 hiéu luc cao véi 3 tac nhan nay
(Phuc et al., 2021). Gan day, Lasiodiplodia theobromae dugc xac dinh 1a tic nhan gy nén
triéu chimg tan lyi trén cay sen trong & Thira Thién Hué dua trén thong tin trinh ty ctia 3 locus
ITS, TEFI-a va TUB2 trong nghién ctru cuia Cuong va et al. Tuong tu, trong mdt nghién ciru



doc lap tai huyén Thap Mudi, Dong Thap, L. theobromae ciing dugc chi dinh 1a tac nhan gay
bénh thdi cuéng la cay sen, dya trén trinh ty ITS (Héng et al., 2024).

Cay sen va nhiéu thuc vat khac thuong bi tan cong bdi cac vi sinh vat gay bénh. Sy lao
hoa hodc ton thuong vat chi co thé kich hoat vi sinh vat chuyén sang dang gdy bénh xdm
nhdp. Hién nay, cac thudc bao vé thuc vat nhu tebuconazole, azoxystrobin, metalaxyl,
mancozeb va carbendazim dugc st dung rong rii, nhung ton du héa chét gay nguy hai cho
mdi trudng va sinh vat khéng muc tiéu. Do do, can phat trién cac bién phap kiém soat bénh
thuc vat hiéu qua va an toan hon, phu hop cho ca giai doan trudc va sau thu hoach.

1.4. TINH HINH NGHIEN CUU VE NANO BAC VA UNG DUNG TRONG QUAN
LY BENH HAI CAY TRONG

Cung v6i su phét trién nhanh chong va cac thach thirc méi, cong nghé nano di thu hut
sy quan tim manh mé& cia gidi khoa hoc, thé hién qua sd lwong 4n pham ting nhanh hang
nam. Trong d6, hat nano bac (AgNPs) ndi bat nho do on dinh, dan dién, kha nang xUc tac va
dac biét la tinh khang vi sinh vat cung dién tich bé mit 16n. Nhiing dac tinh nay gitip nano
bac duoc tng dung rong rai trong linh kién ban dan, chét khr trung, cham soc stre khoe, vat
liéu phu, bao bi thuc phém, Xt Iy nude va cam bién sinh hoc.

1.4.1. Co ché khang ciia nano bac

Nano bac da thé hién tac dung khang cao chéng lai nhiéu loai vi khuan, nAm gay hai
v6i nhiéu béo céo khac nhau ghi nhan. Tuy nhién, co ché chinh x4c ma nano bac gy ra hoat
tinh trc ché tang trudng hodc diét khuan, diét ndm van chua duoc lam rd hoan toan (Cavassin
et al., 2015; Polinarski et al., 2021). Nhin chung, c¢6 thé cu thé cac con duong tac dong cua
nano bac khi ¢ trong t& bao nhu sau:

Khi & trong t& bao, Ag* va AgNPs hoat dong & cac cap do khac nhau

+ Dan dén su tich tu cac loai oxy phan tmg noi bao (ROS), gdy ra qua trinh apoptosis
(Adam & Khan, 2022; Dong et al., 2019; Hwang et al., 2012; Radhakrishnan, Mudiam, et
al., 2018).

+ Sy tich tu Ag* ndi bao 1am bién doi ciu triic mang té bao, thay d6i hé thong tham
thau. Diéu nay tao ra dong ion kali va 1am mat gin nhu hoan toan cac ion kali ndi bao, dén
dén tic ché hoat dong H* -ATPase cua mang (Cyert & Philpott, 2013; Rohde et al., 2021;
Vagabov et al., 2008).

+ Jon Ag® di vao ty thé théng qua chit van chuyén dong Pic2 cua ty thé, chit nay c6
ai luc v6i Ag* cao hon so véi cac ion dong (Cut). Diéu nay dan dén giam néng do Cu® va
tang tich tu Ag"™ trong chat nén ty thé, dan dén giam hoat dong ciia cytochrome ¢ oxidase
phu thudc dong va do d6 1am giam toc do ho hap té bao (Costa et al., 2010; Teodoro et al.,
2011; Vest et al., 2013).

+ Ag" va AgNPs didu chinh hé phién mé, hé gene biéu sinh va hé chuyén héa va lam
thay d6i dang ké cac chirc nang quan trong ciia té bao nam, t& bao vi khuan (Das & Ahmed,
2012; Dubey et al., 2015; Marathe et al., 2021). Su diéu hoa (theo xu huong glam) hoat dong
cac gene lién quan chu trinh acid tricarboxylic, cac gene lién quan dén chuyen héa oxy hoa
khir va cac gene lién quan dén tong hop ergosterol va chuyén hoa lipid, ddn dén nhiing thay
d6i cau triic chii yéu ¢ cap d6 mang sinh hoc ciing di duoc ghi nhan trong nhiéu nghién ctru
(Babele et al., 2019; Barros et al., 2021; Horstmann et al., 2019; Marathe et al., 2021,
Radhakrishnan, Dwivedi et al., 2018).

Tom lai, mot s6 con duong tac dong da duoc chu’ng minh, bao gdm pha v& proteln
san xuat ROS va suy thoai chat chdng oxy hoa, suy giam ciu tric mang (pha v& mang, thiéu



tinh thAm ctia mang), gay dot bién va diéu hoa biéu hién gene protein van chuyén (Carrapico
et al., 2023; Lemire et al., 2013). Tinh linh dong ciia mang va cac hoat dong trao ddi chat bi
gian doan do sy thay do6i hinh thai ciia mang té bao bi anh hudng bdi nano bac va qua trinh
khir cuc mang, cudi cung dan dén ton thuong thanh phan té bao. Su 10 ri cac phén tir bén
trong t& bao, chang han nhur enzyme, protein, chat chuyén hoa va DNA, 14 do su pha v cdu
triic té bio.

1.4.2. Cac yéu t6 anh huong dén hoat tinh khang ciia nano bac

Cung véi viée 1am sang to cac khia canh co ché khang ctia nano bac, nhiéu nghién
ctru cling da xac dinh duoc tinh chét cua cac hat nano bac. Cu thé 1a kich thudc hoa hoc,
dién tich va bé mat, anh huong dén kha nang khang vi sinh vat. Céc tai liéu hién c6 cho
théy hoat tinh diét khuan, khéng nam ctia nano bac chu yéu duoc xac dinh boi kich thude,
tinh chat bé mit va néng do st dung. Cac hat nano bac c6 kich thudc nhé hon duoc cho
la doc hai hon (Kong et al., 2020).

1.4.3. Ung dung nano bac trong néng nghiép va quan Iy bénh hai thye vat.

Nong nghiép bén viing dang dugc wu tién do thiét hai 16n tl‘r sau bénh va mam bénh
nam, nguyén ; nhan giy 80% bénh hai thyc vat toan cau. Thudc diét nAm truyén thong tuy hi¢u
quéa nhung tiém 4n rii ro moi trudng va an toan thuce pham, dan dén viéc han ché str dung.
Nano bac sinh hoc néi 1én nhu giai phap thay thé than thién méi truong, hiéu qua va tiét kiém
chi phi trong kiém soat ndm bénh trén cdy trong. Nhidu nghién ctru da chimg minh vai tro
quan trong ciia nano bac trong phong chong mam bénh thuc vat, md ra hudng di méi cho
néng nghiép bén vimg.

Nghién ciru tong quan cho thay nano bac khéng chi c¢6 kha nang khang khuan ma con
hi¢u qua trong kiém soat nhiéu loai ndm gay hai thuc vat. Mahdizadeh et al. (2015) ching
minh nano bac ¢ ché manh sy phat trién cia cac ndm nhu Phytium aphanidermatum,
Macrophomina phaseolina, Sclerotinia sclerotiorum va Rhizoctonia solani véi mic (e ché tir
75% dén 100% tiy ndng do (6-16 mg/L). Haroon et al. (2019) ciing chimg minh nano bac
chiét xuat tlr Azadirachta indica rc ché hidu qua cac mam bénh nhu Penicillium, Aspergillus,
Fusarium va Ralstonia solanacearum. Nam 2019, Malandrakis et al. sy khao sat hiéu qua diét
nam cua cac hat nano déng, bac va k&m trén 7 loai nAm gay bénh thyc vat. Trong diéu kién
moi truong thach PDA, nano déng va k&m thé hién kha nang Uc ché tot hon so v6i nano bac,
tuy nhién trong thi nghi¢ém in vivo trén qua méan, nano bac lai cho hi€u qua tic ché cao nhét,
1én dén 100% & ndng d6 1000 pg/mL. Su khéc biét nay duoc giai thich do méi trudng PDA
chtra cc chit phan tng lam gidm ddc tinh ctia nano bac so voi bé mit mo thuc vat. Ganash
et al. (2018) nghién ciru tic dong ctia nano bac 1én ndm Fusarium culmorum va Alternaria
alternata cho thay nano bac lam bién dang cdu triic bao tir, e ché phat trién nim va kich
thich téng hop nhiéu acid amin quan trong, vuot trdi hon so voi bac nitrat. Kriti et al. (2020)
ciing ghi nhan hoat tinh khang nam d4ang ké ctia nano bac citrate dbi v6i Bipolaris sorokiniana
va Alternaria brassicicola. Tarazona et al. (2019) chimg minh nano bac citrate trc ché hoan
toan sy phat trién sgi ndm ctia nhiéu loai Fusarium sau 20-30 gid tiép xuc. Reyes et al. (2022)
bo c4o nano bac tong hop tir Larrea tridentata c6 kha nang tic ché dén 70,76% véi Alternaria
solani va 51,75% véi Botrytis cinerea & ndng d6 60 ppm, trong khi tic dong 1én mot s6 loai
khac khong 16 rang. Ribeiro et al. (2023). tong hop nano bac tir cac loai ndm rimg ngap man
& Brazil va ghi nhan kha ning tc ché nhiéu loai nam gy bénh thyc vét voi gia tri MIC tir 4
dén 250 pM. Gan day, Singh et al. (2024) bao cao nano bac chiét xuat 14 A. indica G che
hoan toan mot s ndm gay bénh ¢ ndng do 2000 ppm va thé hién doc tinh té bao trén dong té



bao ung thu US7MG, cho thdy tiém ning g dung trong y hoc. Trong 2-3 nim gan day, cong
nghé phén tich phién ma RNA-seq dugc ing dung dé 1am 1d co ché phan tir ciia nano bac
trong tic ché

Trén co s nhitng thanh tyu nay, cac nha khoa hoc tai Viét Nam ciing da tich cuc trién
khai nghién cru nham tmg dung nano bac trong kiém soat cac bénh ndm gay hai cdy trong
dic trung trong nudc. Nhimg nghién ctru trong nude khong chi tip trung vao viée tong hop
va danh gi4 hiéu qua khang nim ctia cac ché pham/vat liéu nano bac ma con phat trién cac
cong nghé ché tao vat liéu nano phu hop véi diéu kién thuc tién, gop phan nang cao hiéu qua
bao vé ciy trong va phat trién nong nghiép bén viing tai Viét Nam.

Nghién ctru cia Luan et al. (2014) cho thiy ché phdm nano bac-chitosan kich thudc
hat tir 5 dén 15 nm, duoc ché tao béng chiéu xa gamma, c6 kha nang trc ché nAm Phytophthora
capsici trén cay ho tiéu véi hidu qua ting khi kich thudc hat giam; nano bac 5 nm dat trc ché
100% & ndng do 40 ppm, trong khi nano 10 nm can 100 ppm dé dat 92,9%. Nam 2017,
Nguyén Hoai Chau va dong nghiép tong hop thanh cong nano Ag/CTS/Bentonite kich thudc
5-90 nm, v6i nano bac 400 ppm tic ché hiéu qua Fusarium oxysporum va Rhizoctonia solani,
d6ng thoi ngan chin hoan toan sy hinh thanh hach nim ciia R. solani & nnng do 100-400 ppm.
Nghién ctru Chau et al. (2020) ciing cho thay hon hop nano bac-nano dong (ty 16 Ag/Cu 30/18,
tuong duong 48 ppm) c¢6 kha nang trc ché nam Neoscytalidium dimidiatum vuot troi so voi
nano bac don Ié, dong thoi dat hiéu qua t6i da 100% v&i Colletotrichum va 93,3% voi N.
dimidiatum & néng do thép hon, khéng dinh vai tro quan trong cua kich thudc hat va sy két
hop kim loai trong nang cao hiéu qua khang nim cua vt liéu nano. Mot hudng nghién ctu
khéc ngoai viéc danh gia hoat tinh khang khuan, khang ndm d6 1a dénh gid mdi twong tac
gitra vat liéu nano va thyuc vat, hay nhitng anh hudng ctia nano bac 1én qua trinh sinh truéng,
phat trién cua thyuc vat ciing 1a mot hudng thu hat nhidu sy quan tAm cta cac nha khoa hoc.

CHUONG II. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU

Céc tac nhan gay hai trén cay sen duoc thu thap va phan lap & cac dia diém trong sen
khac nhau tai Thanh phé Hué. Dung dich nano bac dugc cung cap bdi Khoa Vit 1y, Pai hoc
Khoa hoc Hué. Hat nano duoc tong hop sinh hoc tir cdy nha dam Aloe barbadensis c6 duong
kinh tir 5-40 nm. Nong d6 dung dich gbc 13 40 mg/L.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phuong phap thu thap va phan lap tiac nhan gay hai trén la sen

Céc mau 14 c6 triéu bénh rira sach bang nudc cat vo tring (SDW), sau d6 ding kéo vo
trung cét tir ria mep bénh thanh cdc manh nho (5 x 5 mm). Cac manh nay dugc khur trung
bang cach ngam tuan ty trong dung dich natri hypoclorit NaOCI 1% (ndng do hoat dong)
(w/v) trong 1 phut, ethanol 70% (v/v) trong 15 gidy sau d6 rira ba 1an bang nudc cat vo tring.
Lam kho bang gidy tham, dat 1én trén dia petri chira moi trudng thach nudc (Water agar -
WA) va 1 & 30°C trong bong ti. Cac soi nAm mdi moc ra tir md duge chuyén vao cac dia
petri chira moi truong thach dextrose khoai tay (Potato dextrose agar - PDA) va u ¢ 30°C
trong bong t6i. Lam thuan mau nim bang cach cdy dinh sinh truéng nam tir mdi trudng cil
sang moi truong nudi cdy PDA moi.

Qua trinh khuéch dai PCR véi tong thé tich mdi phan tmg PCR (50 pL) bao gdbm: 25
pL of Go Taq Green 2X Master Mix (Promega, Hoa Ky), 5 uL (20 - 100 ng) gDNA khu6n
mau, 5 uL mbi primer (10 pmol/uL) va 15 pL ddH>O (Promega, Hoa K¥). Cac mdi (primer)
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duogc chon dé khuéch dai PCR cac viing gene/locus tuong tng dugc trinh bay trong Bang 2.1.
Céc san pham PCR sau khuéch dai duoc quan sat dudi gel agarose 1% (w/v) sir dung dém
TAE 1X (Thermo Fisher Scientific, Lithuania). Qua trinh dién di thuc hi¢n & 75V trong 35
phut. Viéc tinh sach va giai trinh ty cac san phém PCR dugc thuc hién thuong mai tai Cong
ty FirstBASE (Malaysia).

Bang 2.1. Trinh tu cac moi (primer) sir dung trong qué trinh dinh danh loai

N Sir dung
Vung gene/locus  Primer Trinh tu (5°-3’) Nguon .
trong chi
. ITS1 TCC GTA GGT GAA CCT GCG G
Internal transcribed White et )
spacer ITS5 GGAAGTAAAAGT CGTAACAAGG Tat ca cac chi
(ITS) al. (1990)
ITS4 TCC TCC GCT TAT TGA TAT GC
Glyceraldehyde-3-  GDF1 GCC GTCAAC GAC CCCTTCATT GA Templeton et Colletotrichu
phosphate al. (1992) m
dehydrogenase GDRI1 GGG TGG AGT CGT ACT TGA GCATGT
(GAPDH) gpdhl-F  CAA CGG CTT CGG TCG CAT TG Berbee et al. Curvularia,
gpdh2-R GCC AAG CAG TTG GTT GT GC (1999) Exserohilum
ACT- ATGTGCAAGGCCGGTTTCGC
Actin 512F Carbone & Colletotrichu
(ACT) Kohn (1999) m
ACT TAC GAG TCC TTC TGG CCC AT
783R
CHS-79F TGG GGC AAG GAT GCT TGG AAG
Chitin synthase AAG Carbone & Colletotrichu
(CHS-1) Kohn (1999) m
25%3{- TGG AAG AAC CAT CTG TGA GAG TTG
Tl AAC ATG CGT GAG ATT GTA AGT O'Domnell & - odiplodia
Cigelnik (1997) .
Nigrospora
B-tubulin 2 GGTAACCAAATCGGTGCTGCTTTC Glass & Colletotrichu
(TUB2) Bt2a Donaldson, m
(1995) Diaporthe
Glass Neopestalotio
Bt2b ACCCTCAGTGTAGTGACCCTTGGC &Donaldson psis
(1995)
ApM-F TCA TTC TAC GTATGT GCC CG ]
Apn2-Matl-2 Silva et Colletotrichu
(ApMat) al. (2012) m
ApM-R CCA GAA ATA CAC CGAACT TGC
EFl- Gey cey GGH CAY CGT GAY TTY AT Lasiodiplodia
983F Neofusicoccu
Translation Z " -
elongation factor 1- Schoch et al. igrospora
alpha EF1 (2009) Colletotrichu
p ) ATG ACA CCR ACR GCR ACR GTY TG m
(TEFI-a) 2218R Di
iaporthe
Neopestalotio
psis
. Rehner &
Large Subunit LROR ACC CGCTGAACT TAAGC
. Samuel (1994) .
ribosomal RNA Viloalys & Curvularia
(LSU) LR5 TCC TGA GGG AAA CTT CG sy

Hester (1990)
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2.2.3. Phwong phap phan tich phat sinh loai da locus

Céc trinh tir thd DNA thu duoc tir ca hai chudi duoc xt Iy bang phan mém BioEdit
v7.0.5 (Hall, 1999). Cin chinh da chudi bang MUSCLE dugc thuc hién déng thoi cac trinh
ti phan 1ap voi cac trinh tu tham chiéu thu thap trong co so dir liéu NCBI bang phan mém
MEGA 11 theo céc tham sd méc dinh (Hinchliff & Roalson, 2013; Kumar et al., 2018). Cac
vung gene lién két duoc diéu chinh thu cong khi can thiét. TAt ca cac khoang trong (gap) duoc
xem 1a dit liéu thiéu va viéc ndi céac locus trinh ty di cdn chinh duoc thuc hién béng phﬁn
mém MEGA 11. Cay phat sinh da locus duoc xdy dung dua theo phan tich Maximum
Likelihood béng cong cu IQ-TREE v. 2.1.3 (Minh et al., 2020). Hé s6 hd tro duoc xac dinh
bang cach st dung 10.000 ulfabootstrap, x4c suat hdu nghiém aBayesian va 1.000 lip lai
bootstrap SH-aLRT. Cac cdy phat sinh thu nhan tir phan tich trén dugc hién thi bang FigTree
v. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree) (Rambaut, 2018) hodc Interactive Tree of
Life (iTOL) v.6 (Letunic & Bork, 2021) va duoc xir Iy d6 hoa chi tiét bang PowerPoint va
Adobe Illustrator CC 2021. Tét ca cac don vi phan loai (taxa) dugc sir dung cho cc phan tich
trong nghién ctru dugc trinh bay chi tiét trong cac bang twong tmg véi ting chi.

Ranh giéi loai duoc xac dinh bang mo hinh nhan dang loi phat sinh gene phti hop pha
hé (GCPSR) d phan tich cac loai cophat sinh gene khong 16 rang theo phwong phap duoc
mo ta boi Quaedvlieg et al. (2014). Mdi quan hé gitra cac don vi phan loai ¢6 lién quan chit
ch& véi nhau duoc xac dinh bang cach xdy dung mang phat sinh gene (Split Network) tir tap
dit liéu duoc ndi da locus, st dung phép bién dbi LogDet va céac tuy chon thuat toan
NeighborNet/Split Decomposition. Phan tich PTP duoc thuc hién béng cach su dung t&p ma
tran phan tich phat sinh loai ML.

2.2.4. Phwong phap danh gia anh hwéng ciia nano bac dén cic tic nhan gay hai trén cay
sen & diéu kién phong thi nghiém
2.2.4.1. Anh hwéng ciia nano bac dén sw phit trién sgi ndm

Manh nim thuan dugc cit tir ria cta tan ndm sau 72 gi0 nuoi céy 0 30°C, dat vao tam
cac dia petri (@ 9cm, dudng kinh sinh truong t6i da 8,5 cm) chira méi truong PDA (Potato
dextrose agar) co cac ndng d6 nano bac khac nhau (0 — ddi chung, 0,1 mg/L, 1 4mg/L 10
mg/L, 20 mg/L, va 30 mg/L). Hexaconazole (Anvil 5SC, Sygenta) v6i nong do khuyen nghi
0,2% (nong d6 hoat chat ban dau: 50 g/L) duoc sir dung lam d6i chimg thuong mai. Tién hanh
nudi cdy ¢ cung nhiét d6 va thoi gian. Mbi ndng d6 khao sat dugc 1ap lai 3 1an. Pudng kinh
tan nam dugc do sau 3, 5, va 7 ngay bang thudc kep dién tir va ghi nhan hinh anh. Hiéu luc
{rc ché ctia nano bac duoc tinh theo cong thirc theo mo ta cia Abbott

C

HLUC( %) = [ ] %100

Céc dic diém hinh thai dai thé (mau sdc tan ndm, hinh dang ria tan nam, hach nam,
...) trén céc dia c6 bod sung nano bac khac nhau duoc ghi nhan va so sanh véi dbi chung.
Ghi nhén hinh anh & cac thoi diém 3, 5, 7 ngay sau khi cay.
2.2.4.2. Phuwong phap danh gia d¢ nhay cvua nano bac (gid tri ECsg)

D6 nhay ctia nano bac véi cac chung phan 1ap ndm gay hai duoc biéu thi thong qua
gia tri ECso va dugc udce tinh theo 3 m6 hinh khac nhau: héi quy logarit tuyén tinh, ndi suy
theo truc log nong do va hoéi quy phi tuyen tinh Probit vé1 phép chuyen d6i logio. M6 hinh
duoc xay dung dua trén cap dir liéu dau vao 1a lidu luong (dose - nong dé nano bac xir Iy
diege chuyén doi sang logari co sé 10) — dap ung (response — gid tri hiéu lic irc ché duoc
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chudn héa) bang phan mém R 4.4.0. Phuong phép thdng ké mo ta tr phan vi duoc sir dung
dé phan nhom muc do nhay cam.
2.2.4.3. Phwong phdp xdc dinh nong dé trc ché téi thiéu, nong dé diét nam téi thiéu

Thir nghiém x4c dinh gia tri néng d6 @c ché tdi thiéu (Minimum inhibitory
concentrations - MIC), néng dd diét ndm tdi thiéu (minimum fungicidal concentrations -
MFC) ctia nano bac duoc thyc hién theo huéng dan ctiia Vién Tiéu chuan Lam sang va Phong
xét nghiém (CLSI) véi mot sb thay doi dé pht hop véi nong d6 tdi da cta nano bac 13 40
mg/L. Day dung dich nano bac thir nghi¢ém (giéng 2 — giéng 10) duoc thiét 1ap va chudn bi
trong 200 pL (moi trudng va nano bac) vai nong do dugc tinh trudc, sao cho sau khi bo sung
20 pL huyén phu bao tir (1 x 10° CFU/mL), tao thanh ddy pham vi nong do cu01 cung
0,078125 — 20 mg/L. Riéng hang giéng 11 duoc thlet 1ap bang cach bd sung truc tiép 200 pL
nano bac stock ¢ ndong do gdc 40 mg/L (ndng do cudi cing dat 36,364 mg/L). Trong mdi luot
thi nghiém, ddi chimg am tinh (DMSO 1%) va dbi ching sinh truéng (chi méi trudng va
huyén phu bao tir) duoc dua vao. Cac dia duoc U trong 48-72 gioy 0 37°C, tdc do lic 150
Vong/phut Tiép theo 20 uL dung dich resazurm duoc them vao céac giéng (ndng do hoat dong
cudi cung trong mdi giéng: 44uM) va tlep tuc u trong t6i trong 48 glo Su thay doi mau tir
xanh sang hong hoic khong mau cho thay su phat trién ctia bao tir sdng. MIC dugc xac dinh
13 ndng d¢ thap nhét tai d6 khong quan sat thiy sy phat trién ctia nAm bang mat thuong, dong
thoi khéng ghi nhan sy chuyén mau cia chi thi resazurin (xanh sang hong). MFC dugc xac
dinh bang cach nudi cdy lai 30 uL dung dich tir cac giéng MIC, 2xMIC va 4xMIC 1én moi
truong thach PDA; cac dia khong xuét hién khuan lac sau 48 gio dugc xem 1a MFC. Hi¢u
qué diét ndm hodc trc ché duoc danh gia thong qua ty 16 MEC/MIC.
2.2.4.4. Phwong phdp xdc dinh dnh hwong ciia nano bac dén sinh khéi (kho) ndm

Sinh khdi nAm dugc udc tinh bﬁng cach xac dinh trong lugng khoé cua so1 nam. Sinh
khéi soi ndm sau khi nudi cdy trong méi truong long (PD Broth — PDB). Sau 3 ngiy nudi ciy
& cung diéu kién nhiét d6 30°C, toc do lac 180 vong/phut, sinh khéi duge thu nhan va rira 2 1an
bang nudc cat vo tring (SDW) dé loai bo méi trudng du thira. Luong sinh khéi thu duge & cac
ndng do khac nhau dugc say kho trong ti siy dén trong Iwong khong ddi trén gidy loc Whatman.
Luong sinh khéi khé (mg) duoc xac dinh bang cach trir trong luong ban dau cua gidy loc. Sinh
khdi ndm (mg) duoc tinh 1a gié trj trung binh ctia ba miu doc 1ap.
2.2.4.5. Phuwong phdp xdc dinh d¢ din dién ngoai bao va mirc dp ro ri acid nucleic

Do dan dién ngoai bao (extracellular electrical conductivity - EEC) dugc xé4c dinh theo
phuong phap mo ta trudc day cta Zhang et al. (2019) v&i mot sé stra d6i nho. 30 pL huyén phu
bao tir (10° CFU/mL) duoc cay vao moi truong PDB va nudi cay ¢ 30°C, 150 vong/phut trong
7 ngay. Sau khi rira hai 1an bang nudc cit vo tring d¢é loai bo méi trudng du thira, phan sgi nim
duoc thu thap dé déanh gid. Sau do, 1ay 0,5g sgi nam dugc chuyen vao cac binh tam giac 50 mL
chira 25 mL nudc cét vo trang (SDW) lam ddi chimg (Control), 25 mL nano bac nong d6 5 va
30 mg/L. Tién hanh 0 trong may lic & 30°C, sau d6 gié tri 4o din dién ngoai bao (EEC) duoc
xac dinh bang may do do dan dién & cac mbc thoi gian: 3 gio, 12 gio, 24 gio, 36 gid va 48 gio,
két qua duoc biéu thi bé“mg uS/cm. Thi nghiém duoc lap lai ba lan.

Murc d6 10 ri acid nucleic (dugc biéu thi bang gia tri ODaeo). Soi nam sau khi nudi 7
ngay trén moi truong PDB duoc thu thap va rira sach. Sau do, lay 0,5g soi nam duoc dit vao
cac 6ng Falcon 50 mL chira 25 mL nudc cét vo tring (SDW) lam 601 chiig (Control), 25 mL
nano bac ndng do 5 va 30 mg/Lva thu thap dlCh mdi trudng & cac mdc thoi gian: 3 gid, 12 gio,
24 gid, 36 gio va 48 gio. Tién hanh ly tim & tc do 4.000 vong/phut trong 3 phit. Phan dich
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ndi trong duoc sir dung dé danh gid sy o ri acid nucleic ngoai bao (ODaso) bang may quang
phd UV-Vis.
2.2.4.6. Phuong phap xdc dinh ham luwong MDA (Malondyaldehyde)

Mutic d peroxid hoa lipid dugc danh gid thong qua ham lugng Malondyaldehyde
(MDA) va duoc tién hanh theo phwong phép phéan tng acid 2-thiobarbituric (Senthilkumar et
al., 2021). Phan soi ndm con lai sau ly tim & thoi diém 48 gio duoc st dung dé déng nhat véi
nito 16ng trong 5 mL acid trichloroacetic (TCA) 5% (w/v) va dich dong nhét duoc ly tim &
12.000 g trong 10 phiit & nhiét d6 phong. Phan dich ndi dugce trén voi mot thé tich twong dwong
(1:1) v6i hon hop (TBA 0,67% trong TCA 20% (w/v)). Sau d6 hon hgp duoc dun soi trong 30
phit & 95°C, sau d6 duoc lay ra, lam ngudi va ly tam trong 10 phat & 10.000 g. Thu dich ndi.
bo hép thu cua phﬁn dich ndi duogc do & cac bude song 450 nm, 532 nm va 600 nm. Cac gia tri
MDA duoc biéu thi 1a nmol/g

Cwmpa (umol/L) = 6,45 x (As32— Aeoo) — 0,56 X Aaso

MDA (nmol/ g FW) = Cmpa x Vo x (V/ Vo))/(FW x 10°)
Trong d6: Aaso, Aszz, Asoo biéu thi d6 hap thu ¢ budc song 450 nm, 532 nm, 600 nm. Campa:
ndng d6 MDA trong dung dich hdn hop (tinh theo phuong trinh 2.1). Vo, Vi, V; 1an luot biéu
thi thé tich phan hdn hop dich tham gia phan ting, tong thé tich dich chiét tho ciia mau, thé tich
dung dich miu 14y trong qua trinh do d¢ hap thu ¢ cac bude song. FW 1a khéi luong tuoi cua
501 nam (g)
2.2.4.7. Phuong phdp xdc dinh ham lwong ergosterol ciia soi nim

Phuong phap ctia Arthington-Skaggs et al. (1999) dugc sir dung dé xac dinh ham luong
ergosterol v&i mot sO diéu chinh nho. Soi ndm duoc thu thap béng cach loc, rira ba lan bﬁng
nude mudi va nude du duge hap thu bang gidy loc. Sau d6, 1 g soi ndm w6t duge trén voi 5 mL
dung dich kali hydroxide-ethanol 25% (w/v) va hon hop dugc vortex trong 2 phiit. Sau 2 gid u
¢ 85 °C trong bé i nhiét, 2 mL nude vo trung va 5 mL n-hexan dugc thém vao va hon hop duoc
khudy trong 2 phut. Sau d6, 16p n-hexan duoc thu thap va phét hién dudi may quang phd UV-
Vis. Cong thirc sau duoc sur dung dé xac dinh ham lugng ergosterol:

Ergosterol (%) = (A282/A200)/FW- (A230/As13)/FW
trong do: Aos> va Azzo do hép thu & 282 nm va 230 nm, 518 nm va 290 nm. FW: khéi lugng
twoi soi nAm
2.2.4.8. Phuong phdc xdc dinh hoat dj cdc enzyme chong oxy héa

Superoxide Dismutase (SOD) dugc xac dinh theo phuong phap dugc mo ta ctia Oury
et al. (1992). 3mL hdn hop phan tng, bao gdm: dém phosphat PBS 100 mM, methionine
0,2M, nitro blue tetrazolium chloride (NBT) 2,25 mM, EDTA 30 mM, Riboflavin 60 uM
va natri cacbonat 1,5 M duoc thém vao 100 pL chiét xuat enzyme va dé yén 10 phut sau d6
chuyén vao u trong tdi. SOD duoc biéu thi dudi dang don vi hoat dong/ug protein sau khi
do budce song Aseo. Mot don vi SOD tuong duong voi lugng enzyme gay ra sy gidm 50% kha
nang tc ché NBT.

Enzyme catalase (CAT) dugc xac dinh bang cach st dung 0,5 mL chiét xuat enzyme, 2
mL PBS (50 mM, pH = 7). Phan tmg duoc tién hanh bang cach bo sung 0,5 mL hon hgp H20»
30 mM. Mtic d6 giam gia tri OD & budc séng Ao cia H2O2 duoc ghi nhan khi c6 chiét xuat
enzyme theo giao thirc ctia Aebi (1984) (Aebi, 1984). Mau triang (blank) dugc thiét 1ap bang
hén hop dung dich dém phosphate va HoO> 30 mM (ty 1é 2:1). Hoat dong CAT duoc biéu thi
bang U/mg.
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2.2.5. Phwong phap xir Iy s6 liéu

Dit liéu duogc phén tich bang phin mém IBM SPSS 23.0 (IBM Corporation, Armonk,
NY, Hoa Ky) va DATAtab (Graz, Austria). Tat ca dit liéu thuc nghiém duoc trinh bay duéi
dang gia tri trung binh £ d6 1€ch chuan (SD). Su sai khac gitra cac nghi¢m thure, cong thirc
xtr Iy dugce tién hanh bang kiém dinh Turkey. Miic ¥ nghia thong ké cho tat ca cac kiém dinh
duoc xem xét & murc xac suat 0,05 (p < 0,05) hodc 0,01 (p <0,01).

CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1.SUPADANG CAC TAC NHAN GAY HAI TREN CAY SEN TRONG O THANH
PHO HUE

Tir 392 mau bénh trén cay sen thu thap tai 65 diém trong ¢ Thanh phd Hué (04/2021—
06/2024), da phan lap tong cong 174 chung nim. Qua sang loc dua trén dic diém hinh thai
va xac minh bang 1ay nhiém nhén tao theo quy trinh Koch, 81 ching du:oc xac dinh 1a tac
nhan gy hai trén cay sen. Trong do, 48 chung phan lap ghi nhén tir glong sen hong Pong
Thap (sen cao san) va 33 chung phan 1ap tir cac giong sen trang Hué (Hinh 3.2B). Cac tac
nhan gy bénh trén cdy sen thudc nganh Ascomycota, phan b trong 3 16p: Dothideomycetes,
Eurotiomycetes va Sordariomycetes, thugc 7 ho chinh: Pleosporaceae, Botryosphaeriaceae,
Diaporthaceae, Aspergillaceae, Apiosporaceae, Sporocadaceae va Glomerellaceae.

O cap chi, c6 9 chi ndm lién quan dén triéu chu:ng bénh 1a sen. Chi Curvularia
(Pleosporaceae) pho bién nhat véi 26 ching, chu yéu gay ddm 14; chi Exserohilum
(Pleosporaceae) gdm 5 chung lién quan dén cic triéu ching khdé nau, chay la. Ho
Botryosphaeriaceae ghi nhan 20 chung thudc Neofusicoccum (9 chung) va Lasiodiplodia (11
chiing) phan 16n lién quan dén cac triéu chimg tan lyi, théi cudng 14. Chi Colletotrichum
(Glomerellaceae) voi 13 chung 14 tac nhan chinh gy than thu va théi 14 cay sen. Nigrospora
(Apiosporaceae) va Neopestalotzopszs (Sporocadaceae) moi chi c6 3 ching. Chi Diaporthe (8
chiing) giy dém nau voi doc luc thap, khong on dinh. Aspergillus (Asperglllaceae) cling dugc
ghi nhan 14 cic mam bénh co hoi, gy thdi rita 14 sen khi xudt hién cac ton thuong vat ly.
3.1.1. Piic diém phén bd ciia cac tac nhan giy hai trén trén ciy sen theo giong, dia Iy
va sinh canh

Nghién ctru phan bd dia Iy cac tic nhan gy hai trén cdy sen hong va sen tring tai
Thanh phé Hué cho thdy sy phan b khong dbng déu gitra cac quan/huyén. Quan Pha Xuan
ghi nhan tan suat va da dang tic nhan cao nhét voi 40 ching (gan 50% tong s0), dai dién cho
8/9 chi ndm. Cac dia phuong khac nhu Thuén Hoa, Phong Dlen va Huong Tra ciing ¢6 sb
lugng chung dang ké, trong khi Phii Vang ghi nhén rét it do s mau thu thap thap va dic thu
phan b viing trong sen.

Chi Curvularia pho bién nhét voi 26 chung, xuét hién & 6/7 dia ban khao sat, tap trung
cht yéu tai Phti Xuén va Thuan Hoa. Cac chi Colletotrichum va Lasiodiplodia phan bb tap
trung tai Pht Xuan, Phong Dién; trong khi mot s6 chi nhu Neopestalotzopszs va Nigrospora
c¢6 phan bo han ché, lién quan dén dic diém moi trurong va glong sen.

Phan tich méi truong sinh canh (rudng, hd, chau) cho thay rudng 1a noi da dang nhét
vé chi va sb luong ching, véi wu thé cta Curvularia, Lasiodiplodia va Exserohilum.
Curvularia va Colletotrichum phan b rong trén ca ba dang sinh canh, trong khi
Colletotrichum uu thé trén sen tring, Lasiodiplodia chu yéu trén sen hong va tap trung o
ruong Mot s6 chi nhu Neopestalotlopszs Nigrospora va Diaporthe chi xuat hién chu yéu &
hd hodc chiu, khéng phd bién & rudng. Ngoai ra, Exserohilum, Neopestalotiopsis va
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Aspergillus chi ghi nhan trén sen hong, cho thiy sy thich nghi dic th cta cac chi ndm véi
timg sinh canh va gidng sen. Két qua phan anh su da dang va phan bd linh hoat cua céc tac
nhan gay hai tiry thudc vao diéu kién moi truong va dac diém vat chi tai khu vuc nghién ctu.

Tém lai, sy phan bo cac chi nam gay hai trén cay sen tai Thanh phd Hué chiu anh
huong dang ké cua yéu t6 nhur glong sen, mOi truong sinh canh va vi tri dia ly. Sen héng va
sen trang ton tai sy khac biét vé cac chi nam wu thé. Trong khi ruong duoc xac dinh la phan
dang sinh canh ghi nhan su phat trién da dang cua nhleu chi ndm gay hai. Dia diém phan lap
cting cho thdy su khac biét vé thanh phan loai va sb luong ching nam. Sy phan bd khong
ddng déu gitra cac quan/huyén, co thé lién quan dén diéu kién moi truong va ki thuat canh

tac dac th tai timg ving, timg sinh canh va timg gidng sen

3.1.2. Pa dang thanh phén loai nAm gy hai trén cAy sen dwa trén k¥ thuét sinh hoc phan tir
Trong nghién ctru nay, cac k¥ thuat sinh hoc phan tir (giai trinh tw DNA va phan tich
phat sinh loai da locus) dugc st dung két hop dit li¢u phan tr, hinh thai, lich st phan bd va
ky chti ctia 8 chi ndm dé xac dinh chinh x4c tac nhan gay hai va phat hién phtrc hop loai.
Bang 3.1. Thong ké cac chiing phan 1ap da duoc dinh danh dén loai trong nghién ctu

Chi

Phén lap

Loai dinh danh

Loai

moi

Loai ghi

nhén

moi ¢

Viét
Nam

Loai ghi
nhan méi
trén cay
sen

Loai ghi
nhin méi
trén cay sen
6 Viét Nam

Neofusicoccum

VNHUCC.NEL104
VNHUCC.NEL203
VNHUCCNEL134
VNHUCC.NELIS

N. parvum

Lasiodiplodia

VNHUCC.NEL38
VNHUCC.NEL19
VNHUCC.NEL250
VNHUCC.NEL253
VNHUCC.NEL107
VNHUCC.NEL16

L. theobromae

Nigrospora

VNHUCC.NEL30
VNHUCC.NELA31
VNHUCC.NEL233

N. lacticolonia

Colletotrichum

VNHUCC.NEL282
VNHUCC.NEL92
VNHUCC.NEL39D1

Colletorichum

Sfructicola

VNHUCC.NEL70
VNHUCC.NEL79
VNHUCC.NEL10
VNHUCC.NEL72
VNHUCC.NELI172

C. siamense

VNHUCC.NEL71

C. tropicale

VNHUCC.NELS52

C. endophyticum

VNHUCC.NEL92
VNHUCC.NEL102

C. plurivorum

Curvularia

VNHUCC.NELS53

Curvularia. asiatica

VNHUCC.NEL301
VNHUCC.NEL95

C. senegalensis

+ o+ A+ |+

+ [+ + |+|+

VNHUCC.NEL35
VNHUCC.NEL300
VNHUCC.NEL66
VNHUCC.NEL68
VNHUCC.NEL69

C. plantarum
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VNHUCC.NEL32
VNHUCC.NEL93
VNHUCCNEL100 C. lunata = = - +
VNHUCC.NEL57 .
VNHUCC.NEL101 C. dactyloctenicola - < 3 4+
VNHUCC.NEL51 P
VNHUCC NEL305 C. radicifolligena - 4 + 4
VNHUCC.NELA2 C. suttoniae - a4 4 +
VNHUCC.NEL137
, VNHUCC.NEL136
Exserohilum VNHUCC NEL 34 E. rostratum - 4 4 +
VNHUCC.NEL56
Neopestalotiopsis VNHUCCNELI13 Neopestalotiopsis sp. A a4 4 +
Aspergillus VNHUCC.NELO03 A. ﬂmlgam - + o
VNHUCC.NEL160 A. niger - + <
VNHUCC.NELS3
Diaorth VNHUCC NELS89 D. tectonae - + + L
waporine VNHUCCNEL21 D homeomeens . A X
VNHUCCNEL20 ONEROTEEISES )
Tong cong 1 13 17 20

3.2. PANH GIA ANH HUONG CUA VAT LIEU NANO BAC PEN CAC TAC NHAN
GAY HAI TREN CAY SEN O PIEU KIEN PHONG THi NGHIEM
3.2.1. Anh huéng ciia nano bac dén sy phat trién nam trén méi truong rin
3.2.1.1. Higu lwe irc ché sw sinh truéng soi ndm ciia nano bac

Két qua cho thdy hau hét cac chung phén lap déu thé hién mot xu huéng rd rang: khi
ndng do nano bac ting, mirc do trc ché sy ting trudng soi ndm ciing ting theo, twong tng véi
su suy giam duong kinh tan ndm. Tiép xtc ¢ ddy ndng do thdp hon < 1mg/L khong cho thy
sy suy giam dang ké hay khac biét véi dbi chimg - khong xir ly. Tuy nhién, mét s6 chung
phan lap thtr nghiém thudc chi Curvularia nhu C. dactyloctenicola VNHUCC.NELS7, C.
radicifoliigena  VNHUCC.NELS1, C. verruculosa  VNHUCCNEL74, C. suttoniae
VNHUCC.NELA2 va C. lunata VNHUCC.NEL100 lai thé hién mic d6 phan ing “nhay
cam” hon ddi véi nano bac néng do thap. Cu thé, mirc do tic ché ting trudng cua soi nam dao
dong tir 4,17-15,19% khi xir Iy nano bac ¢ ndng d6 0,1 mg/L, va 3-25,53% o ndng d6 1 mg/L.
Pang chi ¥, két qua thir nghiém Hexaconazole cho thay c6 téi 16/29 ching phan l4p ghi nhan
hiéu Iyc tre ché dudi 25% sau 7 ngay, cho dit Hexaconazole van ghi nhan hiéu qua (tic ché
hoan toan) véi mot s6 tac nhan nhu VNHUCC.NEL37, VNHUCC.NEL31 (Curvularia sp.),
VNHUCC.NELA2 (C. suttoniae), VNHUCC.NELS89 (D. tectonae).

Trong khi do, nano bac lai ghi nhan kha nang tic ché véi hidu qua nhét dinh, dic biét
o néng d6 cao (>10 mg/L). Cu thé, nano bac & cac né)ng dé 10, 20 va 30 mg/L déu trc ché
dang ké su phat trién sgi ndm. O 10 mg/L, c6 5/29 chiing phan lap ghi nhan sy suy gidm ting
truong trén 50%; con sd ndy tang 1én 14/29 ¢ 20 mg/L. Pang chi ¥, & ndong d6 30 mg/L, nano
bac dat hiéu qua e ché cao nhéat véi 27/29 (chiém ty 1 93,10%) chiing phan 1ap ghi nhan
hiéu lirc tre ché trén 50%, trong d6 c6 dén 17/29 chiing phan lap dat hiéu luc e ché trén 70%.
Céc ching phan 1ap thudc chi Curvularia, von nhay cam ngay ca & nong do thap, cang thé
hién su suy giam manh mé hon khi tiép xtic v&i nano bac & ndng d6 cao hon. Piéu nay khang
dinh tiém nang cua nano bac trong viéc kiém soat bénh hai do Curvularia giy ra. Ngoai
Curvularia, hidu qua trc ché déng ké (trén 55% so voi d6i chimg) ciing dugc ghi nhan & cac
tac nhan gdy hai thudc cac chi ndm khac nhu Diaporthe, Nigrospora, Exserohilum,
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Neofusicoccum va Aspergillus khi xir Iy véi nano bac ¢ ndng do tir 20 mg/L tro 1én. Nhimg
két qua nay khong chi nhan manh vai trd ctia nano bac nhu mét giai phap thay thé hiéu qua
ma con goi md chién luge phd rong trong quan 1y bénh nam trén cay sen, hira hen mot hu:ong
di bén vimg va hiéu qua trong nong nghiép. Sy dap tmg voi nano bac gitra cac chung nam rét
da dang. Mic du nhiéu ching nhay cam cao, mét s6 phan lap nhu VNHUCC.NELSO
(Curvularia sp.) va VNHUCC.NEL72 (Colletotrichum siamense) lai it hoac khong bi tac
dong boi nano bac.

Khoéng phai chung phan 1ap nao cting ghi nhan hiéu lyc rc ché tang theo murc do tuyén
tinh trong tmg sy gia tang nong do/liéu luong nano bac. Cu thé, viéc tiép xtic v6i nano bac &
nong d6 0,1 mg/L, chung phan lap VNHUCC.NEL57 (C. dactyloctenicola) ghi nhan sy ting
trudng nhe so v6i dbi chimg. 3 ching phan lap VNHUCC.NEL37 (Curvularia sp.),
VNHUCC.NEL32 (Curvularia plantarum), VNHUCC.NELA42 (Curvularia suttoniae), va 2
chung phan 1ap VNHUCC.NEL10 va VNHUCC.NEL70 cua loai Colletotrichum siamense
da thé hién mot xu hudng phi tuyén tinh, véi hidu luc te ché khi xir ly o néng dd nano bac 1
mg/L thap hon khi xtr 1y véi ndng d6 0,1 mg/L.
3.2.1.2. Dy nhay cua nano bac (Gia tri ECsg)

Su khéc biét vé d6 nhay cam khang ndm cua nano bac phan anh da dang sinh hoc va
dac tinh sinh ly riéng cua tung chung, cling nhu: cach chung phan g véi stress moi truong
va tac nhan diéu tri. Nghién ctru xac dinh chi s6 ECso — ndng d6 nano bac trc ché 50% su
phat trién nAm — bang cach phan tich dudng cong dap tng theo lidu lwong trén dia thach vai
cac ndong do khac nhau. Pé udc luong ECso, ba mo hinh hdi quy dugc sir dung bao gdm mo
hinh phi tuyén tinh Probit v&i bién doi logio, ndi suy tuyén tinh trén truc ndng do logio, mo
hinh hdi quy logarit tuyén tinh, nhdm dam bao tinh chinh x4c va pht hop trong phan tich dit
liéu. Gia tri ECso cua 29 chung phan 1ap thir nghiém str dung phuong phap hdi quy Probit
(chuyén dbi sang logio) dao dong tir 3,422 dén 43,543 mg/L vdi gia tri trung vi cia tap gia tri
la 18,88 va trung binh cua tap gia tri la 19,75. Trong do, c6 50% gia tri ECso nam trong khoang
tir 11,98 (Q1) dén 26,70 (Q3). Viéc chon md hinh phu hop 1a yéu tb quan trong giup nang cao
d6 chinh xéac, tinh nhét quan va thuén tién so sanh két qua nghién ctru vé hi¢u qua nano bac.
3.2.1.3. Anh hwéng ciia nano bac dén hinh thdi tin nim

- Thay d6i mau siic tdn nAm: Su tiép xtc v&i nano bac trén moi truong dia thach dan
dén nhing bién d6i mau sic dang ké trén bé mit tan ndm. Cu thé:

+ Sy gia ting, mé rong clia cac ving/pattern mau trang/sang trén mat chinh (upper)
hay nhiing vét téi mau xuyén tam ¢ mat ngugc (reverse)

+ Tiét sac t6: Mot s6 ching phan lap, nhu Curvularia VNHUCC.NEL37 ghi nhan tiét
sic tb mau ndu ra moi truong khi tiép xtic voi nano bac & nong d6 20 mg/L.

- Bién d6i bat thu’O’ng ve hlllh thai tin nim:

+ Gia tang phat trién soi ndm khi sinh (aerlal mycelia) thay vi xu huéng binh thuong
lan rong theo phuong ngang dé toi uu hap thu chat dinh dudng.

+ Bién dbi bét thuong & phan ria/vién (margin) cua tan nam, thé hién qua cac dudng
vién dang gon song, 14 hién tuong dang cht y khi tlep xUc véi nano bac. Nguyén nhan chlnh
ctia hién tuong nay co thé bat ngudn tir su thay doi ciu tric va bién doi bén trong té bao nam,
dan dén sy co rit khong dong déu cua soi ndm theo thoi gian. Pic biét, chiung phan lap
Curvularia lunata (VNHUCC.NEL100) thé hién sy nhay cam dang ké véi hién tuong nay.
Ngay ca ¢ ndng d6 nano bac thap (0,1 mg/L), cac dudong vién gon song da xuét hién 16 rét,
phan anh "tinh man cam" cao cua phan 1ap ndy véi tic dong ciia nano bac. Trang thai bién
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d6i nay ciing duoc ghi nhan & Neofisicoccum parvum (VNHUCC.NEL18) va Colletotrichum
plurivorum (VNHUCC.NEL92) ¢ nong do nano bac 10 mg/L tr¢ 1én

+Xu hudng thay d6i két ciu (texture): mot s6 chung phan 1ap ghi nhan Xu hudng gia
tang két cau bong xdp ting dan twong tmg voi sy gia ting ndng d6 nano bac tiép xuc (cac
chung phan 13 coa Curvularia spp. VNHUCCNEL74, VNHUCC.NEL 51,
VNHUCC.NEL37, VNHUCC.NELSO, E. rostratum — VNHUCC.NELS56, Neopestalotiopsis
sp. — VNHUCC.NELI13, N. lacticolonia — VNHUCC.NEL30 va céac chung Colletotrichum
spp., dac biét 1a C. fructicola (VNHUCC.NEL91) va C. fropicale (VNHUCC.NEL71).
Nguoc lai, mot s6 ching phan 1ap khac lai chuyén d6i thanh dang két cdu phang hon khi tiép
xuc véi nano bac Neofusicoccum parvum (VNHUCC.NEL18) va Curvularia senegalensis
(VNHUCC.NEL9S).

3.2.2. Anh huéng ciia nano bac dén sy sinh trweéng nam trong mai truong long

Nghién ctru chon 8 chiing phan lap dai dién (Bang 3.3) dua trén tinh da dang, d0 nhay
v6i nano bac (ECso), tc do phat trién nhanh va kha ning phat trién khong bi e ché hoan
toan, thuan lgi cho quan sat anh huong ctia nano bac. Mot s6 chi nhu Neofusicoccum,
Nigrospora, Neopestalotiopsis, Diaporthe khong duoc chon do thoi gian hinh thanh bao tir
dai, da dang bao tir phtrc tap hodc bi trc ché manh, khong phu hop cho danh gia chi tiét.
3.2.2.1. Nong do v ché toi thiéu (MIC) va nong do diét ndm toz thiéu (MF O

Resazurin 12 mot thudc nhudém cé kha nang biéu thi chi s6 mau cta hoat dong trao doi
chét dua trén qua trinh trao ddi chat nang luong dugc va da dugc st dung rong rai trong cac
thir nghiém kha ning song va doc tinh té bao (Serrano et al., 2023). Két qua thtr nghiém pha
loang vi giéng duogc ghi nhan va thé hién & Bang 3.3 cho théiy, gia tri MIC ctia nano bac véi
cac chung phan 14p dai dién dao dong 0,3125 — 5 mg/L. Ba ching phan 1ap VNHUCC.NEL10
(Colletotrichum  siamense), VNHUCC.NELS1 (Curvularia radicifoliigena) va
VNHUCC.NEL74 (C. verruculosa) d&u thé hién muc do nhay cam cao véi gia tri MIC rat
thap (0,3125 mg/L).

Chung phan 13p ghi nhan mirc 6 khang cao VNHUCC.NELSO (Curvularia sp.) trong
thir nghiém trc che 501 nam trén moi trudng ran cting duoc danh gia trong thir nghiém nay:
mac du ghi nhan néng do tc ché i thiéu twong di thap 1,25 mg/L nhung ndng do diét nAm
t6i thiéu (MFC) lai 1én dén 10 mg/L. Nong do 10 mg/L ciing duoc xac dinh ndng do trc ché
tdi thiéu cta 4. niger (VNHUCC.NEL160). Mic du c¢6 hiéu qua khang lai tat ca cac ching
phan 1ap nim da thir nghiém, nhung nano bac dudng nhu khong c¢6 hoat tinh diét ndm (thé
hién qua chi s6 MFC/MIC > 4) d6i v6i mét s phan 1ap: VNHUCC.NEL38 (L. theobromae),
VNHUCC.NELS56 (E. rostratum), VNHUCC.NELS8O (Curvularia sp.). Diéu nay cling duoc
xac nhan bang cach tién hanh nuéi cdy dich tir cac dia sau MIC trén mdi truong PDA.

Bang 3.3. Gia tri néng do v ché tdi thiéu (MIC) va gia tri néng do diét nam tdi thiéu
(MFC) cua céac phan lap dai dién thyc hién trén dia vi giéng 96

Phan lap dai dién Chi/Loai MIC MFC MFC/MIC
VNHUCC.NEL93 Curvularia plantarum 2,5 5 2
VNHUCC.NELS0 Curvularia sp. 1,25 10 8
VNHUCC.NEL74 C. verruculosa 0,3125 20 64
VNHUCC.NELS51 C. radicifoliigena 0,3125 0,3125 1
VNHUCC.NELS56 E. rostratum 1,25 5 4
VNHUCC.NEL160  A. niger 5 10 2

VNHUCC.NEL38 L. theobromae 1,25 ND ND
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VNHUCC.NEL10 Colletotrichum siamense 00,3125 0,625 2
Chii thich: ND (not dectected): khong xac dinh. MFC 14 gié tri ndng do cua vi giéng duoc
trai trén moi truong PDA khong ghi nhan sy sinh trudong sau 48 gio.

Dua trén két qua xac dinh ndng db t6i thiéu e ché (MIC) dugc trinh bay trong muc
3.3.2.1, nghién ctru dé lya chon mot gia tri MIC chung (MICc) - 5 mg/L lam ngudng gioi
han chuan dé danh gia tac dong cua tam chung phan lap khac nhau. Bén canh do, mot
nodng d6 nano bac qua ngudng - nong do 30 mg/L duoc lya chon dé tlen hanh dong danh
gia trong cac thir nghiém lién quan dén sinh khéi, tinh toan ven mang té bao va enzyme
3.2.2.2. Anh hwéng ciia nano bac dén sinh khéi ndm

Su phat trién ctia soi nAm ctia cic ching phén 1ap trong méi trudng PDB ¢6 chira nano
bac sau 3 ngay bi trc ché dang ké va duoc thé hién & Hinh 3.27. Tac dong ctia nano bac ¢ cac
ndng do khac nhau (5 mg/L va 30 mg/L) 1én sy suy giam kha nang tang truong, tao sinh khdi cua
8 chung phén lap thir nghiém dugc thé hién rd nét so voi mau dbi chimg.
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Hinh 3.27. Anh hudng ctia nano bac dén kha nang tang sinh khdi (khd) sau 3 ngay nudi cay.

O néng d6 5 mg/L, nano bac cho thay tac dong 1én sinh khdi ctia hau hét cac chung
phan 1ap thir nghiém, ghi nhan su giam déng ké sinh khdi dugc tao thanh so véi mau dbi
chung, dao dong trong khoang tir 13,17 mg (VNHUCC.NEL10 — Colletotrichum siamense)
dén 34,53 mg (VNHUCC.NEL160 — A. niger), tuong tmg mirc giam tir 49,5 — 72%. Chung
phén lap VNHUCC.NEL93 (C. plantarum) ghi nhén sy suy giam sinh khéi 16n nhat, giam
72,3% lugng sinh khdi so véi mau d6i chu’ng Xt Iy 6 nong d6 30 mg/L cho thay sinh khi
cua hau hét cic chung phan 1ap tiép tuc giam manh. Luong sinh khéi thu dugc sau 3 ngay
nudi ciy chi dao dong trong khoang tir 11,73 mg (NEL56) dén 21,57 mg (NEL160). Cac
ching phén lap VNHUCC.NEL93 (C. plantarum), VNHUCC.NEL74 (C. verruculosa) va
VNHUCC.NELI160 (4. niger) déu ghi nhan muc suy giam trén 80% so v6i mau ddi ching
tuong tmg. Dac biét, 02 chung phén 1ap VNHUCC.NEL160 (4. niger), VNHUCC.NEL38
(L. theobromae) c6 kha nang tao sinh khdi ban dau rat cao trong diéu kién binh thucmg,
nhu’ng lai rat nhay cam véi nano bac, thé hién qua ty 1€ trc ché sinh khi rat cao, voi su suy
gidm sinh khoi ghi nhén 1an lugt 1én t6i hon 82,7% va 79,9 % ¢ nong do 30 mg/L.
3.2.3. Anh huwdng nano bac dén diic diém sinh hoéa va tinh toan ven cia mang té bao

Maing té bao dong vai tro quan trong trong vi¢c duy tri ap suat tham thau va chirc
nang binh thuong. Mang té bao hoat dong nhu mot rao can bao v¢ té bao bang cach diéu
chinh sy trao d6i cac hop chét bén trong va bén ngoai té bao va duy tri sy 6n dinh ciia moi
trrong ndi bao
3.2.3.1. Ro ri thanh phén néi bao (acid nucleic — OD24)

pé nghién ctru sau hon vé ton thuong mang té bao cua ndm, do dan dién ngoai bao va
acid nucleic (ODa2so) ciia méi truong da dugc ghi nhan sau khi xtr Iy véi nano bac. So véi
nhom d6i ching, sau khi xir Iy nano bac, cac minh chting cho thdy c6 nhing tac dong dén
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tinh thAm cta mang soi nam, véi su 1o ri vat chat ndi bao tang 1én theo n6ng do va thoi gian
xt 1y (Hinh 3.28).

Nghién ctru danh gia do hép thu ODago ctia dich loc sgi nAm nudi céy V01 cac néng do
nano bac khac nhau dé phan &nh sy 1o ri acid nucleic noi bao. Két qua cho théy nano bac ¢ 5
mg/L va 30 mg/L lam ting dang ké ODago so voi ddi chimg, véi mirc ro ri 16n hon ¢ 30 mg/L
va ting theo thoi gian tiép xuc, dic biét rd rét sau 24 gid. Ching VNHUCC.NEL38 (L.
theobromae) thé hién su khac biét rd rang vé ODago gitra hai néng dd nano bac qua cac mbc
thoi gian tir 12 dén 48 gid. Mot sé ching khac nhw VNHUCC.NEL74, VNHUCC.NELS51,
VNHUCC.NELI10 ¢6 toc d6 10 ri gidm sau 36-48 gio, ¢ thé do méang té bao bi pha hiy hoan
toan. Két qua xac nhan nano bac c¢6 kha ning lam ton thuong mang té bao, gy giai phong
cac thanh phan noi bao.

Péi chirng - Control AgNPs 5mgil. AgNPs 30mgiL
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Hinh 3.28. Biéu d6 Heatmap tac dong ctia nano bac dén sy xu hudng thay d6i gia tri ODaeo
ctia 8 chung phan lap thir nghiém khac nhau theo cac nong do xir Iy nano bac. Mdi nong do
duoc thé hién trong mot khdi (block) nhét dinh. Thang ty 18 biéu thi gia tri ODaeo twong Gng.
3.2.3.2. B¢ dén di¢n ngoai bao (Extracellular electrical conductivity — EEC)

Bén canh d6, mot béng chiing cho théy mdt khi mang té bao nam bi ton thuong, su giai
phong ciia ion bén trong té bao sé& gia ting dan dén do dan dién ctia dich méi trudng ngoai bao
ting 1én. Xu hudéng ting d6 dan dién ngoai bao (EEC) clia cic ching phan lap duoc ghi nhan khi
xtr 1y nano bac theo thoi gian. O hau hét nong d6 nano bac, EEC déu cao hon nhom dbi chimg
(p <0,05), ngoai trir mdt s6 chung khéng khéc biét & ndng do 5 mg/L sau 3 gid. Nong do cao 30
mg/L tao ra sy ting EEC dang ké hon, dic biét rd rét sau 48 gio (p <0,01), cho théy tac dong
manh hon so voi 5 mg/L.

Pang chu ¥, khi xét dén tac dong clia nano bac theo thoi gian tiép xtic, so véi dbi ching,
gia trj EEC cuia 8 tac nhan gay bénh ting dang ké khi kéo dai thoi gian xir 1. O cac mbc thoi gian
ngan (3 gid va 12 giod) cho thay gia tri EEC quan sat dugc o xu hudng tang, nhung khong qua
khac biét so vi nhom ddi chimg. Tuy nhién, ghi nhan & cac thoi diém dal hon (36 gio va 48 glor)
phén 16n cac gia tri EEC tang Ién dang ké so vi cac khoang thoi gian tiép xtc som trudc d6. Két
qua ndy goi md rang c6 thé cac chung phan 1ap van giir hay duy tri kha ning chong chiu véi nano
bac & mdt mic d6 va thoi gian chng chiu nhét dinh, dic biét 14 trong giai doan tiép xtc som,
trude 12 gio. Ngoai xu hudng chung vé gia tri EEC ¢ cac ching phan 1ap khi tiép xtc vdi nano
bac di dugc xac dinh, dé tién hanh so sanh muc do gia tang gia tri EEC nay gitra c4c phan 1ap,
nghién ctru ndy da tién hanh chuén hoa dit lidu sang dang mirc d6 thay doi tuong ddi theo ty 16
phén trdm dé dam bao cting mot gia tri dau vao. VNHUCC.NEL51 (C. radicifoliigena) cho thiy
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s gia tang EEC 16n nhét khi duoc xtr 1y bang nano bac. Cu thé, ¢ ndng d6 30 mg/L, sy gia ting
1an luot dat 113,65% sau 36 gior va 145,27% sau 48 gio. i véi ndng do 5 mg/L, muc ting twong
{mg 14 83,18% va 102,59% tai cac thoi diém 36 gio va 48 gio. Mot ching phan 1ap Curvularia
khéc - VNHUCC.NEL74 (C. verruculosa) cling ghi nhan tac dong manh me véi mire do gia tang
EEC quan sat dugc tang lan lugt 124,83% va 84,70% o khi xir Iy & 5 mg/L va 30 mg/L sau 48 gio.
So vdi cac phan lap trong thir nghiém, VNHUCC.NEL38 (L. theobromae) ghi nhén su thay doi gia
tri EEC thap nhit so véi déi chimg. Cu thé & thoi diém 48 gid sau khi xr Iy nano bac, mirc do gia
tang ghi nhan so vai dbi chimg 1an luot 13 34,33% va 64,33% ¢ ndng d6 5 mg/L va 30 mg/L.
3.2.3.3. Ham luong Ergosterol

Ergosterol 1a thanh phan sterol chinh cia mang nim, déng vai trd quan trong vao qué
trinh diéu hoa tinh thdm va tinh luu dong cua mang; diéu hoa, hoat dong va phan phdi cac
proteln mang tich hop; va kiém soat chu ky té bao - dong vai trd quan trong d6i véi tinh toan
ven vé mit cAu tric ciia mang té bao (Alcazar—Fuoh & Mellado, 2012; Ouyang et al., 2021).

Két qua nghién ctru cho thdy, xtr Iy bang nano bac 1am giam dang ké ham lugng
ergosterol & cac chiing phan l4p thtr nghiém (p <0,05), khong c6 su khac biét c6 ¥ nghia thong
ké gifta xtr Iy nano bac ndng d6 5 mg/L va 30 mg/L v6i hai ching phan 1ap VNHUCC.NEL38
(L. theobromae) va VNHUCC.NELSO (Curvularia sp.) nhung c6 su khéc biét dang ké co y
nghia thdng ké so véi dbi chimg khong xtr Iy (p < 0,05). Cac chung phan 1ap thudc chi
Curvualaria  sp. nhu VNHUCCNEL93, VNHUCC.NEL80, VNHUCC.NEL74,
VNHUCC.NELS51 déu ghi nhan ham lugng ergosterol giam trén 50% so véi d6i chig ¢ ndng
d6 30 mg/L. VNHUCC.NEL93 (C. plantarum) la chung phan 1ap ghi nhan sy suy gidm ham
lwong ergosterol 16n nhat véi mirc d suy giam 75% so véi ddi chimg. Dic biét, ching phan
lap VNHUCC.NELS51 (C. radicifoliigena) khi tiép xtc v6i nano bac & néng do 5 mg/L chi ghi
nhan su suy giam 18,12% ham luong ergosterol nhung thé hién nhay cam cao khi xur Iy véi
ndng do cao 30 mg/L. Ham lugng ergosterol cia VNHUCC.NEL74 (C. verruculosa) ciing cho
thay sy giam manh: 57,32% so v&i d6i chimg va 46,40% so véi xtt 1y nano bac 5 mg/L. Trong
khi d6, ¢ cac phan lap dai dién thudc cac chi khac nhw VNHUCC.NEL10 (C. siamense),
VNHUCC.NEL160 (4. niger), VNHUCC.NEL38 (N. parvum), VNHUCC.NEL56 (E.
rostratum) ghi nhan mot muc suy giam ham luong ergosterol thap hon, dao dong tir 37 —
52,13% nhung khac biét dang ké so véi ddi chimg ¢ nong do 30 mg/L (p < 0,05).
3.3.3.4. Qua trinh peroxy hoa lipid — MDA

Malondialdehyde (MDA) 1& san phdm phan hity cta qua trinh peroxy hoa lipid va
thuong duoc dung dé theo ddi qué trinh peroxy héa lipid do ton thuong oxy hoa, va duge xem
nhu mét chi sé ¢6 thé phan anh gian tiép mirc d6 ton thuong peroxy hoa mé (Castro et al., 2015;
Zhao et al., 2016).

Nhimg thay d6i vé& ham lugng MDA ndi bao theo ndng d6 xir Iy nano bac khac nhau 1én
cac chung phan lap thir nghiém duoc thé hién ¢ Hinh 3.33. Bén canh nhiing bang ching mirc
do ro ri acid nucleic, do dan dién ngoai bao, nghién ctru cling nhan thay sy gia ting gia tri MDA
& tit ca cac chung phan 1ap nam dugc thir nghiém voi nano bac sau 48 gio' (Hinh 3.33B). Két
qua cho thay, xir Iy nano bac lam tang dang ké ham luong MDA sau 48 gid tiép xuc O tat ca 8
phan lap thir nghiém (p <0,05). Cu thé, viéc xtr 1y nano bac & ndng do 5 mg/L va 30 mg/L dan
dén nong do MDA cao hon tir 1,2 dén 3,1 14n so v6i dbi chimg khong xir 1. Dleu nay chung
minh rang nano bac c6 thé da thuc day phan v ung 11p1d va peroxide trong mang té bao va su gia
tang ndy s& 1am hong, dan dén viéc khong thé phyc hoi tinh toan ven cta mang, tir d6 gia ting
tinh thdm va 1o ri cac thanh phan ndi bao ra khoi té bao.
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Hinh 3.33. Ham lugng MDA (umol/g) khi xtr Iy v6i nano bac sau 48 gio. A. Biéu do phan
bb (Box plot) cac gia tri dit liéu quan sat dugc cia MDA gitta nhom ddi chimg (Control) va
nhém dugc xir Iy voi nano bac (5 mg/L va 30 mg/L). B. Biéu dd cho thay su khac nhau ham
luong MDA theo timg phan lap. Sy khéc biét co ¥ nghia (p < 0,05) duoc biéu thi bang “*”.
ting phén 1ap.

3.2.3.5. Anh hwong cia nano bac doi voi hé thong cic enzyme chéng oxy héa

Can bang oxy hoa khir trong té bao dong vai tro rat quan trong dé duy tri kha ning
song cua té bao va ROS ndi bao du thura s€ pha v& trang thai can bang OXy hoa khu. Dudi
tac dong cia stress oxy hoa, hé thong chéng oxy hoa cua té bao bao gdm céc enzyme
chng oxy hoa va cac hop chat khong phai enzyme, bao vé té bao khoi stress oxy hoa bang
cach duy tri can bang oxy hoa khtr ndi bao, va cac enzyme chong oxy hoa chuyén doi ROS
hinh thanh trong té bao thanh cac chét it doc hodc vo hai, c6 tac dung 1am cham toc do
oxy héa (Simon¢icova et al., 2018; Su et al., 2020).

Enzyme superoxide dlsmutase (SOD) la mot trong nhiing enzyme chinh chiu trach
nhiém bao vé chdng lai stress oxy hoa, dong vai tro 1a chat chong oxy hoa hoat dong nhu chét
don gbc tu do va ngan ngu’a cac qua trinh trung gian do goc tu do (Mansoor et al., 2022; Yu
et al. 2020) Dua trén cac ket qua thu dugc thé hién ¢ Hinh 3.34, ¢ thoi diém 48 gio sau khi
XU ly v&inano bac (& ca 2 nong dog), hoat do enzyme SOD ¢ phan 16n céc ching phan 1ap thur
ngh1em ¢6 xu huéng giam va khac biét dang ké véi mau déi chung (p < 0,05). Mtc do suy
giam hoat do enzyme SOD 16n nhat ghi nhan & chung phén 1ap VNHUCC.NEL74
(Curvularia verruculosa), véi mic suy giam 67,98% khi xir Iy & ndng do 30 mg/L so véi ddi
chuing. Nguoc lai, VNHUCC.NEL10 (Colletotrichum siamense) va VNHUCC.NELS56 (E.
rostratum) lai ghi nhan sy gia tang hoat d enzyme SOD khi xur Iy nano bac. Sy gia tang hoat
dong ctia enzyme chdng oxy héa ting (SOD) cho thiy bao tir cia nhiing phan lap nay da va
dang & trang thai kich thich oxy héa manh hon dudi tic dong ctia nano bac & thoi diém 48
gio, va do do su gia ting cac enzyme chng oxy hoa & day 1a phong vé ty nhién. Trong khi
do, enzyme catalase (CAT) lai cho théy murc o mot sy nhay cam 16n hon vé1 viée xtr Iy nano
bac, v6i phan 16n ghi nhan duoc bién dong theo chiéu hudng giam va c6 khac biét dang ké
so véi mau dbi chimg, dic biét 1a voi nong do xu Iy 30 mg/L (p < 0,05, ngoai trir
VNHUCC.NEL10 - C. szamense)

3.2.4. Anh hu’0’ng vi mo ciia nano bac dén su sinh truémg ciia nam

Panh gi4 vi md 1én bao tir va sgi nam cling dugc ghi nhén thong qua kinh hién vi dién tr
de danh gia nhimg tac dong bén trong viéc trc ché sy phat trién clia tc nhan gy bénh nam nay.
Két qua ghi nhan cho thay, nano bac gy ra nhiéu thay d6i hinh thai khac nhau trén sgi nim va
bao tir cua cac tac nhan gy hai. Nhimg bat thuong vé hinh thai ndi bat da duoc quan st thay,
bao gom:
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1. So voi sy phat trién ctia soi ndm trong diéu kién binh thuong, nano bac c6 kha nang gay
ra su bién dang hay mat vach ngan ¢ cac té bao soi nam

il. Mot vat liéu ngoai bao xung quanh sgi nim trong cac nudi cay dbi  chung trong tt ca
cac giai doan dugc phén tich, dugc nhin thay nhu mot vat liéu bong trén cac té bao hogic nhu mot
so1nhd gan cac soi nAm voi nhau, gidng nhu mot mang sinh hoc.

iii. Nhiéu ching phan 18p quan sat thay tinh trang dong tu té bao chét dang ké, soi nim bi
teo lai hodc bién dang (co that bat thuong).

iv. Nhiing bién ddi dang ké nhur sy bién dang va glam d6 chit cta hach nim, cung voi
cac soi nAm khong mau va bi phan ménh, tuong quan voi nong do AgNPs. Dign tich bé mit 16n
hon ctia nano bac cho phép bam dinh va khuéch tan chit hon vao bé mit té bao ndm, dan dén
tinh toan ven ciia mang bi t6n hai va trc ché nim hiéu qua

v. Sy tich lily ctia c4c thanh phan ngoai lai & phia ngoai mang va sy xdm nhap tich tu vao
bén trong cling dugc quan sat.

vi. Sy 10 ri vat chét ndi bao clia soi ndm, bao tir cting dugc ghi nhan.

vi. Su suy giam/mét sic t6 hodc gia ting hién tuong niu hoa
3.2.5. Mo hmh héa va gla thuyet tac dong cia nano bac dén kha nang urc ché sinh truong
phat trién nAm trong diéu klen phong thi nghiém

Mo hinh gia thuyét vé tic dong cia nano bac trong nghién ctru nay duoc xay dung
dua trén cac s6 liéu vé sinh khdi va nhiing bién doi sinh hoa da ghi nhan. Dudi tic dong
ctia nano bac & hai ndong d6 5 mg/L va 30 mg/L, hai nhan t6 chinh anh hudéng dén sy bién
d6i sinh khéi 1a ham luong malondialdehyde (MDA) va ergosterol (ERG).

e (&)
+
A Tuong tac ben ngoai mang TB #O =

AgNP AgNP

(Electrostalic interactions) Ro rivat chat noi
bao
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” oxy héa — khir
ndi méi
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Hinh 3.41. M5 hinh gia thuyét con dudng tac dong ciia nano bac 1én sy phat trién nim
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Khi nano bac thim nhap noi bao, té bao ndm xem day nhu mot tac nhan la gay
stress, kich thich san sinh cac loai oxy phan ung (ROS). Sy gia tang va tich tu ROS vuot
qua muc binh thudng. Trong diéu kién can bang, hé thong chdng oxy hoéa ndi bao nhu
superoxide dismutase (SOD), catalase (CAT) va cac enzyme khac s& duy tri va kiém soat
noéng dd ROS, ngin ngira ton thuong té bao. Tuy nhién, cic bang chimg hoa sinh trong
nghién ctru ndy cho thay hoat d6 cua cic enzyme chéng oxy hoa nay giam dang ké khi xir
1y v&1 nano bac. Mot khi sy suy gidm nay xdy ra véi cac enzyme dong vai tro don dep nay,
hé qua tat yéu 1a 1am suy yéu kha ning loai bd ROS du thira. Theo thoi gian, ROS tich tu
gdy mat can bang oxy héa khir trong té bao. Su tich tu ROS dan dén nhimg t6n thuong
nghiém trong, ting cudng qua trinh peroxy héa lipid mang té bao, dugc biéu thi bang sy
gia ting ndong d6 malondialdehyde (MDA) — mot du hiéu 15 rang ciia sy tén thwong mang
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té bao. Trong trang thai ndy, t& bao chiu ap luc kép tir cac tac dong ndi bao va ngoai bao
1én mang, gy ra bién dang va hu hai cdu tric mang. Hau quéa 13 mang té bao bi ro ri cac
thanh phan noi bao quan trong nhu acid nucleic, protein, ion... dan dén suy giam chirc
nang sinh trudng va cudi cing 13 chét té bao

CHUONG 4. KET LUAN & KIEN NGHI
4.1. KET LUAN
Tir két qua nghién ctru cia d8 tai luan an, rat ra duge mot sd két luan sau:

- Nghién ctru da xay dung bo dit liéu vé da dang va phan bd cta thanh phan loai ndm
gdy hai trén ciy sen tai Thanh phd Hué trén cach tiép can tich hop dua trén cac bang chimg
d@r li¢u hinh thai, phan tich phat sinh loai da locus va céc ti€u chi xac dinh ranh gidi loai
(GCPSR, PTP). Xac dinh dugc 21 tac nhan gay bénh dén cap do loai, thudc 9 chi nim khac
nhau. Trong d6, 13 loai 1a ghi nhan méi cho khu hé ndm Viét Nam, 20 loai 13 ghi nhan méi
trén cay sen tai Viét Nam, va 17 loai 1an dau tién duge xac dinh 1a tac nhan gay bénh trén cay
sen trén thé gidi. Nghién ciru ciing chi ra ring sy phan bd thanh phan loai ndm gay hai khong
d6ng déu theo dia 1y va sinh canh, cho thay cac loai ndm gay hai trén cdy sen tai thanh phd
Hué c6 tinh da dang va phtec tap sinh hoc 10 rét.

- Nano bac ¢6 tac dung trc ché manh mé su phat trién clia cac chung nam gay hai trén
cdy sen trong diéu kién phong thi nghiém trén ca moi truong ran va long. Cu thé, phan 16n
cho thdy hiéu lyc rc ché ndm cuia nano bac ting, twong Ung véi sy gia ting ndng do. Tuy
nhién, mirc 4§ hi¢u qua khac nhau gitra cac chung cling nhu loai. Gia tri ECso cua nano bac
d6i véi cac chung phan 1ap da duge xac dinh thong qua ba mé hinh khac nhau, cho phép phan
loai mirc d6 nhay cam céc chiing nim gay hai trén cay sen thanh bon mirc: rat nhay cam, nhay
cam, khang va khang manh dwa trén phuong phap thong ké tir phan vi. Trong méi truong
1ong, nano bac da thé hién hiéu qua trc ché sinh khdi va sy phat trién ctia tam ching nim gay
hai, v6i hiéu qua ting theo nong do tir 5 dén 30 mg/L. Nong do te ché i thiéu (MIC) dao
dong tir 0,3125 dén 5 mg/L. Co ché e ché su sinh truong phat trién ndm ctia nano bac duoc
thé hién qua viéc gay ton thuong mang té bao ndm, dan dén tang ro ri acid nucleic va do din
dién ngoai bao (EEC), ciing nhu giam ndng do ergosterol trong mang té bao. Pong thoi, mirc
d06 peroxy hoa lipid (MDA) ting 1én, trong khi hoat dong cta cac enzyme chdng oxy héa nhu
SOD va CAT giam, cho thiy sy suy yéu kha nang chong chiu ctia té bao nam.

4.2. KIEN NGHI

- Tiép tuc thu thap va xac dinh dac diém sinh hoc ctia céc chung phan 13p gay bénh
trén cdy sen chua du dir liéu dé xac dinh loai, dong thoi tién hanh khuéch dai va phén tich
thém cac locus bd sung nham hoan thién viéc phan loai va nhan dién chinh x4c cac chung
con lai. Tiép tuc danh gia anh hudng ctia nano bac ddi véi cac chung ndm nhu Diaporthe,
Neofusicoccum va Neopestalotiopsis, do cac chung nay doi héi thoi gian nghién cuu kéo
dai va chua dugc thuc hién trong pham vi nghién ctru hi¢n tai.

- Trién khai cac nghién ctru chuyén sau hon, bao gom k¥ thuat SEM, TEM va phan
tich phan tir nhu RNA sequencing, dé danh gia tac dong ctia nano bac & cac cap do té bao
va phan tir mot cach toan dién hon. Tién hanh cac danh gia doc luc, hoac doc tinh sinh thai
ctia nano bac khi str dung tai cac quy mé 16n nhu déng rudng
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INTRODUCTION
1. THE NECESSITY AND IMPORTANCE OF THE STUDY

Lotus (Nelumbo nucifera) is a beautiful and pure flower, symbolically associated with
culture and history. Moreover, the lotus plant holds significant economic value linked to the
diversity of local specialty products and ecological landscape factors. All parts of the lotus plant—
from flowers, leaves, to lotus rhizomes, seed pods, and seeds—are utilized as food and medicinal
ingredients with value in traditional medicine (Pokhrel et al., 2022; Sharma et al., 2017). Lotus
seeds and rhizomes are the two most commonly used parts, traditionally employed in food
processing and the preparation of herbal beverages, such as herbal tea. Bioactive compounds with
high biological activity such as alkaloids, flavonoids, triterpenoids, and vitamins found in lotus
flowers, leaves, seeds, and rhizomes have been reported to significantly improve human health
issues, including anti-inflammatory and high antioxidant activities, as documented in recent
studies (Chen et al., 2018; Lin et al., 2023; Liu et al., 2015; Zheng et al., 2016).

Agricultural production is continually challenged by a wide range of phytopathogens,
which cause substantial reductions in crop yield and economic value, with losses estimated at
around 25% - 30% (Gai & Wang, 2024). In Hue, lotus is traditionally cultivated intensively in
ponds and lakes located both within urban centers and their surrounding suburban areas.
Throughout the cultivation period, numerous diseases have been documented, inflicting
significant damage to both the quality and quantity of lotus yield, thereby directly impacting
farmers’ livelihoods and the lotus product industry. In 2019, certain lotus-growing regions
experienced severe plant mortality, with death rates reaching between 50% and 70%. The
predominant management strategy employed involves the application of chemical fungicides and
insecticides. Nevertheless, the frequent and extensive use of synthetic fungicides with narrow
target spectra has led to the emergence of pathogen resistance and has escalated environmental
and economic costs associated with chemical residues.

Many strategic solutions and advanced technological innovations have been proposed to
mitigate these damages. Among them, nanotechnology has emerged, attracting scientific interest
with its potential to revolutionize many fields such as science, technology, medicine, and
agriculture due to its unique physicochemical properties, large surface area, and high reactivity
(Siddiqui et al., 2015). Currently, the development and application of biosynthesized
nanoparticles open new avenues in agricultural research toward environmentally friendly and
effective plant disease control methods. Among nanomaterials, silver nanoparticles (AgNPs)
with characteristic antimicrobial properties and large surface area have demonstrated
enhanced efficacy at low doses, promising to provide an appropriate and environmentally
friendly alternative (Roy et al., 2013; Zhang et al., 2016). Therefore, the application of
nanomaterials is expected to play a promising role in addressing this challenge, aiming to
promote efficiency and sustainability in agricultural practices with low input and minimal
waste compared to traditional methods.

Based on the above practical needs, the research project titled “Study on the effects of
silver nanoparticles on foliar diseases of lotus (Nelumbo nucifera) cultivated in Thua Thien
Hue” was conducted to identify pathogenic agents and evaluate the efficacy of silver
nanoparticles in controlling pathogens on lotus plants.



2. RESEARCH OBJECTIVES
2.1 General Objective: To evaluate the effect of silver nanoparticles on pathogens affecting
lotus plants cultivated in Hue City.
2.2 Specific Objectives:
- To isolate and identify pathogens causing diseases on lotus plants.
- To assess the inhibitory efficacy and effects of silver nanoparticles on the pathogens
of lotus plants cultivated in Hue City in vitro.
3. RESEARCH SUBJECTS AND SCOPE
3.1 Research Subjects:
Pathogenic fungi affecting lotus leaves.
3.2 Research Scope:
- Time scope: The study was conducted from January 2021 to April 2025.
- Subject scope: Focus on fungal pathogens on leaves of two lotus cultivars: white lotus and
pink lotus.
- Spatial scope: Survey, investigation, and sampling of lotus diseases were conducted at typical
lotus cultivation sites in Hue City (Phu Xuan District, Thuan Hoa District, and the districts of Huong
Tra, Huong Thuy, Phong Dien, and Phu Loc). Isolation and evaluation of silver nanoparticle effects
were performed at the Institute of Biotechnology, Hue University (HUIB).

4. SCIENTIFIC AND PRACTICAL SIGNIFICANCE OF THE STUDY

4.1 Scientific significance:

The study generates systematic and novel scientific evidence on the taxonomy of
fungal pathogens associated with cultivated lotus in Hue City, thereby elucidating species
diversity and distribution patterns of pathogenic fungi affecting lotus. These results enrich the
taxonomic and ecological datasets for phytopathogenic fungi in Hue and Vietnam more
broadly. The integrated application of modern approaches—DNA sequencing, multilocus
phylogenetic inference, species boundary delimitation (Genealogical Concordance
Phylogenetic Species Recognition — GCPSR, and Poisson Tree Processes — PTP), combined
with detailed morphological characterization—enabled accurate species identification and
increased reliability of the research outcomes.

The study further provides critical data on the antifungal efficacy and biochemical
modes of action of silver nanoparticles (AgNPs) against representative pathogenic fungal
isolates, thereby expanding current understanding of the antifungal mechanisms of AgNPs.
These findings supply a valuable scientific reference for future application of silver
nanomaterials in disease prevention and management in lotus cultivation.

4.2 Practical significance:

This study establishes a robust scientific foundation for the application of silver
nanoparticles (AgNPs) as an effective antifungal agent in the management of lotus
diseases, contributing to the reduction of conventional chemical pesticide use and
associated environmental burdens. Determination of key inhibitory metrics—including
minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC), and
ECso—supports rational dose selection, optimization of antifungal performance, and
mitigation of resistance development risk.

The demonstrated specificity and efficacy of AgNPs against pathogenic fungi of
lotus offer potential to improve yield and product quality. These outcomes open a new
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direction for integrating nanotechnology into sustainable agriculture, particularly in
biologically oriented plant disease control, thereby promoting green, clean, and
environmentally friendly production systems.

5. NEW CONTRIBUTIONS OF THE DISSERTATION

The dissertation delivers several new contributions, summarized as follows:

1. This study presents a comprehensive dataset on the diversity of fungal pathogens
associated with cultivated lotus in Hue City, Vietnam, developed using an integrative, multi-
evidence approach. By combining morphological examination, multilocus phylogenetic
analyses, and complementary species delimitation approaches (GCPSR and PTP), we
delineated 21 pathogenic species distributed across nine genera. The dataset further
contextualizes taxon occurrences by documenting geographic distributions and habitat
conditions. Of these, 13 species are newly recorded for Vietnam; 17 represent the first global
reports of pathogenicity on lotus; and 20 are newly recorded on lotus in Vietnam. These
findings refine the taxonomic framework for lotus-associated fungal pathogens in Hue and
Vietnam, advance global knowledge of lotus mycobiota, and provide a robust foundation for
future studies on disease ecology, diagnostics, and management.

2. The study generated quantitative data on the inhibitory efficacy of silver
nanoparticles (AgNPs) against 29 representative fungal isolates spanning the pathogenic
genera identified. Three modeling approaches were applied to estimate ECso values.
Comparative evaluation led to the selection of Probit logio regression model as the most
suitable for classifying isolate responses. Based on quartile (interquartile range) statistics,
isolates were stratified into four response categories reflecting differential susceptibility or
reduced sensitivity to AgNPs. This provides a standardized framework for future
benchmarking of antifungal performance and resistance monitoring.

3. The study elucidated the antifungal mode of action of AgNPs in eight representative
isolates. Evidence demonstrated that AgNPs compromise fungal cell membrane integrity,
increase leakage of intracellular constituents, reduce ergosterol content, elevate lipid
peroxidation (MDA), and suppress the activities of intracellular antioxidant enzymes (SOD,
CAT), thereby inducing redox imbalance and inhibiting fungal growth. Additionally,
microstructural (hyphal and conidial/spore) alterations corroborated these physiological

disruptions, supplying multi-level mechanistic insight into AgNP antifungal activity.
CHAPTER I. LITERATURE OVERVIEW
1.1. OVERVIEW OF LOTUS PLANT

1.1.1. Origin, history, and distribution of lotus

The lotus (Nelumbo nucifera Gaertn.) belongs to the family Nelumbonaceae,
dicotyledonous plants with an ancient evolutionary history. This family comprises a single
genus with two species: N. nucifera Gaertn. and N. lutea Willd., commonly known as the
Asian (distributed mainly in Asia and Australia) and American lotus (occurring primarily in
the eastern and southern United States), respectively. The significance of lotus lies not only
in its taxonomic and evolutionary interest but also in its ecological landscaping potential,
medicinal applications, and value for studies of plant phylogenetics, thereby attracting
increasing attention from the scientific community.

In Vietnam, lotus is cultivated mainly in ponds, lakes, and converted paddy fields
primarily for flower and seed production. The national lotus cultivation area is currently
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estimated at over 3,000 ha, concentrated in several provinces including Hung Yen, Hai
Duong, Thai Binh, Nghe An, Nam Dinh, Hue, and the Mekong Delta provinces (Dong Thap,
Vinh Long, Tra Vinh, Long An, and Ben Tre). In 2024, the lotus cultivation area in Dong
Thap Province is approximately 1,108 ha, with production by the end of October 2024
estimated at 12,163 tons. According to the survey by Trang (2021) on lotus cultivation in
Thua Thien Hue Province, the total lotus cultivation area recorded in the 2017-2018
investigation was 341.12 ha. Of this, lotus grown in converted paddy fields accounted for the
majority, reaching 314.77 ha (92.28% of the province’s total lotus area), with Phong Dien,
Huong Tra, Phu Vang, and Phu Loc being the principal production localities. In contrast, lotus
cultivated in lakes—concentrated mainly in the Imperial Citadel area and Hue city—covered
26.35 ha, representing 7.72% of the total area. According to the latest 2024 report by the Sub-
Department of Cultivation and Plant Protection of Thua Thien Hue, the total lotus cultivation
area in the province reached approximately 655 hectares, predominantly located in Phong
Dien, Phu Vang, Phu Loc districts, Huong Tra town, and Hue city.
1.1.2. Growth characteristics of lotus
1.1.2.1. Growth duration

The growth period of lotus cultivars is calculated from planting to complete senescence
of leaves (crop termination). Research on lotus cultivars in Thua Thien Hue recorded an
average growth duration of 159.3 days, ranging from 152 to 171 days (Trang, 2021).
1.1.2.2. Physiological characteristics of lotus

Photosynthesis and respiration are the two most extensively studied physiological
processes in plant science because their balance largely determines growth rate and yield
potential in most crops. Photosynthesis converts simple inorganic substrates (CO- and water)
into complex organic compounds using solar energy and the participation of pigment systems.

Leaf development in lotus comprises three main stages: (i) the floating leaf stage, in which
leaf blades rest on the water surface—upper surfaces exposed to light and lower surfaces in
contact with water—allowing adaptation to high and low light while supplying carbon via
photosynthesis; (ii) the aerial (emergent) leaf (shield leaf) stage, when leaves simultaneously arise
above the water alongside floating leaves, enhancing gas exchange and light interception; and
(iii) the reproductive (seed-setting) stage, during which aerial leaves persist while floating leaves
may regress or partially degrade. The ontogenetic differentiation and transition among these leaf
types reflect the adaptive strategies of lotus to the aquatic environment, ensuring efficient
photosynthesis and developmental plasticity. Lotus leaves exhibit extreme hydrophobicity,
known as the “lotus effect” (Darmanin & Guittard, 2015). This superhydrophobic property
ensures that the leaf epidermis remains free of water films, maintaining normal stomatal function
and reducing susceptibility to pathogens (Ensikat et al., 2011).
1.2. OVERVIEW OF APPROACHES AND CRITERIA FOR IDENTIFYING AND
DELIMITING FUNGAL SPECIES

Despite being a fundamental unit in biology, the concept of "species" remains
contentious, especially in fungi due to diverse reproductive characteristics, extensive asexual
reproduction, and complex population structures. The classical perspective of John Ray (1686)
emphasized the stability of entities of common origin, evolving through Linnaeus's
standardized nomenclature and Darwin's evolutionary theory. A pivotal moment was Ernst
Mayr's (1942) Biological Species Concept, defining species as natural populations capable of
interbreeding and reproductively isolated from others (De Queiroz, 2005). However, applying
this definition to fungi reveals limitations due to their diverse reproductive strategies, extensive
asexual lineages, complex life cycles, and difficult-to-observe reproductive barriers.
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The advancement of molecular biology, sequencing data, and genomics has provided
new, higher-resolution identification criteria, prompting alternative proposals. Despite progress
in fungal taxonomy, integrating molecular techniques with morphological and ecological
approaches has exposed shortcomings in previously proposed species delimitation criteria.
Fungi exhibit diverse morphologies, ecological roles, and nutritional modes, making accurate
identification crucial. Currently, over 2,000 new species are described annually; however,
relying solely on morphology can lead to misidentifications due to hybridization, cryptic
species, convergence, and phenotypic plasticity. Conversely, solely molecular-based
approaches face challenges from historical dual nomenclature systems and incomplete or
erroneous sequence data in databases like NCBI.

In fungal taxonomy, the fundamental question of “when should a population be
recognized as a species?" continues to spark debate (Dupuis et al., 2012; Xu, 2020). These
discussions largely stem from conflating two distinct concepts: (i) species concept—
foundational theoretical definitions of "species™; and (ii) species criteria/species delimitation—
evidence and experimental processes to operationalize that concept. This ambiguity can lead to
vague and inconsistent delimitation outcomes. Furthermore, concepts and criteria may conflict,
resulting in different boundaries and species counts (De Queiroz, 2007; Stankowski & Ravinet,
2021). To date, approximately 30 species recognition/delimitation criteria have been proposed
(Chethana et al., 2021). However, only a few are widely used in fungal taxonomy practice.
Common criteria groups include: (i) biological (reproductive isolation), (ii)
morphological/phenetic, (iii) ecological (niche/climate/host), (iv) genotypic/genetic population
clusters, and (v) phylogenetic-coalescent (multi-locus, GCPSR). Alongside molecular
taxonomy, integrative taxonomy has become a driving force for efforts to reclassify fungi,
including fungal pathogens in plant disease. This approach simultaneously utilizes and cross-
references multiple lines of independent evidence—morphological (macro/micro), ecological—
biogeographical, reproductive forms, host history, multi-locus/multi-gene molecular data, and
gene family data—to effectively identify and delimit species. Instead of relying on a single
marker or concept, this approach seeks cross-evidence concordance while identifying and
addressing discrepancies among genes, phenotypes, and ecology. ITS remains the most widely
used marker and has proven highly effective for broad-scale fungal identification. However, for
many fungal genera, the ITS locus resolves taxonomic units only to the genus level. Several
secondary DNA barcodes have been proposed for various important fungal genera or species
complexes, such as Colletotrichum, Diaporthe, Trichoderma, Aspergillus, and rust fungi
(Pucciniales). Depending on research objectives and the evolutionary context of each genus,
loci such as TEF1-a (translation elongation factor 1-alpha), RPB1/RPB2 (RNA polymerase Il
largest/second-largest subunit), TUB2 (B-tubulin), CAL (calmodulin), ACT (actin), or GAPDH
have shown value in enhancing resolution at the species and intraspecies levels. For plant
pathogens, this approach significantly improves the identification of harmful agents and disease
monitoring, assessing invasion risks, and subsequently developing effective prevention
strategies.

1.3. OVERVIEW OF DISEASE STATUS ON LOTUS

In recent years, numerous studies have been conducted globally to identify and assess the
status of diseases affecting lotus plants, contributing to elucidating disease etiology.
1.3.1. Global disease status and pathogens on lotus

Studies in China and Taiwan have identified key fungal and viral pathogens associated with
lotus diseases. Regarding leaf spot, Zhang et al. (2019) identified Alternaria tenuissima as the
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causal agent in Guangchang, Jiangxi. Initial symptoms were small yellow-brown lesions with a
pale black center and yellow-brown margin, later developing pronounced necrosis. Curvularia
lunata was also reported to cause leaf spots characterized by purple-brown lesions with gray-white
centers bordered by dark brown margins (Cui & Sun, 2012). Zhang et al. (2018) documented
Nigrospora oryzae causing leaf blight on the cultivar Taikonglian 36 in Fujian, with gray-white
lesions having brown margins expanding into brown necrotic areas—this was the first report of N.
oryzae infecting lotus in China. More recently, Gong et al. (2023) identified N. pyriformis
associated with black net-like necrotic lesions on lotus leaves in Guangchang, resulting in
approximately 20% foliar mortality. Powdery mildew was reported in Qingdao, Shandong, with
Erysiphe takamatsui confirmed via rDNA ITS and 28S sequencing (Zhou et al., 2019). A
comprehensive survey in Taiwan by Chen & Kirschner (2018) isolated 33 fungal species from
1002 diseased foliar samples, predominantly from the genera Colletotrichum, Diaporthe, and
Fusarium. This study also provided the first records of E. takamatsui and Pseudoscopora
nymphaeacea in Taiwan.

Concerning soft rot and wilt, Fusarium incarnatum (Wang et al., 2020) was identified as
the causal agent of soft rot in Wuhan through molecular characterization and artificial inoculation.
Previously, F. tricinctum (Li et al., 2016), F. oxysporum (Tang et al., 2017), and more recently F.
proliferatum (Cai et al., 2022) were implicated in similar syndromes on lotus. Beyond fungal
pathogens, several viruses have been detected in lotus: Dasheen mosaic virus (DsMV), Cucumber
mosaic virus (CMV), Sweet potato latent virus (SPLV), badnaviruses (LBV), and Apple stem
grooving virus (ASGV) (He et al., 2019, 2020; Wang et al., 2019).

These findings highlight the diverse range of pathogens involved in lotus diseases,
emphasizing the need for comprehensive disease management strategies. Most studies adopt
a “one disease — one species — one host” framework, often yielding isolated, fragmented
outcomes without integrative synthesis. This fragmentation reflects the rich biodiversity
within the lotus pathobiome and indicates that numerous latent or cryptic pathogens likely
remain undiscovered or insufficiently characterized.

1.3.2. Current status and research on diseases affecting lotus plants in Vietnam

In Vietnam, research on diseases affecting lotus (Nelumbo nucifera) remains relatively
limited and predominantly concentrated in certain regions, such as Thua Thien Hue and the
Mekong Delta. In 2016, Tuong et al. identified three Colletotrichum species—C. acutatum, C.
lagenarium, and C. gloeosporioides—as causal agents of anthracnose disease on lotus plants.
The infected samples were collected from multiple provinces, including Dong Thap, Can Tho,
Hau Giang, Vinh Long, Bac Lieu, and Ca Mau. Furthermore, independent studies demonstrated
the effective control of anthracnose caused by Colletotrichum species using bacterial strains
(Tuong et al., 2022; Tuong & Qui, 2016).

Additionally, Phytophthora spp. (Oomycetes) have been reported as pathogens
responsible for leaf blight and stem rot in lotus, as documented by Thai & Tuong (2016).
However, this study primarily focused on assessing the antagonistic potential of bacterial strains,
and thus, the pathogens were not comprehensively characterized morphologically. Their
isolation, taxonomic classification, and precise identification were limited to the general
designation of Phytophthora sp. In Thua Thien Hue province, the Plant Protection Sub-
Department recorded incidences of lotus plant mortality and wilting in certain cultivation areas
in 2018, with Colletotrichum spp. identified as the causal agent of anthracnose. Truong and
Vuong (2020) reported Fusarium spp. as the pathogens causing stem rot and rhizome rot in lotus,
based on morphological characterization and pathogenicity assays. The authors noted that these
diseases were particularly severe during the harvest period.
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A survey conducted on three lotus cultivars: Yen Thanh, Kim Lien, and Dong Thap
(high-yield cv.) variety identified seven major pests, including leaf roller caterpillars, thrips,
soft scales, bagworms, golden apple snails, small snails, and anthracnose disease. Among
these, leaf roller caterpillars, thrips, and soft scales exhibited the highest infestation levels.
The study also reported that the pesticide Map JOWO 700W was highly effective against
these predominant pests (Phuc et al., 2021). Recently, Lasiodiplodia theobromae was
identified as the causal agent of decline symptoms in lotus grown in Thua Thien Hue using
multilocus sequence data (ITS, TEFI-a, TUB2) (Cuong et al.). Similarly, in Dong Thap
province, L. theobromae was reported as the pathogen responsible for lotus leaf petiole rot,
based on ITS sequencing data (Hong et al., 2024).

Pathogenic microorganisms pose continual pressure on lotus and comparable
horticultural systems. Triggers such as host senescence or tissue injury can convert otherwise
latent endophytes into active pathogens, accelerating disease onset. Reliance on synthetic
fungicides (tebuconazole, azoxystrobin, metalaxyl, mancozeb, carbendazim) provides short-
term suppression but introduces persistent challenges: chemical residues, environmental
externalities, non-target impacts, and emerging resistance risks. These constraints delineate a
critical gap and motivate the pursuit of alternative, eco-compatible disease management
solutions deployable from cultivation through post-harvest handling.

1.4. RESEARCH STATUS ON SILVER NANOPARTICLES AND THEIR
APPLICATION IN PLANT DISEASE MANAGEMENT

With rapid technological development and emerging challenges, nanotechnology
has attracted intense scientific interest, reflected in the annually increasing volume of
publications. Among nanomaterials, silver nanoparticles (AgNPs) stand out due to their
stability, electrical conductivity, catalytic properties, broad-spectrum antimicrobial
activity, and large surface area. These attributes enable extensive application in
semiconductor components, disinfectants, healthcare, coatings, food packaging, water
treatment, and biosensing.

1.4.1. Antimicrobial mechanisms of silver nanoparticles

Silver nanoparticles have demonstrated strong antimicrobial activity against various
bacteria and pathogenic fungi, with numerous reports documenting these effects. However,
the precise mechanisms by which silver nanoparticles inhibit growth or kill bacteria and
fungi remain not fully elucidated (Cavassin et al., 2015; Polinarski et al., 2021).
Generally, the intracellular pathways affected by silver nanoparticles can be summarized as
follows:

When inside the cell, Ag" ions and AgNPs act at different levels:

+ Induction and accumulation of intracellular reactive oxygen species (ROS),

triggering apoptosis-like processes (Adam & Khan, 2022; Dong et al., 2019; Hwang

et al., 2012; Radhakrishnan, Mudiam, et al., 2018).

+ Intracellular Ag* accumulation disrupts membrane structure and alters osmotic

regulation, causing potassium ion efflux and near-complete depletion of intracellular

K*, concomitantly inhibiting plasma membrane H*-ATPase activity (Cyert & Philpott,

2013; Rohde et al., 2021; Vagabov et al., 2008).

+ Ag* enters mitochondria via the mitochondrial copper transporter Pic2, which has a

higher affinity for Ag* than for Cu*. This reduces Cu* concentrations while increasing

Ag" accumulation in the mitochondrial matrix, diminishing copper-dependent

cytochrome ¢ oxidase activity and thereby reducing cellular respiration (Costa et al.,

2010; Teodoro et al., 2011; Vest et al., 2013).
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+ Ag" and AgNPs modulate transcriptional, epigenetic, and metabolic networks,

significantly altering essential cellular functions in fungi and bacteria (Das & Ahmed,

2012; Dubey et al., 2015; Marathe et al., 2021). Downregulation of genes involved in

the tricarboxylic acid cycle, redox metabolism, ergosterol biosynthesis, and lipid

metabolism leads to structural perturbations at the membrane level (Babele et al., 2019;

Barros et al., 2021; Horstmann et al., 2019; Marathe et al., 2021; Radhakrishnan,

Dwivedi, et al., 2018).

In summary, demonstrated modes of action include protein denaturation, ROS
overproduction and antioxidant depletion, membrane structural impairment (disruption and
altered permeability), mutagenesis, and modulation of transporter gene expression (Carrapigo
et al., 2023; Lemire et al., 2013). Membrane fluidity and metabolic activities are disrupted
due to morphological alterations and membrane depolarization, culminating in cellular
damage. Leakage of intracellular molecules (enzymes, proteins, metabolites, DNA) results
from structural compromise. Furthermore, AgNPs can generate abnormal pores in microbial
cell walls, facilitating nanoparticle ingress into extracellular and intracellular compartments.
1.4.2. Factors modulating the antimicrobial activity of silver nanoparticles

Parallel to mechanistic elucidation, many studies have characterized physicochemical
properties of AgNPs influencing antimicrobial efficacy—particularly size, surface chemistry,
and charge. Available evidence indicates that bactericidal and fungicidal activity is primarily
determined by particle size, surface properties, and applied concentration. Smaller AgNPs are
generally more toxic (Kong et al., 2020).

1.4.3. Applications of silver nanoparticles in agriculture and plant disease management

Sustainable agriculture is prioritized due to severe yield losses caused by pests and
fungal pathogens, which account for roughly 80% of plant disease incidence globally. Although
conventional fungicides are effective, environmental and food safety concerns have prompted
usage restrictions. Biogenic silver nanoparticles have emerged as environmentally friendly,
effective, and cost-efficient alternatives for controlling phytopathogenic fungi. Numerous
studies have substantiated the critical role of AgNPs in suppressing plant pathogens, opening
new avenues for sustainable crop protection.

A growing body of literature demonstrates that AgNPs possess not only antibacterial but
also strong antifungal activity. Mahdizadeh et al. (2015) showed potent inhibition of Pythium
aphanidermatum, Macrophomina phaseolina, Sclerotinia sclerotiorum, and Rhizoctonia solani
(75-100% inhibition) at concentrations of 6-16 mg/L. Haroon et al. (2019) reported
Azadirachta indica-derived AgNPs effectively inhibiting Penicillium, Aspergillus, Fusarium,
and Ralstonia solanacearum. Malandrakis et al. (2019) compared Cu, Ag, and Zn nanoparticles
against seven phytopathogenic fungi; on PDA medium, Cu and Zn nanoparticles were more
inhibitory than AgNPs, yet in vivo on plum fruit AgNPs achieved up to 100% inhibition at 1000
pg/ml—attributed to reduced silver toxicity in nutrient-rich PDA versus plant tissue surfaces.
Ganash et al. (2018) observed that AgNPs induced spore deformation, growth inhibition, and
altered amino acid synthesis in Fusarium culmorum and Alternaria alternata, surpassing silver
nitrate. Kriti et al. (2020) documented significant antifungal activity of silver citrate
nanoparticles against Bipolaris sorokiniana and Alternaria brassicicola. Tarazona et al. (2019)
demonstrated complete inhibition of Fusarium hyphal growth by silver citrate nanoparticles
after 20-30 h exposure. Reyes et al. (2022) reported Larrea tridentata-derived AgNPs inhibited
Alternaria solani (70.76%) and Botrytis cinerea (51.75%) at 60 ppm, with variable effects on
other species. Ribeiro et al. (2023) synthesized AgNPs from mangrove fungi in Brazil, noting
inhibition of various phytopathogens with MIC values from 4 to 250 uM. Recently, Singh et al.
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(2024) reported neem leaf-derived AgNPs completely inhibited certain phytopathogenic fungi
at 2000 ppm and exhibited cytotoxicity toward US7MG cancer cells, suggesting biomedical
potential. In the past 2-3 years, RNA-seq transcriptomic analyses have been increasingly
applied to elucidate molecular antifungal mechanisms of AgNPs, providing insights into their
multifaceted modes of action at cellular and genetic scales.

Numerous global studies have highlighted the significant potential of silver
nanoparticles (AgNPs) in inhibiting a diverse array of agriculturally important phytopathogenic
fungi, while also elucidating the molecular mechanisms that underpin their antifungal efficacy.
Building on these advancements, Vietnamese researchers are actively investigating the
application of AgNPs for managing fungal diseases prevalent in local crop production systems.
These collective efforts not only enhance the effectiveness of crop protection strategies but also
contribute to the promotion of sustainable agricultural practices in Vietnam.

For instance, Luan et al. (2014) evaluated the antifungal properties of silver-chitosan
nanoparticles against Phytophthora capsici, a pathogen responsible for rapid death in pepper
plants. Synthesized via gamma irradiation (Co-60) with 1% chitosan as a stabilizer, these
AgNPs exhibited inhibition rates ranging from 22.6% to 92.9% at silver concentrations between
20 and 100 ppm, with the smaller nanoparticles (5 nm) achieving complete inhibition at a
concentration of 40 ppm. In another significant study, Ngoc et al. (2015) reported that silver
nanoparticles synthesized chemically in the presence of chitosan and citric acid (ranging from
2 to 10 nm) displayed remarkable antifungal activity against several plant pathogenic fungi,
notably Fusarium oxysporum, with inhibition rates reaching as high as 79.57% at a
concentration of 100 mg/L. Chau et al. (2017) successfully synthesized spherical
Ag/CTS/Bentonite nanoparticles (5-90 nm) that inhibited Fusarium oxysporum and
Rhizoctonia solani by 66.7% and 92.8%, respectively, at 400 ppm. Chau et al. (2020) showed
that a combination of silver and copper nanoparticles (Ag/Cu ratio 30/18) inhibited
Neoscytalidium dimidiatum by 72.9%, outperforming silver alone. Recent studies by Danh et
al. (2024) synthesized 18 nano-bioformulations from turmeric resin combined with silver and
chitosan, demonstrating effective antifungal activity against Colletotrichum spp., with
inhibition rates between 15.55% and 46.72%, and controlling Phytophthora spp. with 13.78%
to 65.98% inhibition.

Another research direction—beyond assessing antimicrobial activity—examines
interactions between nanomaterials and plants, including potential impacts of AgNPs on plant
growth and development.

CHAPTER I1. MATERIALS AND METHODS
2.1. MATERIALS

Pathogenic agents on lotus were collected and isolated from cultivation sites across
Hue City. The silver nanoparticle solution was provided by the Department of Physics,
University of Sciences, Hue University. The nanoparticles were biosynthesized from Aloe
(Aloe barbadensis) extracts, with particle diameters ranging from 5-40 nm. The stock
solution concentration was 40 mg/L.

2.2. METHODS

2.2.1. Collection and Isolation of pathogens from lotus leaves
Symptomatic leaf samples were rinsed with sterile distilled water (SDW), and small
tissue segments (5 x 5 mm) were aseptically excised from lesion margins. Segments were
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surface-sterilized sequentially in 1% (w/v active) sodium hypochlorite (NaOCIl) for 1 min,
followed by 70% (v/v) ethanol for 15 s, then rinsed three times in SDW. After blot-drying on
sterile filter paper, segments were placed onto water agar (WA) plates and incubated at 30°C
in darkness. Emerging hyphae from host tissues were transferred to potato dextrose agar
(PDA) plates and incubated at 30°C in darkness. Pure cultures were obtained by subculturing
hyphal tips onto fresh PDA.

2.2.2. DNA extraction, PCR amplification, and sequencing

Seven-day-old mycelia from isolated strains grown on PDA were aseptically scraped
using a sterile scalpel. Genomic DNA was extracted using a commercial Genomic DNA
Extraction Kit (ABT, Vietnam) following the manufacturer’s protocol.

Each PCR reaction (50 pL total volume) contained: 25 pL. GoTaq Green 2X Master Mix
(Promega, USA), 5 pL template gDNA (20-100 ng), 5 uL of each primer (10 pmol/uL), and 15
uL nuclease-free ddH-O (Promega, USA). Primers selected for amplifying specific gene/locus
regions are listed in Table 2.1. Verification of PCR amplification was performed via agarose gel
electrophoresis (1% agarose, 1x TAE buffer; Thermo Fisher Scientific, Lithuania) at 75 V for 35
min. DNA bands were visualized under UV transillumination. PCR products were purified and
commercially sequenced by FirstBASE (Malaysia).

Table 2.1. Primers and fungal target used in the study

Gene/locus Primer Sequence (5°—3’) References Target
Internal ITS1 TCC GTA GGT GAA CCT GCG G ]
. White et al.
transcribed spacer TS5 GGAAGTAAAAGT CGTAACAAGG (1999 All genus
(TS) 1TS4 TCC TCC GCT TAT TGA TAT GC
GDF1 GCC GTC AAC GAC CCC TTC ATT
-3- GA Templeton et al.
Glyceraldehyde-3 empleton et a Colletotrichum
phosphate GGG TGG AGT CGT ACT TGA GCA (1992)
GDRI1
dehydrogenase TGT
(GAPDH) gpdhl-F CAA CGG CTT CGG TCG CAT TG Curvularia,
Berbee et al. (1999) .
gpdh2-R GCC AAG CAG TTG GTT GT GC Exserohilum
Actin ACT-512F ATGTGCAAGGCCGGTTTCGC Carbone & Kohn .
Colletotrichum
(ACT) (1999)
ACT-783R TAC GAG TCC TTC TGG CCC AT
TGG GGC AAG GAT GCT TGG AAG
. CHS-79F
Chitin synthase AAG Carbone & Kohn )
Colletotrichum
(CHS-1) (1999)
TGG AAG AAC CAT CTG TGA GAG
CHS-354R
TTG
Tl AAC ATG CGT GAG ATT GTAAGT 0, onnell &
C]gelnlk (1997) LaSlOdlplOdl(l
. Nigrospora
B-tubulin 2 )
GGTAACCAAATCGGTGCTGCTTTC Glass & Donaldson,  Colletotrichum
(TUB2) Bt2a i
(1995) Diaporthe
Glass & Donald Neopestalotiopsis
Bt2b ACCCTCAGTGTAGTGACCCTTGGC ass & Lonaieson.

(1995)
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ApM-F TCATTC TAC GTATGT GCC CG
Apn2-Matl-2 . .
Silva et al. (2012) Colletotrichum
(ApMat)
ApM-R CCA GAA ATA CAC CGAACT TGC
EF1.983F GCY CCY GGH CAY CGT GAY TTY Lasiodiplodia
Translation AT Neofusicoccum
elongation factor Schoch et al. (2009) NigrospoT’a
1-alpha EF1-3218R ATG ACA CCR ACR GCR ACR GTY Colletotrichum
(TEF1-0) i TG Diaporthe
Neopestalotiopsis
Large Subunit LROR ACC CGC TGA ACT TAA GC ﬁzhgr;er & Samuel
ribosomal RNA ( ) ) Curvularia
Vilgalys & Hester
(LSU) LR5 TCC TGA GGG AAA CIT CG (1990)

2.2.3. Phylogenetic analysis

Raw DNA sequences obtained from both strands were processed using BioEdit v7.0.5
software (Hall, 1999). For the phylogenetic analysis, sequences of reference species and related
taxa were downloaded from NCBI GenBank. Downloaded sequences were aligned together with
the sequences obtained in the present study using MUSCLE within MEGA 11 software under
default parameters (Hinchliff & Roalson, 2013; Kumar et al., 2018) and manually corrected using
Bioedit. All gaps were treated as missing data. Concatenation of the aligned loci was conducted
using MEGA 11.

A multi-locus phylogenetic tree was constructed based on Maximum Likelihood (ML)
analysis using IQ-TREE v2.1.3 (Minh et al., 2020). The ModelFinder was used to determine the
best-fit model (Kalyaanamoorthy et al., 2017). Branch support was determined using 10,000
ulfabootstraps, a Bayesian posterior probabilities support and 10,000 SH-aLRT bootstrap
replicates.  Resulting  phylogenies  were  visualized using  FigTree v1.4.4
(http://tree.bio.ed.ac.uk/software/figtree) (Rambaut, 2018) or Interactive Tree of Life (iTOL) v6
(Letunic & Bork, 2021), and processed by PowerPoint and Adobe Illustrator CC 2021. The
nucleotide sequence data of the new taxa were deposited in GenBank

Species boundaries were delineated using the Genealogical Concordance Phylogenetic
Species Recognition (GCPSR) model to analyze species with ambiguous phylogenetic signals,
following the approach described by Quaedvlieg et al. (2014). Relationships among closely
related taxa were further investigated by constructing a phylogenetic split network from the
concatenated multi-locus dataset, employing the LogDet transformation and NeighborNet/Split
Decomposition algorithms. The Poisson Tree Processes (PTP) analysis was performed using the
ML phylogenetic matrix generated above.

2.24. In vitro assessment of the antifungal activity of silver nanoparticles against lotus
pathogenic fungi
2.2.4.1. Effect of silver nanoparticles on fungal mycelial growth

Pure fungal plugs (diameter 5 mm) were excised from the edge of 3 days old cultures
grown at 30°C and placed centrally on Petri dishes (9 cm diameter, maximum growth diameter
8.5 cm) containing potato dextrose agar (PDA) amended with different concentrations of silver
nanoparticles (Control, 0.1, 1, 4, 10, 20, and 30 mg/L). Hexaconazole (Anvil 5SC, Syngenta) at
the recommended concentration of 0.2% (active ingredient concentration: 50 g/L) was used as a
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commercial control. Cultures were incubated under the same conditions. Each concentration was
tested in triplicate. Colony diameters were measured at 3, 5, and 7 days post-inoculation (dp1)

The mycelial growth inhibition (MGI, %) was calculated according to a modified formula
described by Abbott (1925).

HLUC(%) = [ ]xlOO

Macroscopic morphological characteristics of the fungal colonies—including colony
pigmentation, margin morphology, and conidial structures—were systematically observed.
2.2.4.2. Determination of silver nanoparticles sensitivity (ECso)

The sensitivity of the silver nanoparticles (AgNPs) to the isolated fungal strains on solid
(agar) medium was expressed as the ECso value. ECso was estimated using three approaches: (i)
linear logarithmic regression, (ii) log-space interpolation, and (ii1) nonlinear Probit regression
with log10 transformation. Models were constructed from dose—response data pairs (dose: logio-
transformed AgNP concentration; response: normalized inhibition efficacy) in R 4.4.0. Dose—
response datasets were obtained from in vitro assays evaluating mycelial growth inhibition on
PDA at different AgNP concentrations. A descriptive quartile-based statistical method was used
to classify sensitivity groups of the test isolates to AgNPs based on their ECso values.

2.24.3. Determination of Minimum Inhibitory Concentration (MIC) and Minimum
Fungicidal Concentration (MFC)

Determination of the minimum inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) of AgNPs followed Clinical and Laboratory Standards Institute (CLSI)
guidelines with modifications to accommodate the maximum stock concentration (40 mg/L). A
dilution series (wells 2-10) was prepared in 200 pL (medium + AgNPs) so that, after adding 20
uL of spore suspension 1x10°CFU/mL, the final test range was 0.078125-20 mg/L. Well column
11 received 200 pL of the undiluted stock (40 mg/L), yielding a final concentration of 36.364
mg/L. Negative control (1% DMSO) and growth control (medium + spore suspension only) were
included in each plate. Plates were incubated for 48—72 h at 37°C, 150 rpm. Then 20 pL of
resazurin solution was added to each well (final active concentration: 44 pM) and incubation
continued in darkness for 48 h. A color change from blue to pink or colorless indicated metabolic
activity of viable spores. MIC was defined as the lowest concentration showing no visible fungal
growth and no resazurin color shift. MFC was determined by subculturing 30 puL. from MIC,
2xMIC, and 4xMIC wells onto PDA; plates without colony emergence after 48 h were recorded
as MFC. Fungicidal or fungistatic efficacy was evaluated by the MFC/MIC ratio: MFC/MIC<4
indicates fungicidal activity; MFC/MIC>4 indicates fungistatic activity. All tests were performed
in duplicate and repeated twice independently. All tests were performed in duplicates and
repeated twice independently.
2.2.4.4. Effect of silver nanoparticles on fungal biomass

Fungal biomass was estimated by measuring the dry weight of mycelia grown in liquid
culture (Potato Dextrose Broth — PDB). After 3 days of incubation at 30°C and 180 rpm shaking,
mycelia were harvested and washed twice with sterile distilled water (SDW) to remove residual
medium. Biomass samples were dried to constant weight on Whatman filter paper. Dry weight
(mg) was calculated by subtracting the initial filter paper weight. Biomass values represent the
mean of three independent replicates.
2.2.4.5. Determination of extracellular electrical conductivity (EEC) and nucleic acid leakage
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Extracellular electrical conductivity (EEC) was assessed following Zhang et al. (2019) with
minor modifications. A 30 pL aliquot of spore suspension 10°CFU/mL was inoculated into PDB
and incubated at 30°C, 150 rpm for 7 days. After washing twice with SDW, mycelia (0.5 g) were
transferred into 50 mL Erlenmeyer flasks containing 25 mL SDW (Control) or AgNP solutions at
5 and 30 mg/L. Flasks were incubated at 30°C (shaker), and EEC (uS/cm) was recorded at 3, 12,
24, 36, and 48 h using a conductivity meter. Experiments were performed in triplicate.

Nucleic acid leakage was quantified as optical density at 260 nm (OD260). Mycelia grown
7 days in PDB were harvested, washed, and 0.5 g was placed into 50 mL Falcon tubes containing
25 mL SDW (Control) or AgNPs at 5 and 30 mg/L. Supernatants were collected at 3, 12, 24, 36,
and 48 h, centrifuged at 4,000 rpm for 3 min, and clarified supematants were measured
spectrophotometrically (UV-Vis) at 260 nm.
2.2.4.6. Determination of Malondialdehyde (MDA) content

Lipid peroxidation was assessed via malondialdehyde (MDA) content using the
thiobarbituric acid (TBA) reaction (Senthilkumar et al., 2021). Mycelial pellets (48 h time point,
post-treatment) were homogenized in liquid nitrogen with 5 mL 5% (w/v) trichloroacetic acid
(TCA), then centrifuged at 12,000 g for 10 min (room temperature). The supernatant was mixed
1:1 (v/v) with 0.67% TBA in 20% (w/v) TCA, heated at 95°C for 30 min, cooled, and centrifuged
at 10,000 g for 10 min. Absorbances were read at 450, 532, and 600 nm.

Cwvpa (umol/L) = 6,45 x (As32—Asoo) — 0,56 x Aaso
MDA (nmol/ g FW) = Cumpa x Vo x (V/ Vo)/(FW x 109
where 4450, 4532, and 4600 are absorbances at respective wavelengths, Vo: volume of reaction
mixture, Vi total volume of crude extract, V.. volume of sample used for absorbance
measurement, and FW: fresh weight of mycelia (g).
2.2.4.7. Determination of ergosterol content in fungal mycelia

Ergosterol content was quantified according to Arthington-Skaggs et al. (1999) with slight
modifications. Mycelia were collected by filtration, washed three times with saline solution, and
excess liquid was removed by filter paper. One gram of wet mycelia was mixed with 5 mL of
25% (w/v) potassium hydroxide in ethanol and vortexed for 2 minutes. The mixture was
incubated at 85°C for 2 hours in a water bath. Then, 2 mL sterile water and 5 mL n-hexane were
added and vortexed for 2 minutes. The hexane layer was collected and analyzed by UV-Vis
spectrophotometry.

Ergosterol content (%) was calculated as:

Ergosterol (%) = (A282/290)/FW- (A230/518)/FW

where 4282 and 4230 are absorbance values at 282 nm and 230 nm, respectively, and
FW: wet weight of mycelia.
2.2.4.8. Determination of antioxidant enzyme activities

Superoxide dismutase (SOD) activity was measured following the method described
by Oury et al. (1992). A 3 mL reaction mixture containing 100 mM phosphate buffer saline
(PBS), 0.2 M methionine, 2.25 mM nitro blue tetrazolium chloride (NBT), 30 mM EDTA, 60
UM riboflavin, and 1.5 M sodium carbonate was mixed with 100 puL. enzyme extract and
incubated for 10 minutes in the dark. SOD activity was expressed as units per pg protein,
where one unit corresponds to the enzyme amount causing 50% inhibition of NBT reduction,
measured at 560 nm.

Catalase (CAT) activity was determined by adding 0.5 mL enzyme extract to 2 mL PBS
(50 mM, pH 7), followed by 0.5 mL of 30 mM hydrogen peroxide (H20»). The decrease in
absorbance at 240 nm due to H202 decomposition was recorded as per Aebi’s protocol (1984).
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A blank control containing phosphate buffer and H>O; (2:1) was included. CAT activity was
expressed as units per mg protein.
2.2.5. Data analysis

Data were analyzed using IBM SPSS 23.0 (IBM Corp., Armonk, NY, USA) and DATAtab
(Graz, Austria). All experimental values are presented as mean + standard deviation (SD).
Differences among treatments were assessed using the Tukey test. Statistical significance was
considered at p<0.05 or p<0.01.

CHAPTER III. RESULTS AND DISCUSSION

3.1. DIVERSITY OF PATHOGENIC AGENTS ON CULTIVATED LOTUS (N
NUCIFERA)

From 392 diseased lotus samples collected at 65 cultivation sites in Hue City (April 2021
— June 2024), a total of 174 fungal isolates were obtained. Based on morphological screening and
verification by artificial inoculation following Koch’s postulates, 81 isolates were confirmed as
pathogenic agents on N. nucifera. Among these, 48 isolates were recovered from the high-yield
pink lotus cultivar (Dong Thap lotus), and 33 isolates originated from white lotus cultivars. The
pathogenic fungi on lotus belonged to the phylum Ascomycota, distributed across three classes:
Dothideomycetes, Eurotiomycetes, and Sordariomycetes, encompassing seven major families:
Pleosporaceae,  Botryosphaeriaceae,  Diaporthaceae,  Aspergillaceae, Apiosporaceae,
Sporocadaceae, and Glomerellaceae.

At the genus level, nine fungal genera were associated with lotus leaf disease symptoms.
The genus Curvularia (Pleosporaceae) was the most prevalent, with 26 isolates primarily causing
leaf spot symptoms; Exserohilum (Pleosporaceae) included 5 isolates linked to brown leaf blight
symptoms. The family Botryosphaeriaceae accounted for 20 isolates belonging to
Neofusicoccum (9 isolates) and Lasiodiplodia (11 isolates), mostly associated with wilting and
petiole rot symptoms. The genus Colletotrichum (Glomerellaceae) with 13 isolates was the main
causal agent of anthracnose and leaf rot. Nigrospora (Apiosporaceae) and Neopestalotiopsis
(Sporocadaceae) were represented by 3 isolates each. The genus Diaporthe (8 isolates) caused
brown spots with low and unstable virulence. Aspergillus (Aspergillaceae) was also recorded as
an opportunistic pathogen causing lotus leaf rot when physical injuries were present.
3.1.1. Distribution characteristics of pathogenic agents on lotus by genus, cultivar, geography,
and habitat

Geographical analysis of pathogenic fungi on pink and white lotus in Hue City showed
uneven distribution among districts. Phu Xuan exhibited the highest frequency and diversity with
40 isolates (~50% of the total), representing 8 of 9 genera. Other localities such as Thuan Hoa,
Phong Dien, and Huong Tra also yielded substantial isolate numbers, whereas Phu Vang
contributed few isolates due to limited sampling and localized lotus distribution. Curvularia was
the most widespread genus (26 isolates) present in 6/7 surveyed areas, concentrated in Phu Xuan
and Thuan Hoa. Colletotrichum and Lasiodiplodia were concentrated in Phu Xuan and Phong
Dien; genera such as Neopestalotiopsis and Nigrospora showed restricted occurrence, presumably
linked to microenvironmental conditions and host cultivar.

Habitat analysis (field plots, lakes, containers) indicated that field plots harbored the greatest
genus richness and isolate numbers, dominated by Curvularia, Lasiodiplodia, and Exserohilum.
Curvularia and Colletotrichum occurred across all three habitat types, with Colletotrichum
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relatively more prevalent on white lotus, while Lasiodiplodia predominated on pink lotus in fields.
Some genera (Neopestalotiopsis, Nigrospora, Diaporthe) appeared mainly in lake or container
habitats and were uncommon in field settings. Additionally, Exserochilum, Neopestalotiopsis, and
Aspergillus were only recorded on pink lotus, suggesting niche- and host-specific adaptation.
Overall, distribution patterns of pathogenic fungi on lotus in Hue City were strongly
influenced by cultivar, habitat type, and geographic location. Pink and white lotus differed in
dominant fungal genera. Field habitats supported the greatest pathogenic diversity. Spatial
heterogeneity among districts likely reflects environmental variation and cultivation practices
specific to each habitat and cultivar.
3.1.2. Diversity of pathogenic fungal species on lotus based on molecular biology techniques

In this study, we integrated DNA sequencing and multilocus phylogenetic analysis with
morphological traits, distributional data, and host specificity to achieve precise identification of
pathogenic fungi. This comprehensive approach resolved cryptic species, species complexes within
eight genera and improved the accuracy of pathogen delimitation.

Table 3.1. Fungal isolates identified to species level in this study.

Newly
recorded
on lotus in
Vietnam

Newly
recorded
in Vietnam

Newly
recorded
on lotus

New

Genus .
species

Isolates Species

VNHUCCNEL104
VNHUCC.NEL203
VNHUCC.NEL134
VNHUCCNEL18

Neofusicoccum N. parvum - + + +

VNHUCC.NEL38
VNHUCC.NEL19
VNHUCC.NEL250
VNHUCC.NEL253
VNHUCC.NEL107
VNHUCC.NEL16

Lasiodiplodia L. theobromae - - - -

VNHUCC.NEL30
VNHUCC.NELA31
VNHUCC.NEL233

Nigrospora N. lacticolonia - + + +

VNHUCC.NEL282 .
VNHUCCNEL92 Colletorichum - - + -
VNHUCCNEL39D] ~ fructicola

VNHUCC.NEL70
VNHUCC.NEL79
VNHUCC.NEL10
VNHUCC.NEL72
VNHUCC.NEL172

. C. siamense - = = +
Colletotrichum

VNHUCC.NEL71 C. tropicale - I

VNHUCC.NELS52

C. endophyticum - -

VNHUCC.NEL92
VNHUCC.NEL102

C. plurivorum

Curvularia

VNHUCC.NELS53

Curvularia. asiatica

VNHUCC.NEL301
VNHUCC.NEL95

C. senegalensis

S S I R

+ |+ + |+|+

VNHUCC.NEL35
VNHUCC.NEL300
VNHUCC.NEL66

C. plantarum
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VNHUCC.NEL68
VNHUCC.NEL69
VNHUCC.NEL32
VNHUCC.NEL93
VNHUCC.NEL100 C. lunata - - +
VNHUggﬁE%I C. dactyloctenicola + + +
VNHUCC.NELS51 N
VNHUCC NEL305 C. radicifolligena + + +
VNHUCC.NEL42 C. suttoniae + + +
VNHUCC.NELI137
. VNHUCC.NEL136
Exserohilum VNHUCC NEL34 E. rostratum + + +
VNHUCC.NELS56
Neopestalotiopsis  VNHUCC.NELI13 ]S\;wp estalotiopsis 4 4 + 4
Aspergillus VNHUCCNELO3 A ﬁngatus - - 4 <
VNHUCC.NEL160 A. niger - - + <
VNHUCC.NELS3
- VNHUCC NELS89 D. tectonae - + A o
Diaporthe VNHUCCNEL21 T . . i
VNHUCCNEL20 - HONGRONGENSIS -
Total 1 13 17 20

3.2. EVALUATION OF THE EFFECT OF SILVER NANOPARTICLES ON
PATHOGENS CAUSING DISEASES IN LOTUS IN VIVO

3.2.1. Effect of silver nanoparticles on fungal growth on solid media

3.2.1.1. Inhibitory effect of silver nanoparticles on fungal mycelial growth

The results showed that most fungal isolates exhibited a clear trend: as the
concentration of silver nanoparticles (AgNPs) increased, the inhibition of mycelial growth
also increased, reflected by reduced colony diameter. Exposure to lower concentrations (< 1
mg/L) did not result in significant inhibition compared to the control. However, several
Curvularia isolates, such as C. dactyloctenicola (VNHUCC.NELS7), C. radicifoliigena
(VNHUCC.NELS1), C. verruculosa (VNHUCC.NEL74), C. suttoniae (VNHUCC.NELA42),
and C. [unata (VNHUCC.NEL100) —displayed high “sensitivity” at low AgNP
concentrations. Specifically, mycelial growth inhibition ranged from 4.17-15.19% at 0.1
mg/L and 3-25.53% at 1 mg/L. In contrast, Hexaconazole exhibited limited inhibitory
efficacy in many cases: 16/29 isolates showed inhibition below 25% after 7 days, although
complete inhibition was still observed for several pathogens, such as VNHUCC.NEL37,
VNHUCC.NEL31  (Curvularia sp.), VNHUCCNEL42 (C. suttoniae), and
VNHUCC.NELS9 (D. tectonae).

Silver nanoparticles demonstrated consistent inhibitory activity, particularly at higher
concentrations (> 10 mg/L). At 10 mg/L, 5/29 isolates exhibited >50% growth reduction; this
increased to 14/29 at 20 mg/L. Notably, at 30 mg/L. AgNPs produced the highest efficacy: 27/29
isolates (93.10%) showed >50% inhibition, and 17/29 exceeded 70% inhibition. Curvularia
isolates—already sensitive at low concentrations—showed even stronger suppression at
elevated AgNP levels, underscoring the potential of AgNPs for managing Curvularia-
associated diseases. At concentrations >20 mg/L, silver nanoparticles not only suppressed
Curvularia but also achieved substantial inhibition (>55% compared with control) of
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pathogenic isolates belonging to Diaporthe, Nigrospora, Exserohilum, Neofusicoccum, and
Aspergillus. Collectively, these findings position AgNPs as a promising, broad-spectrum and
sustainable alternative for integrated management of lotus diseases.

Responses to AgNPs were heterogeneous. While many isolates were highly sensitive,
certain isolates, such as VNHUCC.NEL80 (Curvularia sp.) and VNHUCC.NEL72
(Colletotrichum siamense) was minimally or not noticeably affected. Not all isolates exhibited
a linear dose-response relationship—for example, exposure of VNHUCC.NEL57 (C.
dactyloctenicola) to 0.1 mg/L AgNPs resulted in a slight growth increase relative to the control.
A non-linear pattern (lower inhibition at 1 mg/L than at 0.1 mg/L) was also observed in
VNHUCC.NEL37 (Curvularia sp.), VNHUCC.NEL32 (C. plantarum), VNHUCC.NELA2 (C.
suttoniae), and two isolates of C. siamense (VNHUCC.NEL10, VNHUCC.NEL70).
3.2.1.2. Sensitivity of fungi to silver nanoparticles (ECsg value)

Variation in antifungal sensitivity to AgNPs reflects the biological diversity and unique
physiological traits of individual isolates, as well as their adaptive responses to environmental
stress and treatment pressure. The ECso (the AgNP concentration producing 50% inhibition of
fungal growth) was determined by analyzing dose-response curves on agar with multiple
concentrations. Three regression approaches were applied: nonlinear Probit regression with
logio transformation, linear interpolation on the logio concentration axis, and log-linear
regression—to ensure analytical robustness and model suitability.

Using logio Probit regression, ECso values for the 29 isolates ranged from 3.422 to
43.543 mg/L, with a median of 18.88 mg/L and a mean of 19.75 mg/L. Fifty percent of ECso
values (IQR) fell between 11.98 mg/L (Q1) and 26.70 mg/L (Q3). Appropriate model selection
was critical for improving accuracy, consistency, and comparability when evaluating AgNP
efficacy.
3.2.1.3. Effects of silver nanoparticles on colony morphology
Color changes of fungal colonies: Exposure to AgNPs on agar plates caused significant
color changes on colony surfaces, including:

+ Expansion of white/light areas on the upper surface and dark radial streaks on the

reverse side.

+ Pigment secretion: Some isolates, such as Curvularia VNHUCC.NEL37 secreted

brown pigments into the medium at 20 mg/L. AgNPs.
Colony morphological abnormalities:

+ Increased development of aerial mycelium instead of typical horizontal radial

expansion optimized for nutrient acquisition.

+ Aberrant colony margins: undulate/wavy edges emerged under AgNP exposure,

likely due to structural alterations and internal cellular changes causing uneven hyphal

contraction over time. Curvularia lunata (VNHUCC.NEL100) showed pronounced
sensitivity—distinctly wavy margins appeared even at 0.1 mg/L. Similar margin
alterations were also observed in Neofusicoccum parvum (VNHUCC.NELI1S8) and

Colletotrichum plurivorum (VNHUCC.NEL92) at > 10 mg/L.

+ Changes in colony texture: Two distinct colony textures were observed following

exposure to silver nanoparticles (AgNP). A majority of the samples developed

enhanced aerial mycelium, characterized by cottony to floccose surfaces. This group
included Curvularia spp. (VNHUCC.NEL74, NEL51, NEL37, NEL8O), Exserohilum
rostratum  (VNHUCC.NELS56), Neopestalotiopsis sp. (VNHUCC.NEL13),

Nigrospora  lacticolonia  (VNHUCC.NEL30), and Colletotrichum  spp.
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(VNHUCC.NELO91, NEL71). In contrast, a smaller subset displayed a transition
toward flatter, more appressed colonies, specifically Neofusicoccum parvum
(VNHUCC.NELI18) and Curvularia senegalensis (VNHUCC.NEL9S).

3.2.2. Effect of silver nanoparticles on fungal growth in liquid media

Eight representative isolates (Table 3.3) were selected based on taxonomic diversity,
AgNP sensitivity (ECso), rapid growth rate, and partial (not complete) inhibition profiles,
facilitating observation of treatment effects. Genera such as Neofusicoccum, Nigrospora,
Neopestalotiopsis, and Diaporthe were excluded due to prolonged sporulation time, complex
spore diversity, or strong suppression limiting detailed evaluation.
3.2.2.1. Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal
Concentration (MFC)

Resazurin is a redox indicator dye widely used to assess metabolic activity and cell
viability in cytotoxicity and antifungal susceptibility assays (Serrano et al., 2023). Broth
microdilution assay results (Table 3.3) showed AgNP MIC values ranging from 0.3125 to 5
mg/L among the representative isolates. Three isolates—VNHUCC.NEL10 (Colletotrichum
siamense), VNHUCC.NELS1 (Curvularia radicifoliigena), and VNHUCC.NEL74 (C.
verruculosa)—were highly sensitive with very low MICs (0.3125 mg/L). Although AgNPs
inhibited all tested isolates, fungicidal activity was not observed (MFC/MIC ratio > 4) for
some  isolates, including @ VNHUCC.NEL38  (Lasiodiplodia  theobromae),
VNHUCC.NELS56 (Exserohilum rostratum), and VNHUCC.NELS80 (Curvularia sp.). This
was confirmed by culturing from MIC-treated plates on PDA medium

Table 3.3. Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration

(MFC) values of representative isolates determined by 96-well microdilution assay

Isolates Genus/Species MIC MFC MFC/MIC
VNHUCC.NEL93 Curvularia plantarum 2.5 5 2
VNHUCC.NELS8O Curvularia sp. 1.25 10 8
VNHUCC.NEL74 C. verruculosa 0.3125 20 64
VNHUCC.NELS1 C. radicifoliigena 0.3125 0.3125 1
VNHUCC.NEL56 E. rostratum 1.25 5 4
VNHUCC.NEL160  A. niger 5 10 2
VNHUCC.NEL38 L. theobromae 1.25 ND ND
VNHUCC.NEL10 Colletotrichum siamense 0.3125 0.625 2

Note: ND (Not Detected): no fungicidal activity detected. MFC is defined as the lowest
concentration at which no fungal growth was observed on PDA plates after 48 hours of
incubation.

Based on the MIC determinations in Section 3.2.2.1, a common MIC (MICc) of 5
mg/L. was selected as a reference threshold to evaluate responses across the eight
representative isolates. An over-threshold concentration (30 mg/L) was additionally included
for concurrent assays on biomass production, membrane integrity, and enzyme activity.
3.2.2.2. Effect of silver nanoparticles on fungal biomass

Mycelial development in PDB supplemented with AgNPs was markedly suppressed
after 3 days (Figure 3.27). Both 5 mg/L and 30 mg/L AgNP treatments produced clear biomass

reductions compared with the controls
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Fig 3.27. Effect of silver nanoparticles on biomass (dry weight) accumulation after 3
days of culture.

At 5 mg/L, AgNPs significantly reduced biomass in almost all isolates, with dry
biomass ranging from 13.17 mg (VNHUCC.NEL10 — Colletotrichum siamense) to 34.53 mg
(VNHUCC.NEL160 — Aspergillus niger), corresponding to 49.5-72% inhibition. Isolate
VNHUCC.NEL93 (Curvularia plantarum) showed the greatest reduction (72.3%). At 30
mg/L, biomass declined further in nearly all isolates, with yields after 3 days ranging only
from 11.73 mg (VNHUCC.NEL56) to 21.57 mg (VNHUCC.NEL160). Isolates
VNHUCC.NEL93 (C. plantarum), VNHUCCNEL74 (C. verruculosa), and
VNHUCC.NEL160 (A. niger) each exhibited >80% biomass reduction relative to the control.
Notably, isolates VNHUCC.NEL160 (4. niger) and VNHUCC.NEL38 (Lasiodiplodia
theobromae), which normally generates abundant biomass, was highly sensitive—showing
82.7% and 79.9% reductions, respectively, at 30 mg/L.

3.2.3. Effect of silver nanoparticles on biochemical characteristics and cell membrane
integrity

The cell membrane plays a crucial role in maintaining osmotic pressure and normal
cellular functions. It acts as a protective barrier by regulating the exchange of compounds
between the intracellular and extracellular environments and maintaining intracellular
homeostasis.
3.2.3.1. Leakage of intracellular components (nucleic acid — OD2¢0)

To further investigate the damage to the fungal cell membrane, extracellular
electrical conductivity and nucleic acid content (OD2¢0) in the medium were measured
after treatment with silver nanoparticles. Compared to the control group, treatment with
silver nanoparticles demonstrated increased permeability of the fungal hyphal membrane,
as evidenced by elevated leakage of intracellular substances, which correlated positively
with nanoparticle concentration and exposure time (Figure 3.28).

The measurement of OD2¢o in culture filtrates showed that both 5 mg/L. and 30 mg/L of
silver nanoparticles (AgNPs) significantly increased nucleic acid leakage compared to the
control. The leakage was greater at the 30 mg/L concentration and exhibited a progressive
increase over time, particularly noticeable after 24 hours. Isolate VNHUCC.NEL38 (L.
theobromae) demonstrated a distinct differentiation in OD2so between the two AgNP
concentrations from 12 to 48 hours. Some isolates, including VNHUCC.NEL74,
VNHUCC.NEL51, and VNHUCC.NEL10, exhibited a plateau or a decline in leakage after 36
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to 48 hours. This pattern may be attributed to extensive membrane disruption, leading to a
collapse in metabolic activity. Overall, these data confirm that AgNPs compromise membrane
integrity and induce the release of intracellular content.

Control AgNPs 5mg/L AgNPs 30mg/L
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Fig 3.28. Heatmap illustrating the effect of silver nanoparticles on the trend of OD2¢o values
of 8 different fungal isolates under various silver nanoparticle treatment concentrations. Each
concentration is represented within a specific block. The scale bar indicates ODa2go values.
3.2.3.2. Extracellular electrical conductivity (EEC)

Increases in extracellular electrical conductivity (EEC) provided functional evidence
of membrane damage induced by silver nanoparticles (AgNP) through ion leakage.
Significant elevations in EEC compared to the control were observed for most treatments (p
< 0.05), with only a subset of isolates at 5 mg/L after 3 hours showing no statistically
significant divergence. The 30 mg/L concentration elicited the strongest responses,
particularly at 48 hours (p <0.01).

The temporal profile revealed minor early changes (3—12 hours) followed by
pronounced increases at 36—48 hours, suggesting an initial buffering or adaptive phase
before progressive membrane destabilization. Relative (percent) normalization
highlighted isolate-specific variability: VNHUCC.NELS51 (Curvularia radicifoliigena)
demonstrated the highest increases (113.65% and 145.27% at 36 and 48 hours at 30 mg/L;
83.18% and 102.59% at 36 and 48 hours at 5 mg/L), followed by VNHUCC.NEL74 (C.
verruculosa) (124.83% at 5 mg/L; 84.70% at 30 mg/L at 48 hours). In contrast,
VNHUCC.NEL38 (Lasiodiplodia theobromae) exhibited limited elevation (34.33% and
64.33% at 48 hours for 5 and 30 mg/L, respectively).
3.2.3.3. Ergosterol content

Ergosterol is the principal sterol component of fungal membranes, playing a critical
role in regulating membrane permeability and fluidity, modulating the function and
distribution of integral membrane proteins, and controlling the cell cycle, thereby contributing
to the structural integrity of the cell membrane (Ouyang et al., 2021).

AgNP treatment significantly reduced ergosterol content across tested isolates (p <
0.05). No significant difference was detected between 5 mg/L and 30 mg/L for isolates
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VNHUCC.NEL38 (L. theobromae) and VNHUCC.NELS8O (Curvularia sp.), although both
treatments differed from the control (p < 0.05). Curvularia isolates VNHUCC.NEL93,
VNHUCC.NEL80, VNHUCC.NEL74, and VNHUCC.NEL51 each showed >50% reduction
at 30 mg/L. VNHUCC.NEL93 (C. plantarum) exhibited the greatest decrease (75%). Isolate
VNHUCC.NELS51 (C. radicifoliigena) showed only an 18.12% reduction at 5 mg/L but
pronounced sensitivity at 30 mg/L. Ergosterol in VNHUCC.NEL74 (C. verruculosa)
decreased by 57.32% vs the control and by 46.40% relative to the 5 mg/L treatment.
Representative isolates from other genera (VNHUCCNEL1O (C. siamense);
VNHUCC.NEL160 (4. niger); VNHUCC.NEL38 (N. parvum), VNHUCC.NEL56 (E.
rostratum) showed moderate reductions (37-52.13%) at 30 mg/L (p < 0.05).
3.2.3.4. Lipid peroxidation — Malondialdehyde (MDA)

Malondialdehyde (MDA), a lipid peroxidation end-product, is a conventional marker of

oxidative membrane damage (Castro et al., 2015; Zhao et al., 2016).
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Fig 3.33. MDA content (umol/g) after 48 hours of silver nanoparticle treatment.
A. Box plot showing the distribution of observed MDA values between the control group and
groups treated with  silver nanoparticles (5 mg/L and 30 mg/L).
B. Bar chart depicting differences in MDA content among individual isolates. Statistically
significant differences (p < 0.05) are indicated by “*” for each isolate.

Changes in intracellular MDA under different AgNP concentrations are presented in
Figure 3.33. Complementing nucleic acid leakage and EEC data, MDA levels increased in all
tested isolates after 48 h of AgNP exposure (Figure 3.33B). Both 5 mg/L and 30 mg/L
treatments significantly elevated MDA (p < 0.05), producing 1.2-3.1-fold increases over the
control. These findings indicate that AgNPs promote lipid peroxidation, undermining
membrane repair capacity, increasing permeability, and facilitating leakage of intracellular
constituents.
3.2.3.5. Effect of silver nanoparticles on antioxidant enzyme systems

Maintaining intracellular redox balance is crucial for cell viability, as excessive
reactive oxygen species (ROS) can disrupt this equilibrium. Under oxidative stress, both
enzymatic (e.g., superoxide dismutase (SOD), catalase (CAT)) and non-enzymatic
antioxidants play essential roles in mitigating ROS accumulation (Simongicova et al., 2018;
Su et al., 2020). Superoxide dismutase (SOD) serves as a primary defense enzyme, converting
superoxide radicals and preventing radical-mediated cascades (Mansoor et al., 2022).
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At the 48-hour, SOD activity significantly declined in most isolates at both
concentrations of silver nanoparticles (AgNP) (p < 0.05). The most substantial reduction
(67.98%) was observed in VNHUCC.NEL74 (Curvularia verruculosa) at a concentration
of 30 mg/L. Converselyy, VNHUCC.NEL10 (Colletotrichum siamense) and
VNHUCC.NELS56 (E. rostratum) exhibited increased SOD activity, suggesting an induced
antioxidant defense mechanism in response to persistent oxidative stress.

Catalase (CAT) activity demonstrated greater sensitivity to AgNP treatment, with
most isolates showing a significant decrease in activity compared to controls, particularly
at the 30 mg/L concentration (p < 0.05), with the exception of VNHUCC.NEL10 (C.
siamense). These observed shifts in enzymatic activity collectively indicate a compromised
capacity for ROS scavenging, contributing to the accumulation of oxidative damage.

3.2.4. Effects of silver nanoparticles on fungal growth at the microscopic level

Microscopic evaluation of fungal spores and hyphae was conducted to assess the internal
effects of silver nanoparticles on inhibiting the growth of fungal pathogens. The results revealed
that silver nanoparticles induced various morphological alterations on the hyphae and spores of
pathogenic fungi. Prominent morphological abnormalities observed included:

1. Hyphal deformation and loss or interruption of septa relative to normal development.

ii. Presence of an extracellular matrix-like material in controls—observed as fibrous or
cottony strands linking hyphae—suggestive of a biofilm layer, which was disrupted or altered
after AgNP exposure.

1. Many isolates exhibited significant cytoplasmic aggregation, with hyphae showing
shrinkage or abnormal deformation (constriction).

iv. Deformation and loosening of fungal hyphal knots/sclerotium-like structures; hyaline
fragmentation increased with higher AgNP concentrations. Enhanced surface area of AgNPs
likely promotes adhesion and diffusion across the fungal cell envelope, compromising membrane
integrity.

v. Accumulation of exogenous particulate material adhering externally and evidence of
internal deposition.

vi. Leakage of intracellular contents from  hyphae and  spores.

vii. Pigment depletion or, conversely, enhanced melanization/browning phenomena.
3.2.5. Modeling and hypothesized mechanism of silver nanoparticle action on fungal
growth inhibition

A hypothetical mechanistic model (Figure 3.41) was constructed, integrating
biomass data and biochemical indicators. Pearson correlation coefficients between relative
biomass reduction (target variable) and biochemical indicators: OD2so nucleic acid
leakage, extracellular electrical conductivity — EEC, malondialdehyde — MDA, ergosterol
— ERG, and the activities of SOD and CAT (Supplementary Figure 4.12). Among the
variables assayed under 5 mg/L and 30 mg/L AgNP exposure, MDA elevation and
ergosterol depletion emerged as the two principal factors most strongly associated with
biomass decline, supporting their central placement in the mechanistic pathway.

The entry of silver nanoparticles (AgNPs) into fungal cells constitutes the initiating
step of a cascade culminating in growth inhibition. The fungal cell wall—composed of a
chitin scaffold, B-glucans, mannoproteins, lipids, and structural polysaccharides—



23

presents multiple functional groups (carboxyl, amino, sulthydryl) that underpin surface-
level interactions (Ruiz-Herrera & Ortiz-Castellanos, 2019; Yoshimi et al., 2022). Prior
studies indicate that AgNP binding is mediated by electrostatic and/or coordination
interactions between these carboxyl, amino, and sulthydryl groups in the cell wall matrix
and nanoparticle surfaces (Mond¢jar-Lopez et al., 2023; Peng & Chen, 2024). Once a
critical interaction density or exposure duration is reached, AgNPs may internalize via: (i)
wall-plasma membrane that becomes destabilized and loses integrity; (i1) endocytic
pathways; or (iii) transport/ion channels. Regardless of the route, their presence and
accumulation progressively compromise the micro-elastic (viscoelastic) properties of the
wall-membrane continuum. Microscopic observations in the present study documented
surface damage to hyphae (voids, concavities, shrinkage, deformation) across all eight
representative isolates, concomitant with leakage of intracellular constituents.
Nevertheless, initial interactions do not necessarily trigger immediate structural collapse;
at low concentrations or short exposure intervals, AgNPs may remain transiently adsorbed
to the outer surface or extracellular matrix—like material (Parveen et al., 2023), explaining
the absence of overt morphological injury under those conditions.
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Figure 3.41. Proposed mechanistic model of silver nanoparticle-induced antifungal activity

Upon intracellular entry, AgNPs are perceived as stressors, stimulating
overproduction and accumulation of ROS beyond homeostatic levels. Normally,
antioxidant enzymes (SOD, CAT, others) regulate ROS and prevent damage. However,
biochemical evidence here indicates significant suppression of these enzymes following
AgNP treatment. Reduced antioxidant capacity permits ROS accumulation, triggering
redox imbalance, intensifying membrane lipid peroxidation (indexed by increased MDA),
and structurally weakening the plasma membrane. Concomitant membrane deformation
and permeability increase lead to leakage of nucleic acids, proteins, and ions, impairing
growth functions and ultimately culminating in cell death.
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CHAPTER IV. CONCLUSIONS AND RECOMMENDATIONS

4.1. CONCLUSIONS
Based on the findings of this dissertation, the following conclusions:

This study delineates the diversity of fungal pathogens associated with cultivated
lotus in Hue City, Vietnam, identifying 21 species across nine genera (Colletotrichum,
Neofusicoccum, Lasiodiplodia, Nigrospora, Curvularia, Exserohilum, Neopestalotiopsis,
Aspergillus, and Diaporthe). Species were delimited using multilocus phylogenetic
analyses integrated with GCPSR and PTP criteria, and corroborated by host association
and morphological characters. Of the 21 species, 13 are newly recorded for Vietnam, 17
constitute the first global reports of pathogenicity on lotus, and 20 are newly recorded on
lotus in Vietnam. Curvularia is the most species-rich genus (8 identified species), followed
by Colletotrichum (5 identified species). Overall, the pathogenic assemblage exhibits
uneven geographic and habitat distributions, underscoring pronounced taxonomic
diversity and biological complexity of lotus-associated mycobiota in Hue.

Silver nanoparticles displayed pronounced inhibitory effects on the growth of lotus-
associated fungal pathogens in both solid and liquid in vitro systems. In most isolates,
inhibitory efficacy increased with rising AgNP concentration, although interspecific and
inter-isolate variability was evident. ECso values derived from three modeling approaches
enabled classification of isolates into four sensitivity tiers: highly sensitive, sensitive,
resistant, and highly resistant (quartile-based). In liquid culture, AgNPs suppressed
biomass accumulation of eight representative pathogenic isolates, with stronger inhibition
at 5-30 mg/L. MIC values ranged from 0.3125 to 5 mg/L. Fungal growth suppression was
mechanistically associated with compromised plasma membrane integrity—evidenced by
elevated extracellular nucleic acid leakage, increased electrical conductivity, and reduced
ergosterol content—alongside intensified oxidative stress, as indicated by enhanced lipid
peroxidation (increased MDA) and diminished activities of the antioxidant enzymes SOD
and CAT, culminating in redox imbalance and impaired mycelial development.

4.2. RECOMMENDATIONS

Continue collecting and characterizing pathogenic isolates lacking sufficient data for
definitive species assignment; amplify and analyze additional loci to refine taxonomy and
identification.

Further assess AgNP effects on genera such as Diaporthe, Neofusicoccum, and
Neopestalotiopsis, which require prolonged observation and were not comprehensively
evaluated here.

Conduct advanced studies (SEM, TEM, and molecular approaches such as RNA
sequencing) to elucidate AgNP impacts at cellular and transcriptomic levels.

Perform virulence and ecotoxicological assessments of AgNP application under larger-
scale (field) conditions to evaluate practical deployment and environmental safety.
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