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CONG NGHE SINH HOC NONG NGHIEP

HIEU QUA CUA VAT LIEU NANO BAC LEN NAM CURVULARIA LUNATA
GAY BENH BOM LA PHAN LAP TREN GIONG SEN TRANG (NELUMBO
NUCIFERA) TRONG TAI THU'A THIEN HUE

Nguy&n Quang Hoang Vii', Hoang Tan Quang®, Hoang Thi Kim Héng**
vién Céng nghé Sinh hoc, Pai hoc Hué

Khoa Sinh hoc, Truong Pai hoc Khoa hoc, Pai hoc Hué

TOM TAT

Nghién ctru nay tién hanh nham xac dinh ddi tuong gay bénh dém 14 trén cdy Sen Trang tréng tai Thira Thién
Hué va nghién ctru hiéu qua khang ndm trong diéu Kién in vitro cua vat liéu nano bac. Qua trinh thu thap mau,
phan 1ap trén mdi truong Potato Dextrose Agar (PDA) cho thay tan nim ban dau c6 mau xam nhat sau do
chuyén thanh mau xanh dam, khuan ty moc thing, mau nau sam, ¢6 hinh vong cung va khong phan nhanh. Bao
tir c6 dang oliu, hinh méc cau, vach nhan, mau nau sam, 3 - 4 ngin, c6 kich thuéc khoang 20 - 25 pm x 8,5 - 12
um. Pinh danh bing ky thuat sinh hoc phéan tir v6i cap mdi ITS1-1TS4 cho thady niam gay hai la Curvularia
lunata. Theo hiéu biét cua chung t6i, dy la bao cdo dau tién vé nim Curvularia lunata giy bénh dém 14 trén cay
Sen Trang (Nelumbo nucifera) ¢ Viét Nam. Két qua thir nghiém danh gia kha nang khang nim trong diéu kién in
vitro bang cach str dung vat liéu nano bac dwoc tién hanh khao sat & 5 nong d6: 0,1 mg/L, 1 mg/L, 10 mg/L, 20
mg/L va 30 mg/L. Ca 5 ndng do nano bac déu cho thay kha nang rc ché nim bénh, véi hiéu luc e ché tang dan
tuong (g Vai sy gia ting ndng d6 nano bac. Xir Iy nano bac & nong d6 20 mg/L hiéu luc e ché nam Curvularia
lunata 1én dén 68,32% va 61,47% tuong ung & thoi diém 3 ngay va 5 ngay theo ddi, ndng do 30 mg/L hiéu luc
rc ché 1én dén 91,37% va 93,21%. Nhu vdy, vat lieu nano bac thuc su c6 hiéu qua trong viéc uc ché sy sinh
truong cua loai nam Curvularia lunata gay bénh dém 14 va c6 tiém niang ung dung nhu mét giai phap xanh dé
kiém soat bénh hai thuc vat.

Tir khéa: bénh dém 14, Curvularia lunata, khang nam, nano bac, Nelumbo nucifera, Thira Thién Hué, sen tring

MO PAU

Cay sen (Nelumbo nucifera) la mét loai thwe vat thiy sinh da nién, cé hoa dep, thanh khiét, Ia biéu twong gén lién
v&i Phat Giao cung nhw van hoéa va lich stv. Bén canh gia tri lam canh, cay sen con co nhiéu gia tri kinh té cao VOi
sy da dang san phadm dic san dia phwong va cac yéu tb lién quan dén canh quan sinh thai. Dac biét, trong sb
cac gidng sen & Thira Thién Hué thi gibng Sen Trang (cha yéu la gibng Sen Trang Tret L&m), mét gidng sen ban
dia mang thwong hiéu dac trung voi hwong thom d&c treng, hat co mui vi ngon, ngot, bui va déo [1]. Tuy nhién,
do s canh tranh cla cac giong sen cao san dwgc du nhap tir cac vung mién khac vao trong & Hué, cling nhw sy
6 nhiém clia cac sdng hd, rudng trdng sen tréng trong nhitng ndm gan day da dan dan thu hep dién tich tréng.
Thém vao d6, qua trinh sinh trwdng va san lwong thu hoach sen chiu anh hwéng I&n bdi tdc ddng cla sau va
ndm bénh thwc vat. Nam 2019, mot sé dién tich sen & Thira Thién Hué c6 hién twong chét, bénh véi ty 1& 1&n, cé
nhiéu vung ty & chét 1&n dén 50 - 70 %, trong d6 dién tich sen chét tap trung nhidéu nhat Ia & cac xa Phong Son,
Phong Hién v&i dién tich sen chét 1n luot [a 51 ha, 40 ha. D& diét ngudn sau hai hay ndm, phwong thire xi ly
dwoc ap dung phd bién hién nay 1a st dung cac loai thubc diét ndm, thudc trir sau tébng hop. Cac phuwong thirc
giadi quyét nay thwong dan dén cac van dé vé khang thubc va gia ting chi phi xi ly méi trwéng do tan duw lwong
thudc con lai trong méi trwérng, ngoai ra con tac dong khdng mong mudn dén cac ddi tweng ngoai muc tiéu.

Trong khi d6 cac vat liéu nano ndi 1én gan day v&i nhidu bao céo vé& nhirng dac tinh khang khuan, khang ndm va
sw hiéu qua trong quan ly bénh hai, tiéu biéu la vat liéu nano bac (AgNPs) v&i déc tinh khang khuan déc trwng va
dién tich b& mat Ién da dwoc minh chivng va ting hiéu qua & liéu thap, hira hen sé cung cap moét gidi phap thay
thé gilp kiém soat bénh hai thiee vat, than thién voi méi trwong [2] Tt nhirng ly do trén, chung t6i nghién ctru
tién hanh phan lap dinh loai mau bénh, va danh gia anh hu@ng ctia vat lieu nano bac v&i nam Curvularia lunata
gay bénh dém la sen. Két qua ciia nghién ctru nay 1a co sé& khoa hoc can thiét dé cé thé xay dwng bién phap
kiém soat bénh hai cay tréng khac nhau do ndm gay ra gitp khai thac téi da tiém néng kinh t&, van héa cla giéng
Sen Trang trong & Thira Thién Hué.

NGUYEN LIEU VA PHUONG PHAP
Vat liéu thi nghiém:

Vat liéu nano bac dwoc cung cép boi bd mon Vat Iy chét ran, Khoa Vat ly, Truong Dai hoc Khoa hoc, Bai hoc
Hué, hat nano c6 dwong kinh tir 4 - 5 nm. Vat liéu nano dugc tong hop tir bac nitrat (AgNO3) va tac nhan kher 1a
dich chiét tir Ia cay nha dam (Aloe barbadensis Miller). Nong dé dung dich nano bac goc la 40 mgl/L.
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Mau bénh sen dwoc thu tai rudng trdng Sen Trang tai xa Phong Hién, huyén Phong Bién, tinh Thira Thién Hué.
Pia diém nghién ctru:

Céc thi nghiém phan 1ap duwoc tién hanh tai phong thi nghiém Céng nghé Enzyme - Protein. Qua trinh tach chiét DNA,
dinh danh phan t& dwoc tién hanh tai phong thi nghiém Céng nghé Gen, Vién Céng nghé sinh hoc, Dai hoc Hué.

Phwong phap
Phwong phap diéu tra, thu thap mau

Thu thap: Cac mau sen c6 bidu hién bénh dém 1a (chon cac mau cé vét bénh mai) dwoc thu thap tai cac ruéng
trdng sen tai xa Phong Hién, huyén Phong Dién, tinh Thira Thién Hué. Mau bénh thu nhan duoc dwng trong tui
plastic, dan nhan, chuyé&n vé& phong thi nghiém va bao quan & 4°C dé tién hanh phan lap. Céc triéu chirng va biéu
hién bénh ciing dwoc ghi chép va ghi nhan bang hinh anh ngay tai diém thu mau dé so sanh, dbi chiéu.

Thoi gian diéu tra: Diéu tra dinh ky 7 ngay/lan & tuyén diéu tra trong khu virc didu tra.
Phwong phap phan lap ndm bénh
Phuwong phap phan lap duoc tién hanh theo Burgess va ddng tac gid (2008) [3]. Cac mau bénh thu thap dwoc
rira sach bang nwéc, sau d6 tién hanh khi tring bé méat mau qua cac bwéc: ngam trong hdn hop dung dich natri
hypochlorite 1% va ethanol 10% (1 - 5 phat), rdi rira lai bang nwédc cét vo trang. Cat nhd mé bénh thanh manh
nhé kich thwéc 5 mm x 5 mm (chon ving rap gianh gitka mé bénh va mé khoée). Bat cac manh mé vao moi
trwdrng thach khoai tay PDA (200 g khoai tay, 20 g D- Glucose, 15 g Agar) va tién hanh G cac dia & nhiét do 27 *
2°C trong vong 96 gio> d& ndm bénh phat trién. Khi nAm dat dwéng kinh tan ndm 1 - 2 cm, cdy truyén sang méi
trwdng PDA méi. Lam thudn mau ndm béng cach cay dinh sinh trwdng clia moét soi nAm tir méi trwdng cii sang
moéi trwdng PDA méi.
Phwong phap dinh danh phan tir bang k¥ thuat PCR:
Téach chiét DNA: Mau duoc nghién trong CTAB buffer theo phwong phép clia Doyle& Doyle (1987) [4].
Céac mau ndm thuan phan lap dwoc dinh danh bang cach khuéch dai véi cép primer ITS1 va ITS4.

ITS1 (forward): 5- TCCGTAGGTGAACCTGCGG-3';

ITS4 (reverse): 5-TCCTCCGCTTATTGATATGC-3'.

Phan trng PCR duwoc thyc hién véi tdng thé tich 1a 50 pL, thanh phan mdi phan &ng bao gdm: 25 uL Green
Master Mix 2X, 5 uL mdi ITS 1F (10 pmol), 5 uL mdi ITS 4R (10 pmol), 5uL DNA tdng sé (50 ng), 10 uL nwéc
MiliQ. Thuc hién chu trinh nhiét: 95°C/ 10 phut, tiép dén Ia 30 chu ky: 95°C/ 1 phat, 55°C/ 1 phut, 72°C/ 1 phut,
cudi cung 1a 72°C/ 10 phat. San phdm PCR dwoc xac nhan bang dién di trén gel agarose 1%, tinh sach va tién
hanh giai trinh tw. C&c trinh tw sau d6 duoc xt ly bang phan mém BioEdit va so sanh véi céc trinh tw twong trng
cla cac ching da dwoc dang ky trén GenBank bang cdng cu BLAST trén NCBI - National Center for
Biotechnology Information (www.ncbi.nlm.nih.gov).

Lay nhiém nhan tao: Song song, mau phan lap dai dién déu dwoc tién hanh lay nhiém nhan tao theo quy trinh
Koch d& xac minh lai dbi twong gay hai. Cay sen 20 ngay tudi dwoc tién hanh gay bénh nhan tao bing cach gay
tdn thwong bé mét 14, tiém dich nudi cdy mau ndm vao vi tri vét thwong, cay dbi chirng ciing dwoc x& ly twong tw
nhung thay dich ndm béng nwéc cét. S dung mang nylon bao boc kin vi tri 1ay bénh. Kiém tra va so sanh nhirng
la sen dwoc lay bénh véi nhitng la déi chirng. Quan sat va ghi nhan céc triéu chirng sau khi lay nhiém, so sanh
véi cac triéu chirng quan sat dwoc trén ddng rudng va mau bénh phan 1ap ban dau.

Phwong phap xac dinh anh hwéng cuda vat liéu nano bac véi nam bénh Curvularia lunata

Cét mot manh ndm thuan cé kich thwéc 2 x 2 mm tlr ria cla tdn ndm sau 48 gi® nudi cdy & 28°C, dét vao tam
céac dia petri (® 9cm) mai trwérng PDA véi nano bac & cac ndng do twong (ng khac nhau (0 ppm - déi chieng, 0,1
mg/L, 1 mg/L, 10 mg/L, 20 mg/L, 30 mg/L), rdi ti&n hanh nudi ciy & cling nhiét d5. Mi ndng do khao sat dwoc lap
lai 3 14n. St dung thudc kep dién t&r d& do dweong kinh tan ndm sau 72 gio va 96 gio.
Hiéu lwc &e ché cha vat liéu nano bac véi ndm dugc tinh theo cong thirc cia Abbott:

C-T

HLUC(9%) =~ =—x100

Trong d6: HLUC (%): la hiéu lwc (¢ ché ca nano bac tinh theo phan trdm, C (mm): dwéng kinh tdn ndm trong
c6ng thire déi chirng, T (mm): Kich thwéc tdn ndm trong cac cong thirc thi nghiém xd Iy nano bac
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KET QUA VA THAO LUAN ) ]
Tinh hinh va triéu chirng bénh dom la trén cay Sen Trang

Bénh dwoc ghi nhan vao thang 5 dén thang 6 tai rudng trdng sen (glong Sen Tréng Tret Lém) tai x& Phong Hién,
huyén Phong Dién, tinh Thira Thién Hué. Dién tich trong sen c6 xuét hién triéu chirng bénh dém 1a 1én dén 30%.
Triéu chirng dwec ghi nhan chu yeu trén bé mat 13 (xuat hién & la non, 1a trwdng thanh). Bac diém nhan dang
ban dau & nhivng chdm nhd li ti, c6 dang hinh tron, gan tron hodc bau duc nhd, kich thwéc vét bénh khoang 0,4 -
2,5 mm, trung tdm vét bénh mau nau nhat hodc nau, dwéng ria bao quanh mau nau dam hoadc dé. Phéan tiép giap
gitva phan mé bénh va mod khoe co quang vang bao quanh. Cac vét bénh nay co thé gia tang kich thuéc theo
thoi gian, c6 xu hudng lién két lai véi nhau tao thanh vét bénh rong (H|nh 1).

Hinh 1. Trigu ching bénh dém la ghi nhan thwe dia tai rung tréng sen..
A. Cay Sen Trang khoe khong nhiém bénh;B. Mét trén 1a Sen Trang nhiém bénh dom Ia;
C. Mat dw¢i la v&i cac triéu chirng bénh dom la.

Phan lap va xac dinh hinh thai déi twong gay bénh dém la & cay Sen Trang:

Trén méi tredrng nudi cdy PDA & mau ndm bénh (ky hiéu H3), & mat trén, tdn ndm ban dau cé mau xam dam sau
chuyén thanh mau den réu dam khi gia di (Hinh 2), khoéng c6 déu hiéu clta sw khuéch tan clia sic tb vao moi
trwong, mat dwoi c6 mau den réu dam. Quan sat dwdi kinh hién vi cho thay, khuan ty moc thdng, khéng phan
nhanh, c6 vach ngan, uon nép & phan dinh. Bao tlr ¢ c6 dang hinh trirng dai-cong nhe & phan dwdi, mau nau 6
liu, phan dau va phan cudi cé mau hoi nhat hon so véi trung tam, cé vach ngan (3 - 4), cong & té bao dudi, kich
thwéc dao dong trung binh 20 - 25 ym x 8,5 - 12 uym. Nhitng dac diém hinh thai nay twong tw véi nhivng mo ta
trwéc day vé ndmCurvularia lunata (Wakker) Boed (Macri va Lenna, 1974). Tiép theo, k¥ thuat giai trinh tw ving
gen ITS dwoc ching t6i st dung dé dinh danh, xac dinh chinh xac tén loai.

Wy 6.4y - ‘

Hinh 2. Bac diém hinh thai cda mau ndm bénh H3 trén méi treong PDA.
A: Mat trén tdn nam sau 3 ngay nudi cay; B: Mat duoi tdn nam sau 3 ngay nudi cay;
C, D, E: hinh anh bao t&r nam dwdi kinh hién vi & cac do phéng dai
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Pinh danh ndm bénh bang k¥ thuat sinh hoc phan ti

Cac mau ndm sau khi dwoc nhan dang so bd dac diém hinh thai, déi chiéu va kiém tra két qua lay nhiém nhan
tao dwoc tién hanh dinh danh chinh xac tén loai dwa vao giai trinh tw ving ITS (internal transcribed spacer). Viéc
tién hanh tach chiét DNA va PCR nhan doan ITS theo mé ta trong phwong phap, két qua dién di san phdm PCR
cho thdy m&u ndm bénh phan Iap (ky hiéu H3) xuét hién bang rd nét s&n phdm véi kich thuwéc khoang 550-600
bp (Hinh 3) so v&i thang chudn DNA (MK). Biéu nay phu hop véi cac nghién ctru trwdc khi st dung cap moéi
chung ITS1 va ITS4 dé& khuéch dai ving ITS1-5.8S-ITS2 trén cac dong ndm la khodng 500 - 600 bp.

Hinh 3. Hinh anh dién di DNA téng 56 va san phém PCR.
A. Hinh anh dién di DNA tach chiét t» mau nam gay bénh dém la phan lap.
B. Hinh anh dién di san pham PCR cla mau ndm gay bénh dém la

Két qua giai trinh tw gen cho thdy mau khong bi nhiéu va trinh tw doc dwoc co kich thwéc 1a 592bp. Trinh ty nay
duoc tim kiém kiém va so sanh vé&i cac chudi twong ddng trén Ngan hang Gen (GenBank) béng st dung phan
mém truc tuyen BLAST cla NCBI. Két qua phan tich BLAST trén GenBank cho thay trinh tw ITS cta ching ndm
H3 twong déng 100% véi trinh tw ving ITS cla loai ndm Curvularia lunata (Accession number: KF924040.1)
(Hinh 4). Nhw vay, két hop véi cac dac didm hinh thai xac dinh & trén, chiing H3 gay bénh ddm 14 trén cay Sen
Tréng co thé két luan d6 la nAm Curvularia lunata. Nhitng bao c&o ghi nhan vé bénh ddm nau 14 va triéu chirng
lién quan do Curvularia cling da dwoc ghi nhan & cac bao cao trwéc day & gibng lia IR66 & Pakistan,
Campuchia (Tann, 2016), hay l&n dAu tién ghi nhan trén thanh long rudt dé (Hylocereus polyrhizus) & Malaysia
[5], san (Manihot esculenta) & vung Tay Phi [6], lua hoang (Oryza rufipogon) & Trung Quéc [7] va ngd & Hoa Ky
[8]. Nghién ctu ctia Pei va déng tac gia (2017) 1a bao cao dAu tién vé bénh dém I& véi nhivng triéu chiing dién
hinh trén 1a &t (Capsicum frutescens) vé&i ddi twong gay hai dwoc xac dinh la Curvularia lunata & Trung Qubc.
Curvularia lunata ciing duoc xac dinh la déi twong gay bénh ddm 14 sen khién 60% dién tich trdng bi nhiém bénh
tai tinh Giang Tay, Trung Quéc trong bao cdo clia Cui va Sun ndm 2012 [15].

Query 3e1 TTCCGTAGGGGAACCTGCGGAGGGATCATTACACAATAAAATATGAAGGCTGTACGCGGC 36@

PRREERRRr re e e e e e e e e e e e e rrrenrnnl
Sbjct 2 TTCCGTAGGTGAACC TGCGGAGGGATCAT TACACAATAAAATATGAAGGCTGTACGCGGC 61

Query 361 TGTGCTCTCGGGCCAGTTTTGCGGAGGCTGAATTATTTATTACCCTTGTCTTTTGCGCAC a20

sbjct 62 GTGCTCTCGGGCCAGTTTTGCGGAGGCTGAATTATTTATTACCCTTGTCTTTTGCGCAC 121

Query A21 TTGTTGTTTCCTGGGCGGGTTCGCCCGCCACCAGGACCACATCATAAACCTTTTTTATGC 480

sSbjct 122 TTGTTGTTTCCTGGGCGGGTTCGCCCGCCACCAGGACCACATCATAAACCTTTTTTATGC 181

Query 481 AGTTGCAATCAGCGTCAGTATAACAAATGTAAATCATTTACAACTTTCAACAACGGATCT
PRIREEERRRE e e e e e e e e e e e e e e reenrnnl
Sbjct 182 AGTTGCAATCAGCGTCAGTATAACAAATGTAAATCATTTACAACTTTCAACAACGGATCT 241

Query 541 CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAGTGTGAATTGCAGAA [s1=1=]

TIREERRRR e e e e e e e e e bbb rnnnrnnl
Sbjct 242 CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAGTGTGAATTGCAGAA 301

Query 601 TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATG 660

TEREERRRR e e e e e e e e e e e rnenrrnl
Sbjct 302 TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATG 361

Query 661 CCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTTTTTTGTCTTT 720

sbjct 362 CCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTTTTTTGTCTTT 421

Query 721 GGTTGCCAAAGACTCGCCTTAAAAGGATTGGCAGCCGGCCTACTGGTTTCGCAGCGCAGC 78@

Sbjct 422 GGTTGCCAAAGACTCGCCTTAAAAGGAT TGGCAGCCGGCCTACTGGTTTCGCAGCGCAGC 481
Query 781 ACATTTTTGCGCTTGCAATCAGCAAAAGAGGACGGCAATCCATCAAGACTCCTTCTCACG 840

PRREERRRREE e e e e e e e e e e e e e e e e e rnnrrnl
Sbjct 482 ACATTTTTGCGCTTGCAATCAGCAAAAGAGGACGGCAATCCATCAAGACTCCTTCTCACG 541
Query 841 CTTAAGCATATCAATAA 891

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 542 AAGCATATCAATAA 592

Hinh 4. Mirc do twong déng gitka mau ndm bénh H3 vé&i trinh tw da dwoc cong bb trén GeneBank (Ma sé: KF924040.1)
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Lay nhiém nhan tao

Qua trinh lay nhim nhan tao dwoc tién hanh trén cay sen khde dé kiém tra xac minh tac nhan gay bénh phan lap
duwoc. Cay sen khde dwoc gay tén thu’ong b& mat nhan tao. Dich bao t& chira 3 x 10° bao tr/mL duoc lay nhiém
lén vét thuong. Cay déi chirng duoc xiv ly bang nwéc cat tai vi tri la gay tdn thwong. Két qua cho thay, sau 5
ngay, tai vi tri vét bénh xuét hién nhixng cham tron nhé bao quanh quang vang Cac déc diém nay twong tw voi
triéu chirng bénh dién hinh thu nhan tai tw nhién (Hinh 5). Cay déi chirng xt ly bing nwéc cat khong cé dau higu
bénh tai vi tri gay tdn thwong (Hinh 5.E). Sy twong ddng vé& hinh thai, triéu chirng vét bénh trén 14 sen khoe lay
nhiém nhan tao véi két qua ghi nhan bénh dém trang & diéu kién tw nhién, cé thé két luan ching ndm H3 -
Curvularia lunata 1a dbi twong gay bénh dém la trén cay Sen Trang.

T

Hinh 5. Tién hanh lay nhiém nhan tao (quy trinh Koch).

A, B. Tién hanh gay ! tbn thwong bé mat va tién hanh lay nhiém;
C. Cay sen khoe xudt hién triéu chirng bénh dién hinh;

D. Déi chiéu vét bénh tai tw nhién;

E. Cay dbi chirng khéng cé biéu hién bénh

Thtr nghiém hoat tinh khang ndm Curvularia lunata cua vat liéu nano bac trong diéu kién in vitro

Trong nghién ctru nay, ching tai thwe hién thdr nghiém hoat tinh (rc ché sw phat trién ctia ndm bénh Curvularia
lunata béng vat Iiéu nano bac. 5 néng dd nano bac téng dan tir 0,1 mg/L, 1 mg/L, 10mg/L, 20mg/L va 30mg/L
duwoc st dung dé tién hanh khao sat va 0 mg/L dwoc si dung nhw mau déi chiing (control). Két qua thu duoc
cho thay, dwong kinh sinh tredng cha tan nam Curvularia lunatatrén moéi trweong PDA giam dan twong &ng voi
gia tang nong d6 nano bac, dong nghia hiéu lwc tre ché ndm tang dan twong &ng véi sv gia tang nong dé nano
bac. Cu thé, véi sy c6 mat clia nano bac & ndng d6 20mg/L cho thdy hiéu lwc (rc ché 1én dén hon 60%, voi
68,32% va 61,47% twong trng sau 3 ngay va 5 ngay thtr nghiém. Sw c6 mat nano bac & ndng dé cao 30 mg/L c6
hiéu lwc &c ché dang ké dén nAm Curvularia lunata, véi hiéu lyc la 91,37% sau 3 ngay va 93,21% sau 5 ngay.
Nhirng két qua nay phu hop véi nhivng két qua thu dwoc ciia Huang et al. (2018), cac tac gid st dung vat liéu
nano bac bang phwong phap téng hop “xanh”, véi chiét xuét la cla cdy Hoang dwong Nhat Ban (Buxus sinica)
duoc st dung nhu tac nhan khir véi AGNO; 4mM dé ther nghiém hoat tinh khang ndm Curvularia lunata. Két qua
cho thay & ndng d6 200 ug/mL tr ché sy phat trién 1&n dén 85% va gia tri ICso dat 26 pg/mL, hinh thai sgi nam
cung bi bién dang khi dwoc xt ly v&i nano bac [9]. Trong nghién ctru gan day clia Uz-Zamam et al. (2020), tac
gid da tién hanh the nghiém hoat tinh khang ndm trén cac doi tuo’ng Alternaria alternata, Paecilomyces, Candida
albicans, Curvularia, Aspergilus niger, va Rhizopus v&i hiéu qua thu duoc 1an twong (ng 1an lwot 1a 54,05%,
42,11%,41,10%, 40.85%, 30,55%, va 29,73% v&i nano bac dwoc tc“3ng hop tw chiét xuat cu Trillium govanianum
Wall. Ex. Royle déng vai tro la chat khiv, chét &n dinh dé khir bac nitrat [10]. Kha n&ng khang ndm cua vat liéu
nano bac véi hiéu lwc &c ché dang k& dén ndm gay bénh thwc vat nhw Bipolaris sorokiniana, Colletotrichum,
Fusarium sp., Penicillium sp ciing da dwoc bao cao trong cac nghién clru clia Azarbani va déng tac gia, Dutta va
ddng tac gia [11, 12].

Bang 1. Khao sat hiéu Iwc trc ché cha vat liéu nano bac véi ndm C. lunata & cac ndng dé khac nhau

Control 0.1 mg/L 1 mg/L 10 mg/L 20 mg/L 30 mg/L
Buongkinhtannam 55, 31481008  2292* 19031016 11,150,115 3,04+0,06
(mm) 0,28
Sau 3
nosy L 32,05+
Higu Iurc e ché (%) 0 1056:022 20%* 450925046 6832:042 9137:016
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Control 0.1 mg/L 1 mg/L 10 mg/L 20 mg/L 30 mg/L
Buwong kinh tan nam 486 4510:056  S013% 55084007 1873£021 330+026
(mm) 0,32
Sau 5
ngay . o 2154 +
Hiéu lwc e ché (%) 0 720+ 1,14 et 4633+016 6147+042 9321054

Kha nang khang ndm cua vat liéu nano bac c6 dwoc & nong dod cao cé thé 1a do & néng dd do, dung dich nano
bac c6 kha néng béo hoa va bam vao cac soi ndm va dé klem soat cac bénh thuc vat. Feng va cong sy nhan
thdy r&ng DNA mét kha nang nhan ddi khi méi trwéng nuéi cdy ndm dwoc xt ly bang nano bac [13]. Diéu nay cé
thé dan dén sw vo hiéu hoa biéu hién cac protein tiéu don vi ctia ribosome, 1am gian doan qua trinh tdng hop cac
enzyme va protein quan trong déi véi viéc san xuat adenosine triphosphate. Nghién ctu cua Bragg va Rainnie
dwa ra gia thuyét rang cac ion bac chi yéu anh hwéng dén chirc nang cla cac enzyme lién két mang pha v&
cAu tric mang, vi du nhw cac enzyme trong chubi hd hap [14]. Nhitng co s& khoa hoc nay va két qua nghlen curu
chung t6i thye hién, vat liéu nano bac (AgNPs) co thé dwoc xem nhuw gidi phap tidm ndng dé xd& Iy ndm
Curvularia lunata gay hai trén cay Sen Tréng va cac ndm bénh thuc vat néi chung.

Control

(0 mg/L) 0.1 mg/L 1 mg/L 10 mg/L 20 mg/L 30 mg/L

Hinh 6. Hiéu lwc trc ché chia vat liéu nano bac & cac néng do twong trng sau 72 gie (3 ngay)
KET LUAN

Trong nghién ctu nay, ching t6i da phan Iap va dinh danh bng hinh thai va phan t& déi twong gay bénh dém la
trén cay Sen Tréng trong tai Thira Thién Hué vu mua 2021 la Curvularia lunata bang cach st dung c&p primer
ITS1-ITS4 vé&i dd twong ddng 100%. Theo hiéu biét cla ching t6i, day la bao céo dau tién vé Curvularia lunata
gay ra bénh dém Ia trén cay Sen Trang Nelumbo nucifera & Viét Nam. Bén canh d6, xt Iy nano bac & ndng do 30
mg/L cho thay hiéu qua tich cwc vé&i hiéu lwc e ché ndm Curvularia lunata 1én dén 91,37% va 93,21% tuwong
&ng sau 72 gi®r (3 ngay) va 120 gio (5 ngay) so véi déi chirng khong xt ly.

Loi cam on: “Nguyén Quang Hodng Vii duoc tdi tro béi Tdp doan Vingroup va hé tro béi chwong trinh hoc bong dao 1go
Thac si, Tién s7 trong nuréc cia QUi Péi méi sang tao Vingroup (VINIF), Vién Nghién ciru Dit ligu lén (VinBigdata), ma sé
[VINIF.2020.7S.89] ”
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ANTIFUNGAL ACTIVITY OF SILVER NANOPARTICLES AGAINSTCURVULARIA
LUNATA CAUSING LEAF SPOT ON WHITE LOTUS (NELUMBO NUCIFERA) IN
THUA THIEN HUE

Nguyen Quang Hoang Vu®, Hoang Tan Quang®, Hoang Thi Kim Hong®
YInstitute of Biotechnology, Hue University

Department of Biology, Hue University of Sciences, Hue University

SUMMARY

This study was conducted to isolate and identify plant fungal pathogen from leaf spot disease on white lotus cv.
(Nelumbo nucifera) in Thua Thien Hue.The colonies of the isolates on PDA were initially light gray later
becoming dark green. Conidiophores were erect, dark brown, geniculate, and unbranched. Conidia were oval or
hook-shaped, smooth-walled, dark-brown, 3-4 septate, with cells about 20-25 um X 6.5-12 pm in size. Molecular
identification of strain using primer pairs ITS1, ITS4 showed that Curvularia lunata were the fungal pathogen.
To our knowledge, this is the first report on Curvularia lunata causing leaf spots on lotus (Nelumbo nucifera) in
Vietnam. In this study, we have evaluated the antifungal activity of silver nanoparticles (AgNPs) against
Curvularia lunata. Fungicidal activity of silver nanoparticle at different concentration: 0.1 mg/L, 1 mg/L, 10
mg/L, 20 mg /L, 30 mg/L tested against fungal. Radial fungal growth was recorded after 3 and 5 days. Different
concentrations of AgNPs inhibit colony formation of C. lunata at different levels. As the concentration of
AgNPs was increased, there was a decrease in colony formation. At 20 mg/L, the silver nanoparticles inhibited
the fungus Curvularia lunata up to 68.32% and 61.47% at 3 days and 5 days, respectively. The application of 30
mg/L concentration of silver nanoparticles produced maximum inhibition of the growth of fungal hyphae, with
91.37% and 93.21%. Thus, silver nanoparticles are effective in inhibiting the growth of Curvularia lunata and
these findings may suggest silver nanoparticles (AgNPs) as a green solution with potent antifungal activities
against plant pathogenic fungi.

Keywords: leaf spots, Curvularia lunata, antifungal, silver nanoparticles, Nelumbo nucifera, Thua Thien Hue,
white lotus

"Author for correspondence: Tel: +84-978 939 467; Email: hkhong@hueuni.edu.vn
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Microbiology Associated with Disease on White Lotus (Nelumbo nucifera Gaertn.) and
Application of Silver Nanoparticles for the Control of Plant Pathogens In vitro

Nguyen Quang Hoang VU', Hoang Tan QUANG', Hoang Thi Kim HONG**
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Laboratory of Plant Production Physiology, Division of Agrobiological Science,
Department of Bioresource Sciences, Faculty of Agriculture,
Kyushu University, Fukuoka 819-0395, Japan
(Recetved May 8, 2022 and accepted May 10, 2022)

Many bacterial and fungal pathogens are known to affect lotus, which limits both flower quality and
yield production. Treatments such as pesticides can reduce pathogens but can result in resistance. This
study was conducted to identify the most common fungal, and bacterial pathogens associated with leaf spot
diseases of white lotus (Nelumbo nucifera). Molecular-based identification using ITS and 16 s ribosomal
DNA sequences revealed that the isolates belonged to Aspergillus aculeatus, Aspergillus fumigatus, and
Klebsiella, pneumoniae. We evaluated the effect of silver nanoparticles against pathogens isolated from
infected white lotus leaves. According to the findings, AgNPs have antifungal activities against these plant
diseases at different concentrations of 0.1,1, 10, 20, and 30 mg/L. Treatment of 30 mg/L silver nanoparticles
on PDA showed the highest inhibition rate of plant pathogenic fungi Aspergillus sp., and bacteria Klebsiella
preumoniae. Based on this result, it is possible to suggest that silver nanoparticles synthesized could be
an efficient, safe, cost—effective, and affordable alternative to control disease in white lotus.

Key words: silver nanoparticles, antifungal, antibacterial, white lotus, pathogen plant

INTRODUCTION

Lotus (Nelumbo nucifera Gaertn.) is a potential
perennial aquatic crop grown and consumed throughout
Asia. The lotus plant is a symbol of purity in many coun-
tries. All parts of N. nucifera have been used for multi-
ple purposes, such as food, ornamental, and herbal
medicinal products (Zhu, 2017). Besides, it is particu-
larly noted for its 1,300-year seed longevity. In particu-
lar, among the lotus cultivars, the white lotus is a tradi-
tional indigenous variety. It has a characteristic floral
aroma, and its seeds are sweet, fleshy, and sticky.
However, due to the competition of high-yielding lotus
“Cao san” varieties and harmful pathogens appearing in
lotus fields, the planting area gradually shrinks, leading
to the risk of degeneration and loss of varieties.

Many bacterial and fungal pathogens affect lotus,
limiting both lotus flower quality and plant yield produc-
tion. Synthetic chemical fungicides and pesticides have
been the most commonly applied method to control
lotus diseases. However, the extensive use of fungicides
and pesticides is causing environmental pollution (soil,
water). These practices may have a harmful influence
on beneficial non-target species in the ecosystem and
negatively affect the biodiversity, contributing to the
development of resistant pathogens, possibly posing a
potential risk to human health, and threatening the food
security of humans on this planet (Bartlett et al., 2002).
Therefore, there is a growing need to develop alternative
approaches to control plant diseases. Recently, nano-
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technology has drawn attention due to its numerous
applications in health, pharmaceuticals, catalysis, energy,
environmental sciences, and materials (Rajashekara,
2012). The metal nanoparticles demonstrated distinct
and significantly different physical and chemical charac-
teristics (Feldheim and Foss, 2002). This is true espe-
cially in regards to silver nanoparticles (AgNPs) with
their large surface area which makes them attractive to
addressing the challenges not met by the physical,
chemical pesticides, and other biological control meth-
ods methods (Pulimi and Subramanian, 2016).
Therefore, they have the potential to be widely used in
agriculture as biocontrol agents to promote sustainable
agriculture (Franci et al., 2015; Rajwadi et al., 2020).

The objectives of this study were to isolate and iden-
tify plant pathogens from the lake—grown white lotus
regions and investigate the antifungal, antibacterial
effect of green synthesized silver nanoparticles (AgNPs)
to control lotus (V. nucifera) disease.

MATERIALS AND METHODS

Silver nanoparticles

A stock solution of silver nanoparticles (AgNPs) at a
40mg/L (ppm) concentration was synthesized using
green Aloe barbadensis. The synthesis of AgNPs using
leaf extracts was done using the method described pre-
viously (Hong et al., 2021). Solution contain different
AgNPs were added to growth media to make different
AgNPs concentrations (0.1, 1, 10, 20, 30 mg/L). All sil-
ver nanoparticle solutions and media were freshly pre-
pared and used.

Collection of samples
From March to May 2021, lesion leaves were col-
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lected randomly, transported to the laboratory within a
cooler, and then kept at 4°C until further use.

Fungal and bacterial pathogen isolation

Infected leaf lesions were cut into small pieces (5 X
5mm) and sterilized with 1% sodium hypochlorite
(NaClO) solution for 1minute. The samples were
washed three times with sterilized distilled water, then
dried on sterile paper towels, plated on potato dextrose
agar (PDA) medium (38g PDA in 1L distilled water),
and incubated at 28 * 2°C under 12 h photoperiod for
7 days. Pure cultures were obtained by transferring sin-
gle hyphal tips to fresh PDA plates. Pure colonies were
maintained in 70% glycerol solution and stored at —20°C.

Identification morphological of the fungal and bac-
terial isolates

The fungal isolates were used to identify their mor-
phology, such as conidiophores, conidia’s shape and size,
and colony characters.

The morphological characteristics of bacterial iso-
lates were analyzed for their microscopic features
(Colour, shape, margin, transparency) through the Gram
staining technique as described in Bergey’s manual of
systematic bacteriology.

Molecular identification of the fungal and bacte-
rial isolates

The total DNA of isolates was extracted from
infected leaves using the cetyltrimethyl ammonium bro-
mide (CTAB) method for the PCR performance (Namba
et al., 1993). The molecular identity of the fungal and
bacterial isolate was determined using Polymerase chain
reaction (PCR) amplification.

Fungal: The internal transcribed spacer (ITS) region
of the ribosomal DNA was amplified and sequenced
using primers
+ ITS1F (5 TCCGTAGGTGAACCTGCGG-3") and
+ ITS4 (5-TCCTCCGCTTATTGATATGC-3") (White et al.,
1990).

The ITS primers used were ITS-1F and ITS-4. The
PCR amplification program consisted of 95°C for 5 min,
followed by 35 cycles of 95°C for 1 min, 52°C for 30 sec-
onds, 72°C for 1 min, and a final extension temperature
of 72°C for 10 min, holding the temperature of 4°C.

Bacterial: 16sRNA amplification was performed using
the primers
+ 27F (5= AGAGTTTGATCCTGGCTCAG - 3") and
+ 1492R (5'~-TACCTTGTTACGACTT-3").

PCR reaction was performed in a Thermal Cycler
(Eppendorf, Germany), and the thermal program used
for the PCR (polymerase chain reaction) was under the
following conditions: initial denaturation at 92°C for
2man, followed by 35 cycles with final denaturation at
92°C for 1 min, primer annealing at 50°C for 30 seconds,
extension at 72°C for 90seconds, and an additional
10min at 72°C as a final extension. In addition, PCR
product was subjected to electrophoresis on 1.2% (w/v)
agarose gels in 1XTAE Buffer.

The sequences obtained were edited using the

BioEdit 7.0 software, and consensus sequences were
analyzed using the Molecular Evolutionary Genetics
Analysis (MEGA X) software (Kumar et al., 2018). The
similarity of the nucleotide sequences of the isolate was
calculated using the BLAST algorithm (Basic Local
Alignment Search Tool).

Pathogenicity test

The pathogenicity of purified isolates from the dis-
ease leaves lotus was tested on a concave white lotus
and confirmed by Koch’s postulates. Lotus were grown
in pots under greenhouse conditions. Leaves of plant
hosts were sprayed with spore suspensions of each of
the isolates using a hand sprayer. Inoculated plants
were then kept in a humid chamber and observed daily
for disease symptoms

Evaluation of the antibacterial and antifungal
activity of silver nanoparticles in the in vitro

An in viltro assay was carried out on PDA with 0.1,
1, 10, 20, and 30 mg/L of silver nanoparticles (AgNPs).
Medium containing silver nanoparticles was poured into
each 90 X 15 mm Petri dish. The media containing silver
nanoparticles was incubated at room temperature. After
48 hours of incubation, an agar plug of 8 mm diameter
containing fungi was inoculated simultaneously at the
center of each Petri dish and incubated at 28 + 2°C.
The culture medium without silver nanoparticles was
inoculated and cultured under the same conditions for
the control treatment. The sizes of the colonies were
measured after 5days and each treatment was repli-
cated.

The inhibition rate — IR (%) was calculated using the
following formula: where R is the radial growth of fungi
in the control plate, and r is the radial growth of fungi in
silver nanoparticle treated plates.

1R = £ 3100

Antibacterial potency of synthesized AgNPs for
inhibiting the growth of pathogens was tested n vitro
on LB medium using the agar well-diffusion assay
according to Bakht et al. (2011). The bacteria strains
were spread on the LB medium. The disks were loaded
with 50 uL. of silver nanoparticles (0.1, 1, 10, 20, and
30mg/L). The disks were then placed on the agar plate
and incubated at 37°C for 24 h. The zone of inhibition
was observed after 24 h of incubation. Three replicates
were set at 30 = 2°C.

RESULT AND DISCUSSION

Characteristics of concave white lotus

Concave white lotus was cultivated from mid—
February 2021 to August 2021. Different stages of con-
cave white lotus were observed in the field and photo-
graphed (Fig. 1). Concave white lotus has a medium-
small tree size; young leaves are light green. Flower
buds were white to pale green, oval long — shaped, seed
pots flat. Lotus seed is elliptical. The pigment inside the
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seed coat is white. The diameter of the leaves of white
lotus is smaller than other lotus variety

The growth and development of the white lotus vari-
ety consists of the following main stages. There are two
types of leaves in the vegetative phase: floating leaves
and standing leaves. The floating leaf stage (S1) is the
initial stage of development for the white lotus plant.
When the floating leaves have covered most of the water’s
surface, the plant begins to generate standing leaves
(S2). Following that, buds appear (S3) marking the
beginning of the reproductive stage (50 — 60 days after
planting). In early and mid-May, blooming starts (S4, S5

(S1)

(S2)

‘Illll

(S8) H

QN iveviiiiiiididiiiiddddiiidddiiiiidiidiivediidi

Fig. 1. Morphological, and physiological of concave
white lotus (Nelumbo nucifera).
S1: floating leaf stage; S2: standing leaf stage;
S3: bud appear; S4, S5, S6: Flower blooming;
S7: Full bloom; S8: Petal begin fallen; S9: Seed
pod has turned green and development; S10:
Seed pod turns brown.

— approximately 65 — 75 days after planting). In late May
and late June, they reach full bloom (90 — 120 days of
planting). The last flowering period starts in mid-July
(142 — 155 days). After 170 — 180 days (S8), their leaves
turn yellow and wither, and the plant enters dormancy,
seed pod has turned green. The seed pod will dry up
and turn brown (S10). The entire growth period is 190
to 195 days.

Disease symptoms, isolation and identification of
the fungal, bacterial pathogen

Necrotic Brown Leaf disease with characteristic
symptoms was represented by light brown, canker
lesions that spread quickly. The initial stage of the blis-
ter blight infection process was marked by brown trans-
lucent spots with a yellow halo zone on the upper sur-
face of leaves. At the end of the infection process,
necrotic lesions on the leaves were observed. After
5days, a colony of about 6.5 to 7.2 cm in diameter of
STM1 isolates appeared on PDA, and it was brownish—
black at the center and white at the edges (Fig. 2 D, E).
Radial growth was 72.3 mm (recorded b5 days after injec-
tion on PDA). The conidiophore appeared pale brown,
and the vesicles were not separate when observed
through the microscope.

Brown leaf spot disease with typical symptoms con-
sisted of small yellowish-brown spots, turning to dark
brown or black after 7 —10 days infected. Lesion shapes
tended to form radial streaks, from specks that became
streaks running parallel to the leaf veins. For STM3 iso-
late from infected leaf (Fig. 3A), observed under the
microscope, the isolate was characterized by green
Echinulate conidia. Radial growth was 67.2mm
(recorded 5 days after injection on PDA). The mycelium
differentiated into the septum branched and spore-

Fig. 2. Symptoms of Necrotic brown spot and pathogen isolate
STCMI1 (A), (B), (C): Disease symptoms of Necrotic Brown
Spot observed in the lake; (D), (E): Colony morphology
of STM1 on PDA, (F): Morphology of STCM1 in the
microscope. Scale bar = 50 zm.
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Fig. 3. Disease symptoms of Brown leaf spot and pathogen isolate
STCM3
(A), (B): Disease symptoms of Brown leaf spot observed in
the lake;
(C), (D): Colony morphology of STCM3 on PDA,
(F): Morphology of STCM3 in the microscope. Scale bar =

50 zm.

Score Expect Identities Gags Strand
1033 bits(559) 0.0 559/559(100%) 0/559(0%) Plus/Plus

Query 1  TGRACCTGCGGANGGATCATTACCGAGTGCTGEGTCCTTCEGEGCCCAACCTCCCACCCG 60

CLCCLCEECLL T LU TEEECETLREEEELEEELET L]

Shjct 11  TGAACCTGCGGAMGGATCATTACCGAGTGCTGGATCCTTCEGEGCCCAACCTCCCACCCG 70

Query 61  TGCTTACCGTACCCTGTTGCTTCGECOGGCCCGCCTTCREGLEGLCCCEGECCTGLCCCC 120

: (LT T TEELETTTEE LT EEET T T LR DAL
Shjct 71 TGCTTACCETACCCTGTTGCTTCG6C66CCCECCTTCGGGIGECCCGREEECTACCCCE 13

Query 121 GGGACCGLECCCGCCGGAGACCCCAATGRAACACTGTCTGAAGCGTECAGTCTGAGTCG 180

C
CLLLLEELEECLEEETELEEEETEEEEEEEEEEEEEELEEELT LA

Shjct 131 GGGACCGLGCCCOCAGEAGACCCCAATGRAACACTGTCTCAMGLGTGCAGTCTGAGTCG 199
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Fig. 4. Electrophoresis DNA total of STCMI1,
STCMS isolate. MK: marker.
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Fig. 5. Sequence of STCM1 (A). and Sequence STCM3 isolate (B).

forming stalks bearing spherical spores arranged in
chains, with the spore stalks sunflower shaped (Fig. 3E).
Initially, it was possible to identify the strains STCM1
and STCM3, which belong to Aspergillus.

The fungal-specific universal primer pairs I'TS1 (for-
ward) and ITS4 (reverse) effectively amplified the ITS
region from DNA from all Aspergzllus isolates. Capillary
electrophoresis found sequence lengths ranging from
550 to 600 bp (Fig. 4). The morphological identification
was corroborated by BLAST analysis of the ITS rDNA
sequence data. The closest match (99 — 100 percent
similarity) in the NCBI GenBank database was deter-
mined to be with distinct Aspergillus species. The

results showed that the isolate STCM1 was 100% homol-
ogous to the ITS gene sequence of Aspergillus aculea-
tus (code: MN856264.1) (Fig. 5A), white STCM3 isolate
was 100% homologous to the ITS gene sequence of
Aspergillus fumigatus (Fig. 5B). (Code: MT597427.1).
The Aspergillus aculeatus was identified as a path-
ogen of grape berries in southwestern Ontario (Jarvis et
, 1984). It is a wound pathogen that penetrates the
berry via fractures induced by a partial detachment of
fruits at the pedicel in tightly packed bunches, as well as
splits and insect punctures. Other studies have reported
the presence of Botryodiplodia theobromae and
Aspergillus aculeatus — as pathogen causing soft rots of
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Fig. 6. Disease symptoms of Soft Rot and pathogen
isolate STCV1
(A), (B), (C): Disease symptoms of Necrotic
Brown Spot observed in lake;
(D): Colony morphology of STCV1 on LB, (E):
Gram staining of STCV1.

Citrus fruits were grown on wheat offal medium (Adisa
and Fojola, 1982).

Soft rot disease with typical symptoms includes soft
rot, black color, necrosis, and water—soaked lesions at
the edge of leaves and behind entire lotus leaves. We
conducted isolates, and biochemical tests were per-
formed to identify the pathogen from infected leaves.
Strain STCV1 is a rod-shaped bacteria, non—flagellated,
non-motile, and Gram-negative bacteria (Fig. 6E).
Based on the morphological and biochemical test, the
isolates were found to belong to Enterobacteriaceae.

After observing the colony morphology and micro-
scopic visualizations, as shown in Fig. 6. STCV1 was fur-
ther identified based on 16S rRNA sequence analysis.
27TF-AGAGTTTGATCCTGGCTCAG was used as the for-
ward primer, and the reverse primer was 1492R-
GGTTACCTTGTTACGACTTT. Based on the 16 S rRNA
sequence, bacterial isolates were classified into the
genus Klebsiella. With comparative analysis of the 16 S
rRNA gene, both morphological and biochemical, we
identified the strain as Klebsiella pneumoniae, with
99.93% similarity.

Recently, Klebsiella prneumoniae is emerged as an
important bacterial plant pathogen in Asia. The strain
Klebsiella pneumoniae KpC4 was identified as a causa-
tive agent of bacterial top rot in maize, and has been
observed in many areas of Yunnan province, China. In
reports by Liu et al. (2015), it was reported to be a plant
pathogen on onion bulbs causing internal tissue decay
(soft rot) in Guangdong province, China. A previous
report by Ajayasree and Borkar showed that Klebsiella
pneumoniae causes root bark necrosis and wilt disease
on pomegranate trees in India.

Antifungal and antibacterial activities of silver
nanoparticles

The inhibitory effect of fungal mycelia growth was
investigated in PDA medium containing different con-
centrations of 0.1, 1, 10, 20, and 30 mg/L (ppm) of silver
nanoparticles (Fig. 7). The results were given in Fig. 7
and Fig. 8. There was a positive correlation between
increased AgNPs concentration and antifungal efficacy.
In addition, the size of the colonies decreased with the
increased concentrations of silver nanoparticles. The
results showed a very significant effect of synthesized
silver nanoparticles on the mycelium growth of
Aspergillus sp. More than 95% of the inhibitory effect
on fungal growth was demonstrated on the Aspergillus
sp. (96.72% with Aspergillus aculeatus, 97.22% with
Aspergillus fumigatus) treated with AgNPs 30 mg/L.
However, no significant differences were found among
the control, 0.1, and 1 mg/L concentrations, with 0, 0.68,
and 1.38% inhibition rates, respectively. In Aspergillus
Sfumigatus, there were no significant differences when
treated with 0.1 mg/L and 1 mg/L of silver nanoparticles
with approximately 10% growth inhibitory (9.83%,
11,47%, respectively).

In general, the inhibition increased with the concen-
tration of silver nanoparticles. These findings are in
agreement with those obtained by Park et al. (2006);
Kim et al. (2009); and Fatimah Al-Otibi (2021) reported

Control (CT)

0.1 mg/L

1 mg/L

10 mg/L

20 mg/L

30 mg/L

A. aculeatus A. fumigatus

Fig. 7. Inhibition effect of silver nanoparticles (AgNPs)
against fungal pathogen on PDA in vitro. Images
were captured after culture plates had been
incubated for 5 days at 28°C.
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Fig. 8. Inhibition rate (%) of silver nanoparticles (AgNPs) against fungal pathogen.
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Fig. 9. Inhibition effect of silver nanoparticles (AgNPs) against
bacterial pathogen.
(A). Zone of inhibition of silver nanoparticles; (B). bar
graph showing zone of inhibition introduced by AgNPs
against Klebsiella pneumonia. Images were captured
after plates had been incubated for 24 hours at 35°C.

that Ag ions and silver nanoparticles had a significant
effect on plant pathogenic fungi, Bipolaris sorokini-
ana, Fusarium solani, Raffaelea species, and
Colletotrichum species.

In this study, we also conducted a detailed study on
the role of concentration for the antibacterial activity of
silver nanoparticles against Klebsiella pneumoniae —
caused soft rot disease in N. nucifera (cv. concave

white lotus). Fig. 9A, 9B shows the resulting zone of
inhibition observed against Klebsiella prneumoniae.
The larger inhibition zone was detected for treated with
AgNPs at 10 mg/L, 20 mg/L, and 30 mg/L concentrations.
No detected antibacterial “halo” with treated AgNPs at
lower concentrations of 10 mg/L (0.1 mg/L, 1 mg/L)

Management of fungal and bacterial diseases on
crops is economically essential. There have been numer-
ous previous reports of silver nanoparticles’ antimicro-
bial, antifungal use in treating FEscherichia colz,
Staphylococcus aureus, Bacillus subtilis, Klebsiella
mobilis, Mycobacterium tuberculosis, and Candida
albicans. This study confirms that silver nanoparticles
have significant inhibitory effects on colony formation
from conidia of Aspergillus fumigatus, Aspergillus
aculeatus, and Klebsiella pneumonia — a pathogens—
caused disease of a white lotus. The exact mechanisms
of AgNPs against plant pathogens (bacteria, fungi)
remain unknown. However, many studies have found
that the electrostatic attraction between microorgan-
isms; negatively charged cell membranes, such as bacte-
ria, viruses, and fungus: and, positively charged nanopar-
ticles play a critical role in the antibacterial activity of
nanomaterials. Therefore, it was believed that silver
nanoparticles with large surface areas could quickly form
Ag+, binding to functional groups (—SH) of proteins and
this resulted in protein denaturation. Besides, the anti-
microbial activities of silver nanoparticles may result
from a loss or inhibition of replication activity that inacti-
vates the cellular proteins and enzymes of the pathogens
(Feng QL, 2000).

The results have shown that silver nanoparticles can
inhibit the growth and development of bacterial and fun-
gal strains. Based on the findings of this study, silver
nanoparticles are one of the most effective solutions for
disease management on the white lotus (Nelumbo
nucifera) in vivo. AgNPs green synthesis is considered
less harmful, toxic, and cost—effective than other meth-
ods. This study promises the application of silver nano-
materials in the prevention and control of diseases on
lotus plants caused by microbial agents, improving both
the quality and quantity of white lotus.
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CONCLUSION

This study has isolated and identified fungal and
bacterial (Aspergillus fumigatus, Aspergillus aculea-
tus, Klebsiella pneumoniae) caused diseases in white
lotus (Nelumbo nucifera). Endophytes can act as
potential pathogens of white lotus, capable of inflicting
severe damage to cultivate. Silver nanoparticles show
significant antibacterial activity, antifungal against plant
pathogens. Therefore, AgNPs could be a good alterna-
tive for development as an antibacterial, antifungal agent
in this lotus variety. AgNPs can lead to valuable findings
in various applications in agriculture, providing a novel
and sustainable alternative in the food and agriculture
sectors for disease management and control.
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Abstract. Lotus (Nelumbo nucifera) is an essential species in many countries. In Vietnam, the lotus is a plant
with cultural and spiritual significance, representing purity, spiritual growth, and enlightenment. However,
petiole dieback and wilted dry leaves are severe diseases that weaken the host and decrease leaf
photosynthesis, reducing lotus production. In this study, a new dieback and wilted leaf pathogen were
identified via its morphology, phylogeny, and pathogenicity. Four representative Botryosphaeriaceae
isolates from lotus fields in Hue, Phong Dien, and Phu Loc were selected for identification and pathogenicity
testing. Based on morphological and phylogenetic analyses and by using the ribosomal internal transcribed
spacer region (ITS) and B-tubulin (tub-2) gene sequences, we identified four isolates as Neofusicoccum
parvum. In the pathogenicity test, typical symptoms appear on the inoculated lotus petioles, including
dieback, curving, and wilted leaves. These symptoms are consistent with those observed in the field. In
addition to identifying the pathogen species responsible for lotus disease, this study provides valuable
insights into the taxonomy and phylogenetic relationships of new fungal pathogens that affect lotus fields.
These findings can contribute to effective management strategies to control these diseases and improve lotus
production. To the best of our knowledge, this is the first report of characterization and phylogenetic
analysis of N. fusicoccum as the causal agent of wilted leaves and dieback disease in Thua Thien Hue,
Vietnam.

Keywords: Neofusicoccum parvum, dieback disease, phylogeny, lotus, Vietnam

1 Introduction

The Botryosphaeriaceae are diverse fungi, including 24 genera of ecologically diverse host plants
that are either plant pathogens, endophytes, or saprobes [1, 2]. The diseases associated with this
family of fungi are often triggered by stressors, such as environmental stressors like drought,

extreme temperature changes, heavy metals, nutrient deficiencies, and leaf injuries. These factors
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can promote the pathogenicity of Botryosphaeriaceae species [2, 3]. However, they can also be
primary pathogens, especially when non-adapted hosts are exposed to an exotic pathogen [4-7].
In recent years, there have been a growing number of reports on diseases caused by Neofusicoccum
species in numerous countries. For example, Neofusicoccum parvum has been identified as a
pathogen in different plants, including Zanthoxylum bungeanum, Rhododendron, Eucalyptus spp. in
China [8] and nut rot of chestnut (Castanea sativa). In the United States, N. parvum has been
identified as the cause of dieback and canker of hemp (Cannabis sativa) in Italy, causing brown
spots on gallnuts of Rhus potaninii in China, black spots of Rosa chinensis in China [9], twig blight
and branch dieback of walnut in Turkey [10], stem canker and dieback in blueberries in Chile
[11], and wilting and stem rot of Santalum album in China [9]. It is worth noting that N. luteum, N.
batangarum, N. mangiferae, and some other species in Neofusicoccum have also been reported to be
related to various plant diseases. It is important to mention that in the past, several species of
Neofusicoccum were incorrectly classified because of their morphological similarities. However,
with the development of phylogenetic analysis, most new species have been discovered, and
some known species have been reclassified. Therefore, the identification and management of

Neofusicoccum species have become increasingly important in the field of plant pathology.

Lotus (Nelumbo nucifera Gaertn.) is a perennial aquatic crop that is grown and consumed in
Asia for food, ornamental, and medicinal purposes. Currently, despite the importance attributed
to the species of this family, knowledge of the taxonomy and diversity of Neofusicoccum pathogens
associated with the lotus in Vietnam is limited. During the summer of 2022-2023, petioles blight
and dieback symptoms were observed in several lotus fields in Thua Thien Hue, Central Vietnam.
The present study aims to identify Neofusicoccum isolates collected from lotus with symptoms of
dieback, blight, and wilted leaves. Species were identified based on their morphology and
comparison of the DNA sequence data for ITS rDNA and 3-tubulin (tub-2). The taxonomy and
phylogenetic relationships of pathogen isolates were investigated, and their pathogenic abilities

were determined.

2 Materials and methods
Sampling, isolation, and purification of pathogenic fungi

From 2022 to 2023, nine samples were collected from lotus fields in three regions in Thua Thien
Hue, Vietnam (Hue, Phong Dien, and Phu Loc). Before being transferred to the laboratory for
further testing, the samples were placed in plastic bags labelled with the date, site, and symptoms.
Infected tissues were cut into small pieces (5 x 5 mm), and their surfaces were disinfected with
1% sodium hypochlorite (NaOCl) for 30 seconds and washed three times with sterile distilled
water. Tissue samples were dried on sterile absorbent paper and transferred onto WA (water
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agar) plates. The inoculated plates were incubated at 30 °C for seven days. To obtain pure culture,

we transferred fungal hyphae to fresh potato dextrose agar (PDA) plates for further culture.

Obtained isolates were preserved in 50% (v/v) glycerol at —40 °C for future use.

Table 1. List of nine isolates collected from N. nucifera in Thua Thien Hue province in this study

Collection . L.
Isolate Code Source — Host plant dat Geographical Origin
ate
. . Dong Ba, Hue City, Thua Thien
N. nucifera cv. Cao san pink/ .
HX.DB.SH.01 . June, 2022 Hue province
Petiole
16°28'40.6"N 107°35'01.7"E
Thuan Hoa, Hue City, Thua
N. nucifera cv. Cao san pink/ . .
HX.DB.SH.02 Petiol July, 2022 Thien Hue province
etiole 16°28'07.4"N 107°34'19.3"E
Dong Ba, Hue City, Thua Thien
N. nucifera cv. Cao san pink/ .
HX.DB.SH.03 Petiol March, 2023 Hue province
etote 16°28'40.1"N 107°35'02.4"E
Dong Ba, Hue City, Thua Thien
HX.DB.SH.04 N. nucifera cv. white/ Leaf March, 2023  Hue province
16°28'38.4"N 107°35'03.3"E
Dong Ba, Hue City, Thua Thien
HX.DB.SH.05 N. nucifera cv. white/ Petiole May, 2023 Hue province
16°28'40.4"N 107°35'02.0"E
Phong Hien, Phong Dien
N. nucifera cv. Cao san pink/ ) District, Thua Thien Hue
KN.SH.PD.1004 April, 2022 .
Leaf province
16°3326.1"N 107°27'17.6"E
Phong Hien, Phong Dien
N. nuaferu cv. Cao san plnk/ District, Thua Thien Hue
KN.PH.PD.1004 May, 2023 .
Leaf province
16°33'21.9"N 107°27'22.8"E
Phu Loc District, Thua Thien
TN.TL.SH.02 N. nucifera cv. white/leaf April, 2023 ~ Hue province
16°16'26.3"N 107°52'09.7"E
Phu Loc District, Thua Thien
TN.TL.SH.03 N. nucifera cv. white/Petiole April, 2023 ~ Hue province

16°1621.3"N 107°52'28.5"E
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Morphological analysis

The isolates were cultured on PDA to observe colony and conidia morphology. Mycelial discs of
5 x 5 mm diameters were inoculated at the centre of PDA plates and incubated in the dark at
ambient temperature (30 + 2 °C). Colony diameters were measured after seven days, and cultural
features were examined and photographed. The characteristics of conidia were observed under

an Olympus BX51 photographic microscope.

DNA extraction, PCR amplification

Pathogenic fungi were inoculated and grown for seven days on PDA; then, the mycelia were
collected and harvested by using Whatman filter paper. Fungal DNA genomic was extracted by
using the Genomic DNA Extraction Kit, following the manufacturer’s instructions (ABT,
Vietnam). Polymerase chain reaction (PCR) amplification of the ribosomal DNA internal
transcribed spacer (ITS) region, (3-tubulin (tub-2) region, was performed using the primers pairs
ITS1/ITS4, and fpt2a/Bt-2b [12, 13]. ITS1 (5-TCCGTAGGTGAACCTGCGG-3")/ITS4
(5"-TCCTCCGCTTATTGATATGC-3'); pt2a (5-GGTAACCAAATCGGTGCTGCTTTC-3")/ pt2b
(5" ACCCTCAGTGTAGTGACCCTTGGC-3'). Polymerase chain reaction amplification was
carried out in a SimpliAmp™ Thermal Cycler (Applied Biosystems, Thermo Fisher Scientific Inc.,
USA) in a 50 pL reaction mixture containing 25 uL of Go Taq Green 2X Master Mix (Promega,
USA), 5 uL (50 ng) of the DNA template, 5 uL of each primer (10 pmol), and 15 uL of ddH-O.

The PCR conditions were as follows: initial denaturation at 95 °C for five minutes, followed
by 35 cycles: 95 °C for 30 seconds, annealing at a suitable temperature for 30 seconds, and 72 °C
for 60 seconds. The final extension was performed at 72 °C for seven minutes. The annealing

temperature for each gene was 52 °C for ITS and 55 °C for tub-2.

Sequencing and phylogenetic analysis

Polymerase chain reaction products were sequenced at the First BASE sequencing service in
Malaysia. The sequences obtained were read and compared by using The Basic Local Alignment
Search Tool (BLASTn) in GenBank at National Center for Biotechnology Information NCBI
((http://www.ncbi.nlm.nih.gov, accessed on 15 July 2023) (Table 2).

The DNA sequences obtained from both strands were assembled to obtain consensus
sequences for each isolate by using BioEdit v7.0.5 [14]. Multiple sequence alignment was
manually performed with the closely related reference sequences available in the NCBI database
by using MUSCLE in MEGA 11 software under default parameters. Aligned gene regions were
adjusted manually where necessary. Concatenated alignment was performed by using MEGA 11
software [15]. To establish the identity of fungal isolates, we conducted phylogenetic analysis by
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using a concatenated session formed by two loci (ITS, tub-2). The phylogenetic tree was
reconstructed according to the maximum likelihood method by using IQ-TREE v. 2.1.3 [16]. The
ModelFinder was used to determine the best-fit model [17]. Branch support was determined by
using 10,000 ultra-bootstraps, a Bayesian posterior probabilities support, and 10,000 SH-aLRT
bootstrap replicates. The resulting trees were plotted by wusing FigTree v. 1.4.2
(http://tree.bio.ed.ac.uk/software/figtree), Interactive Tree of Life (iTOL) v.6 [18], and edited by
using PowerPoint (Microsoft, CA, USA) and Adobe Illustrator CC 2021 (Adobe Systems, CA,
USA).

Pathogenicity tests

The pathogenicity and virulence of four representative isolates of N. parvum were examined via
Koch's postulates. Lotus plants (N. nucifera cv. Cao san — high yield pink, and cv. white) at the
two- to three-leaf stage were used for all inoculation tests in this study. The inoculation points of
petioles were surface-disinfected with 1% sodium hypochlorite solution for 1 min, followed by
70% ethanol for 2 min with filter paper. Mycelium plugs (6 x 6 mm) of ¥2 PDA were cut from an
actively growing colony, placed on inoculation points, and wrapped in paraffin. The plants were
kept under high humidity conditions (>85% relative humidity) in a covered plastic container for
1-3 days at 28 °C. Plants were then transferred to a net house maintained at ambient temperature
(30 = 2 °C under a 12 h/12 h photoperiod). The area of the lesion developed on the inoculated
petioles was measured with a grid table, converted with Image] v1.5.2 (National Institute of
Health, USA). For each trial, we used three plant replicates (three inoculation points/plant) for
fungal inoculation. In the control plants, the sterile PDA plug was used for inoculation (control).
Differences in lesion area were evaluated by using the one-way method ANOVA, and means
were compared with Tukey’s post-hoc test (p <0.05) by using IBM SPSS Statistics v.20 software.
To confirm Koch's postulates, the fungal pathogens from symptomatic inoculated leaves and

petioles were reisolated and reidentified by using morphological characteristics.

3 Results

Fungal isolation and morphological identification

The symptomatic lotus plants in the field exhibit different symptoms, characterized with severely
infected petiole browning and leaf browning and wilting (Fig. 1b, 1c, and 1d). The tissues with
symptoms were collected for fungal pathogen isolation. Nine isolates of pathogens were
successfully recovered from the diseased samples collected from the lotus fields in the study
location. These isolates were fast-growing on PDA and formed abundant aerial mycelia that were

initially white, turning grey to dark grey over time (after 4-5 days). The reverse of the colonies
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was white, which also became greyish to greenish-grey with ageing (14-15 days). These
morphological characteristics are similar to those of other members of the parvum-ribis species
complex. The colonies formed dark pycnidia in pine needles (Figure 2e). The conidial sizes range
from 17.5-21.3 (avg. 19.8) um x 9.7-12.2 (10.5) pm.

SR

NIy

Fig. 1. Disease symptoms observed on N. nucifera from lotus fields in Dong Ba, Hue City, Thua Thien Hue
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Fig. 2. Neofusicoccum parvum (HX.DB.SH.03). a: Upper side of colony grown on PDA (five days); b: Reverse

side; c: Aged colony on PDA (14 days); d: Conidiomata on WA 2% + pine needles; e: Pycnidia and conidia
induced to form after 15 days in WA 2% + pine needles; f: Hyphae form in WA 2% + pine needles;
g: Conidia. Scale bar =20 um.

Molecular identification and phylogenetic analysis

The representative isolates: HX.DB.SH.03 (isolated from cultivar Cao san/petiole), HX.DB.SH.04
(cv. white/leaf), KN.SH.PD.1004 (cv. Cao san/leaf), and TN.TL.SH.03 (cv. white/petiole) were
selected for molecular identification and phylogenetic analysis. The amplicon size of these
isolates is 500-650 bp for ITS and 300400 bp for tub-2. The BLASTn analysis homology of the
sequences indicates that the sequences from the present study match well with the reliable

reference sequences of N. parvum and show 100% sequence similarity in ITS with BRIP66334,
CMW28386, 99.78% in tub-2 with L12, KARE1198.
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Table 2. Taxa of isolates and their GenBank accession numbers used in the phylogenetic analysis

i Accession ..
Species Number ITS TUB-2 Host Origin
N. arbuti CBS116131 AY819720 KF531793 Arbutus USA Type
menziesii
N. australe CMW6837 AY339262 AY339254 Acacia sp. Australia
= CBS139662
N. batangarum CBS124924 FJ900607 FJ900634 Terminalia Cameroon Type
= CMW28363 catappa
N. batangarum CBS124923 FJ900608 FJ900635 Terminalia Cameroon
= CMW28320 catappa
N. brasiliense CMM1338 JX513630 KC794031 Mangifera Brazil Type
indica
N. brasiliense CMM1285 JX513628 KC794030 Mangifera Brazil
indica
N. cordaticola CBS123634 EU821898 EU821838 Syzygium South Africa Type
cordatum
N. cordaticola CBS123635 EU821903 EU821843 Syzygium South Africa
cordatum
N. cryptoaustrale CBS 122813 F]752742 FJ752756 Eucalyptus South Africa Type
= CMW23785 5p-
N. eucalypticola CBS115679 AY615141 AY615125 Eucalyptus Australia Type
= CMW6539 grandis
N. eucalypticola CBS115766 AY615143 AY615127 Eucalyptus Australia
= CMW6217 rossi
N. eucalyptorum CBS115791 AF283686 AY236920 Eucalyptus South Africa Type
= CMW10125 grandis
N. hellenicum CERC1947 KP217053 KP217069 Pistacia vera Greece Type
N. hellenicum CERC1948 KP217054 KP217070 Pistacia vera Greece
N. hongkongense CERC2973 KX278052 KX278261
N. hongkongense CERC2967 KX278050 KX278259
N. CBS5123641 EU821919 EU821859 Syzygium South Africa
kwambonambiense = CMW14140 cordatum
N. CBS 123639 MHS863317  EU821840 Syzygium South Africa Type
kwambonambiense = CMW14023 cordatum
N. luteum CBS110299 AY259091 DQ458848  Vitis vinifera Portugal Type
N. luteum CBS110497 EU673311 EU673092  Vitis vinifera Portugal
N. lumnitzerae CMW 41469 KP860881 KP860801 Luminitzera South Africa Type

racemosa
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i Accession ..
Species Number ITS TUB-2 Host Origin
N. macroclavatum CBS118223 DQ093196 DQ093206 Eucalyptus Australia Type
globulus
N. mediterraneum PD82 GU251192 GU251852 almond USA
N. mediterraneum CBS121718 GU251176 GU251836 Eucalyptus Greece Type
sp.
N. nonquaesitum CBS126655 GU251163 GU251823  Umbellularia USA Type
=PD484 californica
N. occulatum CBS 128008 EU301030 EU339472 Eucalyptus Australia Type
=MUCC227 grandis
N. occulatum MUCC 286 EU736947 EU339474 Eucalyptus
pellita
N. parvum CPC31234 MN860181  MN905746 Persea Greece
americana
N. parvum CERC 3503 KX278059 KX278268 E. urophylila China
x E. grandis
N. parvum MANS55 KY052933 KY000117
N. parvum MFLUCC 11- JX646795 JX646843
0184
N. parvum CBS 138823 AY236943 AY236917 Populus New Zealand Type
= ATCC58191 nigra
= CMW9081
N. parvum LC013 OM392021  OM453641 Macadamia China
N. pennatisporum MUCC510 EF591925 EF591959 Allocasuarin Australia Type
a fraseriana
N. ribis CBS 115475 AY236935 AY236906 Type
N. stellenboschiana CBS110864 AY343407 KX465047  Vitis vinifera  South Africa Type
= CPC4598
N. stellenboschiana CPC 31232 MNS860179  MN905744 Persea Greece
americana
N. umdonicola CBS 123645 EU821904 EU821844 Syzygium South Africa Type
= CMW14058 cordatum
N. umdonicola CBS 123646 EU821905 EU821845 Syzygium South Africa
= CMW14060 cordatum
N. vitifusiforme CBS110887 AY343382 KX465061 Vitis vinifera ~ South Africa Type
= STE-U 5050
Botryosphaeria CBS 115476 AY236949 AY236927 Type

dothidea

Strains bolded are ex-type or ex-epitype. ATCC: American Type Culture Collection, Virginia, USA; CBS: Culture
collection of the Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands; CMM: Culture Collection of
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Phytopathogenic Fungi Prof. Maria Menezes, Federal Rural University of Pernambuco, Brazil; CMW: Culture
Collection of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South
Africa; CPC: Culture collection of Pedro Crous, housed at CBS; CERC: China Eucalypt Research Center, Chinese;
MFLUCC: Mae Fah Luang University Culture Collection, Thailand; ICMP: International Collection of Micro-

organisms from Plants, Landcare Research, New Zealand.

To further identify these isolates, we performed the phylogenetic analysis with ITS and
tub-2 sequence alignment comprising 45 isolates with Boytryosphaeria dothidea CBS115476 as the
outgroup for individual loci sequenced as well as on the combined dataset (Fig. 3). The best-fit
models of nucleotide substitution used in the analysis of individual genes were as follows: TNe
+ 1+ G4 (ITS) and HKY + F + G4 (tub-2). The tree topologies resulting from ML analysis of
independent alignments of ITS, a portion of the tub-2 gene, and a concatenated data set
containing both loci were congruent, with strongly supported species-level clades for N. parvum.
The tree constructed with optimal log-likelihood of ML analysis is —2681.773. The HKY+F+I+G4
best-fit model was chosen according to the Bayesian information criterion (BIC). The estimated
base frequencies were recorded as follows: A = 0.209; C = 0.321; G = 0.249; T = 0.20; while
substitution rates were established as AC=1; AG=8.83977; AT=1,CG=1;, CT=8.83977; GT=1;
the gamma distribution shape parameter («) is 0.611. The results show that the four isolates:
HX.DB.SH.03, HX.DB.SH.04, KN.SH.PD.1004, and TN.TL.SH.03 cluster with strong statistical
support in the clade contain the type strain N. parvum CMW9081 (SH-aLRT/PP/MLBS: 97.4/1/98-
ITS, 92.1/1/94-tub2, 96.7/1/99-concatenated ITS+tub), where N. batagarum, N. umdonicola, and N.
ribis are associated (PP/MLBS = 1/93) as the closest sister species of these pathogenic fungi.

The phylogenetic relationships of the Neofusicoccum species fully match the topology of the
phylogeny tree reported by Bezerra et al., Hilario et al., and Lopes et al. [19-21]. The combined
sequence data of these isolates group with the high bootstrap value of the reference N. parvum
CMW9081 (Fig. 3). Therefore, these isolates were confirmed as N. parvum based on molecular

identification.
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Fig. 3. Phylogenetic trees based on maximum likelihood (ML) analysis for species in Neofusicoccum sp. a.
ITS region; b. tub-2 gene region; c. combination of ITS + tub regions. Isolates sequenced in this study are in
bold. Bootstrap support values are shown at each node (SH-aLRT/BPP/MLBS). Isolates representing type
sequences are marked with “T". Botryosphaeria dothidea CBS 115476 was used as the outgroup taxon. The bar

indicates the substitutions number per position.

N. parvum has previously been reported to cause canker and dieback symptoms in
blueberries in Chile, avocado orchards and Eucalyptus in Spain [22], walnut in Turkey [23],
grapevine trunk in Algeria [24], Cannabis sativa in Italy, and Canada [25, 26], Olea europaea in Italy
[27], sequoias (Sequoiadendron giganteum) in Switzerland [4], and Osmanthus fragans in China [28].
It was reported causing stem end rot in mango, leaf spot disease of Machilus thunbergii — Japan,
Geodorum eulophioides, Cinnamomum cassia in China [29, 30], and leaf blight of Indian hawthorn
(Rhaphiolepsis indica) in Italy. To our best knowledge, this is the first report of N. parvum as a new
agent associated with leaf spot and petioles dieback in Nelumbo nucifera in Vietnam. Furthermore,
the lotus plants facing environmental stress or mechanical injuries due to natural disasters, such
as strong winds, floods, and droughts, create favourable conditions, highly vulnerable to this
pathogen. In addition, several studies have shown that fungi belonging to the Botryosphaeriaceae
family can infiltrate plants via endophytic colonization, wounds, contaminated soil, and insect
attacks [30, 31].

Pathogenicity tests

Morphological observations on microscopes show that all pathogen isolates are identical, and
four isolates were selected for the pathogenicity tests. Fulfilling Koch’s postulates shows that
Neofusicoccum spp. are pathogens causing wilted leaves and dieback petioles on the lotus, the

symptoms similar to those observed in the field.

The petioles inoculated with these isolates were inspected for the appearance of canker
symptoms at the early stage (7-10 days post-inoculation (dpi)). All isolates cause lesions on the
petioles, with larger lesion sizes observed with the wounded method. When the petioles were
inoculated with the unwounded method, the disease area was smaller. As the disease progresses,
the lesions expand longitudinally from the inoculation sites and spread to leaves, causing the
leaves to turn brown, gradually curling and wilting. After 35-40 days, the plant-inoculated
pathogen isolates completely dried and died. A cross-section of the fungal inoculated plant shows
the rooting area of the internal xylem of petioles, and the diseased area has a dark brown colour.
In contrast, the plants treated with sterile PDA (control) do not exhibit any signs of dieback (Fig.

4g).
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7 dpi

- &

B [1X.DB.SIL03 [

Fig. 4. Pathogenicity test results. Disease symptoms in different parts of lotus plant induced by N. parvum
—isolate HX.DB.SH.03. a. Early stage (7dpi) with browning of necrotic areas; b, c. Lesion spread on petioles
and leaves; d: e, f: leaves gradually curving, dry, and dead; g: The lotus plant-inoculated isolate

HX.DB.SH.03 exhibited disease, while the control remained symptomless.

Since Neofusicoccum is known to have a wide host range, we investigated whether the
isolates in this study could cross-infect a range of lotus cultivars (cv. white and cv. Cao san).
Although all isolates cause dieback in both lotus cultivars, the area and speed of dieback
development differ significantly, suggesting that virulence varies among isolates and inoculation
methods. In the wounded method, there are significant differences in lesion areas produced on
the N. nucifera inoculated petioles that range from 67.38 to 82.6 mm? for cv. Cao san lotus and
26.86—46.60 mm? for cv. white lotus. These findings suggest that N. nucifera cv. cao san is more
susceptible to N. parvum infection than N. nucifera cv. white, with greater disease severity (p <
0.05).
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Table 3. Area (mm?) of lesion caused by four isolates N. parvum on petioles of various cultivar of lotus

at 15 dpi
Inoculation .
Cultivar HX.DB.SH.03 HX.DB.SH.04 KN.SH.PD.1004 TN.TL.SH.03
method
cv. Cao san
82.60 + 5.322 80.94 +£5.112 67.38 +2.31P 72.36 + 4.54°
lotus
Agar plugs
cv.white
on 45.06 + 3.562 46.60 +1.212 26.86 + 2.48P 30.18 +1.91°
wounded lotus
Control 0 0 0 0
cv. Cao san
ot 36.74 + 1.062 35.76 +2.252 30.38 +1.99 31.94 +2.24b
otus
Agar plugs
cv.white
on 25.92 +2.042 26.74 +1.982 20.66 + 2.83 21.02 +2.000
unwounded lotus
Control 0 0 0 0

Note: Average lesion area (mm?) + SD (standard deviation). The letters indicate that the treatments

are significantly different (p <0.05, Turkey HSD test). Data were recorded at 15 days post-inoculation (dpi).

4 Conclusion

In this study, we first reported Neofusicoccum parvum as a causal pathogen of petioles dieback,
leaf blight, and curving lotus leaves in Thua Thien Hue, Vietnam. The pathogen was identified
by using morphological features, multigene DNA sequencing, phylogenetic analysis, and
pathogenicity testing. This information is useful in establishing quarantine measures and

developing targeted disease management strategies.
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SUMMARY

In Vietnam, lotus is a plant with cultural and spiritual significance, representing purity, spiritual growth, and
enlightenment. Lasiodiplodia fungi are associated with a wide range variety of host worldwide along with
endophytes, pathogens, and saprobes. In this study, symptomatic leaves of Nelumbo nucifera were collected
from Thua Thien Hue Provinces and Lasiodiplodia theobromae are characterized, identified based on combined
sequence data analyses (multi locus) of internal transcribed spacer (ITS), beta tubulin (fub2), and translation
elongation factor 1-alpha (tef-/a) coupled with morphological characteristics. Furthermore, AgNPs showed
potent activity against L. theobromae at a concentration of 30 ug mL ", a 73.72% inhibition of mycelial growth
was observed for the pathogen L. theobromae VNHUCC.NEL38 at 3 days post-inoculation. Thus, the present
study indicates AgNPs may have considerable antifungal activity, these findings will contribute to the
development of effective management strategies to control these diseases and improve lotus production

Keywords: Lasiodiplodia theobromae, Nelumbo nucifera, phylogeny, Vietnam, silver nanoparticles.

INTRODUCTION

Lasiodiplodia genus (Botryosphaeriaceae family, Botryosphaeriales) was first described by Clendenin in 1896 and
is represented by L. tubericola, which is now recognized as L. theobromae (Phillips et al., 2013; Dou et al., 2017).
This genus with characterized by large, ovoid to oblong, usually hyaline, aseptate ascospores and hyaline or
pigmented, aseptate, one or rarely multi-septate, conidia usually with longitudinal striations. Both sexual and
asexual morphs have been recorded for Lasiodiplodia genus. The family Botryosphaeriaceae consists of a group
(monophyletic lineage) of 22 genera that are distinguished based on their ascospores and conidia, as well as their
phylogenetic relationships. Conidiophores are typically reduced to conidiogenous cells, which, when present, are
characterized by hyaline, cylindrical conidiophores that are sometimes septate and rarely branched Lasiodiplodia
species have subglobose or oval smooth, thick-walled conidia that are initially hyaline and become dark brown
and striated when mature

Distinguishing between Lasiodiplodia species based on morphological features alone is challenging and
unreliable, leading to inaccurate identification because of their similar cultural and conidial characteristics. Hence,
a DNA sequencing approach is recommended for accurate species identification, as well as clear phylogenetic
boundaries. Recent research has advanced the recognition of various Lasiodiplodia species using sequence data
of multi-locus with the internal transcribed spacers (ITS), partial translation elongation factor-1a (tef7), and partial
B-tubulin (tub2) with high phylogenetic support. Lasiodiplodia species are wide distribution, commonly found in
tropical and subtropical regions and exhibit different lifestyles as endophytes, pathogens, and saprobes. These
species have been known to infect various crops, including almonds (Prunus amygdalus), blueberries (Vaccinium
corymbosum), baobabs, citrus fruits (Citrus spp.), cocoa (Theobroma cacao), coconuts (Cocos nucifera),
grapevines (Vitis spp.), durians (Durio spp.), dragon fruits (Hylocereus polyrhizus), groundnuts (Arachis
hypogaea), jackfruits (Artocarpus heterophyllus), mango (Mangifera indica), mulberries (Morus spp.), olives (Olea
europaea), pines (Pinus spp.), strawberries (Fragaria spp.), and rice (Oryza spp.) (Berraf-Tebbal et al. 2020; El-
Ganainy et al. 2022; Ko et al. 2023). There are few studies on Lasiodiplodia-associated leaf disease in Nelumbo
nucifera. Therefore, the current study aimed to characterize Lasiodiplodia isolates from Nelumbo nucifera in Thua
Thien Hue Province, Vietnam, using morphological and phylogenetic analyses based on ITS, tef-1a, and tub2
sequence data. In addition, assessing the sensitivity of fungal reactions to AgNPs will provide essential
knowledge regarding their potential use as plant protection products. This information is crucial for sustainable
breeding and the design of management strategies against fungicide-resistant strains.

MATERIALS AND METHODS
Sample Collection and Fungal Isolation

Symptomatic leaf samples were collected, and stored in plastic at Gene Laboratory, Institute of Biotechnology,
Vietnam, where isolation was subsequently conducted. Fungal isolation was performed using the tissue
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transplantation method. Pieces of symptom-containing healthy parts of 5 x 5 mm were cut and surface disinfected
using 70% ethanol and 1% a.i sodium hypochlorite (NaOCI). Then, washed 3 times with sterile distilled water
(DW), and dried on sterile filter paper. The samples were placed directly on water agar (WA) and incubated at
ambient temperature (28 + 2 °C) for 2-3 days. Hyphal tips recovered from the infected tissues were cut and
directly placed on potato dextrose agar (PDA; HiMedia, India) for purification. The obtained fungal samples were
transferred to PDA slant/PDA-glycerol and preserved at -40 °C for further analyses. To induce sporulation,
isolates were transferred to 2 % water agar with sterilized pine needles on the agar surface (PNA).

DNA Extraction, PCR Amplification, and Sequencing

Each fungal isolate was cultured on PDA for 5 days to obtain young mycelia, which were subjected to DNA
extraction using the Genomic DNA Extraction Kit following the manufacturer’s instructions (ABT, Vietnam).
Portions of internal-transcribed spacer (ITS), translation elongation factor 1-a (tef7-a), and B-tubulin (tub2) regions
were amplified using the primer pairs ITS1/ITS4 (White et al., 1990), EF1-728F/ EF-986R (Carbone and Kohn,
1999), and Bt2a/Bt2b (Glass and Donaldson, 1995), respectively (Table 1). PCR amplification was performed in
60 uL reaction volume containing 30 yL of Go Taq Green 2x Master Mix (Promega, USA), 5 uL of the DNA
template (50 ng), 5 pL of each primer (10 pmol), and 15 pL of ddH20. PCR profile was denatured at 95 °C for 3
min, followed by 35 cycles of 95 °C for 30 s, annealing at 52 °C (ITS), 55°C (tef-1a, and tub2) for 30 s, elongation
at 72 °C for 1 min, and a final extension at 72 °C for 10 min. The PCR products were observed via 1% agarose
electrophoresis gel using SafeView staining.

Table 1. Gene regions and respective primer pairs were used in the study.

Locus Gene region Primer Sequence (5'-3")
internal transcribed spacer regions with ITS ITS1 TCC GTA GGT GAA CCT GCGG
intervening 5.8S nrRNA gene
ITS4 TCC TCC GCT TAT TGA TAT GC
Partial beta-tubulin gene tub2 Bt2a GGT AAC CAAATC GGT GCTGCT TTC
Bt2b ACC CTC AGT GTA GTG ACC CTT GGC
Partial translation elongation factor 1-alpha tef EF1-728F CAT CGA GAA GTT CGA GAA GG

EF1-986R TAC TTG AAG GAACCC TTACC

Phylogenetic analyses

A portion of the PCR product was sequenced by the sequencing service provider First BASE Laboratories (Seri
Kembangan, Malaysia). A BLASTn search was used to compare the sequences found in our study with other
sequences deposited for similarity analysis in those of Genebank - NCBI (National Center for Biotechnology
Information, https://blast.ncbi.nim.nih.gov/Blast.cgi, accessed on 15 December 2023) database. Sequences for
each locus were constructed and aligned in MAFFT v7.487 using default settings and trimmed using trimAl 2.rev0
b g. Gaps were deemed to be missing data, and ambiguously aligned areas were discarded. The alignment was
further manually adjusted using BioEdit v. 7.0.9.0 if necessary.To establish the identity of the isolates at species
level, phylogenetic analyses were conducted individually for individual loci and then as combined analyses of
three loci (ITS, TEF, and TUB2) based on maximum likelihood (ML) in IQ-TREE. 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. The resulting
trees were plotted using FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree), and Interactive Tree of Life
(iTOL) v.5 (Letunic and Bork, 2021), and further edited using PowerPoint (Microsoft, CA, USA) and Adobe
Illustrator CC 2021 (Adobe Systems, San Jose, CA, USA).

Pathogenicity assay

Young and healthy leaves of Nelumbo nucifera were collected, washed with tap water, and surface-disinfected
with 1% sodium hypochlorite. They were then submerged in 70% ethanol for 1 min and rinsed twice with sterilized
water. One piercing wound was made in the mid-region of each leaf using a sterilized needle to form a tiny dot.
Mycelium plugs (6 x 6 mm) of 2 PDA were cut from an actively growing colony, placed at the inoculation points,
and wrapped in parafilm. The plants were kept under high humidity conditions (>85% relative humidity) in a
covered plastic container for 1-3 days at 28 °C. Sterile PDA plugs were used to inoculate the control plants. The
non-wounding experiment was conducted similarly without causing any damage to the leaves. The petri dishes
were placed inside a plastic box, and the leaves were incubated at 25 °C with humidity and a 12/12-hour
fluorescent light/dark cycle. After five days, the leaves were examined for symptom development, and the
diameter of the diseased spot was measured.

Antifungal effects of AQNPs against L. theobromae

An in vitro assay was carried out on PDA with 0.1, 1, 10, 20, and 30 mg/L of silver nanoparticles (AgNPs). Stock
nanoparticle solution was transferred into PDA to obtain different initial AQNPs concentrations (0.1, 1, 10, 20 and
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30 mgL'1). Medium containing AgNPs was poured into 90 x 15 mm petri dishes and incubated at room
temperature. After 48 h of incubation, an agar plug of 6x6 mm diameter containing fungi was inoculated
simultaneously at the center of each Petri dish and incubated at 28 + 2°C. Culture medium without AgNPs was
inoculated and cultured under the same conditions as the control treatment. The size of the colonies was
measured after 1, 2,3, 7 days and each treatment was replicated. The mycelial growth inhibition rate — MGIR (%)
was calculated using the following formula: where R is the radial growth of fungi in the control plate, and r is the
radial growth of fungi in silver nanoparticle treated plates.
R

R treated

MGR](%) _ _control —

control

RESULTS & DICCUSSION
Symptom Recognition and Fungal Isolates

The disease appeared as small irregular brown spots on the lotus leaves (only recorded as aerial/standing
leaves), originating from the outer leaf margins or damaged leaf areas. Subsequently, the spots enlarged and
coalesced into regular or irregular brown necrotic lesions with dark-brown margins. Lesions on leaf petioles were
characterized by brown areas, separating the color between infected and non-diseased areas. On PDA, the
fungal isolates produced dense fast-growing mycelia. Colonies with abundant aerial mycelia reached the lid,
covering the surface of the Petri plate after 3-4 days. Initially, the aerial mycelium was white to pale gray or
smoke-gray colonies, gradually becoming dark grayish on the surface and reversing with age. (Fig. 1E). The
conidia were immature and mature. Both immature and mature conidia were ovoid to ellipsoid in shape and 1-
septate, with longitudinal striations, a broadly rounded apex, and tapering to the truncated base. Based on the
morphological characteristics of the fungal isolates, we identified the recorded isolates as Lasiodiplodia sp., which
was consistent with the morphology described by Alves va déng tac gia (2008).

Five strains of Lasiodiplodia isolated from leaves (aerial leaf) and petioles of Nelumbo nucifera in Thua Thien Hue
Province, Vietnam, were grown in culture. From the five isolates, two representative isolates were selected for
molecular analysis based on a combined analysis of ITS, TUB2, and TEF gene sequences. The final dataset
comprised of 79 taxa of representative isolates of Lasidodiplodia genus, including two isolates obtain in this study.
Diplodia multila (CMW7060) is used as the outgroup taxon. Phylogenetic analysis revealed that the topologies of
the ML trees generated from individual and concatenated genes (ITS, teff-a, and tub2) were similar.

N

Figure 1. A, B. Symptomatic leaf samples observed in the lotus (N. nucifera) field. C, D. Zoomed in view of lesions with
black pycnidia; E. Top and bottom view of VNHUCC.NEL38 colony on PDA; F: immature conidia; G: mature conidia
with longitudinal striations; H: Conidia and fungal mycelia. Scale: E: 2cm; F-G: 15um; H: 10um.

The dataset combined alignment included 80 sequences (taxa) with 1261 characters, including gaps. ML analysis
indicated 355 distinct patterns, 165 parsimony-informative, 98 singleton sites, 998 constant sites. The ML tree
was contrusted with optimal log-likelihood value of -4925.922. Estimated base frequencies were as follows: A:
0.207, C: 0.306, G: 0.257, T: 0.231, rate parameters: A-C: 1.00000; A-G: 4.03082; A-T: 1.00000; C-G: 1.00000;
C-T: 4.03082; G-T: 1.00000. Proportion of invariable sites: 0.614. Gamma distribution shape alpha: 0.776. Best-fit
model: HKY+F+I+G4 chosen according to Bayesian Information Criterion (BIC), TIM3+F+I+G4 according Akaike
Information Criterion (AIC). Two isolates VNHUCC.NEL38, VNHUCC.NEL107 developed a cluster with L.
theobromae, (Fig. 2). Notably, within the same cluster, our two isolates developed distinct evolutionary lengths
with these L. theobromae isolates CBS 164.96 (TYPE strain), CBS 11530, IBL375 (Pitomba - Talisia esculenta,

1137



CONG NGHE SINH HOC NONG NGHIEP

Brazil), MFLUCC 17-0379 (stem of Hevea brasiliensis, Thailand). The combined ITS, tef1 and tub2 phylogeny
showed that Lasiodiplodia theobromae (including VNHUCC.NEL38, VNHUCC.NEL107) clades sister to L.
laosensis, L. brasiliense, and Lasiodiplodia bruguierae with high support (85.9/1/91). As a result, all the present
two isolates (VNHUCC.NEL38, VNHUCC.NEL107) were verified as L. theobromae by virtue of molecular
identification and phylogenetic analysis.

Genus Lasiodiplodia is cosmopolitan and most species can be found primarily in tropics and subtropics. Many
phytopathogenic fungal species with widespread distribution can be found within this genus, responsible for
causing over 500 plant diseases such as fruit rot, root rot, collar rot, stem-end rot, dieback, canker, and leaf
necrosis. In Vietnam, Lasiodiplodia species have been associated with various destructive diseases, such as fruit
rot of jackfruit (Artocarpus heterophyllus) in DakLak, stem end rot disease in pomelo (Citrus maxima) and mango
in Ben Tre; gummosis on Thanh Tra pomelo Citrus grandis in Thua Thien Hue (Khuong et al., 2023; Thao et al.,
2023; Trai et al., 2024). Recently, Cuong va ddng tac gia (2023) also reported L. theobromae as the causative
agent of blight disease in lotus plants (Cuong et al., 2023). Notably, all these reports indicated that L. theobromae
is the causative agent of the disease. To date, there have been no instances of any other species within the
Lasiodiplodia genus.

Tree scale: 0.01

90.9/1/96 | Lasiodiplodia americana CERC1360
9sR/1aT ﬁtamod:pmdfa americana CERC1961'
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Lasiodiplodia mahajangana CMW27801"
% Lasiodiplodia mahajatgana CMW27820
' Lasiodiplodia newvalleyensis EGY20113

95.3/1100 —

a150.0005 | | Lasiodiplodia caatinguensis IBL271
*{Lasr’odaptodaa eaatinguensis IBL3GE
|

95.2/1/99 \\ﬁ_
L L Lasiodiplodia caatinguensis |BLAD

|— Lasiodiplodia chonburiensis MFLUCC16-0376T
— Lasiodiplodia curvata GuoLDO1755
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Lasiodiplodia viticola UCDESDQMOI
Lasiodiplodia theobromag CBS.J.:L‘I.5301
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76.5/0.50/54

-/-59
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B1.2DBR/TS

,_I_|

a4
Lasiodipladia brasifiense CMM2321
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e s T
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Figure 2. Maximum likelihood (ML) tree of the Lasiodiolodia species. Diplodia mutila CMW7060 was selected
as the outgroup. At the nodes, bootstrap support values for ML (2 70%) and BYPP (2 0.5), SH-aLRT (2 75%)
are displayed (SH-aLRT /BYPP/ML). Ex-type isolates are marked with “T”, and our isolates obtained from this study
are in bold. The scale bar indicates 0.01 nucleotide changes per site

Pathogenicity test

All isolates of Lasiodiplodia were pathogenic to detached leaves of lotus, resulting in visible lesions 5 days after
inoculation. The symptoms observed both on the surface and internally were dark brown necrotic lesions that
extended upward and downward from the point of inoculation on both wounded and unwounded samples. Lesion
development in wounded samples was found to be more rapid and severe than in unwounded samples. No visible
symptoms were observed in control leaves. The lotus cultivars differed significantly in the severity of foliar
symptoms caused by L. theobromae. Two lotus varieties in Hue showed that L. thebromae only causes disease in
the Cao san lotus variety, while the white lotus variety has no symptoms. Notably, when tested using the isolated
wound method, the leaves had larger diameter lesions (114 mm), leading to visible lesions five days after
infection, whereas in the non-wounded method, the lesions progressed very slowly, were barely visible, or were
small (24.34 mm). Symptoms observed both on the surface and internally were dark brown necrotic lesions
extending up and down (light brown) from the inoculation site in both the wounded and non-wounded methods.

Antifungal effects of AQNPs against L. theobromae

To determine the sensitivity of L. theobromae (VNHUCC.NEL38) to silver nanoparticles (AgNPs), different
concentrations of were used to generate fungitoxicity curves and determine the concentration of AgNPs needed
to inhibit colony growth by 50% (EC50 values). Mycelial plugs of the VNHUCC.NEL38 isolates were inoculated on
PDA plates containing various concentratlons of AgNPs (0, 0.1, 1, 10, 20, and 30 ug mL~ ) and PC (broad
spectrum fungicide - hexaconazole 500 yg mL ~ )

The effectiveness of the silver nanomaterials in inhibiting the growth of L. theobromae VNHUCC.NEL38 was
assessed. One day after inoculation (1dpi), all concentrations exhibited a certain level of inhibition compared wih
the control. However, after 2 dpi, the rapid mycelial growth of Laszod/plod/a species resulted in no significant
dlfferences between the control and low concentration (0.1 - 1 ug mL~ ) PDA plates. At higher concentrations (10
Mg mL™ ' and 20 pg mL™ ) the inhibition rate was 13.76%-16.27%. The concentratlon of 30 mg/L resulted in a high
level of inhibition (73.72%). This level of inhibition was maintained at 30 yg mL"~ 'after72 h (72.39%), whereas the
remaining concentrations were no longer different from that of the control. Additionally, an inhibitory effect of up to
54.51%.was observed at a concentration of 30 ug mL™" even 7 days after inoculation. VNHUCC.NEL38 also
exhibited high sensitivity to PC-hexaconazole (500 ug mL ) with a relatively high inhibition rate ranging from
46.31% to 57.33% on the first and second day after inoculation. However, the inhibitory efficacy of hexaconazole
against L. theobromae decreased rapidly by the third day of exposure, reaching 15.37%.
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In conclusion, the inhibitory efficacy of AQNPs is highly dependent on the concentration and duration of exposure.
In our experiment, at Iow concentrations (0.1 — 1 yg mL~ ) AgNPs have very little inhibitory effect. At high
concentrations (30 mL~ ) AgNPs exhibit strong inhibition of mycelial growth, but this effect may decrease over
time. This suggests that the effectiveness of silver compounds also depends on the duration of their expose.
Tarazona (2019) demonstrated complete inhibition of the mycelium growth of F. graminearum, F. culmorum, F.
sporotrichioides, F. langsethiae, F. poae, F. proliferatum and F. vertIC//IIOIdes after the longest exposure (20-30 h)
to citrate-stabilized AgNP at concentarions of 30 and 45 mg L~ (Tarazona et al., 2019). The antifungal activity of
AgNPs is attributed to their ability to modify fungal colony morphology and disrupt cell membranes. In a study,
Linh va déng tac gia (2021) identified pathogen-caused stem-end rot mango fruits in Vietnam as L. theobromae
XB1. In addition, nano-Cu at 4000 ppm inhibited fungal L. theobromae XB1 growth by 52.4% after seven days.
Silver nanoparticles had a limited effect, with the highest inhibition of 80% at 400 ppm, and no growth at 25 ppm.
Previous studies have reported that silver nanoparticles damage the transport system, leading to an outflow of
intracellular ions and disruption of cellular processes such as metabolism and respiration. Previous studies by Xia
va ddng tac gid have indicated that Trichosporon asahii organelles, including mitochondria, chromatin, and
ribosomes, sustained significant damage when exposed to AQNPs (Xia et al., 2016)
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Figure 3. Mycelial growth inhibition (MGIR, %) of L. theobromae VNHUCC.NEL38 after application
of AgNPs at different concentrations

CONCLUSION

In the current study, pathogens causing leaf blight, dieback petioles of Nelumbo nucifera in Thua Thien Hue,
Vietham were identified as L. theobromae based on morphological and molecular studies of multiple DNA
sequences. This study has expanded the knowledge for disease management of L. theobromae in vitro by using
silver nanoparticles.
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PHAN TiCH PHAT SINH LOAI LASIODIPLODIA THEOBROMAE ]
TREN CAY SEN O THUA THIEN HUE VA BANH GIA MUC DO NHAY CAM
VO VAT LIEU NANO BAC

Nguyen Quang Hoang via" , Hoang Tan Quang Tran Thay Lan',
Tran Thi Ngoc Tram Hoang Thi Kim Hong

Vién Céng nghé sinh hoc, Pai hoc Hué, Thira Thién Hué, Viét Nam
’Khoa Céng nghé sinh hoc, Trwong Y Duoc, Pai hoc Duy Tan, Ba N&ng, Viét Nam

TOM TAT

O Viét Nam, sen 1a loai cay c6 y nghia van hoa tam linh, twong trung cho sy thanh khiét, nghi lyc truong ton,
dong vai trd quan trong vitng chic trong vin héa tim linh va tén gido. Nam Lasiodiplodia da dugc biét voi hé
thong vat chii da dang trén thé gidi cling voi nhiéu dang sdng tir: ndi sinh, mam bénh gay hai va hoai sinh. Trong
nghién ciru nay, cac 14 co triéu chimg dién hinh cua cay sen (Nelumbo nucifera) duge thu thap tir cac diém trong
sen tai tinh Thira Thién Hué va phan 1ap. Két qué Lasiodiplodia theobromae dugc xac dinh dya trén cac dic
diém hinh thai déi chiéu véi phan tich dir liéu trinh tw da locus két hop cua 3 ving gene ITS, beta tubulin (fub2)
va nhén t6 gian dai dich ma la (tgf*1a). Bén canh do, thir nghi¢m in vitro v6i céc hat nano bac cho thay tiém
nang khang nim manh chéng lai L. theobromae. O nong d6 30 pg mL™', ghi nhan thdy mtrc do e ché 1én dén
73,72% (3 ngay sau cdy) su phat trién cua soi nim ddi véi tac nhan gdy bénh phan lap duoc L. theobromae
VNHUCC.NEL38 so v6i ddi chimg. Do d6, nghién ctru hién tai chi ra ring AgNP c6 thé ¢6 hoat tinh khang ndm
dang ké, can dugc nghién clru sdu hon vé quan 1y bénh sinh hoc, chuong trinh kiém dich. Nhimng phat hién nay
s& gop phan phat tr1en cac chién Iuge quan 1y hiéu qua dé kiém soét cac bénh nay va cai thién qua trinh canh tac,
nang cao nang suét cay sen trén dia ban tinh Thira Thién Hué.

Tuwr khoa: Lasiodiplodia theobromae, Nelumbo nucifera, phan tich phat sinh loai, Viét Nam, nano bac.
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ABSTRACT

Nelumbo nucifera, commonly known as the sacred lotus, holds significant cultural, medicinal, nutritional and ecological impor-
tance in Vietnam. Despite its importance, the cultivation of this aquatic plant is frequently threatened by a variety of pathogens,
which pose serious challenges to crop health and productivity. During the 2023-2024 growing season, typical symptoms of
anthracnose were observed on white lotus plants (Nelumbo nucifera cv. white). The disease initially appears as concentric circu-

lar spots with irregular dark brown patterns that typically develop in the central area of the leaves. These lesions progressively

expand toward the leaf margins, eventually coalescing to form larger necrotic lesions. Morphological identification, phylogeny

of five loci: ITS, GAPDH, ACT, CHSI1 and TUB2 genes, and a pathogenicity test of the fungus from symptomatic inoculated
plants confirmed Colletotrichum plurivorum as the causative agent of the disease. To our knowledge, this is the first report of
Colletotrichum plurivorum causing anthracnose in white lotus (Nelumbo nucifera) in Vietnam.

1 | Introduction

Lotus (Nelumbo nucifera) is a beautiful and pure flower, sym-
bolically associated with Buddhism, as well as cultural and his-
torical significance (Li et al. 2014). Additionally, the lotus plant
holds considerable economic value linked to the diversity of local
specialty products and ecological landscape factors. All parts of
the lotus plant—including the flower, leaves, lotus rhizomes and
seeds—are utilised in culinary dishes and as medicinal ingredi-
ents with valuable applications in traditional medicine (Pokhrel
et al. 2022; Sharma et al. 2017).

© 2025 Wiley-VCH GmbH. Published by John Wiley & Sons Ltd.

In the 2023 and 2024 cultivation seasons, lotus ponds planted
with the Hue white lotus variety recorded the occurrence of
anthracnose disease on leaves. The typical symptoms included
irregular, concentric, brown to dark brown necrotic spots on the
adaxial leaf surface, whereas the same lesions appeared light
brown on the abaxial side. This disease was observed on approx-
imately 30% of the total lotus cultivation area in ponds at Phu
Xuan Ward, Hue, Vietnam. The presence of anthracnose poses
a significant threat to the health and productivity of the lotus
crops, necessitating timely monitoring and effective disease
management strategies to minimise yield losses.

Journal of Phytopathology, 2025; 173:e70177
https://doi.org/10.1111/jph.70177

1of 6


https://doi.org/10.1111/jph.70177
https://orcid.org/0000-0003-4638-513X
https://orcid.org/0009-0006-6904-1304
https://orcid.org/0000-0003-4983-4690
https://orcid.org/0000-0001-7720-9281
https://orcid.org/0000-0002-7275-8852
mailto:
https://orcid.org/0000-0002-2520-0047
mailto:hoangtkimhong@duytan.edu.vn

Anthracnose, caused by fungi belonging to the genus
Colletotrichum, represents a major threat to crop health and yield
worldwide. Species within this genus are not only well-known
plant pathogens but also function as saprobes and endophytes,
colonising a broad spectrum of plant hosts. Due to their wide-
spread impact and diversity, Colletotrichum species are consid-
ered among the top 10 most important groups of plant pathogens
globally (Dean et al. 2012). Therefore, precise identification of
Colletotrichum species is essential for implementing effective
disease management strategies and preventing further spread
of infection. However, species delimitation within this genus is
often complicated by overlapping morphological characteristics
and variable host associations. Traditionally, the classification
of Colletotrichum species has relied primarily on the morpho-
logical features of conidia and appressoria, supplemented by
specific cultural characteristics observed under controlled
growth conditions. Nevertheless, many species exhibit highly
similar morphological traits that are frequently influenced by
environmental factors such as culture medium, incubation pe-
riod, light conditions, and temperature (Cai et al. 2009; Hyde
et al. 2009; Jayawardena et al. 2021). Given the extensive spe-
cies diversity—1078 Colletotrichum names currently recorded in
Index Fungorum (accessed April 05, 2025)—reliance solely on
morphological features or single-locus molecular markers such
as the internal transcribed spacer (ITS) region is insufficient for
accurate species resolution. Premature taxonomic conclusions
based on limited methodologies have resulted in widespread
misidentifications and inaccurate annotations of Colletotrichum
species in public databases such as GenBank. Moreover, these
shortcomings have contributed to the complexity and inconsis-
tency in the delineation of species within this genus.

This situation underscores the urgent need for a robust and
precise taxonomic framework for the genus Colletotrichum,
which encompasses some of the most economically significant
phytopathogens worldwide, including those affecting valuable
crops in Vietnam. Accordingly, this study aimed to identify
the causal agents of anthracnose on Nelumbo nucifera in Hue,
Vietnam, by combining a taxonomic classification system, de-
tailed morphological characterisation, and multi-locus phylo-
genetic analyses.

2 | Materials and Methods

Leaf tissue pieces measuring approximately 0.5X0.5cm were
excised from the margin between healthy and diseased areas.
These tissue samples were surface-sterilised by consecutively
immersing them in 75% ethanol for 305, 1% sodium hypochlorite
(NaCloO) for 305, and then rinsing three times with sterile water.
The tissue pieces were dried on sterilised filter paper and placed
onto potato dextrose agar (PDA, Himedia). All PDA plates were
incubated in the dark at 28°C for 1-2days. Hyphal tips resem-
bling Colletotrichum colonies were transferred to fresh PDA
medium for further cultivation. Colonies were purified at least
twice until pure cultures were obtained.

Fungal genomic DNA was extracted directly from 7-day-old pure
cultures using the Genomic DNA Extraction Kit (ABT, Vietnam)
following the manufacturer's instructions. The gene sequences
of the following genomic regions were amplified: rDNA internal
transcribed spacer (ITS), actin (ACT), chitin synthase 1 (CHS1),
B-tubulin (TUB2) and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The primers used for amplification are listed in Table 1.

Each PCR reaction mixture had a total volume of 60uL, consist-
ing of 5uL each of forward and reverse primers (10uM), 30 1L of
2x PCR Master Mix, 12.5uL of deionised water (ddH,0), and 5uL
of DNA template. The PCR program consisted of an initial dena-
turation at 95°C for 5min, followed by 32cycles of denaturation
at 95°C for 50s, annealing at 55°C for 50s for ITS, 50°C for 1 min
for GAPDH and ACT, and 58.5°C for 1min for CHS1, TUB2, and
ACT, with an extension step at 72°C for 1 min and a final extension
at 72°C for 7min. PCR amplicons were purified and sequenced at
the FirstBase Laboratories Sdn Bhd (Malaysia). The sequences ob-
tained were deposited in the GenBank nucleotide database.

Phylogenetic analysis utilised DNA sequence data retrieved
from the GenBank database (http://www.ncbi.nlm.nih.gov/
genbank/, Table 2). Multiple sequences were aligned using the
MAFFT v.7.110 (http://mafft.cbrc jp/alignment/server/) and ad-
justed manually in MEGA v.7.2 (Kumar et al. 2018). To establish
the species-level identity of the isolates, phylogenetic analysis
was conducted using a combined dataset of five single-locus

TABLE1 | Primer used in this study.
Gene/locus Primer Sequence (5'-3") References
Internal transcribed spacer (ITS) ITS1 GGA AGT AAA AGT CGT AAC AAG G White et al. (1990)
ITS4 TCC TCC GCT TAT TGA TAT GC
Glyceraldehyde-3-phosphate GDF1 GCC GTC AAC GAC CCCTTC ATT GA Guerber et al. (2003)
dehydrogenase (GAPDH) GDR1 GGG TGG AGT CGT ACT TGA GCA TGT
Actin (ACT) ACT-512F ATGTGCAAGGCCGGTTTCGC Carbone and Kohn (1999)
ACT-783R TAC GAG TCCTTC TGG CCC AT
-tubulin (TUB2) Bt2a GGTAACCAAATCGGTGCTGCTTTC Glass and Donaldson (1995)
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
Chitin synthase 1 (CHS1) CHS-79F TGG GGC AAG GAT GCT TGG AAG AAG Carbone and Kohn (1999)
CHS-354R TGG AAG AACCAT CTG TGA GAG TTG
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alignments (ITS, ACT, CHS-1, GAPDH and TUB2) based on
maximum likelihood (ML) in IQ-TREE (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. The result-
ing trees were plotted using Interactive Tree of Life (iTOL) v.5
(Letunic and Bork 2021), and further edited using PowerPoint
(Microsoft, CA, USA) and Adobe Illustrator CC 2021 (Adobe
Systems, San Jose, CA, USA).

3 | Results and Discussion

On PDA medium, after 7days of cultivation, the colony diameter
of C. plurivorum (VNHUCC.NEL92, VNHUCC.NEL102) aver-
aged between 78.8 and 80.6 mm. Initially, the colony exhibited
an off-white colour with a light, fluffy texture and even margins,
while the reverse of the colony showed concentric rings, with
the central rings having a darker pigmentation that gradually
lightened toward the outer rings (Figure 1C). After 20days, the
colony colour shifted to off-white to light grey; simultaneously,
fruiting body structures appeared as black spots scattered on the
colony surface (Figure 1D-F). The sexual morph was observed
on PDA. Under the microscope, the ascomata structures ap-
peared light brown to dark brown, with the peridium composed
of small, tightly arranged cells. The asci were two-layered,
ranging from clavate to slightly curved cylindrical shapes, with
smooth walls, containing 6-8 spores, and possessing a visible

Colletotrichum plurivorum

(VNHUCC.NEL92)

apical apparatus; they were translucent. The ascospores were
translucent with smooth walls, ring-shaped to semicircular,
slightly pointed at both ends (Figure 1K-0).

Two isolates (VNHUCC.NEL92 and VNHUCC.NEL102) be-
longing to the Colletotrichum orchidearum species complex
were identified to species level based on phylogenetic analyses
of five different loci (ITS, GAPDH, CHS-1, ACT and TUB2).
Multi-locus data contained 1922 characters including gaps, 330
distinct patterns, 155 parsimony-informative sites, 137 singleton
sites and 1630 constant sites. The best-scoring IQ-TREE, with a
final optimization likelihood value of —4898.145, is presented.
Estimated base frequencies were as follows: A =0.221, C=0.307,
G=0.256, T=0.217; while the substitution rates parameters:
A-C=1.00000, A-G=4.02349, A-T=1.00000, C-G=1.00000,
CT=6.47927, GT=1.000000. The gamma distribution shape
parameter o =0.143.

According to the phylogenetic tree, the results showed that both
our isolates (VNHUCC.NEL92, VNHUCC.NEL102) clustered
with different reference isolates of C. plurivorum, including
the Ex-type strain CBS125474 (originally isolated from coffee
plants in Vietnam), with strong support values at the nodes:
SH-aLRT/BPP/MLBS of 92.5/1/94 at the node connecting the
isolate to CBS125474, and 87.4/0.99/94 at the basal node of the
clade containing all reference isolates of C. plurivorum used in
this study. These reference isolates include LC8240 (Paederia
foetida), GUCC12141 (Piper sarmentosum), and ZHKUCC 23-
0867 (Impatiens balsamina), all reported from China. In the

FIGURE1 | Symptoms and morphological characteristics of C. plurivorum (VNHUCC.NEL92). (A) Symptoms of concentric brown rot recorded
on white lotus plants; (B) Lesions resulting from artificial inoculation (non-wound inoculation); (C) Morphological features of the colony on PDA

medium (at 7 and 20days post-inoculation—dpi) and SNA medium (5 dpi); (D-F) Colony texture and morphology of ascomata on PDA medium;

(G) Cross-section of the fruiting body structure and outer peridium layer (Ascoma & ascoma peridium); (H) Immature asci; (I) Mature asci; (J)

Conidiophores; (K-O) Ascospores. Scale bar: 10 um.
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FIGURE 2 | Maximum likelihood (ML) phylogenetic tree of the Colleotrichum orchidearum species complex, including two representative iso-
lates, VNHUCC.NEL92 and VNHUCC.NEL102 was constructed from a concatenated alignment dataset of five loci: ITS, GAPDH, CHS-1, ACT and
TUB2. Support values of SH-aLRT >70%/aBayes >0.75/ML bootstrap (%)>70% are shown at each node as SH-aLRT/BPP/MLBS. Two reference iso-
lates, C. merremiae and C. magnum, were used as outgroups. The scale bar indicates the estimated number of substitutions per nucleotide site. The
colour of the circles following each taxon corresponds to isolates obtained from white lotus cultivar (N. nucifera).

molecular phylogeny, C. plurivorum was closely related to C. re- identification of the causal agent is crucial for effective disease
niforme (LC8230) and C. cliviicola (CBS 125375). management and preventing cross-infection to other economi-
cally important crops.

Furthermore, based on observed morphological features, the
two isolates VNHUCC.NEL92 and VNHUCC.NEL102 closely
resembled the original descriptions of C. plurivorum (Damm
et al. 2019). By integrating multilocus (ITS, GAPDH, ACT,
CHS-1, TUB2) phylogenetic evidence with morphological char-
acters, both isolates are identified as C. plurivorum (Figure 2).
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