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MO DAU
1. PAT VAN PE

Cay hd tiéu (Piper nigrum L.) dwoc ménh danh la vua cua cac
loai gia vi va duoc trong pho bién ¢ mot sé nude nhiét dsi trén thé
gidi. Ho tiéu duoc xac dinh 1a loai cay trong chu luc gop phan phat
trién kinh té cua tinh Dak Lik. Trong giai doan 2014 — 2019, do gia tri
san pham ho tiéu tang cao dién tich ho tiéu ting nhanh, thim canh qua
muc dan dén tinh hinh dich hai phat sinh phat trién gan nhu khong
Kiém soat duoc.

Rép sap hai ré 1a mot trong nhiing d6i tugng dich hai gay
anh huong l6n dén san xuét ho tiéu ¢ nhiéu nudc trén thé gisi. Rép
gay hai cay ho tiéu o tat ca cac giai doan tir giai doan vuon uom,
kién thiét co ban dén giai doan kinh doanh. Cay hé tiéu bj rép sap hai
ré& gay hai néu khong c6 bién phéap phong trir kip thoi s& kiét stc dan
va chét. Ngoai ra, rép chich hit s& tao ra vét thuong co giGi lam cay
hé tiéu d& bi nhidm cac loai dich bénh nguy hiém phat sinh tir dat
nhu Phytophthora sp., Fusarium sp., va Meloidogyne incognita.
Phong trir rép sép hai ré ho tiéu bang bién phap sir dung thudc trir sau
hoa hoc thudng cé hiéu qua kém do rép song trong khéi u do két hop
vé6i 1 loai nim dit va co thé cua rép sép c6 16p sap bot bao phu bao
vé. Hon nita, thudc hda hoc anh hudng tiéu cuc dén dén sy da dang
sinh hoc, can bang sinh thai trong vudn tiéu dan dén tinh hinh dich
hai trén vuon tiéu ngay cang dién bién phuc tap.

Bién phap sinh hoc s dung nhimng loai thién dich trong
phong trur dich hai cay trong dang duogc khang dinh 13 xu hudng cho
nén san xuat néng nghiép bén vimng. Nhiing nghién ctru sir dung nam
ky sinh con tring trong phong trir sdu hai cay trong da dat dugc nhiing
thanh tyu to 16n ¢ khip noi trén thé gisi. Tuy nhién, dé phat huy t6i da
hiéu qua ctia ndm nhom thién dich nay thi thu thap, tuyén chon cac
mau ndm ky sinh con triung ban dia c¢6 hi€u qua cao, xac dinh cac diéu
kién thich hop nhit cho su phat trién, nhan nudi va tng dung ching dé
kiém soat 1ép sap hai ré hd tiéu tai tinh Ddk Lik 1a rat can thiét. Xut
phat tir thyc té trén, dé tai “Nghién ctru ing dung nim ki sinh
trong phong trir sinh hoc rép sap hai ré cdy hd tiéu
(Formicococcus sp.) tai tinh Pik Lik” di duoc thyc hién.

2. MUC TIEU CUA PE TAI
Phan lap, tuyén chon va dinh danh dugc mau nam ky sinh cé



hiéu lec kiém soat cao ddi véi rép sap hai ré ho tiéu. Dong thoi xac
dinh duoc cac yéu té anh huong tich cuc khi nhan nudi, nhan sinh khéi
va hiéu qua kiém soét rép sap hai ré cay hd tiéu cua mau nam da tuyén
chon tai tinh Dak Lak.

3. Y NGHIA KHOA HQC VA THUC TIEN

a. Y nghia khoa hoc

- Két qua nghién ciru cua dé tai khang dinh vai tro cua nim
ky sinh con tring trong quan ly rép sap hai ré cay ho tiéu.

- Két qua nghién ciru cta dé tai 1a tai liéu tham khao cho
nhitng nghién ciru sau hon vé bién phap sinh hoc mg dung nam ky
sinh con trung trong qudn ly cac loai rép sap hai 1& cdy trong.

b. Ynghta thuec tién

Két qua cua nghién ciru 1a co so cho viéc lya chon cac mau
nim ky sinh con tring dé kiém soat rép sép hai ré hd tiéu tir do giam
luong thudc trir sdu hda hoc. Nghién ctru ciing gop phan thuc day
tinh da dang cua cac loai sinh vat cé ich, dam bao sic khoe cua con
ngudi Va vat nudi, ting ning suit nhung van dam bao chit lwong hat
ho tiéu. Tir &6, gop phan phét trién mot nén ndng nghiép bén virng va
than thién vai moi truong.

4, NHUNG PONG GOP MOI CUA LUAN AN

Luén an da phén lép dugc 154 mMau nam va ciing da tuyén
chon, dinh danh dugc 2 mau nam c6 tiém nang trong phong trur sinh
hoc loai rép sap hai ré cay hd tiéu tai Dak Lak la miu nim tim
(Purpureocillium lilacinum PB1) va miu nim tring (Beauveria
bassiana BB1).

Ludn 4n dé khao sat dugc vudn hd tiéu trong xen hd tiéu véi
ca phé, sir dung tru séng, bon phan hiru co va khong sir dung thude
diét nAm c6 tac dong tich cuc hon dén mat d6 Metarhizium spp.,
Beauveria spp. va Purpureocillium spp. so véi cac ruong khac trong
thuan hd tiéu, st dung tru chét, bén phan héa hoc va sir dung thubc
trir nam.

Luan an da xac dinh dugc moi truong PDA, nhiét do 25 -
27°C, pH = 4,5 - 7,5 1a diéu kién thich hop cho kha niang nay mam,
sinh truéng, sinh bao tir va ki sinh rép sap hai ré hd tiéu cua ndm tim
P. lilacinum PB1 va ndm tring B. bassiana BB1.

Ludn 4n da xac dinh diéu kién t6i vu dé nhan sinh khdi mau
nam tim P. lilacinum PB1 la gia thé hat gao voi do am 45%, mau
nim trang B. bassiana BB1 12 gia thé hat gao v&i do 4m 45 - 50%.



Luan én da xac dinh dugc hi¢u lyc phong trir rép sap hai ré
hé tiéu cua mau nam tim P. lilacinum PB1 va mau nim trang B.
bassiana BB1 véi nong o 1x10° bao tir/ml dat khoang 100% & diéu
kién phong thi nghiém va vuon wom, khoang 70% & diéu kién dong
ruong.

CHUONG 1. TONG QUAN NGHIEN CUU
1.1. TINH HINH SAN XUAT VA DICH HAI HO TIEU

Cay ho tiéu (Piper nigrum L.) thudc ho Piperaceae la loai
cay lay hat lam gia vi, dugc sir dung rong rii trén toan thé gidi [3].
Viét Nam la quéc gia c6 dién tich va san luong ho tiéu 16n nhat thé
gioi [27]. Pak Lik 1a mot trong 3 tinh thugc Tay Nguyén duge quy
hoach thudc vung trong diém cho san xuat ho tiéu cta ca nudc. Dén
nam 2022, dién tich hd tiéu toan tinh con 32.820 ha vai 29.120 ha
cho san phém, nang suét dat 29,07 ta/ha va téng san lugng 84.640
tan [1].

Dich hai 1a mét nhan t6 anh huong nghiém trong dén san
xuit ho tiéu trén toan thé gioi [50]. Cac loai bénh hai nguy hiém hai
cay hd tiéu do Phytophthora sp. Fusarium sp. thuong xuyén XUt
hién & tat ca cac vang trong tiéu trén thé gigi. Cac loai con trang gay
hai phd bién trén cay hd tiéu nhu rép sép, bo phin, rép vay, bo xit luéi
[2].

1.2. NGHIEN CUU VE REP SAP HAI CAY TRONG VA REP
SAP HAI RE CAY HO TIEU

Rép sap hai cay trong thuoc tong ho rép sap gia
Pseudococcidae (Homoptera: Coccoidea) gdm khoang 250 giéng voi
hon 2.000 loai da dwoc cong bé trén toan thé givi [16]. Trude day,
hau hét cac loai rép sap chi la loai sau hai thu yeu nhung ngay nay
nhiéu loai da trd thanh nhitng loai dich hai chu yeu cua nhiéu loai
cay trong ndng nghiép do tac dong cua su bién doi khi hau va tac
dong cua con nguoi [34].

Trong nhiig nam gan gay, rép sap hai ré da tro thanh dich
hai nghiém trong anh huong san Xuét ho tiéu & Viét Nam [2, 4], ¢ An
Do [52]. Rép sap hai ré gay hai cay ho tiéu & ca giai doan kién thiét
co ban va giai doan kinh doanh [4].

1.3. NGHIEN CUU VE NAM KY SINH CON TRUNG
1.3.1. Khai niém vé nam Ky sinh con tring
Nam ky sinh con tring (entomopathogenic fungi) dwoc hiéu



la nAm gay bénh con trung (“entomon” = con trung, “pathogenic” =
gay bénh, “fungi” = nam) C6 nhiéu thuat ngir duoc sir dung dé chi
nam gay bénh va giét chét con tring nhu entomogenous fungi,
entomopathogenic fungi, insect-pathogenic fungi, entomophthorous
fungi, insect-pathogenic fungi va fungal entomopathogens [54].
1.3.2. Lich sir nghién ctru img dung ndm ky sinh con trung

Agostino Bassi (1773-1856) da chung minh rang nam
Beauveria bassiana (Botrytis bassiana) gdy bénh tam voi
(muscadine) trén loai tam. Nam 1874, Pasteur va LeConte déu cho
rang ndm co thé duoc st dung diét trir con tring [53]. Bén nay, thé
gioi co khoang 171 ché pham nam ky sinh con tring duoc phat
trién, trong d6 ché pham dugc phat trién tir B. bassiana va M.
anisopliae chiém ty 1¢ chu yéu [28].
1.3.3. Phan loai nam Ky sinh con tring

Cac loai nim ky sinh cbn tring thudc cac nganh

Ascomycota, Zygomycota, Chytridiomycota va Basidiomycota [13].
Hau cac nghién ciru dinh danh, phan loai nim ky sinh cén trang hién
nay déu thyc hién bang cac két hop gitra phuong phap quan sat dic
diém hinh thai va phuong phap sinh hoc phan tu [25].
1.3.4. Su da dang ciia nAm ky sinh con trung va cac yéu té anh
hwéng

N4am Ky sinh con tring rat phong phu, da dang, ching phan
bd & khap noi trén thé gisi [12, 23]. Udc tinh ¢ khoang 1000 loai
nam gy bénh con tring thudc 100 chi nam [55]. Sb lugng loai nam
ky sinh cbn tring nhiéu nhét thuéc ho Entomophthoraceae nhung
nhitng loai noi tiéng va duoc tng dung trong san xuat thudc trir sau
sinh hoc lai thudc ho Clavicipitaceae [13, 42]
1.3.5. Tuyén chon nim ky sinh con triing

Pé tng dung nam ky sinh con tring nhu mot loai thudc trir
sau sinh hoc can phai sang loc doc luc caa ching ddi véi con trang
gay hai muc tiéu [15]. Viéc tuyén chon cdc mau niam ky sinh con
trung dd va van dang tiép tuc duoc thyc hién & khip cac dia phuong,
céc québc gia trén thé gisi. Boi vi, cAc mau nam ky sinh con trung da
duogc thuong mai hoa tr thanh tac nhan kiém soat sinh hoc cé hiéu
qua ddi véi dich hai & dia phuong nay c6 thé lai khong hiéu qua doi
vGi mot s6 loai dich hai o dia phuong khéc [26].
1.3.6. Anh hwéng ciia yéu t6 sinh thai dén sw sinh truwdng, phat
trién va kha ning kiém soat dich hai ciia nam Ky sinh con triing



- Anh hwong ciia nhigt dé va am dp

Noi chung, nhiét do cao anh hudng tiéu cuc dén stc song va
kha nang nay mam cua bao tir, dgc tinh cua nam Ky sinh con tring
[56]. Tuy nhién, mdi miu nidm c6 yéu cau khoang nhiét do va am do
t6i wu dé kha nang sinh trudng, sinh bao tir va tinh doc tot nhét [6].

- Anh hwong ciia thuéc triv dich hai

O cac hé sinh thai khong sir dung thudc hda hoc anh huong
tich cuc den sy Xuat hién cua nam ‘gay bénh con trung [51]. Tuy
thugc vao nong 6, loai thuéc va mau nam ma muc do anh huong
dén kha nay mam, sinh truong, kha nang san xuét bao tir cua cac loai
nam ki sinh c6n tring 1a khac nhau [17, 21].

- Anh hwong ciia nguén dinh dwing

Mbi truong nudi cy la yéu té quan trong nhat cho nim ky
sinh c¢6n tring sinh truong va phét trién trong diéu kién nhan tao [36].
Kha ning sinh truéng cua sgi nAm va sinh bao tir trén maéi truong
nhan tao phu thugc vao mau nim va céc thanh phan dwoc sir dung
trong moi trudng nudi cay [36]. Mau B. bassiana BP1.1 kha ning
sinh truong dat cao nhat khi nudi ciy trén moi truong SDA, [18].
Mau B. bassiana (JAB 6, JAB 7, AM 9, IBCB 7, IBCB 66) déu dat
gia tri cao khi nudi ciy & PDA, PDAY, SDAY va CM [22].

- Anh hwong cia pH

NOi chung, pH trung tinh c6 anh hudng tich cuc dén nam ky
sinh con trung [24]. Tuy nhién, mdi mau nam Ky sinh con tring co
nhimg yéu cau cu thé v6i muc pH nhat dinh [47]. Hau hét cac mau
nam phén lap tr rép sap trén cdy ca phé tai Krong Ana tinh Pik Lik
déu sinh truong va sinh bao tir tét nhat & pH = 5,5 va pH = 6 [5].
1.3.7. Nhén sinh khoi ndm ky sinh con tring

C6 rat nhiéu ki thuat nhan sinh khdi ndm ky sinh con triing
duoc thu nghiém va ap dung [31]. Trong do, ki thuat nhén sinh kh01 pho
bién nhat duoc ap dung & pho bién nhét 1a sir dung gi4 thé ¢ dang ran dé
san xudt bao tr ndm ky sinh cdn trang [10, 32, 35, 37, 41]. B. bassiana
c6 thé cho sb lugng bao tir cao nhét khi san xuét br:ing hat gao voi 4m do
40-70% [14, 40, 44].
1.3.8. Hi¢u qua ciia nidm Ky sinh con tring

Hiéu qua cta cic mau nim ky sinh con trung di duoc nghién
clru va cong bd ddi véi nhidu loai dong vat Chan dét gay hai & hau hét
c4c loai thudc 16p con tring va mot sd loai thude 16p Nhén. Mau B.



bassiana Bba5653 gay chét 94% sau to ¢ giai doan au tring, mau B,
bassiana TSTO05 v6i mirc mat d6 2,5 x 108 bao ti/ml dé phun 1én 16p
dat bé mat c6 chira du tring sau dyc trai Atrijuglans hetaohei da lam
ty 1¢ 4u tring A. hetaohei tir vong da 1én téi 100% sau 14 ngay xu ly
[57].
1.3.9. Nghién ctru nam Ky sinh c¢én triang phong trir rép sap hai
ciy trong

Phuong thitc hoat dong ctia cac loai nAm B. bassiana trén
rép sap Paracoccus marginatus gom cac giai doan: (i) bao tur bam
vao 16p bleu bi cua rép (ii) bao tr nady mam (iii) soi nam xam
nhap hodc 6ng mam xam chiém bé mat cia 16p biéu bi cua rép
(iv) 16p sap bao phu rép bi thay thé boi hé nam do tac dong cua
enzyme phén huy cua nam (v) hé soi nam bao phu toan bd 16p
biéu bi cua rép (vi) nAm tlep tuc phat trién va san sinh bao tir &
ngoai co thé xac rép da chét [9].
1.3.10. Nghién ctru nAm Ky sinh cén triang phong trir rép sap hai
cay hd tiéu

Mot s6 nghién ciru trén thé gisi da nghién ctiu sir dung nim
ki sinh dé quan ly rép sap hai ré ho tiéu nhu Nomurae rileyii,
Verticillium lecanii, Metarrhizium anlsopllae va Asperglllus sp. Tuy
nhién, hiéu qua kiém soét rép sap hai ré ho tidu cua cac lodi nim nay
tuong ddi thap. )

CHUONG 2. POI TUONG VA PHUONG PHAP
NGHIEN CUU

2.1. PHAM VI VA POI TUQNG NGHIEN CUU
2.1.1. Pham vi nghién ciru

Dia diém nghién ctru: thu mau tai thanh phé Budn Ma Thudt,
huyén Cu Kuin, huyén Lak, huyén Cu M’gar, huyén Krong Nang, tinh
Pik Lak. Cac thi nghiém in vitro, vudon wom thyc hién tai trudng Dai
hoc Tay Nguyén. Céc thi nghiém dong ruong thuc hién tai Xa Eakao,
thanh phd Budn Ma Thuot tinh Dak LAk.

Thoi gian nghién cau tir: 11/2019 dén 11/2023.
2.1.2. Pbi twgng nghién ciru

Cay ho tiéu (Piper nigrum L.) tai tinh Pik Lak.

Céc mau nam ky sinh da dwgc phan lap va tuyén chon tir
vuon cay hd tiéu tai Dak Lak.

Loai rép sap hai ré ho tiéu (Formicococcus sp.) duoc thu
thap tai vuon cdy hd tiéu tai Pik Lik va da duoc dinh danh bang



phan tich hinh thai va phan tich gen do sy hd trg caa TS. Pao Thi
Hang, B6 mon Con tring va Tuyén trung, Vién Bao vé thuc vat, Ha
NoOi.

2.2. NOI DUNG NGHIEN CUU

Thu thap va phan Iap thanh phan mau nam ky sinh con tring
c6 kha nang ky sinh rép sép hai ré cay ho tiéu.

Nghién cttu anh huéng ciia mot s yéu té sinh thai dén nim
Ky sinh rép sap hai ré cay ho tiéu.

Nghién ciru nhan sinh khdi mau nam c6 tiém nang 16n trong
kiém soét rép sap hai ré cay ho tiéu.

Nghién ctu anh huong nong do, liéu luong cua mau ném da
tuyén chon dén hiéu qua cua kiém soat rép sap hai ho tiéu & diéu kién
phong thi nghiém, vuon wom va dong ruong.

2.3. PHUONG PHAP NGHIEN CUU

2.3.1 Phuong phap xac dinh thanh phan, tuyén chon va dinh
danh miu nam cé kha ning ky sinh manh rép sap hai ré cay ho
tiéu.

Phan Iap nam ky sinh c6n tring tir Xac rép sap bi ki sinh
bing phuong phap Ciy trai trén méi trudong PGA c6 bd sung
cloramphenicol. Phan 1ap ndm ky sinh con tring tr mu dét: bang
phuong phap cay trén moi truong chon loc SDA-D50 (aé phan lap cac
mau nam xanh va nam trang) [46], PGA bd sung NaCl dé phan lap
nam tim [11].

Tuyén chon mau nam ky sinh con tring c¢é kha ning ky sinh
manh rép sap hai ré hé tiéu véi 2 budce. Bude 1: thuc hién thi nghiém
theo kleu khdi ngau nhién day du dé danh gia kha ning ky sinh rep
sép hai ré hd tiéu trong phong thi ‘nghiém ¢ 2 giai doan 4u tring va
truong thanh. Budc 2: tlep tuc tuyén chon mau nim c6 hiéu qua nhét
trong nhiing mau da tuyen chon ¢ buoc 1 thong qua danh gia kha
ning kiém soét rép sap hai ré ho tiéu va anh huong cua ching dén
sinh trudng cua cdy ho tiéu & didu kién vuon wom.

Dinh danh c4c mau nam Kky sinh con tring da tuyén chon
bang 2 phuong phép: (1) binh danh bang hinh thai: dya vao phuong
phép quan sat mot sé dic diém hinh thai nhu khuén lac phét trién
trén moi truong PGA , dic diém canh sinh bao tu, hinh dang bao tir
va so sénh véi mot sb nghién ctu [7, 19, 25, 49]. (2) Pinh danh bing
sinh hoc phan tu: thuc hién phan ang PCR véi cap mdi ITS1 va
ITS4. Xac dinh vi tri phan loai ciia cAc mau phan l4p bing phuong



phap so sanh trinh ty cia gen véi trinh ty da dugc cong bd trong co
s¢ dix lieu DDBJ/Genbank/EMBL sax dung BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). V& cay phét sinh loai bang
phan mém Mega phién ban 6.0.

2.3.2 Phu’(rng phap nghlen ciru dnh hu’(rng ciia mdt s6 yéu to sinh
thai dén nam ky sinh rép sap hai ré ciy ho tiéu

Khao sat anh hudng cia mot s6 ki thuét canh tac dén mat do
nam Ky sinh con tring trong dat ving ré cay ho tiéu: bang cach lay
mau dat, céy trdi dung dich dat trén méi truong chon loc SDA-D50
dé xac dinh mat do Beauveria spp., va Metarhizium spp., méi truong
PGA bb sung NaCl dé xac dinh mat do Purpureocillium spp.

Danh gia anh hudng cua cac (nhiét do, mdi truong nudi céy,
pH va mot s6 thudc hoa hoc thuong pham) dén kha nang nay mam,
sinh truong, sinh bao tr va ky sinh rép sap hai r& hd tiéu ciia mau
nam di tuyén bang thi nghiém theo kiéu hoan toan ngau nhién.

2.3.3 Phuwong phap nghién ctru nhan sinh khéi mau nam ky sinh
da tuyén chon

Xac dinh loai gia thé, am do gia thé phu hop dé nhan sinh
khdi mau nam di tuyén chon bang thi nghiém theo kiéu hoan toan
ngau nhién.

2 3 4 Phuong phap danh gia anh huéng cia nong do, lidu lwong
miu nim di tuyén chon dén hiéu quéa phong trir rép sap hai ré
hé tiéu

banh gia anh huong cua nong do, lidu luong mau ndm da
tuyén chon dén hiéu qua phong trur rép sap hai ho tiéu & phong thi
nghiém, vuon uom va ddng ruong bang thi nghiém theo kiéu khoi
day du ngau nhién.

2.4. PHUONG PHAP XU LY SO LIEU

Cac sb chi tiéu theo ddi duoc tong hop trong phan mém
excel 2010 xir ly thong ké phan tich phuong sai (ANOVA) theo phép
kiém dinh Duncan dé so sanh sur sai khac giira cac nghiém thuc bang
phan mém SPSS 20.

CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. THANH PHAN, TUYEN CHON VA PINH DANH MAU
NAM KY SINH CON TRUNG CO KHA NANG KY SINH
MANH POI VOI REP SAP HAI RE HO TIEU
3.1.1. Thanh phin nim ky sinh cén trung trong vuon hd tiéu tai
Pik Lik



https://blast.ncbi.nlm.nih.gov/Blast.cgi

Két qua nghién ctru da thu thap duoc 154 mau nam ky sinh con
trung. Trong d6, huyén Cu Kuin ¢6 sé mau thu thap dugc cao nhat (46
mMau), sau d6 1a thanh pho Budn Ma Thuot (31 mau), huyén Krong Nang
(27 mau), Cu M’gar (26 mau) va huyén Lak (24 mau).

Céc mau thudc chi nam tim Purpureocillium (Paecilomyces):
rép sap hai ré ho tiéu bi cac mau nam tim Purpureocillium ki sinh c6
co thé bi bao pha bai soi nAm moc vuon ra véi qua thé mau tim. Pac
diém khuan lac khi cay trén méi truong PGA: khuan lac cia ching c6
thé c6 mau tim & trung tam, c6 mau trang & mép hoic c6 mau trang
toan bo khuan lac. Cac mau thudc chi nim tring Beauveria: rép sap
hai r& hd tidu bi cdc mau nam tring Beauveria ki sinh co thé thuong
bi bao phu bai hé sei ndm moc vuon ra véi qua thé dang hinh cau,
mau trang. Dac diém khuan lac khi cay trén méi truong PGA: khuan
lac ¢c6 mau tring hoic mau vang nhat. Canh sinh bao tir moc thanh
cum, thé binh c6 phan d4y phinh to c6 phan dinh thon nho lai, bao tir
dang hinh cau. Céac mau thudc chi nAm xanh Metarhizium: rép sép
hai r& hd tiéu bi cAc mau ndm xanh Metarhizium ki sinh co thé
thuong bi bao pha bai 16p bot mau tring hodc mau xanh. Khuan lac
khi ciy trén moi truong PGA ¢6 mau xanh hoic xung quanh mau
tring phan tdm mau xanh. Diac diém hinh thai cua ca 3 chi nim déu
phu hgp véi mo ta trong khda phén loai caa Humber (2012) [25]
3.1.2. Tuyén chgn cac miu ndm ky sinh con tring c6 kha ning
ky sinh manh rép sap hai ré cay | ho tiéu tai Pik Lik

P tuyén chon duoc 2 mau nam ki sinh c6 kha néng ki ky
sinh manh rép sap hai ré cay ho tiéu tai Dak Lik bao gdm mau nim
tim PB1 va mau nam tring BB1

Trong phong thi nghiém, ty I¢ rép sap hai ré hd tieu chét bi
chét khi xr Iy voi mau nim PB1 1én dén 100% & giai doan 4u tring
va 98,89% ¢ giai doan truong thanh tai 21 ngay sau xu ly. O vuon
wom, mau nam PB1 cho hiéu lrc kiém soét rép sap hai ré ho tiéu dat
100% sau 6 thang xr ly.

Trong phong thi nghiém, ty 1¢ rép sap hai ré ho tiéu chét bi
chét khi xir ly véi mau nam BB1 1én dén 100% o ca 2 giai doan au
trung va giai doan truéng thanh tai 21 ngay sau xir ly. O vuon wom,
mau nam BB1 cho hiéu luc kiém soat rép sap hai ré ho tiéu dat
99,18% sau 6 thang xur ly.

3.1.3. Pinh danh mét s6 miu nim c6 tiém ning di duwgc tuyén
chon trong phong trir rép sap hai ré ciy ho tiéu



- binh danh bang hinh théi:

Khuan lac mau PB1 trén méi truong PGA c¢6 mau tim. Canh
sinh bao tir c6 dang hinh tru thon dan vé phia dinh voi bao tir. Bao tir
hinh trimg, dinh lién vai nhau thanh dang chudi. So sanh véi mot s6
nghién ctru [49] xac dinh PB1 thudc loai Purpureocillium lilacinum.

Dua vao mét sd dic diém hinh thai caa mau nim BBI:
khuan lac phét trién trén moi truong PGA ¢ mau trang. Bao tir hinh
cau, canh sinh bao tir ¢6 dang zic zac & phan dinh. So sanh véi khéa
phan loai caa Humber (2012) [25] va md ta caa Affandi va cs (2013)
[7] bude dau ghi nhan mau nay thugc loai Beauveria bassiana.

- Dinh danh sinh hoc phan tir: khi doi chiéu véi dit ligu cua
GenBank (NCBI) cho thiy doan gen caa mau PB1 tuong dong va do
bao phu rét cao (100%) véi loai Purpureocillium lilacinum, mau nam
BBI twong dong va do bao phu rit cao (100%) véi lodi Beauveria
bassiana.

FR734085 Purpureocillium lilacinum

AY624188 Purpureocillium lilacinum
FR734101 Purpureocilfium lilacinum

NR 165946 Purpureocillium lifacinum
" . P. Iilacinum
KY788339 Purpureocillium lilacinum

OR770131

KY290544 Purpureocillium lilacinum

KX057374 Purpureocillium lilacinum

JF896089 Isaria takamizusanensis

87 JF896088 Isaria takamizusanensis

NR 166039 Purpureocillium lavendulum

MH864977 Purpureocillium lavendulum
100 | OW988583 Purpureocillium lavendulum
FR734106 Purpureocillium lavendulum

KF696557 Cordyceps cicadae | Outgroup

Hinh 3.1. Cay phan logi thé hién mdi lién quan giiza mdu nam PB1
(OR770131) voi céc lodi gan gii dwa trén trinh ty gen 1TS1-5.8S-
ITS4 rRNA.



MZ754443 Beauveria bassiana
OKO036438 Beauveria bassiana

P oae18225 Beauveria bassiana
oQ618226
oQe18227

o9 :NR151 832 Beauveria vermiconia
NRO77147 Beauveria caledonica

NR111601 Beauveria amorpha

NR111598 Beauveria pseudobassiana

NR1115697 Beauveria australis
3o l KU994837 Beauveria medogensis
40 NR111596 Beauveria asiatica

NR111599 Beauveria varroae
NR111600 Beauveria kipukae

—l—KY407777 Cordyceps mulitaris
NR137117 Cordyveeps ningxiaensis

Hinh 3.2. Cay phan logi thé hién méi lién quan giiza mau nam BB1
(0Q618225) véi cac loai gan giii dwa trén trinh ti gen 1TS1-5.8S-
ITS4 rRNA.

3.2. ANH HUONG CUA MOT SO YEU TO SINH THAI

PEN NAM KY SINH REP SAP HAI RE CAY HO TIEU
3.2.1. Anh hwéng ciia mot s6 ki thuat canh tac ho tiéu dén mat do
nim Ky sinh cén trang trong dit vung ré ciy hé tiéu & diéu kién
déng rudng
Mat d6 nam Metarhizium spp. Beauveria spp. va

Purpureocillium spp. c¢é trong dét ving ré tai vuon hd tiéu xen canh
vé6i ca phé, sir dung tru cay song, phan bon hitu co va khong sir dung
thudc hda hoc trir ndm bénh cao hon so véi vuon hd tiéu trong thuan,
str dung loai tru chét, phan bon vo co va sir dung thudc héa hoc trir
nim bénh tai ca 3 dja diém nghién ciru bao gébm thanh ph Budn Ma
Thuot, huyén Krong Ning va huyén Cu Kuin. Két qua nay pha hop
vé6i khang
3.2.2. Anh huédng ciia cac yéu to sinh thai dén miu nam ky sinh
rép sap ho tiéu di tuyén chon trong diéu kién phong thi nghi¢m
3.2.2.1. Anh hudng Cia moi truong nuoi cay d@én mau nam ky sinh
rép sap hai re ho tieu da tuyén chon
* Anh hwong cua yéu té méi truong nuoi cay dén kha nang nay mam
ciia mau nam ky sinh rép sap hai re ho tiéu da tuyen chon

Ty 1é nay mam cua bao tir mau PB1 cao nhét trén PDA va moi
truong SDAY+K, tiép theo 1a méi truong SDAY3 va thip nhat trén moi
truong CDA. Két qua nghién ctru nay tuong dwong vai nghién ciu cua
Kiewnick (2006) khang dinh mau Paecilomyces lilacinus 251 cho ty 18
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ndy mam trén mdi trudng PDA cao hon so v6i SDA.

Ty 1é nay mam cuia bao tr mau BB1 dat gia tri cao nhat trén
PDA va méi truong SDAY+K, tiép theo 1a moi truong SDAY3 va
thap nhét trén moi truong CDA. Két qua nghién ciu cia Ahmad va
cs (2016) [8] khang dinh mau B. bassiana B2 va B. bassiana B4 cho
ty 1é nay mam cao nhat trén méi trudng PDA S0 Véi cac mdi trudng
PSA, bot bap, bot gao, bot mi.

* Anh huwong Cua yeu t6 méi truong nuoi Cay daén kha _ndng tang
treéng cuia mau ndam ky sinh rép sap hai ré ho tiéu da tuyén chon

Mau PB1 ¢6 toc do ting truang cao nhat & ca hai méi truong
PDA va SDAY+K, sau d6 trén méi trudng SDAY3 va thap nhit trén
mdi truong CDA.

Mau BB1 ting truéng manh nhat trén méi truong PDA, tiép
dén trén 2 moi truong SDAY3 va SDAY+K, yéu nhat trén moi
truong CDA. Két qua nghién cau nay tuong dwong véi mau B.
bassiana B2 trong nghién ctu cia Ahmad va cs (2016) [8], B.
bassiana BR3 trong nghién ctru cia Sabbour va cs (2018) [43] déu
tang trudéng manh nhét trén moi trudng PDA.

* Anh hwong cua yéu té méi trieong nudi cay dén kha ndang sinh bao
tir cuia mcfu nam ky sinh rép sép hai ré hé tiéu da tuyén chon
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Hinh 3.3. Anh huong ciia méi truong nudi ccfy dén kha nang sinh bao
tik ciia mau nam tim PB1 (A) va mau ndm trang BBI (B)

Hinh 3.10 cho thay mau P. lilacinum PB1 sinh bao tir cao
nhat trén ca 2 modi truong PDA va SDAY+K, cao tha 2 trén mdi
truong SDAY3 va thap nhét trén moi truong CDA. Mau B. bassiana
BB1 sinh bao tir cao nhét trén moi truong PDA, cao thur 2 trén moi
trudng SDAY3 va SDAY+K, thap nhat trén méi truong CDA. Két qua
nghién ciru nay tuong dong voi nghién ciu caa Ahmad va cs (2016)
[8] khang dinh mbi truong PDA 1a mdi truong cho kha ning sinh bao
tir cua B. bassiana B2 va B. bassiana B4 dat gié tri cao nhit.



* Anh huong cua yéu to méi trirong nudi cdy dén kha ndng ky sinh
rép sap hai ré ho tiéu da tuyén chon

Ty Ié rép sap chét sau 14 ngay lay nhiém gay ra boi dich bao
tr mau nam PBI1 dat gia tri cao nhat khi nui cy trén méi truong
PDA va SDAY+K cao hon c6 y nghia théng ké tir moi truong
SDAY3, dat gi4 tri thdp nhat khi st dung bao tir PB1 nudi cy trén
moi truong CDA.

Ty 16 rép chét tai thoi diém 14 ngay sau xir 1y boi dich bao tir
BB1 thu tr méi truong PDA dat 98,89%, tr moi truong SDAY+K
dat 84,44%, tr moi truong SDAY3 dat 77,78% va tor moi truong
CDA chi dat 65,56%.

3222 Anh hwong cua yeu té nhiér @é dén mau nam ky sinh rép sap
hai ré cay ho tiéu da tuyen chon

* Anh hwong cua yéu to nhiét d¢ dén kha ndng ndy mam cuia mau
nam ky sinh rép sap hai ré hé tiéu da tuyén chon

Ty 1& nay mam dat cao ¢ ca 4 muac nhiét do 25, 27, 30 va
32°C, tiép dén & muc nhiét do 35°C roi dén mirc nhiét o 22°C. O
muc 20°C, ty Ié bao tar nay mam thap. Két qua nghién ciu nay kha
tuong dong véi nghién cau cua Kiewnick (2006) [29] khang dinh
trén moi truong PDA & mac nhiét do 28°C va 33°C ty Ié nay mam
ciia mau P. lilacinum 251 dat gié tri cao nhat.

Ty I& nay mam cia BB1 cao & muc nhiét do 25°C va 27°C,
tiép theo & nhiét d6 30°C rdi dén 22°C. O nhiét 6 20°C va 32°C, kha
ning nay mam cia BB1 thip nhét, & nhiét do 35°C BB1 khong nay
mam. Két qua nghién ctru cua Parveen va Jeyarani (2023) [39] khang
dinh ca 4 mau B. bassiana (BB111), B. bassiana (BB112), B.
bassiana (BB113) va B. bassiana (BB114) déu cho ty l¢ nay mam
cao nhat tai mac nhiét do 25°C.

* Anh hwong cua yéu to nhiét dé dén kha nang sinh truéng cria mau
nam ky sinh rép sap hai ré hé tiéu da tuyén chon

Mau PB1 sinh truong nhanh nhit tai nhiét 6 27°C va 30°C,
tiép dén tai muc nhiét do 32°C, sau do tai mac nhiét do 35°C va
25°C, thap nhat tai 20°C va 22°C. Két qua lam chat ché& hon khang
dinh loai P. lilacinum c6 thé phét trién ¢ dai nhiét do rong tir 8°C -
38°C va tang truong téi uwu trong khoang 26-30°C (dan theo
Senthilkumar va cs, 2020) [45].

Mau BB1 c6 kha ning sinh truéng nhanh nhét tai nhiét do
25°C va 27°C, tai miic nhiét d6 22°C, cao thtr 2, tai mac nhiét do



20°C cao thur 3, tai nhiét d6 22°C cao thir 4 va thip nhat & muc nhiét
d6 32°C. Két qua ndy tuong dong véi nghién ciru ciia Dhar va cs
(2016) [20], Ahmad va cs (2016) [8], Acheampong va cs (2020) [6].

* Anh hirong cua yéu to nhiér do deén kha nang sinh bao tr cua mau
nam ky sinh rép sap hai ré hé tiéu da tuyén chon

83 85
8.3
8.1

g 70

L 77 1

2

CRE

2z

G473

S 71
6.9
6.7
6.5

8.1

20 22 25 27 30 32 35

E 20 22 25 27 30 32
n Nliét a9 (:C) Nhiét 4§ °C)

Hinh 3.4.~Afnh,hwéﬂg cua nhiét do cz‘én Khd nang sinh bao tir cua
mau nam tim PB1 (A) va mau nam trang BB1 (B)

Hinh 3.11 cho thay mau PB1 c6 kha ning sinh bao tir cao
nhit & ca 2 mac nhiét 6 25°C va 27°C (logso cfu/cm? trong tng dat
8,03 va 8,11); mau BB1 c6 kha ning sinh bao tir cao nhat & nhiét do
27°C (logio cfu/cm? = 8,17). Két qua nay twong dong véi két qua
nghién cuu cua Moldovan va cs (2022) [33].

* Anh hwong cuia yeu to nhi¢t do dén kha nang ky sinh rép sap hai ré
ho tiéu ciia cac mau nam da tuyén chon

Str dung ngudn bao tir cia ca 2 mau nim PB1 va BB1 khi
nudi cay trén cac muc nhiét do thi nghiém khong anh huéng cé y
nghia thong ké dén kha ning gay chét rép sap hai ré hd tiéu. Sau 14
ngay, ty 1€ rép chét déu dat xap xi 100% khi sir dung ngudn bao tu
nuoi Cay tir cdc muc nhiét @6 khac nhau.
3.3.1.3 Anh hueng cua pH méi truong dén mau nam ky sinh rép sap ho
tiéu da tuyén chon
* Anh hwong cia PH méi trwong nudi cay dén khd nang ndy mam
ciia mau nam ky sinh rép sap hai ré hé tidu da tuyén chon

Ty l¢ nay mam ciia PB1 va BB1 khéc biét khong co y nghia
thong ké khi nudi cdy ¢ cac muc pH khéc nhau. Ty 16 nay mam dat
muc toi da sau 48 gio & mic PH tir 4,5 — 7,5 ciia mau PB1 dat tur
96,70% dén 98,50%, ciia mau BB1 dat tir 93,50% dén 96,90%. Két
qua nay tuong dong voi nghién ctru cia Padmavathi va cs (2003)
[38] khing dinh ty 18 nay mam cua mot sé mau B. bassiana déu dat



ty 1€ cao > 95% ¢ PH tur 3-14.
* Anh hwong cua pH méi truong nuoi cay dén kha néing sinh truong
ciia mau nam Ky sinh rép sdp hai ré cdy ho tiéu da tuyen chon

pH khong anh hudng co v nghia thong ké dén sinh truong
ctia ca 2 mau PB1 va BB1. O cac miuc pH thi nghiém, ting trudng
trung binh cua dat tor 2,06 mm dén 2,10 mm/ngady, cua mau B.
bassiana BB1 tir 1,98 mm dén 2,05 mm/ngay. Két qua nghién ctru lam
rd_hon khang dinh ctua Padmavathi va cs (2003) [38] tiy thudc vio
mAau nidm ma sinh truéng chiu anh hudng hay khong béi cac mirc pH
khéac nhau.
* Anh huong cua pH mai truong nudi Cay deén kha nang sinh bao tur
cua mau nam ky sinh rép sap hai ré cay he tiéu da tuyén chon

pH thich hop nhat cho kha ning sinh bao tir cua ca 2 mau
nim da tuyén chon tir 5,5 dén 7,0. Chi s6 logiecfu/cm? twong (ng Véi
4 muc pH (5,5; 6,0; 6,5 va 7,0) caa mau P.lilacinum PB1 tuong ung
dat 8,29; 8,35; 8,35 va 8,30, cua mau B. bassiana BB1 twong tmg dat
8,35; 8,39; 8,40 va 8,36. Két qua nay khac biét so vai nghién ciru cua
Souza va cs (2022) [48] khing dinh khdng c6 su khac biét co y nghia
théng ké vé kha ning sinh bao tir cia mau B. bassiana ESALQ171
va M. anisopliae ESALQ935 trong kh0ang pH=4-9.
* Anh huong cua pH mai truong nuoi Cay dén kha nang ky sinh rép
sap hai ré ho tiéu ciia mau nam da tuyén chon

Ty 1¢ rép sép hai ré ho tiéu chét sau 14 ngay xir ly bang dich
bao tir 2 mau ndm PB1 va BB1 ¢ tit ca cac muc pH tir 4,5 — 5,5 cua
2 déu dat khoang 100%.
3.2.2.4. Anh hirong cua déc chat @én mau nam ky sinh rép sap hai ré
cay ho tiéu da tuyen chon
* Anh hwong cua déc chdt dén khd nang ndy mam cia mau nam ky
sinh rép séap hai ré ho tiéu da tuyén chon

Ty 18 trc ché kha ning nay mam cia PB1 va BB1 bai 4 loai
thudc trir nAm (Agri - Fos 400, Ridomil 68WG, Mancozeb 80WP,
Aliette 800WG) déu xap xi 100% & tat ca cac thoi diém theo doi. Ty
1¢ tc ché kha ning niy mam ctia PB1 va BB1 bai 2 loai thudc trir siu
(Tervigo 20SC va Sovigo 108SC) tai 12 gid sau cdy dat khoang 50%
va dén 72 gio sau cdy con khoang 30%. Két qua nghién ctiru Ramos
va cs (2022) [58] khang dinh mau B. bassiana Bb-18 va M.
anisopliae Ma-30 ciing bi c4c san pham thudc trir nam wc ché 100%
kha niang nay mam; thudc trir sdu e ché dén khoang 50%.



* Anh huong ciia dgc chat dén khd néng sinh trwong cia mau nam
ky sinh rép sap hai ré cay ho tiéu da tuyén chon

Ca 4 loai thudc trir ndm (Agri - Fos 400, Ridomil 68WG,
Mancozeb 80WP, Aliette 800WG) déu tc ché manh hon dén kha
nang sinh trudng cia ca mau nam PB1 va BB1 so véi 2 san pham
Tervigo 20SC va Sovigo 108SC. Tai thoi diém 20 ngay sau cay, ty Ié
trc ché dén kha ning sinh truong cua PB1 va BB1 gay ra boi 4 san
pham trir nim déu khoang 94% tiép d6 1a do san pham Tervigo 20SC
va Sovigo 108SC déu khoang 85%.
* Anh hwong ciia déc chat d@én kha nang sinh bao tir ciia mau nam ky
sinh rép sap hai ré cay hé tiéu da tuyén chon

Ca 4 loai thudc trir ndm (Agri - Fos 400, Ridomil 68WG,
Mancozeb 80WP, Aliette 800WG) déu tic ché 100% kha ning sinh
bao tir cua ca PB1 va BB1. Tervigo 20SC tc ché kha ning sinh bao
tir cia PB1 90,95% va BB1 95,58% cao hon c6 ¥ nghia thong ké so
vé6i Sovigo 108SC wc ché kha nang sinh bao tir cua PB1 88,61% va
BB1 93,57%.
3.3. NHAN SINH KHOI CAC MAU NAM KY SINH CON
TRUNG PA TUYEN CHON
3.3.1. Anh huéng ciia yéu to gia thé dén nhén sinh khoi cic miu
niam Ky sinh rép sap hai ré cay ho tiéu da tuyén chon
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Hinh 3.5. Anh huong cua loai gia thé dén kha niang nhén sinh khéi

ctia mau nam tim PB1 (A) va mau nim tring BB1 (B)

Hinh 3.13 cho thdy gi4 thé thé hat gao cho hiéu qua cao nhat
khi nhan sinh mau PB1 va BB1. Trong d6, s6 lugng bao tir cua mau
PB1 dat cao nhat khi st dung gia thé tir gao dat dén 2,38x10%° (bao
tir/gam), caa mau BB1 dat 3,13x10° bao tir/gam.

3.3.2. Anh huéng ciia Am do dén nhén sinh khéi cic miu nim ky



sinh rép sap hai ré cdy hd tiéu da tuyén chon
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Hinh 3.6. Anh  hudng cua am do dén kha néng nhan sinh khdi cua
mau nim tim PB1 (A) va mau nim trang BB1 (B)

Hinh 3.14 cho thay, sau 14 ngay nudi cdy, mau nam PB1co
kha ning sinh bao tir cao nhit (2,42 x 10%° bao tir/gam) & mic 4m do
45%, mau nim BB1 nhan sinh khdi cao nhit & 2 mic 4m d 1a 45%
va 50% (2,58 x 10° bao tir/gam va 2,35 x 10° bao tir/gam). Két qua
tuong (g v6i nghién ciu ciia Camara va cs (2022) [14] khang dinh
am do 51,5% t6i wu dé nhan sinh khdi miu B. bassiana phan lap tir
bo Xit Nysius spp khi st dung gao lam gia thé.

3.4 ANH HUONG NONG PO, LIEU LUQNG CUA MAU NAM
PA TUYEN CHON PEN HIEU LUC PHONG TRU REP SAP
HAI RE HO TIEU

3.4.1. Anh hwong ciia no‘ng d¢ mdu ndm da tuyén chon dén hiéu
lwc phong trir rép sdp hai ré ho tiéu o dteu ki¢n phong thi nghi¢m
3.4.1.1. Anh hwong clia nong d¢ méau nidm PBI dén higu luc
phong triv vép sdp hai ré hé tiéu ¢ diéu kién phong thi nghiém

Hiéu luc trir 4u tring rép sap hai ré ho tiéu sau 15 ngay xir ly
ciia mau ndm PB1 & ndng d6 108 va 10° (bdo ta/ml) déu dat 100%, &
ndng do 107 (bao ti/ml) dat khoang 93%, & nong do 10° va 10° (bao
ti/ml) chi twong (tng khoang 50% va 59%, hiéu luc trir trudng thanh
rép sap hai ré hd tiéu cua mau nam PB1 ¢ ndng do 108 va 10° (bao
ta/ml) déu gn dat 100%, & ndng do 107 (bao tir/ml) dat khoang 90%, &
nong do 10° va 10° (bao tir/ml) chi tuwong ing khoang 51% va 60%.
3.4.1.2. Anh hwéng clia nong d¢ mdu nim BBI dén hiéu luc
phong trie vép sdp hai ré hé tiéu ¢ diéu kién phong thi nghiém

Hiéu lyc trir au tring rép sap hai ré ho tiéu sau 15 ngay xir ly
ciia mau ndm BB1 ¢ ndng do 1x10° (bao tir/ml) da dat 100%, & ndng
do 1x10° (bao tu/ml) chi dat 36,56%. Hiéu luc trir truong thanh rép



sép hai ré ho tiéu cua mau nim BB1 dat 1x10° (bao ti/ml) da dat
100%, & nong do 1x10° (bao tir/ml) chi dat 31,98%.

3.4.2. Anh hwéng ciia liéu lwong méu ndm da tuyén chon dén higu
lwe phong triv rép sdp hai vé ho tiéu ¢ diéu kién vwon wom

Hi¢u luc phong trir rép sép hai 1& ho tiéu & vudn wom khi xir
1y bang dich miu ndm PBI1 véi cac mirc lidu lugng khic nhau 75,
100 va 125 ml/bau déu dat cao > 92% (cao hon cé ¥ nghia thong ké
s0 v6i cong thire xir 1y véi lwong 50 ml/bau chi dat 80,07%).

Hiéu luc phong trur rép sap hai ré ho tiéu & giai doan vuon
wom khi xtr 1y v6i dich mau nim BB1 déu dat cao voi liéu luong
100 va 125 ml/bau (dat >98%), & liéu luong 75 ml/bau dat dat
82,97% va ¢ liéu luong 50 ml/bau chi dat 71,04%. Két qua nay
tuong duong voi két qua nghién ctru ciia Lemawork va cs (2011)
[30] khi xir 1y rép hai r& chudi Cataenococcus ensete bang 100 ml
dich & noéng d6 4,0 x 10° bao ti/ml v6i cac mau ndm Ky sinh con
trung cho hiéu lyc phong trir C. ensete trong diéu kién vudn wom sau
120 ngay xir ly véi mau B. bassiana PPRC-56 dat 96,8%; B.
bassiana FF 94,5%; M. anisopliae PPRC-6 95,8%; M. anisopliae
Mm 83,3%.

3.4.3. Anh huwéng cia liéu lwong maiu nim di tuyén chon dén
hiéu lyc phong trir rép sap hai re hd tieu & dleu kién dong rudng
3.4.3.1. Anh huéng clia liéu lugng méu nidm PBI dén hi¢u luc
phong trir rép sdp hai ré hé tiéu ¢ diéu kién dong rudng

Céc cong thie xur ly dich mau nam PB1 véi lwong 200, 250
va 300 ml/gc ho tiéu déu cho hiéu luc phong trir rép cao hon ¢ ¥
nghia thong ké (tir 69,80% dén 76,78%), & cong thic xir Iy véi luong
150 ml/gbc hd tiéu cho hiéu luc trir rép dat gia tri thdp nhét (chi dat
57,76%) tai thoi diém theo ddi 180 ngay sau x ly.
3.4.3.2. Anh hwéng ciia liéu lwong méu nim BBI dén higu luc
phong trir rép sdp hai ré hé tiéu ¢ diéu kién dong rudng

Hiéu luc phong trir rép sap hai ré hd tiéu & dong rudng khi xir ly
bang mau ndm BB1 voi lugng dich bao tr 250 va 300 ml/gbc ho tidu
dat gi4 tri twong Gmg 69,6% va 74,0% cao hon khac biét c6 y nghia
thdng ké so vai 2 mue lwong dich bao tir 200 va 150 ml/gée hd tiéu chi
dat twong ung 53,0% va 45,5% tai 180 ngay theo doi sau xr ly.

KET LUAN VA KIEN NGHI
1. Két luan
Nghién ctru di phan 1ap duoc 154 mau nam c6 kha nang ky



sinh rép sap hai ré cay ho tiéu tai Dak Lik. Dong thoi, nghién ciu
cling d4 tuyén chon va dinh danh duoc 2 mau nam c6 kha nang kiém
soat manh rép sap hai ré cay ho tiéu bao gdm 1 miu nim tim
Purpureocillium lilacinum PB1 va 1 mau nim tring Beauveria
bassiana BBL1.

Vuon hod tiéu ap dung phuong thic trong xen ho tiéu voi ca
phé, sir dung cy séng lam try ho tiéu, 4p dung phan bon hiru co va
khodng dung thudc trir ndm bénh c6 mat d6 nam Metarhizium spp.,
Beauveria spp. va Purpureocillium spp. cao hon so vdi nhitng vuon
ho tiéu tréng thuan, sir dung tru chét, khéng bon phan hitu co sir
dung thudc trir nAm bénh.

Moi truong PDA, nhiét 6 25 - 27°C,PH=45-7,5 1a diéu
kién phu hop cho s nay mam, sinh truéng, sinh bao tir va phét huy
tinh doc vai rép sap hai ré ho tiéu cua nim tim P. lilacinum PB1 va
nam tring B. bassiana BB1.

Diéu kién thich hop dé nhan sinh khbi nam tim P. lilacinum
PB1 la sir dung gia thé bang hat gao véi am do 45%. Diéu kién thich
hop dé nhan sinh khéi nam tring B. bassiana BB1 la gia thé hat gao
V6i am d¢ 45 - 50%

Hiéu luc phong trir rép sép hai ré hd tiéu cua dich bao tir
nam P. lilacinum PB1 (1 x 10° bao tir/ml) dat gia tri cao khi st dung
vé6i luong 75, 100 va 150 mi/bau hé tiéu ¢ diéu kién vuon wom, véi
lwong 200, 250 va 300 ml/géc hd tiéu ¢ didu kién ddng ruong. Hiéu
lyc phong trir rép sép hai ré ho tiéu cua dich bao tr ndm B. bassiana
BB1 (1 x 10° bao ti/ml) dat gia tri cao véi lwong 100 va 150 mi/bau
hé tiéu ¢ diéu kién vuon wom, véi lugng 250 va 300 ml/gde hd tidu &
diéu kién ddng ruong.

2. Kién nghi

Can danh gia hiéu qua cta cac mau nam ky sinh con trung da
tuyén chon dén mot sb lodi dich hai trong dat vung ré cay hd tiéu
ngoai rép sap nhu tuyén tring, cac lodi ndm gay bénh hd tiéu.

Can danh gia anh huong cua cac mau nam ky sinh con tring
da tuyén chon dén céc loai sinh vat c6 ich trong hé sinh théi vang ré
cay hd tiéu nhu cac loai con trung bt mdi, giun dit. ..
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PREAMBLE
1. INTRODUCTION

Black pepper plant (Piper nigrum L.) is known as the king of
spices and is commonly grown in some tropical countries around the
world. Black pepper is identified as a key crop contributing to the
economic development of Dak Lak province. During the period 2014 -
2019, due to the high value of black pepper products, pepper acreage
increased rapidly and over-intensive farming led to an almost
uncontrollable development of pests.

Root mealybug is one of the pests that greatly affects black
pepper production in many countries around the world. They
damage black pepper plants at all stages from the nursery stage, basic
construction to the business stage. Black pepper plants damaged by
root mealybugs will gradually become exhausted and die if they do
not take timely control measures.

In addition, when root mealybug suck sap, they create
wounds that make black pepper plants susceptible to dangerous soil-
borne diseases such as Phytophthora sp., Fusarium sp., and
Meloidogyne incognita. Controlling black pepper root mealybugs by
chemical pesticides is often ineffective because they live in tumors
formed by their association with soil fungi and the mealybug's body
is covered with a protective layer of powdered wax. Furthermore,
chemical pesticides negatively affect biodiversity and ecological
balance leading to an increasingly complicated pest situation in black
pepper fields.

Using natural enemies in biocontrol of crop pest are being
confirmed as a sustainable agriculture trend. Research on the use of
entomophathogenic  fungi in biocontrol has achieved great
achievements all over the world. However, to maximize the
effectiveness of this natural enemy, it is necessary to collect and
select highly effective samples of indigenous entomophathogenic
fungi, and determine the most suitable conditions for growth and
mass production and applying them to control black pepper root
mealybugs in Dak Lak province is very significant. Therefore,
“Research on the application of entomophathogenic fungi in
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biocontrol of mealybugs (Formicococcus sp.) on roots of black
pepper in Dak Lak province” was implemented.
2. OBJECTIVES OF THE THESIS

Obijectives of this study aimed to isolate, select and identify
entomophathogenic fungi strains were high effective against black
pepper root mealybugs and determine positive influencing factors on
mass production and the effectiveness of controlling black pepper
root mealybugs selected isolates in Dak Lak province.

3. SCIENTIFIC AND PRACTICAL SIGNIFICANCE
a. Scientific significance

- The results of thesis confirm the role of entomophathogenic
fungi in managing black pepper root mealybugs.

- The results of thesis are a reference for further research on
biocontrol applying entomophathogenic fungi in the management of
root mealybugs.

b. Practical significance

The results of thesis are the basis for selecting
entomophathogenic fungi  strains to control black pepper root
mealybugs, thereby reducing the amount of chemical pesticides.
Thesis also contributes to promoting the diversity of beneficial
organisms, ensuring the health of humans and animals, increasing
productivity while still ensuring the quality of peppercorn. Therefore,
thesis will contribute to the development of a sustainable and
environmentally friendly agriculture.

4. NEW CONTRIBUTIONS OF THE DISSERTATION

The thesis isolated 154 entomophathogenic fungi samples and
also selected, identified 2 samples with high potential biocontrol of
mealybugs on roots of black pepper in Dak Lak province: purple
fungus sample (Purpureocillum lilacinum PB1) and white fungus
sample (Beauveria bassiana BB1).

The thesis surveyed that black pepper fields (intercropping
black pepper with coffee, using living pillars, applying organic
fertilizers and not using fungicides) have a more positive effect on
the density of Metarhizium spp., Beauveria spp. and Purpureocillium
spp. compared to other fields (monocluturing black pepper, using
dead pillars, chemical fertilizers, and using fungicides).
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The thesis determined that the PDA culture, temperature 25 -
27°C, pH = 4,5 — 7,5 was the appropriate condition for germination,
growth and sporulation and phathogencity of purple fungus sample
P. lilacinum PB1 and white fungus sample B. bassiana BB1.

The thesis determined that optimal substrate for mass
production purple fungus sample P. lilacinum PB1 was rice grains
with moisture content of 45%, for mass production white fungus
sample B. bassiana BB1 was rice grain with moisture content of 45 -
50%.

The effectiveness of purple fungus sample P. lilacinum PB1
and white fungus sample B. bassiana BB1 at a concentration of
1x10° spores/ml reached about 100% in laboratory and nurseries
conditions, 70% in field conditions.

CHAPTER 1. LITERATURE REVIEW

1.1. BLACK PEPPER PRODUCTION AND PEST SITUATION

Black pepper (Piper nigrum L.) belongs to the Piperaceae
family, which is a spice crop widely used worldwide [3]. Vietnam is
the biggest area and output of black pepper in the world [25]. Dak
Lak is one of three provinces in the Central Highlands planned to be
a key region for black pepper production in Viet Nam. In 2022, the
black pepper cultivation area of Dak Lak province were about 32.820
hectares with yield of 29,07 tons/ha and total production of 84.640
tons [1].

Pests are a factor seriously affecting pepper production
worldwide [50]. The most serious disease on black pepper caused by
Phytophthora sp. Fusarium sp. frequently appears in all pepper
cultivation regions of the world. Common insect pests on black
pepper plants include mealybugs, whiteflies, scale bugs, and lace bug
[2].

1.2. MEALYBUG ON CROP AND BLACK PEPPER

Mealybugs belong to the Pseudococcidae (Homoptera:
Coccoidea), which includes about 250 genera with more than 2,000
described species worldwide [16]. In the past, most mealybug
species were only minor pests, but in the current decade many
mealybug species have become major pests in many agricultural
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crops due to the impact of climate change [34].

In recent years, the root mealybugs have emerged as one of
the most significant insect pests impeding black pepper production in
Vietnam [2, 4], India [48]. Root mealybugs damage black pepper
plants in both nursery and field conditions [4].

1.3. ENTOMOPHATHOGENIC FUNGI
1.3.1. Identification

Entomopathogenic fungi are known as fungi that infect and
kill insects. There are many terms used to refer to fungi that cause
disease and kill insects such as entomogenous fungi,
entomopathogenic fungi, insect-pathogenic fungi, entomophthorous
fungi, insect-pathogenic fungi and fungal entomopathogens [49].

1.3.2. History of research and application

Agostino Bassi (1773-1856) demonstrated that Beauveria
bassiana (Botrytis bassiana) causes white muscadine disease in
silkworms. In 1874, Pasteur and LeConte both suggested that it could
be used to kill insects [50]. To date, the world has about 171
mycoinsecticides were based on entomopathogenic fungi, of which
B. bassiana and M. anisopliae products account for the majority
[26].

1.3.3. Classification

Entomopathogenic fungi belong to the phyla Ascomycota,
Zygomycota, Chytridiomycota and Basidiomycota [13]. Most current
studies on the identification and classification of entomopathogenic
fungi are carried out using a combination of morphology and
molecular methods [23].

1.3.4. Abundance of and influencing factors

Entomopathogenic fungi are very abundant and diverse, and
distributed all over the world [12, 21]. It is estimated that there are
about 1000 species belonging to 100 fungal genera [50]. The largest
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number species are in the family Entomophthoraceae, but the well-
known species are the family Clavicipitaceae [13, 39]

1.3.5. Selection

To apply entomopathogenic fungi as bioinsecticides, it is
necessary to screen their virulence against target insect pests [15].
The selection of entomopathogenic fungi samples has been and
continues to be carried out in all localities and countries around the
world. Because commercial products based on entomopathogenic
fungi that may be high effective in controlling insect pests in this
locality may not be effective against some pests in that locality [24].

1.3.6. The influence of ecological factors

- Influence of emperature and humidity

In general, high temperatures negatively affect on the vitality
and germination ability of spores and the toxicity of
entomopathogenic fungi [51]. However, each sample requires an
optimal temperature and humidity range for growth, spore
production and phathogenicity [6].

- Influence of pesticides

In organic ecosystems positively affects on the occurrence of
entomopathogenic fungi [47]. Germination, growth and sporulation
and phathogencity of entomopathogenic fungi depend on the
concentration and kind of pesticides and the fungal samples [16, 19].

- Influence of nutrition

The cultural media is the most important factor for
entomopathogenic fungi to grow and develop in artificial conditions
[33]. The ability of fungal mycelium to grow and produce spores on
artificial media depends on the fungal sample and the components of
nutrion used in the culture medium [33]. B. bassiana BP1.1 sample
has the highest growth ability when cultured on SDA [17]. B.
bassiana samples (JAB 6, JAB 7, AM 9, IBCB 7, IBCB 66) all
achieved high sporulation when cultured in PDA, PDAY, SDAY and
CM [20].

- Influence of pH

[23]. [45]. in Krong Ana, Dak Lak province [5].
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In general, neutral pH has a positive effect on
entomoparasitic fungi [22]. However, each entomoparasitic fungi
sample has specific requirements with a certain pH level [44]. In
Krong Ana district, Dak Lak province, most fungal samples isolated
in coffee fields grow and produce spores best at pH = 5.5 and pH =6
[5].

1.3.7. Mass production

There are many techniques for mass production the
entomoparasitic fungi that have been researched and applied [29].
Among them, the most commonly applied mass production technique is
using solid substrates [10, 30, 32, 34, 38]. B. bassiana can produce the
highest number of spores when used rice grains with a moisture content
of 40-70% [14, 37, 41].

1.3.8. Potential

The potential of entomoparasitic fungi has been studied and
published for many harmful arthropod species in the insect and
arachnid class.

1.3.9. Management mealybug insectpest

The mode of action of B. bassiana on the mealybug
Paracoccus marginatus include: (i) spores attach to the cuticle (ii) the
spores germinate (iii) the mycelium penetrates or germ tube invades the
surface of cuticle (iv) the waxy layer is replaced by fungi (v) the fungal
mycelium covers the entire cuticle (vi ) the fungus continues to grow
and produce spores outside the cadaver of mealybug [9].

1.3.10. Management black pepper root mealybug

A number of studies around the world have studied the use
of entomoparasitic fungi to manage black pepper root mealybug such
as Nomurae rileyii, Verticillium lecanii, Metarrhizium anisopliae and
Aspergillus sp. However, the effectiveness of these fungi in
controlling black pepper root mealybug is relatively low.

CHAPTER 2. CONTENTS, MATERIALS AND METHODS
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2.1. Loacation, time and materials
2.1.1. Loacation and time

Location: Samples were collected in Buon Ma Thuot city,
Cu Kuin district, Lak district, Cu M'gar district, Krong Nang district.
In vitro and nursery experiments were conducted at Tay Nguyen
University. Field experiments were conducted in Eakao Commune,
Buon Ma Thuot City, Dak Lak Province.

Time: from 11/2019 to 11/2023.

2.1.2. Materials

Black pepper (Piper nigrum L.) plantations in Dak Lak
province.

Entomoparasitic fungi samples were isolated and selected
from black pepper fields in Dak Lak.

The black pepper root mealybug (Formicococcus sp.) was
collected in black pepper fields in Dak Lak and was identified by
morphology and molecular methods with the assistance of Dr. Dao
Thi Hang, Department of Entomology and Nematodes, Plant
Protection Institute, Hanoi.

2.2. Contents

Collecting and isolating entomoparasitic fungi samples that
infected and killed black pepper root mealybug.

Studying the effects of some ecological factors on
entomoparasitic fungi against black pepper root mealybug.

Studying mass production of fungal samples that has great
potential in controlling black pepper root mealybug.

Studying the effects of concentration and dosage of selected
fungal samples on the effectiveness of controlling black pepper root
mealybug in laboratory, nursery and field conditions.

2.3. Methods

2.3.1 Determining the composition, selection and
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identification of fungal samples with the high
pathogenicity agianst black pepper root mealybug.

Isolation of entomoparasitic fungi samples from cadaver of
mealybug used method that spread on PGA medium.

Isolation of of entomoparasitic fungi samples from soil
samples used method that spread on selective medium SDA-D50 (for
Metarhizium and Beauveria) [43], PGA-NaCl (for Purpureocillium)
[11].

Selection of entomoparasitic fungi samples based on
experiments in the laboratory and nethouse.

Identification of selected entomoparasitic fungi samples
using 2 methods: (1) Identification by morphology: based on the
method of observing some morphological characteristics such as
characteristics of colonies on PGA medium, spore, conidiosphore to
compare with some studies [7, 19, 25, 49]. (2) Molecular
identification based on universal primers ITS1 and ITS4. The
nucleotide sequences of the genes were compared to the published
sequences in the DDBJ/Genbank/EMBL databases using BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The Mega software version
6.0 was used to generate the phylogenetic tree with multiple data
alignments

2.3.2 Effects of some ecological factors on
entomoparasitic fungi

Investigating the effects of some farming techniques on the
density of entomoparasitic fungi in the rhizophere of black pepper
plants based on collecting soil samples and spreading the soil
solution on selective SDA-D50 medium to determine the density.
Beauveria spp., and Metarhizium spp., on PGA - NaCl to determine
the density of Purpureocillium spp.

Evaluating the effects of (temperature, culture media, pH and
some commercial chemicals) on germination, growth, sporulation
and phathogencity against black pepper root mealybug of selected
fungal samples by CRD experiment.
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2.3.3 Mass production of the selected fungul sample

Determining the type of substrate and suitable humidity to
mass production of the selected fungul sample based on RCD
experiment.

2.3.4 Effects of the concentration and dosage on
effectiveness of selected fungal samples agianst black
pepper root mealybug

Evaluating the effects of the concentration and dosage on
effectiveness of selected fungal samples agianst black pepper root
mealybug based on RCBD experiment in laboratory, nursery and
field condition.

2.4. Data analysis
Data were calculated by using Excel 2010 software. The
significance of differences among the mean values was
compared by Duncan’s multiple-range test using Statistical
Package for the Social Sciences 20 (SPSS 20) software.
CHAPTER 3. RESULTS AND DISCUSSION

3.1. COMPOSITION, SELECTION AND
IDENTIFICATION OF
ENTOMOPHATHOGENIC FUNGI SAMPLES
WITH HIGH PHATHOGENCITY AGAINST
BLACK PEPPER ROOT MEALYBUG

3.1.1. Composition of entomophathogenic fungi in
black pepper field in Dak Lak province

Research have collected 154 samples of entomophathogenic
fungi. Among them, Cu Kuin district has the highest number of
collected samples (46 samples), followed by Buon Ma Thuot city (31
samples), Krong Nang district (27 samples), Cu M'gar (26 samples), Cu
Kuin district (26 samples) and Lak district (24 acres).
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Purple fungi Purpureocillium (Paecilomyces) samples: black
pepper root mealybugs parasitized by purple fungi sample have bodies
covered by purple mycelium and conidiophore. Colony on PGA
medium can be purple in the center, white at the edges or cover the
entire. White fungi Beauveria samples: black pepper root mealybugs
parasitized by white fungus sample have bodies are often covered by
white mycelium and conidiophore. Colony on PGA is white or light
yellow. Conidiophore has a swollen bottom and a tapered top with the
spherical spores. Green samples Metarhizium samples: black pepper
root mealybugs parasitized by green fungus Metarhizium have bodies
are often covered with a layer of white or blue powder. Colonies on
PGA medium are blue or white around the blue center. The
morphological characteristics of all three fungi genera are consistent
with the description in the classification key of Humber (2012) [23]

3.1.2. Selection of entomophathogenic fungi samples
with high phathogencity against black pepper root
mealybug

The study selected two entomophathogenic fungi samples
with high phathogencity against black pepper root mealybug in Dak
Lak province including purple fungi sample (PB1) and white fungi
sample (BB1).

In the laboratory, root mealybug mortality treated with the
PB1 sample was up to 100% for instar nymphs and 98,89% for adult
at 21 days after treatment. In the nursery, the PB1 sample showed
100% effectiveness in controlling black pepper root mealybug after 6
months of treatment.

In the laboratory, root mealybug mortality treated with the
BB1 sample was up to 100% in both instar nymphs and adult stages
at 21 days after treatment. In the nursery, the BB1 sample showed
99,18% effectiveness in controlling black pepper root mealybug after
6 months of treatment.

3.1.3. ldentification of selected entomophathogenic
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fungi samples with high phathogencity against black
pepper root mealybug

- Identification by morphology:

Colony of PB1 sample on PGA medium is purple. The
Conidiogenous cell has a cylindrical shape that gradually tapers
towards the side where the spore attaches. Conidia are egg-shaped
and forming chain. Comparison with some studies [46] ] determined
that PB1 belongs to the species Purpureocillium lilacinum.

Colony of BB1 sample on PGA medium is white.
Conidiogenous cell with an extended, denticulate apex. Conidia are
globose, each conidia formed singly on separate denticles.
Comparing with the taxonomy key of Humber (2012) [23] and the
description of Affandi et al (2013) [7] initially recognized this
sample as belonging to the species Beauveria bassiana.

- Molecular identification:

Comparison with GenBank (NCBI) data shows that the gene
segment of PB1 sample is similar and has very high coverage
(100%) with Purpureocillium lilacinum species, BBlsample is
similar and has very high coverage (100%) with species Beauveria
bassiana.

FR734085 Purpureocillium lilacinum

AY624188 Purpureocillium lilacinum
FR734101 Purpureocilfium lilacinum
NR 165946 Purpureocillium lilacinum
. o P. Iilacinum
KY788339 Purpureocillium lilacinum
OR770131

KY290544 Purpureocillium lilacinum

KX057374 Purpureocillium lilacinum

JF896089 Isaria takamizusanensis

87 JF896088 Isaria takamizusanensis

NR 166039 Purpureocillium lavendulum

MHS864977 Purpureocillium lavendulum
100 | OW988583 Purpureocillium lavendulum
FR734106 Purpureocillium lavendulum

KF696557 Cordyceps cicadae | Outgroup

0.0100

Hinh 3.7. Phylogenetic analysis showing the relationship between
PB1 sample (OR770131) and related species based on gene
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sequence based on the 1TS1-5.8S-1TS2 rRNA gene sequences.

MZ754443 Bear
©K036438 Beax o
22 oae18225 Beauveria bassiana
oQ618226
oQe18227
55

NR151832 Beauveria vermiconia

NRO77147 Beauveria caledonica

NR111601 Beau

ia amorpha
— NR111598 Beauveria pseudo
- NR111597 Bea
KU994837 Beat

NR111600
|7 KY407777 Cordyce,
NR137117 Cordyceps ningxiaensis

Hinh 3.8. Phylogenetic analysis showing the relationship between
BB1 sample (0Q618225) and related species based on gene

sequence based on the 1TS1-5.8S-ITS2 rRNA gene sequences.

3.2. EFFECTS OF SOME ECOLOGICAL
FACTORS ON ENTOMOPATHOGENIC FUNGI

3.2.1. Effects of some agricultural techniques on the
density of entomophathogenic fungi in the rhizophere
soil of black pepper tree in field conditions

The density of Metarhizium spp. Beauveria spp. and
Purpureocillium spp. in the rhizophere soil in fields intercropping
black pepper with coffee, using living supports, using organic
fertilizers and non-apply chemical fungicides are higher than in black
pepper monoculture fields, using non-living supports, using chemical
fertilizer and fungicides at all 3 research locations including Buon
Ma Thuot city, Krong Nang district and Cu Kuin district.

3.2.2. Effects of ecological factors on selected
entomophathogenic fungi samples in laboratory
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conditions

3.2.2.1. Effect of culture medium on selected entomophathogenic
fungi samples
* Effect of culture medium on germination

The germination rate of PB1 sample was highest on PDA and
SDAY+K, followed by SDAY3 and lowest on CDA medium. The
results of this study are equivalent to Kiewnick's (2006) confirmed
that Paecilomyces lilacinus 251 had a higher germination rate on
PDA than on SDA.

The germination rate of sample BB1 reached the highest
value on PDA and SDAY+K, followed by SDAY3 and the lowest on
CDA. Research results of Ahmad et al (2016) [8] confirmed that B.
bassiana B2 and B. bassiana B4 samples had the highest germination
rate on PDA medium compared to PSA, corns, rice, flour.

* Effect of culture medium on the growth

PB1 had the highest growth in both PDA and SDAY+K,
followed on SDAY3 medium and the lowest on CDA.

BB1 grew the fastest on PDA, followed by SDAY3 and
SDAY+K, and slowest on CDA. The results of this study are
equivalent to B. bassiana B2 in the study of Ahmad et al. (2016) [8],.

BB1 grew the fastest on PDA, followed by SDAY3 and
SDAY+K, and slowest on CDA. The results of this study are
equivalent to B. bassiana B2 in the study of Ahmad et al, (2016) [8],
B. bassiana BR3 in the study of Sabbour et al., (2018) [40] both
grew the fastest on PDA.

* Effect of culture medium on sporulation
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Hinh 3.9. Effect of culture medium on sporulation of
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purple fungus PB1 sample (A) and wihte fungus BB1
sample (B)

Figure 3.10 shown that P. lilacinum PB1 sample had the
highest sporulation on both PDA and SDAY+K, the second highest on
SDAY3 and the lowest on CDA. B. bassiana BB1 sample had the
highest sporulation on PDA, the second highest on SDAY3 and
SDAY+K, and the lowest on CDA. The results of this study are
similar to the study of Ahmad et al (2016) [8] confirming that PDA is
the optimal medium for the sporulation ability of B. bassiana B2 and
B. bassiana B4.

* Effect of culture medium on phathogencity against black pepper
root mealybug

The root mealybugs mortality 14 days after inoculation
by PB1 conidial suspensions cultured on PDA and SDAY+K
reached the highest value that was statistically significantly higher
than SDAY3. The root mealybugs mortality by PB1 conidial
suspensions collected from CDA medium was the lowest value.

The root mealybugs mortality 14 days after inoculation
by BB1 conidial suspensions cultured on PDA reached 98,89%, on
SDAY+K reached 84,44%, on SDAY 3 reached 77,78% and on CDA
only reached 65,56%.
3.2.2.2 Effect of temperature on selected entomophathogenic fungi
samples
* Effect of temperature on germination

The germination rates were high at all four temperature levels
of 25, 27, 30 and 32°C, followed by 35°C 35°C and then at 22°C. At
20°C, The germination rate was low. The results of this study are quite
similar to Kiewnick’s study (2006) [27] which confirmed that on PDA
and 28°C and 33°C levels, the germination rate of P. lilacinum 251
reached the highest value.

The germination rate of BB1 was high at 25°C and 27°C,
followed by 30°C and then 22°C. At temperatures of 20°C and 32°C,
the germination ability of BB1 is lowest, at 35°C BB1 does not
germinate. The results of Parveen and Jeyarani (2023) [36] confirmed
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that all B. bassiana (BB111), B. bassiana (BB112), B. bassiana
(BB113) and B. bassiana (BB114) exhibited the highest germination
rate at 25°C.

* Effect of temperature on the growth

PB1 sample grew fastest at temperatures of 27°C and 30°C,
followed by 32°C, 35°C and 25°C, lowest at 20°C and 22°C. The
results strengthen the conclusion that P. lilacinum can grow in a wide
temperature range from 8°C - 38°C and optimal growth is in the
range of 26-30°C (following Senthilkumar et al, 2020) [42].

The growth of BBL1 has the higest at 25°C and 27°C, the 2nd
highest at 22°C, the 3rd highest at 20°C, the 4th highest at 22°C and
lowest at 32°C. This result is similar to the research of Dhar et al
(2016) [18], Ahmad et al (2016) [8], Acheampong et al (2020) [6].

* Effect of temperature on sporulation
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Hinh 3.10. Effect of temperature on sporulation of purple
fungus PB1 sample (A) and wihte fungus BB1 sample (B)

Figure 3.11 shows that PB1 has the highest sporulation at
both temperatures 25°C and 27°C (logiecfu/cm2 = 8,03 and 8,11,
respectively); BB1 has the highest sporulation at 27°C (logio cfu/cm2
= 8,17). This result is similar to the research results of Moldovan et
al (2022) [31].
* Effect of temperature on phathogencity against black pepper
root mealybug

Using conidial suspensions of both PB1 and BB1 cultured at
experimental temperature levels did not have a statistically
significant effect on the phathogencity against black pepper root
mealybug. The root mealybug mortality 14 days after inoculation
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reached approximately 100% when treating by conidial suspensions
cultured from different temperature levels.
3.3.1.3 Effect of pH on selected entomophathogenic fungi samples

* Effect of pH on germination

The germination rates of PB1 and BB1 were not statistically
different at different pH levels. The germination rate reached highest
after 48 hours at a PH level of 4,5 — 7,5 (PB1 sample) from 96,70% to
98,50%, for sample BB1 from 93,50% to 96,90%. This result is
similar to the study of Padmavathi et al (2003) [35] which confirmed
that the germination rate of some B. bassiana samples reached a high
rate of > 95% at PH from 3-14.

* Effect of pH on the growth

The differents pH levels did not statistically significant effect
on the growth of PB1 and BB1. At the experimental pH levels, the
average growth of PB1 sample was from 2,06 mm to 2,10 mm/day,
BB1 sample from 1,98 mm to 2,05 mm/day. The research results
further clarify the report of Padmavathi et al (2003) [35] that
depending on each sample, the growth is affected or not by different
pH levels.

* Effect of pH on sporulation

The most suitable pH for sporulation of both selected fungi
samples is from 5,5 to 7,0. The logiocfu/cm? index corresponding to
four pH levels (5,5; 6,0; 6,5 and 7,0) of P.lilacinum PB1 sample
reached 8,29; 8,35; 8,35 and 8,30, of BB1 sample reached 8,35,
respectively; 8,39; 8,40 and 8,36. This result was different from the
study of Souza et al, (2022) [45] which confirmed there was no
statistically significant difference in the sporulation of B. bassiana
ESALQ171 and M. anisopliae ESALQ935 in the range pH =4 - 9.

*Effect of pH on phathogencity against black pepper root
mealybug

The root mealybug mortality after 14 days of treatment with
spore solution of two fungal samples PB1 and BB1 at all pH levels
from 4,5 to 5,5 reached about 100%.
3.2.2.4. Effect of chemical pesticide on selected entomophathogenic
fungi samples
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* Effect of chemical pesticide on germination

The germination inhibition rate of PB1 and BB1 by 4
fungicides (Agri - Fos 400, Ridomil 68WG, Mancozeb 80WP,
Aliette 800WG) was approximately 100% at all times. The
germination inhibition rate of PB1 and BB1 by two insecticides
(Tervigo 20SC and Sovigo 108SC) at 12 hours after cultured reached
about 50%, 72 hours after cultured was about 30%. Ramos et al
(2022) [52] confirmed that B. bassiana Bb-18 and M. anisopliae Ma-
30 were also 100% inhibited by chemical fungicids, pesticide
inhibition to about 50%.

* Effect of chemical pesticide on the growth

All four types of fungicides (Agri - Fos 400, Ridomil 68WG,
Mancozeb 80WP, Aliette 800WG) inhibited the growth of both PB1
and BB1 fungal samples more strongly than the two insecticdes
(Tervigo 20SC and Sovigo 108SC). At 20 days after cultured, the
growth inhibition rate of PB1 and BB1 caused by 4 fungicides was
about 94%, followed by Tervigo 20SC and Sovigo 108SC
insecticides were about 85%.

* Effect of chemical pesticide on sporulation

All four types of fungicides (Agri - Fos 400, Ridomil 68WG,
Mancozeb 80WP, Aliette 800WG) inhibited 100% of the sporulation
of PB1 and BB1. Tervigo 20SC inhibited the sporulation of PB1
90,95% and BB1 95,58%, statistically significantly higher than
Sovigo 108SC inhibited the sporulation of PB1 88,61% and BB1
93.57 %.
3.3. MASS PRODUCT SELECTED ENTOMOPHATHOGENIC
FUNGI SAMPLES
3.3.1. Effect of substrate types
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Figure 3.13. Effect of substrate types on mass production of

purple fungus PB1 (A) and white fungus BB1 (B)

Figure 3.13 shown that the rice substrate was the best for
mass production PB1 and BB1. In particular, the number of spores of
PB1 sample reached the highest on rice substrate with 2,38x10°
(spores/gram), BB1 sample reached 3,13x10° spores/gram.

3.3.2. Effect of humidity
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Hinh 3.11. Effect of humidity on mass production of purple
fungus PB1 (A) and white fungus BB1 (B)

Figure 3.14 shows that the highest efficiency in mass
production of PB1 was (2,42 x 10% spores/gram) at 45% humidity,
BB1 was (2,58 x 10° spores/gram and 2,35 x 10° spores/gram) at
45% and 50% humidity. These results correspond to the study of
Camara et al, (2022) [14] confirming the optimal humidity for mass
production of B. bassiana isolated from Nysius spp. on rice substrate
was 51,5%

3.4 EFFECT OF CONCENTRATION AND DOSAGE OF
SELECTED FUNGI SAMPLES AGAINST BLACK PEPPER

ROOT MEALYBUG
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3.4.1. Effect of concentration and dosage of selected fungi
samples
3.4.1.1. Effect of PB1 concentration in laboratory

After 15 days treatment, the effectiveness of PB1 at 10 and
10° (spores/ml) in controlling mealybug instar nymph reached 100%,
at 107 (spores/ml) reached about 93%, at 10° and 10° (spores/ml)
were only about 50% and 59%, respectively. The effectiveness of
PB1 at 10® and 10° (spores/ml) in controlling mealybug adult were
approximately 100%, at 107 (spores/ml) was about 90%, at 10° and
10° (spores/ml) were about 51% and 60% respectively.
3.4.1.2. Effect of BB1 concentration in laboratory

After 15 days treatment, the effectiveness of BB1 at 1x10°
(spores/ml) in controlling mealybug instar nymph reached reached
100% after 15 days treatment, at 1x10° (spores/ml) only reached
36,56%. The effectiveness of the BB1 at 1x10° (spores/ml) in
controlling mealybug instar nymph reached reached 100%, at 1x10°
(spores/ml) only reached 31,98%.

3.4.2. Effect of dosage of selected fungi samples in nursery

The effectiveness of PB1 in controlling black pepper root
mealybug in nursery reached above 92% with 75, 100 and 125
(ml/pot). These were statistically significant higher than treating with
50 ml/pot which only reached 80,07%.

The effectiveness of BB1 in controlling black pepper root
mealybug in nursery reached above 98% with 100 and 125 ml/pot, at
reached 82,97% with 75 ml/pot, reached 71,04% and at with 50
ml/pot. This result is equivalent to the results of Lemawork et al
(2011) [28] support that the efficiency in controlling C. ensete with
B. bassiana PPRC-56 reached 96,8%; B. bassiana FF reached
94,5%; M. anisopliae PPRC-6 reached 95,8%; M. anisopliae Mm
reached 83,3% after 120 days treatment in nursery conditions.

3.4.3. Effect of dosage of selected fungi samples in the field
3.4.3.1. Effect of dosage of PB1 in the field

Efficacy of PB1 with amounts of 200, 250 and 300 ml/tree
showed statistically significant higher effectiveness in controlling
mealybugs (from 69,80% to 76,78%). Treatment with an amount of
150 ml/tree had the lowest effectiveness in controlling mealybugs
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(only 57,76%) at 180 days after treatment.
3.4.3.2. Effect of dosage of BBL1 in the field

Efficacy of BB1 with 250 and 300 ml/tree reached 69,6% and
74,0% which were statistically significant higher than 2 levels of
dosage 200 and 150 ml/tree (only 53,0% and 45,5% respectively) at 180
days after treatment.

CONCLUSIONS AND RECOMMENDATIONS
1. Conclusions

The thesis isolated 154 entomophathogenic fungi samples and
also selected, identified 2 samples with high potential biocontrol of
mealybugs on roots of black pepper in Dak Lak province: purple
fungus sample (Purpureocillum lilacinum PB1) and white fungus
sample (Beauveria bassiana BB1).

The thesis surveyed that black pepper fields (intercropping
black pepper with coffee, using living pillars, applying organic
fertilizers and not using fungicides) have a more positive effect on
the density of Metarhizium spp., Beauveria spp. and Purpureocillium
spp. compared to other fields (monocluturing black pepper, using
dead pillars, chemical fertilizers, and using fungicides).

The thesis determined that the PDA culture, temperature 25 -
27°C, pH = 4,5 — 7,5 was the appropriate condition for germination,
growth and sporulation and phathogencity of purple fungus sample
P. lilacinum PB1 and white fungus sample B. bassiana BB1.

The thesis determined that optimal substrate for mass
production purple fungus sample P. lilacinum PB1 was rice grains
with moisture content of 45%, for mass production white fungus
sample B. bassiana BB1 was rice grain with moisture content of 45 -
50%.

The effectiveness of purple fungus sample P. lilacinum PB1
and white fungus sample B. bassiana BB1 at a concentration of
1x10° spores/ml reached about 100% in laboratory and nurseries
conditions, 70% in field conditions.

2. Recommendations

It is necessary to evaluate the effectiveness of selected
fungal samples in controlling other pests in the rhizosphere soil of
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black pepper field such as nematode and fungal diseases.

It is necessary to evaluate the impact of selected samples on
beneficial organisms in the rhizosphere ecosystem of black pepper
field such as predatory insects, earthworms...
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