KHOA HOC CONG NGHE

NGHIEN CUU HIEU QUA PHONG TRU NAM
Phytophthora capsici GAY HAI HO TIEU CUA CAO
CHIET VO QUE KET HOP VOI CHITOSAN

TOM TAT

Nguyén Dang Minh Chanh'", Litong Thi Hoan?

Nghién cttu dugc thuc hién véi muc tieu danh gia hieéu qua phong trix ndm Phyfophthora capsici gay hai ré
cay ho tiéu ctia ché phdm sinh hoc moi - Bacte Cinsan, c6 thanh phan gém 16% cao chiét tir vé qué + 3%
chitosan. Két qua cho thay, ché phdm Bacte Cinsan c6 tac dung han ché ty 1é cay bi vang 14 va chi s6 bi
bénh trén cay hé tiéu. Chi s6 bénh va ty 1é bénh & cong thic 3 (4 lit/cay) va cong thirc 4 (6 lit/cay) giam
tuong tmg 1a 68,5% va 61,2% c6 y nghia so véi cong thirc doi ching sau 3 thang xtrly. Ty 1é cay chét & cong
thic xtr Iy Bacte Cinsan gidm c6 y nghia so v6i cong thic d6i chimg. Bén canh d6 cong thirc xtr Iy Bacte
Cinsan da tang nang suat ho tiéu lén 20,1 - 24,6% & cong thirc 3 va 4 theo thit tw so véi déi ching. Tir nhitng
két qua trén c6 thé khuyén céo st dung ché phdm sinh hoc Bacte Cinsan vé6i thanh phan chinh 1a cao chiét
tir vo qué va chitosan dé phong trir hieu qua Phytophthora capsici gay hai trén cay ho tiéu.

T khéa: Ho tiéu, Bacte Cinsan, cao chiét v qué, chitosan, Phytophthora capsici.

1. DAT VAN BE

Bénh hai ho tiéu hién nay dang 12 méi lo cta rat
nhiéu nguoi ké ca cac nha quan ly va nguoi san xuat.
Hang nam bénh hai thuong xuét hién kha phd bién
va chi yéu vao giai doan gitta va cudi mua mua, gay
thiét hai rat 16n cho nguoi tréng tiéu. Nhiéu nha
khoa hoc, nhiéu cong trinh nghién cttu da tap trung
tim hiéu tac nhan gay hai va xay dung céac bién phap
phong trtr, tuy nhién trong thuc té cac vuon tiéu bi
nhiém bénh va chét van khong gidm. Nguyén nhan
gay bénh chét nhanh do hai nhém nim
Phytophthora capsici va Pythium spp. gay ra bao
gom Phytophthora capsici, Phytophthora nicotianae,
Phytophthora cinnamonva Pythium sp. [7]. Ngoai ra
con c6 cac loai ndm khac gay chét cay nhu Fusarium
sp., Sclerotium rolfsii, Rhizoctonia solani [2].

Hién nay, viéc phong trir dich hai trén cay ho
tieu chii yéu bang bién phap héa hoc va thuong gap
nhiéu kho khan. St dung thudc hoéa hoc gy anh
huéng nghiém trong cho nguoi stt dung, chat luong
san pham gidm va 6 nhiém méi truong do du luong
ctia thudc héa hoc dé lai [1]. Nghién ctru truéc day
cho thay cao chiét tir vo cay qué c6 tiém nang phong
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trir hiéu qua nam Rhizoctonia solani [10), Fusarium
oxysporum [8] va tuyén trung Meloidogyne
incognita [9] gay hai cay trong. Bén canh do chitosan
da duoc nhiéu nghién ctru ching minh 1a hop chét cé
kha niang phong trir ndm bénh tiém nang. Chitosan
voi hoat tinh tic ché sy ndy mam ctia bao tr nadm, sy
sinh truéng phat trién ctia soi ndm Phytophthora
capsici va Alternaria solani [11], Fusarium [4],
Alfternaria kikuchianava Physalospora piricola [6]. Vi
vay nghién ctru nady nham danh gia hiéu qua phong
trir ctia ché pham sinh hoc moi - Bacte Cinsan cho
viéc phong trir ndm bénh Phytophthora capsici gay
hai trén cay hé tiéu diéu kién dong ruong.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu nghién ciru

- Ché pham sinh hoc Bacte Cinsan gom cao chiét
tir vo qué 16% + 3% chitosan trong 1 lit ché pham.

+ Vb qué c6 nguon goc tir huyén Tra My, tinh
Quang Nam.

+ Chitosan (1.000 - 3.000 Da) c6 ngudn goc tir
Cong ty Sokcho Mulsan, 76 Nonggongdanji-gil,
Sokcho-si, Gangwon-do 24899, Han Qudc.

- Nam beénh Phytophthora capsici: Puoc phan
lap tir cAc ré cay ho tieu bi bénh trén moi truong PCA
(Potato Carrot Agar) theo phuwong phap ctia Burgess
et al. (2008) [3].

2.2. Phuong phap nghién ciru
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Chiét xudt duoc 4p dung theo phuong phéap cia
Nguyen ef al. (2012) [9] duoc diéu chinh. Khoang 10
kg vé qué kho duoc cit nho 5 - 10 cm, cho vao thung
(thé tich phu thudc vao s6 lwvong mau), stt dung dung
moi metanol (MeOH 80%) voi ty 1é vé qué/MeOH 1a
1/5 theo khéi lugng/thé tich. Sau 3 - 5 ngay thu duoc
dich chiét dot 1, tiép tuc b6 sung MeOH 80% vao va
tién hanh tuwong tu dé thu duoc dich chiét dot 2. Tron
2 dot chiét thu duoc dich chiét MeOH 80%. Co dung
mo6i MeOH bing may cat quay chan khong (Eyela N
-1000) & nhiét do 40 - 45°C, 150 vong/phut d€é loai bo
hoan toan lugng MeOH, thu duoc cao chiét tir vé qué
c6 mau nau dam, mui thom ctia qué.

Thanh phan c@ia ché phim sinh hoc Bacte
Cinsan gdém cao chiét tir vd qué (16%) va chitosan
dang bot (3%) theo khoi luong.

Bo6 tri thi nghiém: Thi nghiém duogc thuc hién tir
thang 02 nam 2018 dén thang 4 nam 2020 tai Vién
Khoa hoc Ky thuat Nong Lam nghiép Tay Nguyén,
tréen vuon tiéu kinh doanh 9 niam tudi, tréng véi
khoang cach 2,5 m x 2,5 m tuong duong véi mat do
1.600 cay/ha. B tri gdm 4 cong thic, 3 1an lap, méi 6
co s& 12 cay tieu. Cac cong thic duoc bo tri theo 6
vuong, gitta cac 6 co s& co dai phan cach la 1 hang
tieu. Cong thic 1 (CT1): Khong xtt ly (d6i ching);
CT2: Bacte Cinsan 0,2% (2 lit/cay); CT3: Bacte
Cinsan 0,2% (4 lit/cay); CT4: Bacte Cinsan 0,2% (6
lit/cay).

Phuong phap xt Iy: Ché phdm duoc xit ly khi dat
dd 4m, xtt 1y 1 1an. Tudi dung dich Bacte Cinsan hoic
nudc 1a theo cac cong thic thi nghiém va tudi uét
déu xung quanh ving ré cay hé tieu. Gitr dat da 4m
sau khi xtt ly Bacte Cinsan.

Phuong phap diéu tra va chi tiéu theo doi:

- Ty 1e va chi s6 bénh vang 14 (%): Mdi 6 co s&
theo doi toan bo s6 cay, dém s6 cay bi bénh vang 14
va phan c4p bénh d6i véi cac cay bi bénh vang 14 do
bi hai ving ré. Mac do cay bi vang 1a duoc phéan
thanh 5 cap: cdp 0: Khong bénh (hoac khong vang
14); cdp 1: cay c6 < 25% 14 vang hodc rung; cip 2: cay
c6 > 25 - 50% la vang hodc rung; cap 3: cay co6 > 50 -
75% la vang hodc rung; cip 4: cay c6 > 75% 14 rung
hodc toan cay bi héo.

+ Ty 1é vang 1a (TLVL) duoc tinh theo cong thtc:

) sé cdy bi bénh
TLVL (%) =

= — x 100
Tong so cay dieu tra

+ Chi s0 bénh vang 14 tinh theo cong thic ctia
Townsend- Heuberger

Inl + In2 + 1In3 + 1n4
4N

Trong dé: N 1a téng s6 cay diéu tra; n0: s6 cay
khong bi nhiém bénh; nl: sé cay bi nhiém bénh cdp
1; n2: s6 cay bi nhiém bénh cap 2; n3: s6 cay bi
nhiém bénh cap 3; n4: s6 cay bi nhiém bénh cap 4.

- Ty 1é cay chét (TLCC) % duoc tinh theo cong
thic:

CSB (%) =

Téng so cay chét

TLCC (%) = % 100

Tong s6 cdy diéu tra

- Tan sudt xudt hién ndm trong dat va ré ho tiéu
(%): m6i cong thiec 14y mau dat va ré & 3 cay co dinh cia
moi 0 co s6, tron déu thanh 1 mau. Vi tri ldy méu dat va
ré & tang dat 0 - 20 cm, 14y trong khu vuc hinh chiéu tan
la (xung quanh khu vuc duogc xtt Iy thudc). Khoi luong
mau dat1a 1 kg, khoi luong mau ré 1 100 g.

- Hiéu luc cta Bacte Cinsan duoc tinh theo cong
thic Henderson - Tilton [5].

Thoi gian theo doi: trudc xt 1y va sau xtrly 1, 2, 3
thang.

Cac s6 lieu phan tich duoc téng hop va xtr ly
bang phan mém Excel va SAS 9.1.

3. KET QUA NGHIEN CUU VA THAO LUAN

Két qua & bang 1 cho thay: truoc xit ly ty 1é cay
tiéu bi benh chét nhanh & muc trung binh bién thién
tir 19,3 - 22,7%. Tai cac dot theo doi ti€p theo cac cong
thiec thi nghiém c6 ty 1é cay bi bénh chét nhanh lién
tuc ting theo thi tu thoi gian. Tuy nhién, cong thic
doi chuing luon c6 ty 1é bénh chét nhanh trén cay tiéu
cao nhat tai tat ca cac dot theo doi sau xit ly. Sau xir
ly 3 thang, cong thic co ty 1é bénh chét nhanh trén
cay tieu cao nhat 1a cong thirc doi chimg (37,0%) va
thap nhat 1a cong thic 4, dat 16,0%. Day ciing 1a cong
thitc luon c6 ty 1¢ bénh thap nhat va ciing 1a cong
thitc c6 su khac biét c6 y nghia théng ké so voi doi
chimg & céac thoi diém theo doi. Xt Iy Bacte Cinsan
cho hiéu luc cao nhat tai thoi diém sau xit ly 3 thang,
trong d6 cong thic 4 cho hiéu lyc cao nhat, dat
61,2%.
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Bang 1. Ty 1& bénh chét nhanh va hiéu lyc phong trir cia Bacte Cinsan

Cong Ty 1& bénh (%) Hiéu luc (%)
thic TXL | SXL 1 | SXL 2 | SXL 3 | SXL 1 | SXL 2 SXL
thang thang thang thang thang 3 thang

CT1 19,3 29,5% 33,17 37,0 - - -
CT2 22,7 29,1* 31,17 28,0° 15,8 20,1 24,3
CT3 21,5 22,20 21,4 22,5 32,2 41,9 45,3
CT4 20,4 21,2° 16,4° 16,0¢ 32,1 53,3 61,2
CV¥% 14,78 13,77 14,93 14,10

LSD, s NS 225 315 578

Ghi chu: CTI: doi chitng; CT2: Bacte Cinsan 0,2% 2 lit/cdy; CT3: Bacte Cinsan 0,2% 4 lit/cdy; CT4: Bacte
Cinsan 0,2% 6 Iit/cay; TXL: trudc xiv Iy; SXL: sau xut ly. Cdc gid tri diroc gan cdc ky tir giong nhau trén cung
mot cot biéu hién sur sai khdc khong co y nghia thong ké.

Béng 2. Chi s6 bénh trén ciy tiéu va hiéu lic phong trir ctia Bacte Cinsan

Cong Chi s6 bénh (%) Hieu luc %)
thirc TXL SXL 1| SXL 2 | SXL 3 | SXL 1 | SXL 2 SXL
thang thang thang thang thang 3 thang

CT1 6,3 11,12 13,9* 17,22 - - -
CT2 6,7 9,9% 10,5 11,5% 16,3 29,2 33,3
CT3 6,5 7,0° 6,3 9,0 38,3 55,9 52,8
CT4 7.3 7,2 7,3 6,0 4.1 54,5 68,5
CV% 947 10,46 1359 18,03

LSD, s NS 0,59 282 221

Ghi chii: CT1: doi ching; CT2: Bacte Cinsan 0,2% 2 lit/cdy; CT3: Bacte Cinsan 0,2% 4 lit/cdy; CT4: Bacte
Cinsan 0,.2% 6 lit/cay; TXL: truoc xit Iy; SXL: sau xut ly. Céc gid tri diroc gdn cdc ky tir giong nhau trén cung
mot cot biéu hién sur sai khdc khong co y nghia thong ké.
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Hinh 1. Cay hé tiéu & cac cong thirc xit ly

(A) Doi chumg; (B) Bacte Cinsan 0,2% 2 lit/cdy tiéu; (C) Bacte Cinsan 0,2% 4 lit/cdy tiéu; (D) Bacte
Cinsan 0,2% 6 lit/cdy tiéu.
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Truoc thoi gian xit Iy Bacte Cinsan, chi sé bénh
chét nhanh trén cay tiéu & muc nhe dao dong tir 6,3 -
7,3%. Sau xtt Iy cong thic doi ching luén c6 chi so
bénh chét nhanh trén cay tiéu cao nhat va thap nhat
1a cong thirc 4. Tai thoi diém sau 3 thang xtt ly, cong
thitc d6i chimg c6 chi s6 bénh chét nhanh trén cay
tiéu la 17,2% va cong thic 4 dat 6,0%. Gitta cac cong
thic luon cho thay su khac biét c6 y nghia vé mat

thong ké so voi déi ching & céac thoi diém theo doi
sau xtt ly. Cong thitc 4 cho hiéu luc t6t nhat trong
viéc kiém soat mirc do bénh chét nhanh trén cay tiéu
& moéi thoi diém theo doi. Hieu luc phong trir ctia
Bacte Cinsan 1a cao nhat & tit ca cac thoi diém theo
doi sau xir ly. Hiéu luc cao nhat 1a cong thic 4, dat
68,5%, ké dén 1a cong thirc 3, dat 52,8%.

Bang 3. Tan suit xuat hién ndm Phytophthora capsicitrong dat trong hd tiéu

Cong Tan suat xuat hién ndm trong dat (%) Hieu luc (%)
thitc TXL SXL SXL SXL SXL SXL SXL
1 thang 2 thang 3 thang 1 thang 2 thang 3 thang

CT1 61,1 66,7 72,28 61,12 - - -
CT2 66,7 55,6 50,02 33,3 23,7 36,6 45,5
CT3 62,3 444 38,92 22,2be 34,6 47,2 67,3
CT4 62,7 38,9 27,8 16,7¢ 43,2 62,5 75,4
CV% 16,76 25,35 23,67 16,76

LSD, s NS NS 20,46 11,57

Ghi chi: CTI1: doi chitng; CT2: Bacte Cinsan 0,2% 2 lit/cdy; CT3: Bacte Cinsan 0,2% 4 Iit/cdy; CT4: Bacte
Cinsan 0,2% 6 lit/cay; TSXH: tan sudt xuat hién; TXL: trudc xu Iy; SXL: sau xir Iy. Cdc gi4 tri duoc gan cdc ky
tir giong nhau trén cung mot cot biéu hién swr sai khdc khong co y nghia thong ké.

Truéc xt ly tan sudt xuat hién nim
Phytophthora capsici trong dat kha tuong déng & cac
cong thiec thi nghiém bién thién tir 61,1- 66,7%. Xt Iy
Bacte Cinsan, tan suat xuat hién nam Phytophthora
capsici trong dat c6 chiéu huéng giam dan theo thoi
gian. Tuy nhién tan sudt xut hién nim Phytophthora
capsicilai ting giam khong theo quy lut & cong thic
d6i chimg va luon cao nhét so véi cac cong thic
khéc. Thoi diém sau 3 thang xit ly, cong thitc 4 c6 tan
suat xudt hién ndm Phytophthora capsici thap nhat,
dat 16,7%, ké dén lan luot 1a cong thic 3, dat 22,2%,

cong thtc 2, dat 33,3% va cao nhat 1a cong thic doi
chtng (61,1%). Két qua & bang 3 cho thay: hiéu luc
thudc ting dan theo thi tu thoi gian & cac cong thic
xtt Iy thudc va tai thoi diém theo doi sau xtt ly 3 thang
tat ca cac cong xt ly déu co6 su khac biét c6 v nghia
vé mat thong ké so véi cong thic déi ching. Day
ciing 1a thoi diém ma cac cong thic xit Iy Bacte
Cinsan cho hiéu lyc phong trir t6t nhat trong viéc lam
gidm tan suat xuat hién nidm Phytophthora capsici
trong dat. Trong d6, hiéu luc cao nhat 1a cong thic 4
dat 75,4% tiép dén 1a cong thirc 3 dat 67,3%.

Béng 4. T4n sudt xudt hién ndm Phytophthora capsicitrong ré hé tieu

Cong Tan suat xuat hién ndm trong ré (%) Hieéu luc (%)
thirc TXL SXL SXL SXL SXL SXL SXL
1 thang 2 thang 3 thang 1 thing 2 thang 3 thang

CT1 27,8 38,9 61,1° 44 .42 - - -
CT2 27,5 33,3 478 32,20 13,4 21,0 27,5
CT3 32,3 33,3 27,8 16,7¢ 26,3 60,9 66,2
CT4 33,7 27,8 21,2¢ 11,14 41,1 71,4 77,5
CV% 19,43 16,72 15,74 16,65

LSD, s NS NS 1824 562

Ghi chi: CTI1: doi chitng; CT2: Bacte Cinsan 0,2% 2 lit/cdy; CT3: Bacte Cinsan 0,2% 4 lit/cdy; CT4: Bacte
Cinsan 0,2% 6 lit/cay; TSXH: tan sudt xuat hién; TXL: trudc xu Iy; SXL: sau xir Iy. Cdc gi4 tri duoc gin cdc ky
tir giong nhau trén cung mot cot biéu hién swr sai khdc khong co y nghia thong ké.
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Tan suat xuat hién nadm Phytophthora capsici
trong ré qua cac dot theo doi duoc thé hién qua bang
4: truoc xtt Iy tan sudt xudt hién ndm & muc trung
binh dao dong tir 27,8 - 33,7%. Su ting gidm vé tan
suat xuat hién ndm Phytophthora capsici trong ré
qua cac dot theo doi & hau hét cac cong thirc thi
nghiém la khong tuan theo quy luat vé thoi gian. Sau
xtt Iy 3 thang, cong thitc déi ching c6 tan suit xuat
hién ctia ndm Phytophthora capsicitrong ré cao nhat

" N r ST e ol

Hinh 2. Phan c4p cay bénh ho tiéu

(44,4%), thap nhat 1a cong thirc 4, dat 11,1%. Su khac
biét thé hién qua s6 liéu thong keé, tai thoi diém sau
xtt Iy 2 va 3 thang & cac cong thirc xit Iy so voi cong
thitc doi ching. Hiéu luc thudc cta cac cong thirc co
xu huéng ting dan theo tht tu thoi gian. Tai thoi
diém sau xir ly 3 thang cong thitc 4 cho hiéu luc cao
nhat (77,5%), ké dén l1an luot 1a cong thic 3 dat 66,2%
va cong thuec 2 dat 27,5%.

(A) cap 1; (B) cap 2;: (C) cap 3va (D) cap 4
Bang 5. Ty le cay hé tieu bi chét & cac cong thirc xit Iy Bacte Cinsan

Cong Ty lé cay chét (%) Hiéu luc (%)
thic TXL SXL SXL SXL SXL SXL SXL
1 thang 2thang | 3thang 1 thang 2 thang 3 thang

CT1 3,7 13,17 22,3 22 4* - - -
CT2 3,2 10,4° 15,8" 13,3" 8,8 18,4 40,7
CT3 3,5 8,5¢ 13,4 8,5¢ 30,2 35,3 66,0
CT4 3,5 7,7 11,6 7,1¢ 37,9 44,8 71,6
CV¥% 13,85 15,38 1244 16,48

LSD, s NS 1,88 452 3,94

Ghi chu: CTI: doi chitng; CT2: Bacte Cinsan 0,2% 2 lit/cdy; CT3: Bacte Cinsan 0,2% 4 lit/cdy; CT4: Bacte
Cinsan 0,2% 6 lit/cay; TSXH: tan sudt xuat hién; TXL: trudc xit Iy; SXL: sau xir Iy. Céc gi4 tri duoc gan cdc ky
tir giong nhau trén cung mot cot biéu hién sur sai khac khong co y nghia thong ké.

Trudc xtr ly ty 1é cay chét & cac cong thirc ngang
bing nhau véi ty 1& 3,5%. Cac dot theo doi tiép theo ty
1é cay chét c6 xu thé tang dan qua thoi gian & hau hét
cac cong thic thi nghiém. Tuy nhién ting cao nhat
luén 1a cong thirc @6i chirng. Tai thoi diém sau xt 1y
3 thang cong thic c6é ty 1é cay chét cao nhat 1a cong
thuc déi ching (22,4%) va thap nhat 1a cong thic 3
va 4, dat 1an luot 1a 8,5 va 7,1%.

Str dung Bacte Cinsan phong trir ndm bénh gay
hai ho tieu cho thdy: nang suit trung binh ctia cac
cong thuc thi nghiém dao dong tir 1,47 - 1,95 tdn
kho/ha. Trong do, cong thic déi chimg c6 ning suat
trung binh thap nhat dat 1,47 tdn/ha va cao nhat la
cong thic 4, dat 1,95 tdn/ha. Déng thoi cong thic 4
cling c6 muc ting niang suit cao nhat (24,6%), tiép
theo 1a cong thirc 3 dat mitc ting nang suat 1a 20,1%
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so v6i doi chimg. Cong thitc c6 muc ting niang suat
thap nhat 1a cong thirc 2, tang 6,4% so v6i d6i ching.

Bang 6. Hiéu qua st dung Bacte Cinsan dén ning

suat hd tieu
Cong Nang suat Tang so véi doi
thiec (tdn/ha) chimg (%)
CT1 1,47 -
CT2 1,57 6,4
CT3 1,84 20,1
CT4 1,95 24,6
CV (%) 382 -
LSD 45 012 -
4. KET LUAN VA BE NGHI
4.1. Két luan

Cac cong thtre xit Iy Bacte Cinsan néng do 0,2%
voi luong xit 1y 4 - 6 lit/cay tieu cho thdy phong trir
nam bénh Phytophthora capsici cé hiéu qua. Sau xt
ly 3 thang cong thic 4 (Bacte Cinsan 0,2%, 6 lit/cay)
cho hiéu luc t6t nhét trong viec lam gidm ty 1& bénh
va chi s6 bénh chét nhanh trén cay tiéu, dat twong
tng 1a 61,2% va 68,5%. Cong thic 4 dat hiéu luc
phong trit ndm Phytophthora capsici trong dat va ré
cao nhat twong tng 1a 75,4% va 77,5%. Xt ly Bacte
Cinsan da lam ting ning suit hé tiéu lén 20,1 va
24,6% & cong thitc 3 va 4 theo tht tu so véi déi ching.

4.2. Dé nghi

St dung Bacte Cinsan, thanh phan chinh gom
chiét xuit vo qué va bot chitosan néng do 0,2% (1 lit
ché phim hoa trong 500 lit nuoc) voi luong tudi 4 - 6
lit/goc dé kiém soat nam, gidm ty 1é vang 14, ty 1é cay
chét trén cay ho tieu.

Tién hanh thtt nghiém thém liéu luong trén dién
rong dé c6 co sé két luan hiéu qua hon.
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thuc hién nghién ciiu nay.
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KHOA HOC CONG NGHE

EFFECTIVENESS OF BIOPREPARATION FROM CINNAMON
AND CHITOSAN POWDER AGAINST Phytophthora capsiciIN BLACK PEPPER
Nguyen Dang Minh Chanh!, Luong Thi Hoan?
! Field Crops Research Institute
2 Reseach Centre of Medicinal Plants, National Institute of Medicinal Materials

Summary

This study was carried out to evaluate the effectiveness of the new biopreparation - Bacte Cinsan containing
16% cinnamon extract + 3% chitosan against Phytophthora capsici in black pepper. The results showed that
the Bacte Cinsan have the effect of limiting the yellow leaf disease rate and index of black pepper. The
disease index and the rate of yellow leaf disease in formula 3 (4 liters/tree) and formula 4 (6 liters/tree)
significantly decreased 68.5 and 61.2%, respectively compared to the control after 3 months. Treatment of
Bacte Cinsan were significantly reduced death rate in black pepper compared to the control. Also, black
pepper yield increased 20.1 and 24.6% in formula 3 and 4, respectively compared to the control. These
results suggest that using Bacte Cinsan with the main ingredient of cinnamon bark extract and chitosan
powder enhance suppressive to Paytophthora capsici harming black pepper trees.

Keywords: Black pepper, Bacte Cinsan, cinnamon extracts, chitosan, Phytophthora capsici.
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