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PHAN LAP VAKHAO SAT MQT SO PAC PIEM SINH HQC
CUA CAC CHUNG VIKHUANNOQISINH TURE CAYHO TIEU
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TOM TAT

Thi nghiém nay duoc thuc hién voi muc dich phéan ldp, tuyén chon va danh gia mot sé dic tinh sinh hoc cia
cac chung vi khuan ngi sinh dugc phan lap tir r& cay hd tiéu 1 nim tudi trong & “huyén Lam Ha, tinh Lam Dong.
Trong s6 23 ching d4 dugc phan lap, 15 ching c¢6 kha ning sinh IAA, 20 chiing téng hop siderphore, 4 Chung phan
gidi phosphate khé tan va 9 chung c6 kha ning d6i khang véi nim Phytophthora capsici. Hai chung vi khuan ndi
bét 1a ching LD15 va LD18 duoc tuyén chon. Ching LD 15 c6 kha nang sinh IAA, san xuét siderophore va phan
giai phosphate kho tan, va ching LP18 c6 kha ning sinh IAA, san xuét siderophore va dbi khang nim gay bénh
Phytophthora capsici. Két qua phan tich, so sanh trinh ty nucelotide 16S rRNA cua ching LD18 trén NCBI cho
phép két luan ching LD 18 c6 quan hé rat gan giii véi chung Bacillus sonorencis SRCM 101395 do d6 dugc dit tén la

Bacillus sonorensis LD18.

Tir khéa: Ho tiéu, vi khuan noi sinh, Phytophthora capsici, IAA, siderophore, Bacillus sp.

|. PAT VANDE

Vi khuan néi sinh cu tra & bé mit hodc phan bd
bén trong thyc vat, ching san Xuét ra hang loat cac
chat chuyén héa sinh hoc va enzyme thiy phan dé
duy tri moi truong hdéa hoc binh thuong cua thuc
vat (Strobel, 2003). Cac hoat dong chuyén héa ciia
ching gop phan tang stc dé khang, ting truong va
phét trién ctia thyc vat nhu ting cudng kha ning c¢b
dinh dam, phan gidi phosphate kho tan va kha nang
sinh khéng sinh hoic siderophores dé khang lai Vi
sinh vét gay bénh. Nghién ctru vé vi khuan noi sinh
& mot trong nhitng hudéng nghién ciru quan trong
dé hiéu vé vai tro sinh thai ciia chiing trong ty nhién
va dé phat hién cac vi sinh vat méi ¢ tiém nang mg
dung trong cong nghé sinh hoc (Mercado-Blanco
and Lugtenberg, 2014).

H5 tiéu (Piper nigrum L.) duoc goi 1a “vua cta
cac loai giavi” valacay congnghiép mang lai giatri
kinh té cao ddi vai nganh ndng nghiép. Nam 2016,
nganh ho tiéu Viét Nam da c6 dugc thanh cong an
tugng v4i thanh tich xuat khau dat ky luc cao nhat
tir trude t6i nay ca vé san lugng (179.233 tan hat ho
tidu cac loai) va gia tri (kim ngach xuat khau dat 1
ty 439,87 trleu USD) (Nguyén Vinh, 2017). Cay ho
tiéu dé bi mac cac bénh nguy hiém gay chét hang
loat do ndm giy nén nhu bénh chét nhanh, chét
cham, than thu anh hudng nghiém trong dén san
lwgng va chat lugng ho tiéu. Phuong phép kiém soat
bénh pho bién vin la st dung cac loai thubc bao vé
thuc vat. Xir Iy bang phuong phap hoa hoc ¢6 thé
diét duoc cac loai sdu bénh nhung ton du cua chdng

anh huong xau dén chat lugng san pham, stc khoe
con nguoi, moéi truong. Nghién ciru cac ky thudt
va phuong phap bao vé thyc vat an toan thay thé
bién phap su dung thudc hoa hoc 1a rat can thiét,
giup ngu’(n trong ho tiéu tao ra san pham ho tiéu
dat chuan ning suat va chit lugngdé co thé canh
tranh, thdm nhdp vao cac thi truong tiém nang.
Trén thé giéi da c6 nhiéu cong trinh nghién ctru vé
vi khuan noi sinh trén ciy ho tiéu va tim dugc cic
Chung c6 kha nang sinh phytohormones, khang lai
mot sé loai nAm gdy bénh nhu bénh héo rii, bénh
chét nhanh (do nam Phytophthora capsici gay nén).
Tuy nhién, van dé nay con chua duogc nghién ciu
nhiéu ¢ Viét Nam.

I1. VATLIEU VAPHUONGPHAPNGHIENCUU
2.1. Vat li¢u nghién ciru

Mau r& hd tiéu 1 nam tudi duoc thu thap tai xa
Lién Ha, huyén Lam Ha, tinh Lam Béng.
2.2. Phuong phap nghién ciru
2.2.1. Phan Igp vi khudn njisinh

Mau r& dugc thu thap tir cac cdy ho tiéu khoe
manh, khdng c6 triéu chirg bénh va dugce bao quan
& 4°C cho dén khi phan lap. Phan lap vi khuan noi
sinh tir ré cay ho tiéu theo phuong phap cua Kumar
va cong tac vién (2016). Mau ré duoc rira nhiéu lan
duéi voi nuge dé loai bo dat sau do cat thanh nhitng
doan nho va tién hanh khir tring bé mit bang cach
lan luot rira cdc mau ré voi 70% C,H,OH, 3 phut,
0,5% NaOCl, 3 phut va 70% C,H,OH, 30 giay, sau d6

1 Khoa C6ng nghé sinh hoc, Hoc vién Néng nghiép Viét Nam
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rira v6i nudc cit vo tring 5 1an dé loai bo hoa chat
con lai. Dé kiém tra sy vo trung ciua bé mit mau,
mdi mau ré lay 0,1 ml nudc rira mau lan cudi cay
trai trang trén dia peptri chira moi truong NA (g/l:
Pepton 5; NaCl 5; cao thit 2; cao nAim men 3; agar
18). it cac dia petri nay trong ti nudi trong diéu
kién nhiét ¢6 30°C trong 2 - 4 ngay trudc khi ciy
cac mau ré. Néu khong c6 su phét trién cia vi khuan
va nim trong cic dia nay chimg to viéc khir triing
d4 dat yéu cau. Cac mau ré dugc cat nho va dat vao
cac dia petri chira moi truong NA va nudi ¢ 30°C
trong 2 - 4 ngay trong ti nudi. Cac khuan lac xuat
hién quanh ving cit duoc chon va ciy ria trén moi
truong NA méi dé lamthuan.

2.2.2. Xdc dinh khd ning sinh 1AA

Céac ching vi khuan dugc nudi trong cic dng
nghiém chtra moi truong NA long c6 bd sung L-
Tryptophan (100 mg/l), lic 200 vong/phut trong
t6i dé tranh IAA sinh ra bi phan hay boi anh
sang. Dinh lugng IAA do vi khuan tong hop duoc
bang phuong phap so mau thubc thir Salkowski
(Glickmann and Dessaux, 1995). HGt cin than 1ml
phan dich trong sau khi ly tim dich nuéi vi khuan
cho vao cac 6ng nghiém va bo sung 2 ml thudc thir
Salkowski (300 mIH,S0,98%, 15 mIFeCl,0,5M). U
hon hop trén trong tdi 30 phat dé phan tng xay ra
hoan toan, sau d6 do OD ¢ budc song A =530 nm.
Két qua do OD ciia cdc chung phan lap dugc thay
vao phuong trinh d6 thi duong chuan y = 0,0079x +
0,0046, R2=0,9976, tir d6 suy ra dugc nong do IAA
cua cac ching vikhuan.

2.2.3. Khdo sat khd ndng phin gigi phosphate
kho tan

Céc chung vi khuan duge ciy chdm diém trén
moi truong NBRIP (g/l: glucose 10 ; Ca,(PO,), 5;
MgCl,.6H,0 5 ; MgS0O,.7H,0 0,25 ; KCI 0,2;
(NH,),S0,0.,1; agar 18, pH 7,0) va dugc nudi ¢ 30°C
trong 3 ngay. Chung vi khuan c6 kha ning phan
giai phosphate kho tan s& tao vong sang trong sudt
xung quanh khuan lac (Chung et al., 2005). Hoat ¢
phan giai phosphate khé tan cua cac chung vi khuan
dugc xac dinh bang phuong phap Xanh molipdate
(Ames, 1966). Cac chung vi sinh vat dugc nudi
trong mdi truong NBRIP 1ong & 30°C, 4 ngay, toc
d6 lic 200 vong/phat. Dich nudi dugc li tam 10.000
vong/phut, 10 phat, 4°C, thu dich ndi dé kiém tra
ham luong PO 2.

2.2.4. Khdo sdt khd nang sinhsiderophore

Thuc hién thi nghiém theo phwong phap cua
Schwyn va Neilands (1987). Kha ning tong hop
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siderophore: cic ching vi khuan tuyén chon duoc
nudi trén moi truong thach CAS (Chrome azzurol S).
Néu ching vi khuan tong hop siderophore, moi
truong thach xung quanh khuan lac s& c6 mau
vang chanh hay vang dam. MOi truong CAS:
chrome azurol S (CAS) 60,5 mg; hexadecyltrimetyl
amoni bromua (HDTMA) 72,9 mg; Piperazin- 1,4-
bis (acid 2-ethanesulfonic) (PIPETS) 30,24 g; 1
mM FeCl,.6H,0 trong 10 mM HCI 10 ml. Agar
(0,9% wiv).

2.25. Khdo sit khi ning déi khing véi nim
Phytophthora capsici

Vi khuin dugc kiém tra kha ning khang véi
Phytophthora capsici bang cich déng nudi ciy trén
mdi truong PDA. Pit thoi thach nim c6 dudng kinh
0.8 cm ¢ trung tam dia PDA (g/lI: glucose 15, agar
15, dich chiét tir 200 g khoai tay) va vi khuan dugc
cdy cach thanh dia 1 cm. Dia d6i ching chira thoi
thach nam P.capsici, khdng 6 vi khuan (Nascimento
et al., 2015). bia dugc nudi ¢ 30°C trong 4 ngay.
Hoat lyc ddi khang duoc tinh bang cach do ban
kinh hé soi nAm P.capsici trén dia ddi chimg va dia
thi nghiém. Hoat lyc khang ndm dugc thé hién bang
phan tram trc ché nam Phytophthora capsici va dugc
tinh toan theo cong thic sau:

RI (%) = (R-T1)/R 1 100%

Trong dé: R: ban Kinh cia nam P. capsici ¢ dia
d6i chimg, r: ban Kinh ciia ndm P. capsici ¢ dia c6 vi
khudn doi khang.

2.2.6. Pinh danh chiing vi khudn dwgc tuyén chon

Chung vi khuan dugc giri t6i Cong ty TNHH
Phl Sa d¢ giai trinh ty nucleotide 16S rRNA. So
sanh trinh ty nucleotide ctia ching vi khuan thi
nghiém v&i cac trinh ty nucleotide 16S rRNA ¢6 sin
trén ngan hang gene NCBI (www. nchi.nlm.nih.gov)
bang phan mém BLAST.

2.3. Thoi gian va dia diém nghién ciru
Thinghiém duoc thuc hién tai Khoa Cong nghé

sinh hoc - Hoc vién Nong nghiép Viét Nam tir thang
5/2017 dén thang6/2018.

I1l. KET QUA VATHAO LUAN
3.1. Phan lap cac chiing vi khuan ndi sinh

Tir cic mau ré ho tiéu thu thap tai huyén LamHa,
tinh Lam Béng, 23 ching vi khuén néi sinh duogc ki
hiéu LD1 dén LD23 d& dugc phan lap. Pa sé khuan
lac co mau tring sita va vang, bé mit tron nhay hoic
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tron bong, dai da sd 1a truc khuan, gram dwong.
Trong sb 23 chung vi khuén ndi sinh phan 1ap dugc
¢6 17 ching vi khuan Gram duong va 6 ching vi
khuan gram 4m. Pac diém hinh thai cua vi khudn
noi sinh dugce phéan lap tir r& cdy Xuyén chi trong
nghién ctru cia Luong Thi Hong Piép va cong tac
vién (2011) c6 su tuong dong voi cac vi khuan phan
lap dugc trong nghién ciru ndy.

3.2. Khao sat dic tinh sinh hoc cia cac chiing vi
khuin ndi sinh
3.2.1. Khd ndng sinh 1AA

Dich nu6i cac chung vi khuan duoc ly tdm, thu
phan dich ndi dé do 6 hip phu &nh séng tai A = 530
nm. Két quado dugc so sanh voi duong chuan, tir do
tinh toan duoc luong 1AA duoc tong hop (Hinh 1).

Luwong IAA sinh ra

Luong IAA sinh ra (ug/l)
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Hinh 1. Ham lugng IAA duoc tong hop boi cac ching vi khuin noi sinh

Ham lugng IAA duoc tong hop boi cac chung vi
khuén noi sinh c6 su khac nhau 16 rét. Bén chiing
vi khuan ndi sinh tong hop IAA cao nhat 14 chiing
LD2 (40 pug/ml), LD9 (68 pg/ml), chung Lb15 1424
pg/ml va LD18 1233 pg/ml. Nguyén Thi Thiy Nga
(2015) khi khao sat luong IAA sinh ra tir vi khuan
noi sinh phén 1ap tu cay théng da thu duoc 2 ching
c6 kha nangsinh IAA cao la QI8 va Ql1 cé kha nang
tong hop dugc 15,382 va 11,872 mg/l IAA (theo thir
tu), thip hon ham lugng IAA dugc tong hop bai
mot s ching trong nghién ctru nay (Hinh 1). Tuy
nhién ham lugng IAA sinh ra boi cac chung ndi
sinh phan lap duoc lai thip hon dong Burk 5 phan
lap tir cAy dra huyén Tan Phudec, tinh Tién Giang,
v6i ham lugng IAA dat 98,54 mg/l (Tran Thanh
Phong, 2012).

3.2.2. Sang loc vi khudn cé khi nding sinh
siderophore
Siderophore 1a hop chét do vi khuan tiét vao

———

mbi truong dé thu nhan cac ion sit c6 trong lugng
phan tir thap tir moi trudng xung quanh khi ching
séng trong diéu kién thiéu sit, do d6 chung giup
cay trong chéng lai stress do thiéu sit gay nén. Céc
vi sinh vat gay bénh can sit dé ting trudng, do vay
dan dén hién tuong canh tranh sat, tuy nhién &i luc
véi sat cia vi khuéan ¢ loi vai thue vat cao hon cac
loai sinh vat va ndm gdy bénh co hai trén thuc vat,
két qua 1am han ché mam bénh trong méi truong
(Chung et al., 2005).

Sau khi nudi cay 23 ching vi khuan noi sinh trén
mdi truong CAS, mau sic mdi trudng xung quanh
khuén lac cua 20 chung vi khuan ndi sinh chuyén
sang mau da cam (Hinh 2), chirmg t6 ching c6 kha
ning san xuat siderophore vi theo nhu mo ta vé dic
tinh vi sinh vt sinh siderophore cia Chung va cong
tac vién (2005), cac visinh vatsinhsiderophore sé c6
mau vang, cam trén moi truong CAS.

Hinh 2. Kha ning sinh siderophore ctia cic chiing vi khuén thi nghiém
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3.2.3. Khdo sat khd nang phdn gidai phosphate
kho tan

Dua vao duong kinh vong phan giai phosphate
trén moi truong thach NBRIP, trong s6 23 ching vi
khuédn ndi sinh dugc khao sit, 4 chung c6 kha ning
phan giai phosphate kho tan 1a LD8, LD9, LD15 va
LP18. Két qua nay tuong duong véi két qua danh
gia kha nang phéan giai phosphate ctia cac vi khuan
ndi sinh dugc phén 1ap tir ré cay ho tiéu cia Jasimva
cong tac vién (2013), ¢6 3 trén 12 ching vi khuan néi
sinh ¢6 kha nang phén giai phosphate kho tan. Ham
lugng PO * duge cac chung vi khuan giai phong vao
moi truong nudi cdy dugc tinh toan dua trén két qua
so mau theo phuong phap Xanh molipdate. Két qua
cho thay, lugng PO * duoc giai phong boi cac ching
vi khuan LD15, LB9 LP18, LDP8 lan lugt 1a 3,59;
0,81; 0,166 va 0,162 mg/I.

3.2.4. Khi ning déi khing véi ndm gy bénh
Phytophthora capsici

Phytophthora la loai nim gy bénh chét nhanh déi
véi cy ho tiéu, thong thuong Phytophthora két hop
Vi cac loai ndm sdng trong dat khac nhu Pythlum
Fusarium, Rhizoctonia... cliing tin cong 1én cay ho
tiéu 1am cay tiéu chét rat nhanh. Nam bénh co thé
xam nhap hau hét cac bd phéan cia cay nhu 13, 1é,
than, nhanh... dac biét 1a cac bo phﬁn nam trong
va sat mat dat Bang cach dong nudi cy cac ching
vi khuan véi nam P. capsici, 9 Chung vi khuan (Lb1,
2,9, 10, 12, 13, 18, 19, 23) biéu hién kha nang dbi
khéng voi ching nim gay bénh ndy, trong d6 ching
LP18 c6 kha nang d6i khang va duy tri d6i khang
manh nhit v6i ndm bénh Phytopthora capsici véi
hiéu lyc d6i khang dat 44,4% (Hinh 3). Theo nghién
ctru ciia Toh va cong tac vién (2016), kha nang ddi

4. BLAST SEARCH RESULT

khang nim Phytophthora capsici ciia cac chung vi
khuan noi sinh ré cy ho tiéu dao dong tir 40,32 -
48,39%, vay kha nang ddi khang cia ching LD18 &
mtrc twvong duong.

Hinh 3. Kha nang d6i khang nim P. capsici
ctia chung vi khuan LD18

Ghi cha: A-dong nudi cay vi khudn va nam P. capsici;
B-dia doi chirng, chicdynam P.capsici, khéng co vi khudn

3.2.5. Két qud dinh danh chiing LDI18

Trong s6 23 chung vi khuan néi sinh dugc khao
sét, ching LD 18 c6 khanang sinh tong hop IAA, d6i
khang manh v&i ndm P.capsici, phan giai phosphate
kh tan dugc chon dé gui toi cong ty TNHH Phi Sa
dé giai trinh tu nucleotide 16S rRNA va dinh danh
bang phan mém BLAST. Két qua phan tich, so sanh
trinh ty nucleotide 16S rRNA cta chung LD 18 véi
trinh ty nucleotide 16S rRNA trén ngan hang gene
NCBI cho thdy mirc ¢ twong dong cua cac trinh tu
1&n dén 99% véi diém sb phi hop (alignment scores)
rat cao (hinh 4). Nhu vay, chung vi khuan noi sinh
LD18 c6 quan hé chat voi ching vi khuan Bacillus
sonorensisSRCM 101395, vadodé ching ndy duoc
dat tén la Bacillus sonorensis LD18.

Bacillus sonorensis strain SRCM101395, complete genome, 99% identification

Color key for alignment scores
W40 Wa0-50 B 50-80 W s0-200 W >=200
e 7l e i jrn T 1 e =
1 250 500 750 1000 1250
1i Alignments o
M Total
Description i | Joted (Quary || B Ident Accession
score score cover value
. Baciliys sonorensis strain SRCM101395, complete genome 2638 21027 99% 0.0 99% CP0219201 I
Baciliys sonorensis strain NBRC 101234 165 nbosomal RNA gene. partial sequence 2638 2638 99% 0.0 99% NR_113983.1
Baclllus sonorensis strain BCRC 17416 165 ribosomal RNA aene. partial sequence 2638 2638 99% 0.0 99% EF43411Y

Bacilius lichenitormis strain DS71 165 ribosomal RNA gene. partial sequence

2632 2632 99% 0.0 99% KUBS1236.1

Hinh 4. Két qua dinh danh va cay phan loai ctia ching vi khuin LD18
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IV.KET LUAN

Tir mau 1é& ho tiéu, 23 ching vi sinh vat ndi sinh
da dugc phan lap, trong do6 15 ching c6 kha nang
sinh 1AA, 20 chiing c6 kha ning san xuétsiderphore,
4 ching c6 kha nang phan giai phosphate kho tan va
9 ching c6 kha ning ddi khang véi ndm gay bénh
Phytophthora capsici.

Hai chung vi khuan néi bat 1a ching LD15 va
LD18 di duoc tuyén chon. Ching LD15 co kha
ning sinh IAA, sin xuét siderophore va phan giai
phosphate kho tan, va ching LD18 ¢6 kha nang sinh
IAA, san xuat siderophore va ddi khang nim giy
bénh Phytophthora capsici.

Két qua phan tich, so sanh trinh tu nucleotide
16s rRNA cho thay chiung LD 18 ¢6 quan hé gan voi
BacillussonorensisSRCM 101395, nén dugcdattén
la B. sonoresisLD18.

TAI LIEU THAM KHAO

Lwong Thi Hong Piép va Cao Ngoc Piép, 2011. Phan
lap va nhan dién vi khuén néi sinh trong Cay cuc
xuyén chi (Wedelia trilobata (L) Hitche) bing ky
thuat PCR. Tgp chikhoa hoc, 18a, 168-176.

Nguyén Thi Thiy Nga, 2015. Phén lap, tuyén chon mot
sb chung vi khuén ndi sinh tao chét kich thich sinh
truong Indole-3-acetic axit (IAA) va ddi khang ndm
gay bénh thdi c6 ré cay thong. Tap chi Khoa hoc Lam
nghiép, s6 3, tr.3948-3959.

Tran Thanh Phong, 2012. Pdnh gid kha ning cé dinh
dam cia vi Khudn néi sinh aén nang sudt va chat
lirong ciia tréi khom trong tai huyén Tan Phudc, tinh
Tién Giang. Luan 4n Tién si, Truong PH Can tho.
117 trang.

Nguyén Vinh, 2017. San xudt - Xudt khdu hé tiéu Viét
Nam 2017. Hiép hoi hé tiéu Viét Nam.

Ames B.N, 1966. Assay of inorganic phosphate, total
phosphate and phosphate. Methods in Enzymology,
Volume 8, 1996, pages 115-118.

ChungH., Park M, Madhaiyan M, Seshadri S, Song J,
ChoH, Sa T, 2005. Isolation and characterization of
phosphate solubilizing bacteria from the rhizosphere
of crop plants of Korea. Soil Biol Biochem, 37 (10):
1970-1974.

Glickmann E., And Y. Dessaux, 1995. A critical
examination of the specificity of the salkowski
reagent for indolic compounds produced by
phytopathogenic bacteria. Appl Environ Microbiol,
61(2): 793-796.

Jasim, B., Jimtha John, C., Mathew, J., Radhakrishnan,
E.K., 2013. Plant growth promoting potential of
endophytic bacteria isolated from Piper nigrum.
Plant Growth Regulation, Volume 71, Issue 1, pp 1-11.

Kumar, R. Singh, A. Yadav, 2016. Isolated and
characterization of bacterial endophytes of Curcuma
longa L. 3 Biotech 6:60. https://www.ncbi.nlm.nih.
gov/pmc/articles/ PMCA4752947.

Mercado-Blanco J., Lugtenberg B. J. J., 2014.
Biotechnological applications of bacterial endophytes.
Curr. Biotechnol, 3: 60-75.

Nascimento S.B., A.M. Lima, B.N. Borges and
C.R.B. de Souza, 2015. Endophytic bacteria from
Piper tuberculatum Jacq.: isolation, molecular
characterization, and in vitro screening for the
control of Fusarium solani f. sp piperis, the causal
agent of root rot disease in black pepper (Piper
nigrum L.). Geneticsand Molecular Research, 14 (3):
7567-7577.

Schwyn B.and Neilands J.B., 1987. Universal chemical
assay for the detection and determination of
siderophores. Analytical Biochemistry, 160, 47-56.

Strobel G., 2003 Endophytes as sources of bioactive
products. Microbes Infect, 5: 535-544.

Toh S.C., Samuel L. and Awang A. S. A. H., 2016.
Screening for antifungal-producing bacteria
from Piper nigrum plant against Phytophthora
capsici. International Food Research Journal 23(6):

2616-2622.

Isolation and characterization of endophytic bacteria
from roots of black pepper

Abstract

Nguyen Thu Trang, Tran Thi Thuy Ha,
Nguyen Xuan Truong, Nguyen Van Giang

The study aimed to isolate and identify endophytic bacteria associated with roots of the black pepper (Piper nigrum).
Actotal of 23 bacterial strains from root of black pepper were isolated and screened for various plant growth promoting
properties containing 1AA, siderophore production, phosphate solubilization, and fungal antagonism. Among 23
bacterial strains, 15 strains produced IAA, 20 strains produced siderophores, 4 strains solubilized phosphate and 9
strains exhibited antifungal P.capsici activity. The two most prominent strains, namely LD 15 and LD 18 were selected.
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The strain LD 15 produced IAA, siderophore and solubilized phosphate. The strain LD 18 produced IAA, siderophore
and exhibited antifungal Phytophthora capsici activity. Based on the analysis of 16S rRNA nucleotide sequence of

strain LD 18 by BLAST programme, strain LD 18 had closely relationship with Bacillus sonorensis SRCM 101395,
therefore named Bacillus sonorensis LD18.

Keywords: Black pepper (Piper nigrum L.), endophytic bacteria, Phytophthora capsici, IAA, siderophore, Bacillus sp.
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