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Abstract: Sisal hybrid variety of H.11648 is the main cultivated commercial variety in China. Despite of its ability to
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produce high fibre yield per unit area, this variety is highly susceptible to diseases. Sisal zebra disease, caused by Phy-
tophthora nicotianae is among the diseases of economic importance affecting the variety. Several control measures like
the adoption of good agricultural practices, the use of disease resistant variety and the use of chemical control are sug-
gested in sisal zebra disease control. However, none of them seem to be sustainable due to the existing agricultural
practices. Most of the existing measures are not only time-consuming but also costly due to labor intensification and
high cost of purchasing agricultural chemicals which on another hand can pollute the environment and create resistance
to the plants. Developing resistance variety will obviously take long time due to the long life cycle of sisal. It is very
important to develop sustainable disease control methods which are environmental friendly to adopt the climate change
agenda. The use of microorganisms to control the diseases is of great importance. In this study, an antagonistic strain
PaHNHKO1 was successfully isolated by using Phytophthora nicotianae as the target pathogen. PAHNHKO1 was identi-
fied as Pseudomonas aeruginosa based on morphological, physiological and biochemical characteristics and gene se-
quence analysis. The antibacterial activity and control effect of PAHNHKO1 were measured under in vitro condition. The
results showed that, PAHNHKO1 had the ability of organophosphorus and inorganic phosphorus, nitrogen fixation and
iron production. Additionally, PAHNHKO!1 had the inhibition rate of 89.79% against P. nicotianae. The fungus effec-
tively inhibited the mycelial growth of P. nicotianae, and the antagonistic pathogens showed decreased sporulation abil-
ity, mycelial enlargement deformity and increased branching. The control effect of PAHNHKOI on sisal zebra disease in
vitro was 88.62%. PaHNHKO1 aseptic fermentation liquid had obvious bacteriostatic effect on pathogenic bacteria, and
its ECso value was 20.3679 pL/mL. When the concentration of PAHNHKO!1 crude extract was 80 pg/mL, the antibacte-
rial rate was 89.36%, and the ECs, value of PAHNHKO1 crude extract was 11.9456 pg/mL. We further observed the an-
tagonistic effects of the strain PAaHNHKOI on 13 different plant pathogens, indicating that the strain PAHNHKO1 had
good biocontrol potential and could be developed as a biocontrol product. The results would provide a strong research
basis for the biological control of sisal zebra disease.

Keywords: sisal zebra disease; Phytophthora nicotianae; Pseudomonas aeruginosa; biological control
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Tab. 1 Basic information of pathogens
%S I SR TRT eV
No. Pathogen Source

BRHUZE R (P. capsica)

KGREFHW (P. sojae)

FEtAZEF T (P, palmivora)

JREEFE T (P. melonis)

12PN #AE ( Colletotrichum siamense )
T] \] {6 711 # (Lasi odipl odia theobr omae)
FEIRARZEBER —M11H (L. hormozganensis )
R4k ( Fusarium graminearum)
R T (F. oxysporum)

BhE T ( Aspergillus niger )
THIE%# ( Magnaporthe oryzae )

WL B ( Pestalotiopsis kenyana )
JH#RE TS ( Phytophthora nicotianae)
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A: IEWHFRER; B: & PaHNHKO1 il (9 M0 FLEE R
A: Normal P. nicotianae; B: P. nicotianae under PaHNHKO1 stress.
B 1 PaHNHKOL Xt HHE % B & K K HI I 35 R
Fig. 1 Inhibition effects of PAHNHKO1 on
P. nicotianae growth

B 2 PaHNHKOL XiFHIEEZE EH LTS
Fig. 2 Mycelium morphology of P. nicotianae under PAHNHKO1 stress

22 HEPEHHNEE

22,1 HEFHME R PaHNHKOl fYEVETE
LB Pl 2 3RS I (% 2 R ik, Hoah 20
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B3 PaHNHKOL B% R E k&
Fig. 3 PaHNHKOI colonies and mycilia
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Tab. 2 Physiological and biochemical identification of

PaHNHKO1

i H ZE i g P

Item Reault Item Result
E=la + HIAIHE K +
e fuh it n A B
3T (MR) _ L N
IR EE (V-P) - 1 AL o B
TE R K St - R A +
2% NaCl A A=K + AR -
5% NaCl AT )RR -
7% NaCl AT K S ELES -
10% NaCl 1] 4= & + P L AL e A B
REAK + FIHIH # B 7< -
ilidi3te + T AR ik Jit +

T A B SRE, A A BB o

Note: + means positive reaction, — means negative reaction.

BTN E R 1397 bp, atpD . gapA il rpoA
RTINS0 964, 931, 931 bp. 7E NCBI
M5k i#E4T BLAST 731 Lo 4 & 30, Tk PaHNHKO1
5 ) % A1 PR B P R R R = . A MEGA 11
W, RAABEEWEREREN, SR ERE
¥k PaHNHKO1 ¥ 16S rDNA ., atpD. gapA. rpoA
791 5 i 2p 5 B - ( Pseudomonas aeruginosa )
Rh—K (B4, B 5), ZRAHEENHMIEE

100 | Pseudomonas viridiflava 02 1113
Pseudomonas viridiflava C1 1158
Pseudomonas syringae TRR9

98- Pseudomonas syringae EL2
Pseudomonas cichorii ATCC 10857
98' Pseudomonas cichorii pJ20
Pseudomonas chlororaphis 1.Q29

99' Pseudomonas chlororaphis zongl
Pseudomonas agarici ICMP 2656T
100" Pseudomonas agarici Br60
Pseudomonas putida THB B 1369

99" Pseudomonas putida MUFP69
Pseudomonas mendocina DS04-T

100" Pseudomonas mendocina DS0601-FX

@ PaHNHKO1

Pseudomonas aeruginosa Pa608
Pseudomonas aeruginosa XZ01
Pseudomonas aeruginosa PJ078C9
Pseudomonas aeruginosa E15
Xanthomonas campestris HL3RS3

18
36
43
95

60

100

[ I

0.02

B 4 HE#k PaHNHKOL ETF 16SrDNA £ 58
RERBHAH
Fig. 4 Phylogenetic evolution tree of strain PaAHNHKO01
based on 16S rDNA gene sequence

96 [ Pseudomonas amygdali pv. tabaci str. ATCC 11528

100]' Pseudomonas amygdali strain 35-1

93 Pseudomonas savastanoi strain MHT1

100 Pseudomonas syringae pv. atrofaciens strain LMG5095

100

5 100
] 100

73 - @ PaHNHKO1

‘ 100

I
0.02

100L Pseudomonas syringae pv. lapsa strain ATCC 10859

Pseudomonas coronafaciens pv. coronafaciens strain B19001

Pseudomonas rhizosphaerae strain DSM 16299

Pseudomonas fluorescens SBW25

Pseudomonas chlororaphis subsp. chlororaphis strain DSM 50083

Pseudomonas chlororaphis subsp. piscium strain ATCC 17411
98 | r Pseudomonas chlororaphis subsp. aurantiaca strain DSM 19603
100 - Pseudomonas chlororaphis subsp. aureofaciens strain DSM 6698
Pseudomonas aeruginosa strain ATCC 27853
100 wrPseudomonas aeruginosa strain ATCC 15692

99' Pseudomonas aeruginosa strain AA2
Pseudomonas alcaligenes strain NEB 585
Pseudomonas otitidis strain CSMC7.1
Pseudomonas stutzeri F2a

B 5 E#k PaHNHKOL EF atpD. gapA #1 rpoA SEREF M RFKE Tt L i
Fig. 5 Phylogenetic evolution tree of strain PAHNHKO1 based on atpD, gapA and rpoA polygenic sequence
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FEAE . AR B ARAR IR DL B R G T A pT 4
WA PaHNHKO1 A 4 S35 2 1
23 EBEIEENE

=B PaHNHKO1 X 12 Ffit il I p 24 A
IR TS PIACR (K6, 3 3), X 4 FhENEZN
DU T 22 AN TR AE 75%L) L, Hod PaHNHKO1
R EERER (P sojae) MIMHIEUR GG, MK

CK

PaHNHKO1

CK

PaHNHKO1

4 93.33%, XIBBUERTE (P capsica). TRt
i (P palmivora), M8 (P. melonis) M4
RN 80.45% . 76.67%. 75.22%. Xf 8 Fifg i
FLA R TR 22 0 R HE 55.33% LA b, Hop
PaHNHKO1 X% il #7615 ( C. silamense) Al
BORBE, MHRA 81.33%, XA TIE (F.
oxysporum) FIHIRCRELE, WEFE R 55.33%,

bR GS [F3% 1,
Strain No. is the same as Tab. 1.
B 6 PaHNHKOL Xt 12 Fhim & & A9 40 S R
Inhibitory effect of PAHNHKO1 on 12 pathogenic bacteria

Fig. 6

% 3 PaHNHKO1 X474 [6) 4% 5 & & 22 4 K g9 3 #11E B

Inhibitory effect of PAHNHKO1 on mycelial growth of different pathogens

e ES
G5 R i
No. Pathogen nubrtion

rate/%

Tab. 3
5 A il
No. Pathogen Inhibition rate/%
1 BAUERETE (P. capsica) 80.45+1.18"
2 KEEENW (P.sojae) 93.33+0.77*
3 FEREERTE (P. palmivora) 76.67+0.38"
4 JRHEREE (P.melonis) 75.22+0.40°
5 EZPHIEAME (C. siamense) 81.33+0.77"
6  A[A[FE _HIE (L. theobromae) 80.22+0.59"

7 EIRAKZZBER ME (L. hormozganensis) — 76.45+1.18™

8  ARAYME (F.graminearum) 61.11+1.35°
9 RfIHEIIT (F. oxysporum) 55.33+0.38"

79.33+0.38%
77.11£0.59%
69.78+5.67¢

10 BihE W (A niger)
11 FEEHE (M. oryzae)
12 L EME (P. kenyana)

T FFIAR/NG FPRFRRZ R B3 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

24 HEPERERHEST

A B AR A FEEZE R, Bk PaHNHKO!1
ANEATHHYIEE TAA GES (K TA); FEAHLEE
RiFR S CHLBE S 37 3L [, HiBk PaHNHKO1 1Y B

v A B B (7B, K 7C); (ALER]
BRI BT AR A B v JA) L A 3 T Tk i R
Pl (&l 7D ); TEBZ DL JCR AR SR 5 b, Btk
AR RS (& 7E); fE CAS [fRE JRdE |
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PaHNHKO1 {9 5 7% F I U S BA o (o = Bl (/1 fd CMLels . EERIP= 8k 0RE 1, 20 & fi A i)
7F ). 4590, bk PaHNHKO1 EL45fi A HLHE e,

CK* CK~ PaHNHKO1
A PRIAABETIINGE; B: MEAHLBERETTINGE; C. MTCHLBRREIMISE; D. MATBENNE; E: BRREIIIE; F: EAETIIE.

A: Determination of IAA ability; B: Determination of organophosphorus solving ability; C: Determination of inorganic phosphorus solving
ability; D: Determination of potassium solving ability; E: Determination of nitrogen fixation ability;
F: Determination of iron production ability.

7 PaHNHKOL B12 4 ik
Fig. 7 Growth promotion effect of PAHNHKO1

25 HEBEX SR B EEBR

A= Bl B PaHNHKO 1 X 61 bR 25 A - 7 B 2 200
FEAFBR, AR R R A 0 SRR B &
PR, (A D PaHNHKO1 1A B0 55 B 1 i
KRR AR, BRI (B 8),
PaHNHKO1 X} &1 FREE 5 80555 1 B 3l 88.62%, B
TSR AR
2.6 AEMERENRE X REERNZ
261 AAAERNSBBRBERERAN YA
PaHNHKO1 JC R & BB 81 R BE S 800 B A W T
MM HIRCR (B 9). ENEE e LN,
PaHNHKO1 JCE &K BEM R EEH 15 pL/mL BF, 417

4@"%7‘7 39.61%:; %%k%{&mgﬁ 60 pL/mL Hﬂ' , A+: PaH_NHl_(Ol +P. nicotifmae; )
o e . B: CK" (P. nicotianae); C: CK;; D: CK, .
WA 1K 74.89% . PaHNHKO1 JC i A& AR Y ECso B8 PaHNHKOL X8l AR & BB 4B
{H-H 20.3679 puL/mL ( £ 4), Fig. 8 Invitro control effect of PAHNHKO1 on sisal leaves
CK 3.75 pL/mL 7.5 uL/mL 15 pL/mL 30 pL/mL 60 pL/mL

9 AERE PaHNHKO1 Jo 5 & B i Xt 4 B2 % B 0 # 4E F8
Fig. 9 Inhibition of different concentrations of PAHNHKOI sterile fermentation broth on P. nicotianae

2.6.2 PaHNHKO1 A2 -4l B EE R % PaHNHKOL BLIEWHEE M AE 20 pg/mL B, 3
vy PaHNHKO1 L HE 4 %68 R IKE S 800 12 A B 2 H 56.07%; FEEPHREH 80 pg/mL B, HIEHR
RN HISCR (R 10). ENFE S eSS R L, ik 89.36% . PaHNHKO1 F ¥ ECsy fH K
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11.9456 pg/mL ( 3 5),

3 Tt

H.11648 &3 E H {1k £ ZAR 35 oA, 1200
Tl s PR B S2 R B 2 AR D0 AR A e
U, Rl R . b= RIBE S
U BRI A LA Ua T 8, A
I BARZE A BTa b | P R A e 40
PomRa e e, st E
e 2L 76416 PURRH L FRRAL, HEICH
i O R P RO RO A0 HL 1164817, iRl

Biiie st 2 7, A= Bl A A% BRBE = A B R
WA R ZGER B A S R, ARG LA
AYC2R it E T T IR )X B[R] R, ARSI S R T 40 i
1 WX G JBRBE SO 9 Jir D AT 40 14 FH 1 200 2R
IR 89.79%, i XHA W I A2 Mg | A4
PRA AN LA Je o F %508, B 78 Wbk PaHNHKO1
AR SRR BN (P aeruginosa ).

i UL A A B A0 D A 2 AT DR 1 R R 2
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Tab. 4 Effects of different concentrations of sterile fermentation broth PAHNHKO1 on P. nicotianae

e G LA e 1 B . ECq

Concentration/(uL-mL™") Colony diameter/cm Antibacterial rate/% Regression equation /(ug'mL™")
3.75 68.67+0.58 10.82+0.75 y=1.7181x+2.7511 0.9970 20.3679
7.5 62.50+1.00 18.83+1.30
15 46.50+1.73 39.61+£2.25
30 33.83+1.04 56.06+1.35
60 19.33+0.58 74.89+0.74
CK 77.00+1.00
10 pg/mL 80 pg/mL

CK 2.5 pg/mL S pg/mL 20 pg/mL 40 pg/mL

B 10 RERE PaHNHKOL MR X EEZ M HI1EA
Fig. 10 Inhibition of different concentrations of PAHNHKO! crude extract on P. nicotianae
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Tab. 5 Effects of different concentrations of PAHNHKO1 crude extract on P. nicotianae

e G L R CEPE . BCy
Concentration/(ug-mL™) Colony diameter /cm  Antibacterial rate /% Regression equation /(ng-mL™)
2.5 57.00+0.29 17.00+0.42 y=1.2965x+3.6034 0.9979 11.9456
5 47.174£0.17 31.31+0.24
10 40.83+1.01 40.53+1.48
20 30.17£1.30 56.07£1.90
40 20.67+0.67 69.36+0.98
80 7.33+0.33 89.36+0.44

CK 77.00+1.00
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