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Induction of Resistance-related Defensive Enzymesin Hevea brasiliensis
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Abstract: The study was aimed to explore the resistance to Colletotrichum siamense, dominant specie of rubber tree
induced by Burkholderia arboris DHR18. The enzyme activity changes on the treatments of different concentrations of
DHR18 fermentation broth and co-treatments of DHR18 with C.siamense CH-1 using rubber clone GT1 were studied.
Five defensive enzymes including catalase (CAT), peroxidase (POD), phenylalanin ammonialyase (PAL), and superox-
ide dismutase (SOD) were assayed. Results indicated that treatments with 1x10® CFU/mL, 1x10’ CFU/mL, 1x10°
CFU/mL of DHR18 fermentation broth showed significant higher activities of CAT, POD, PAL, SOD and PPO in rubber
leaves compared to the control group. The enzyme activities with broth concentration 1x10” CFU/mL were the highest.
The activity peak of the five enzymes was 1 009.14, 29 138.67, 110.24, 902.42 and 148.00 U/g, respectively, which was
2.68, 3.35, 1.88, 3.97 and 4.51 times of the control group, respectively. Under the co-treatments of B. arboris DHR18
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and C. siamense CH-1, treatment group inoculated with DHR18 fermentation broth before inoculated with CH-1, the
enzyme activities were higher than other co-treatment groups, and significantly higher than that of the control group.
Activity peak of CAT, POD, PAL, SOD and PPO was 1 230.85, 45 504.67, 117.53, 1 342.17 and 134.40 U/g, respec-
tively. They were 4.56, 3.10, 2.04, 3.28 and 5.98 times that of the control group, respectively; The plate inhibition rate
of strain DHR18 against C. siamense was 71.56%, the preventive effect against C. siamense on rubber saplings was
81.79%, and the control effect was 44.35%. The results showed that Burkholderia arboris DHR18 could promote the
activity of defense-related enzymes in rubber trees and induce systemic resistance in rubber trees. The induced resis-
tance may be one of the reasons for the control of C. siamense by B. arboris DHR18.
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Federh, fEfEIRFEIR (180 r/min, 28 °C ) %
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*x1 AFREIRER DHR18 b1
Tab.1 Treatment methods of DHR18 at different

concentrations
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4 A ER, AbEE O SCANEE 2 Fion . BESCRAERIAL
5 1.2.2 4.

# 2 DHR18 5 CH-1thREA4E
Tab. 2 Co-treatment methods of DHR18 and CH-1
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Concrete operation

Ta SE R
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Wi LB WAL FR 5, 24 h 5 it e 900 5% 9 R 90 TR PRI ( 1x208N/mL )

24 h Ji5 Wit J52 76 7 9 B AL TR R ( 1x20°~/mlL )
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PPO 7 1. #4 BRI & 1a I 5 wh 28 B A
FEAH R B T I W AR, 4 B Y
IR T .
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2.1 AREIKE DHR18 % B i Ab I8 X4 15 B 138 By
B E M Ay 52 1
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RBEWAL RS, AR et CAT TG T
CK, Hrr, T,, T:Ab#H) CAT WEMEELH G
FEAR T B RS, HAE 48 h PR R (E, HIE
4351} 1009.14 U/g #1 858.79 U/g, A CK ] 2.68
fEf 2.29 £, W E ST CK (P<0.01) ; 1
T1 Y CAT G 1EYE 48 h 5 FREIM-ATRaE, A%

[FIEFEl A B R PE S T CK (F 1) &
212 IS&ALYEERET WK 2R, &K
[F) ¥k i DHR18 A B Wi i i A b ¥R 5, 4b B2

1200 ~
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= 4 Bl [
Z : Fifaba
g 800- il
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& abABE el B -
= 600" TER g E) aA
'y i iy
S N pod B E
© Gl et ) s
& 400 pephEE TR BDY aard
i N N R NG o
f ME by SRRGEES o
200 |- 1-IN2 PN e
o L s iR LR [
24 48 72 96
B8] Time/h

ARINE F R R R A A 22 5w % (P<0.05) , ARG FhE
FORAL I 2 Ak B % (P<0.01) .
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 1 ARERE DHR1S &ZB ik EERMITH
CAT i&E 4L
Fig. 1 CAT activity changesin rubber leaves after

treatment with different concentration of DHR18
fermentation broth
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2 24 48 96 120

H /8] Time/h

ARG F R R Ab B E] 22 5 3 (P<0.05) , ARIRE TRk
FORALPRIE] 22 AR 3 (P<0.01)
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital |etters indicate extremely
significant difference among treatments (P<0.01).

B 2 AREKE DHR18 £ B A IR HAT H
POD &3
Fig. 2 POD activity changesin rubber |eaves after treatment
with different concentration of DHR18 fermentation broth
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TEAFI R )5 F CK, 78 72 hit, AEANAbFRZ
- F- POD i M35 B4 (H , LA T M Ta4b 2 () POD
filg 15 PR 1A 5] 29 138.67, 27 276.67 Ulg, Z3r5ilJe CK
1) 3.35 fi5 M1 3.13 5, ¥IH I #E= F CK(P<0.01) .
213 XEAABRMAEERETA WE IR, T,
PR PAL WM RSETHEE RS, 7E 96 h
B, e PAL 365 2% {E 110.24 U/g, & CK ) 1.88
fi5, WBEET CK (P<0.05) ., TAbBE) PAL 1& M
BT E R . 7E 48 h 1 96 h B
WL, MR PAL 3RS 92.72U/g F
93.43U/g, ¥ImT CK. T AbFRSCREIA S, 7E4H
[EIIFE], oAb F PAL TGP T A 3
2.1.4 AEALHBACEEERT A WK 4R,

~ 160 FCK KT,
(=] q

g 140 1 HET, HT,
>

PAL 7 PAL activi

i} i8] Time/h

ARG FH FR A 2 5 8% (P<0.05) , RFEKEFH
FORALPRIE 22 AR 3 (P<0.01)
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 3 AREIRE DHR18 £ B ARG ACHIAT
PAL &ML
Fig. 3 PAL activity changesin rubber |leaves after treatment
with different concentration of DHR18 fermentation broth

AfJE] Time/h

ARNG FRER AL B 25 5 B 3% (P<0.05) , ARIKEFhE
FORAL I 2 A B (P<0.01) .
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 4 AERE DHR18 X BT ARG AT F
SOD jEHZEE
Fig. 4 SOD activity changesin rubber leaves after treatment
with different concentration of DHR18 fermentation broth

22NV B DHR18 A& By Wi it i A 38U, Ab 34
ZHnt Ji SOD it e T = Ja BRAR ke 34, HOHT
PEFEAH R IHA] 34 75 T CK ., T 2R3 fK) SOD i PE7E
48 h 153l {H 1164.89 Ulg, J& CK 11 3.83 1%, W&
FET CK (P<0.01) . Tyl TaAbBRA SOD I
T 72 Wik BNEAE , 4354 774.93 Ulg i1 848.18 U/g,
J& CK 1% 3.41 151 3.73 /%, 3 (P<0.05) Fitk
BEET CK (P<0.01) .

215 Z@mAAEGERETL HE 5,
Ti. T F ToARBRAY PPO 3 5 5 T = 5 B Y
B, HIEEE A R BT E 3 T CK, Tao Takb
PRAY PPOE M 7E 72 hi 43 51l 34 %1 14 {H 148.00 U/g
il 142.80 U/g, J& CK (1) 4.51 f5F1 4.35 15, T, 4b
) PPO I PETE 96 h B A 2|1 (H ( 111.60 U/g) .

= 180 FHCK NT,
L aA
2 160 Tar BT, BT
2 1ot B A
e 120 - aA i abAT 8A
= abA B gok2 i
g 100 A o NES i
< ey bBE ‘m_,‘ abAB[:¢jabAB
o 80 aA i i L 5E
g 8- 3 ] 5 WEe R
R e g By R ¥ R ¥,
# ity R =k RN
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- O B S T
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B o i N = N AN
24 48 72 96 120
fi /8] Time/h
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Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

Bl 5 AERE DHRI18 ZE: K AMEGRIBIATF
PPO &ML
Fig.5 PPO activity changesin rubber leaves after treatment
with different concentration of DHR18 fermentation broth
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LR E DHR18 & Bei A #L i i PPO it
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2.2 THE#tk DHR18 MK ERAIBIARR
WK 6 fi7R , Bk DHR18 76 4 I 4 5 e A
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Disease spot diameter/c

|
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_ O
T T
}
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T4 TS5 T6
Kb Treatment

ok 71.56%, i 3k 2, {1iff] DHR18 5 CH-1 P
AL FRAR R 4T, 72 h G, CK B H R &5,
TsAbFE (SeiABhR ) BIBTIRRUER N 81.79%, T4
A3 (SEHIRIRTE ) MBIAROR R 44.35%, 350
T TebB ( HERIRE ) (P<0.0001) .

A XA BIH FE BTG B: 7EMRERIET EXT C. siamense SRIFFAIBIARER . a: CK, b: SGHWIEE, o JeiEAENRE, d
HEm e ; C: MR BRI, ***Fm 2R B3 (P<0.0001) .
A: Antagonistic activity against C. siamense; B: Control effect on C. semense induced anthracnose in rubber saplings; a: CK; b: First inocu-
lation of C. siamense; c: First inoculate biocontrol bacteria; d: Only C. siamense; C: Biocontrol efficiency calculated based on the lesion
diameter of C. semense; **** represents extremely significant difference (P<0.0001).

Bl 6 Btk DHR18 XA It Fr B F 2k JEL 9% B B3 8 3 SR
Fig. 6 Control effect of DHR18 strain on rubber leaves C. siamense
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e 3 T HABAL PR (P<0.01) , J& CK 1 4.56
7 oAb PR CAT 1 M 2 SRR AR T BB AR 1
B, fE 48 h i T CK (P<0.01) (K 7).
232 iRALHEFELTH DHRI8 5 CH-11h
FACFET, 3 FhabHigl ) POD 1M & F CK,
7E R R 3k K (P<0.05) , Hidr, Ts iy
POD i PE7E 48 h iy A 31§ {H (45 504.67 Ulg)
J& CK [ 3.10 fi%; T4 F1 Te4bHLAY) POD 1 PETE 72
h if ik 2% {H (30 249.33, 33875.33U/g) , 434
g CK [#) 2.14 f55F1 2.40 £i%5 . 3 Fh A [H4b#iAE POD
T P W R BT 2300 I 35 % T CK (P<0.01) (&1 8)
233 XARBRMASEET K9,
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[=11]

) 1200 - 7 BT BT,

21000 L i

S 800 I i

= o] 1"‘:“

< 600 | L i aAsA

S 0N

o400 ENELY N i

= N N NG

T 200 NGy [N Aoy

5 o R
N N g

24 48 120

fi5f &) Time/h

ARG FhE R R A PR 22 5 B3 (P<0.05) , AFIKRE FhE
FR bR 22 S 2 (P<0.01) o
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 7 DHR18 #i CH-1 thE A BB MM
CAT & 4Tk
Fig. 7 Changes of CAT activity in rubber |eaves after
DHR18 and CH-1 synergistic treatment

Ts ALFAY PAL I Pk VAR S5 T o BRI Y a5
EFMFEAET CK, 72 h it CK 2R #
(P<0.05) , 7r 48 h ifik#|IEfE (117.53U/g) ,
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6] Time/h

N
S

AE/NG FRERRAL PR 22 5 .3 (P<0.05) , ARKEFH
FORAL A 22 e B (P<0.01) .
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

8 DHR18#1 CH-1 thE &b B R H I Fr
POD &L
Fig. 8 Changes of POD activity in rubber leaves after
DHR18 and CH-1 synergistic treatment
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Different lowercase letters indicate significant difference
among treatments (P<0.05), different capital letters indicate
extremely significant difference among treatments (P<0.01).

9 DHR18 #1 CH-1 tE &b ER RS I Fr
PAL &t
Fig. 9 Changes of PAL activity in rubber |eaves after
DHR18 and CH-1 synergistic treatment

J& CK 1Y 2.04 %, #hi ¥ & T CK (P<0.01) ;
T, Te AbH PAL WAL A B, TS HEOREE
7E 85.00 U/g 247 , 76 72 h i 2 5 T CK( P<0.05 ),
234 REAYIACHEFE T HIKE 10 AJAI,
Ts 4bFR Y SOD G MEFE 72h e 3 & F CK
(P<0.01) , SOD jfiik 1342.17 U/lg, /& CK 1Y
3.30 fi%; T4M SOD iR ST J5 BRI a3,
fF 48 hikB|IEfE, T4 924.49 Ulg, /& CK 1)
247 1%, BFEFET CK (P<0.05) ; TeH SOD i
PETE 24 h BHIET CK, 5 CK LR EER,

235 %$mAMLBEEREA HE 11 A, Ts
) PPO & P 2 e T s 5 BRAR A a3, 7 W] ] 3

\O
N
—
[N
S

i) Time/h

ARINE FhE R R A PR 25 5 B3 (P<0.05) , AFIKRE FhE
FR b P 22 S 2 (P<0.01) o
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 10 DHR18 #1 CH-1 4B BB
SOD & MHE
Fig. 10 Changes of SOD activity in rubber leaves after
DHR18 and CH-1 synergistic treatment
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ARNG FREFR AL B 25 5 B 3% (P<0.05) , AFIKEFhE
FORALFRE] 2 A B (P<0.01) .
Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 11 DHR18 fl CH-1 thE AL KA R It
PPO iEtEZE K
Fig. 11 Changes of PPO activity in rubber leaves after
DHR18 and CH-1 synergistic treatment
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