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Effect of the inoculation with the fungi and actinomycetes against
Phytophthora capsici and the colonization capability and the growth
and PPO activity of capsicum’s leaf and root
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ZHOU Yong-qiang®*, XU Ying-jun®

(a College of Life Sciences sb College of Resources Environment s Northwest A & F University ,Yangling Shaanxi 712100, China)

Abstract:[Objective] This study is to research the associative inoculation’s effects on colonization ca-
pability and promoting the growth and PPO activity of Capsicum. [Method]) Biocontrol fungi and actinomy-
cetes compounding group were selected after the antimicrobial experiment on the antimicrobial actinomyce-
tes against the fungi and general mensuration of PPO activity. The fungi and actinomycetes associative in-
oculation to Capsicum were applied by dipping root method then the colonization capability and the Capsi-

cum leaf and root PPO activities were measured. [Result] (1) Four strains of biocontrol fungi and three
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strains of antimicrobial actinomycetes were selected. There are 12 associative inoculation groups. In 7
groups,there are no effects between fungi and actinomycetes. (2) The associative inoculation of biological
control fungi and actinomycetes can increase the PPO activity of pimiento’s leaf and better than individual
inoculation. The highest rate is nearly 5 times than individual inoculation. (3) Except Actl+C,Actl1+C,
Actll1+MI1 and Actll+M2,overrun inoculation can abnormally increase the PPO activities;associative in-
oculation can reduce the PPO activity of pimiento’s root. (4) Associative inoculation (Actl with D,MI1 and
M2, Act8 with these 4 kind of fungi)can increase the weight of pimiento’s root prominently. (5) Associa-
tive inoculation can not promote the colonization of actinomycetes in pimiento’s root,only M1 can help the
colonization of actinomycetes on pimiento’s root. The biocontrol actinomycetes can increase the coloniza-
tion densities of M2 in pimiento’s root. [Conclusion) The associative inoculation of biocontrol fungi and
antimicrobial actinomycetes (except Act8 + D, Actll + D) can increase the PPO activities of pimiento’s
leaves,associative inoculation (except Actll+C,Actll+MI1,Actll+M2) reduce the PPO activities of pi-

miento’s roots after individual inoculation of biological control fungi and antimicrobial actinomycetes, can

not help actinomycetes colonized in pimiento’s root,but can promote the root growth prominently.

Key words: biocontrol; Phytophthora capsici Leaonian;phyto-immunology; PPO;actinomycetes;associ-

ative inoculation
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BigE 3 d, UL I A B 4k A R AR B T A A
RO o B TR AR AR BT 8 5 U R AR B £k T 9 T
RV Y B R B OB R T B T L L ) AR AR
A 120 mL B3R By 31 58 & B UE W . 28 CHE R 7 d,
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Lol RAE H, Actl Hl Act2 #5830l & 52 1 K& M2
LR R B0 M1 MO A7 B85 40 i 4 HT 5 Actl gl
BB T4, Actd X BT A ik A By B A
T . Act10 AN REMEI B A 3 6 7 T8 18 22
A ELRE A ) A AR R RE M R AR B M TR

22K R Actlo REES EA W C.D.E.L.Q I
ARE ML IR A R Actl0o XF M2 F1 M9 6 4 il /F
.20 Actl0 5 M2 1 M9 FlIR &8RN, Actll HI
Act12 XK T 72 1 ¥ 030 R L E X (R B
YA e M /e 0 . M R AR5k 13~28 mm,

x1 EPBMEBENERERNIMEER
Table 1 Inhibitory effect of the actinomycetes to fungi
R BB F5PUP B4/ mm Diameter of inhibitory zone
Target fungi Actl Act 2 Act 4 Act 10 Act 11 Act 12
C 0 0 0 18~ 0 0
E 0 0 0 15- 0 0
D 0 0 0 20 0 0
1 13%* 0 0 157 0 0
Q 0 0 0 17 0 0
M1 11 12 0 8 22 22
M2 0 0 0 0 13 14
M9 26 24 0 0 28 14

e« FRBIERABLAT XN R » » FRBIRHRABBTHEEXNEE. 2.

Notes: * represents inhibiting spores producing zone diameter; * * represents facilitating spores producing.

2.1.2 AGARAMNAGKREAGIHER HE
2 AL EESE T AR, B E.Q FIKRE M9 KB
X Act] Az X BEam 0 30 AE AT 30 R 0
20,13 F1 12 mm, W] Actl RiE 5 EEH E.Q M
AREGE MO B . Bk M9 A2 Actd 4154 s 4h, H
b A= By LT X A= B R R AR A B TE R e 2 B X
S Az B B A T 5 A B AR TR A R

UL B 4 R mT A, 5 Bt E52 W CLE,
D.I.Q ¥ u] 5 Actl., Act2. Actd, Actl0, Actll FI
Act12 6 FRUEEA B L W IR 2 AR M1 AT
Actd JRIE; M2 Al 5 Actl., Act2, Actd Fll Actl0 B
Fe s M9 71 5 Actd Fil Act10 452 (H 1 T M9 7 fd i
KA LA £ M9,

R2 EREEXNERBLEMAMEER

Table 2 Inhibitory effect of the fermentation liquor by fungi to actinomycetes
BURT T F5 40 B B 42 /mm Diameter of inhibitory zone
Target C D E 1 Q M1 M2 M9
actinomycetes 74 144 7d 14d 7d 14d 7d 14d 7d 14d 7d 14d 7d 14d 7d 14d
Act 1 0 0 0 0 20 0 0 0 13 0 0 0 0 0 12 0
Act 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13~ 0
Act 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Act 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Act 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Act 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.2 HEMEXERBM R MRERE PPO FEA I M)A Ak 55 30 d BEARARL . AR B R 4 R 5 ] R 4R
2.2.1 RHEAGABY YR (DLW A PPO  HURFR PPO TFE M FR A% 2 75 2 0k 25 Pie P FR A% % 77

Wk, H13& 3 ATLLE Y, B Boe AT, il i S 2
MR PPO MM T Hod LB ST C Y48 F i R
(APPO) fe Ky 10. 26 26 J x4 7 1 2 Fh 1
(APPO) #%5/N ;s M1 Al ZR AR i+ PPO il 15 P I
H AR 2 (APPO) S —10. 26 %,

(D LMAR ZR PPO . N3 4 ATLUE . 7
30 d P B, BB T TR MUR R PPO 6 4 ) $2 Fp
By — 25, 56 % ~ —35. 34% , KEE M1, M9 4%
P SR 355 — 14, 3 %0 Hudle M2 ZRBUAR R PPO IF M
FERPIG R Yy 8.27% ., 31 d W, MR R PPO IF

b — W FEAUESE .

x3 BEEAEPERXNZHMAM A PPOEERNEN
Table 3 Effect on PPO activities in chilli leaves
after the inoculation with the fungi
PPO 51/
4b P Treatment (Uegleh™ D) APPO/ %
PPO Activity

CK 3 9004150 0.00

C 4 300460 10. 26

1 4 000+120 2.56

Q 4 180450 7.15

M1 350040 —10. 26
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x4

BEREHEREXZMRFE PPO F R0\

Table 4 Effect on PPO activities in chilli roots after the inoculation with the fungi

30 d 31d
poE:i PPO 1%/ PPO &P/
Treatment (UegtehH APPO/ % (Uegteh™ D) APPO/ %
PPO Activity PPO Activity

CK 1 330£40 0.00 1 000£20 0. 00
C 990450 —25.56 840+ 20 —16. 00
D 97040 —27.07 6404100 —36. 00
E 880+30 —33.83 69020 —31.00
1 900430 —32.33 900+£30 —10. 00
Q 860460 —35. 34 780430 —22.00
M1 1 140£30 —14.30 820+10 —18.00
M2 1 440440 8.27 1 000420 0. 00
M9 1 140+£10 —14. 30 870440 —13.00

2.2.2 AGERALABHEE RSB HMR
PPO #F ey #em (DI A PPO iGE, & 5
AT LLE W R AR B BB L A B R R BB L A
MR PPO WS PR INOR B . AR By B S A B 2k
BRI A 2 B FEARCTE R ) PPO IR (BR Act8 +
D, Actll+ D40 48 i o 3 i R i KR &
B4 M Actl +C. Actl + D, Actl + M2, Actll +
C.Actl1+MI1 F1 Actl1+M2, 3288 4 8 R 2
TR R TR 5 bt . AR R

x5

Act8+D fl Actll+D J8 & FEHHUT B PPO 7%
P W A AT EG D BT i 1 i — 2D T

() TR R PPO 1. & 6 W LIF it
A B LT A By T TR PR I (B B M M2 il
Actll 40 EHHUR & PPO W& M B B FF i, 5
PR AT B 5 42 A 1 ) R ABURR R 2 A G IR BRI (R
Actl+ C. Actll +C, Actll + M1 FI Actll + M2
A FHUR & PPO % M FEAIL .

EMEESERMEAEXNHEBHH PPO &R I

Table 5 Effect on PPO activities in pimiento leaves after the inoculation with the fungi and actinomycetes
T P =y ol el

Trfjnﬂem o é}'f;{)( [/J\cliiily b APPO/% Trﬁlﬁlﬂem o {ﬁfr’t()a;\cliiily b APPO/%
CK 2 300430 0. 00 Act8 2 100430 —8.40
C 2 000420 —11. 90 Act8+C 2 300460 0.90
D 2 300470 2.20 Act8+D 2 200420 —4.90
M1 2 300£50 4. 00 Act8+ M1 2 500410 8. 40
M2 2 400440 7.40 Act8+M2 2 500420 10. 20
Actl 2 300+10 0. 00 Actll 2 400440 6. 20
Actl+C 3 00060 33.20 Actll1+C 2 700480 17. 30
Actl+D 2 800450 25.20 Actll+D 2 200430 —10. 40
Actl+MI1 2 500420 9.70 Actll+Ml1 2 800430 22.10
Actl+M2 2 800450 25.70 Actll+M2 3100450 38. 10

*6 EHEESERMEEHMIRER PPO FHEHNR I
Table 6 Effect on PPO activities in pimiento roots after the inoculation with the fungi and actinomycetes
=y e ol e h ! V5 e gl e h!

Tre%l%em oo (EFI?PZ)( Eicti%/ity b APPO/ % Tre%l}fem oo {ﬁfr’if’é)( Iictiiity b APPO/%
CK 1 900+70 0. 00 Act8 8 1004280 336. 76
C 3 900440 110. 80 Act8+C 1 500+40 —20. 54
D 7 4004200 300. 50 Act8+D 1 600£30 —11.89
M1 1 800+10 —3.20 Act8+M1 14004170 —23.78
M2 2100430 12. 40 Act8+M2 1 6004180 —13.50
Actl 5 6004130 200. 50 Actll 1920+20 3.78
Actl+C 2 100460 10. 80 Actl1+C 2 550+10 37. 84
Actl+D 1 700+10 —7.60 Actll+D 1 600+20 —13.51
Actl+MI1 1400+20 —25.40 Actll+M1 2 470420 33.51
Actl+M2 1200+ 50 —37. 30 Actll+M2 2 500470 35. 10

H1 AL A AR AR AR B R I AR PPO

RIS T s A CRLE C R Act8 B IR A=
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Bij EL TR 5 AR B IR TR IR A 2 B T (B Act8 +D I
Actl1+D 40 EE# i PPO 36 M 3547 i 7t . it
WAR & PPO % PEAR AL AL AR 5 i 7 A0 B - B 452 B (B
Mg M1.M2 FI Actll 4k 855 B8 B & Tt iy I %
(5 Actl+C.Actl1+C.Actl1+MI1 FIl Actll+M2
A0 I AT I REAIR
2.3 AP EH MR E MG
22 7 ATLIE L B Actl Act8 & Actll, fit
PRURR B B2 A R 4 1 oy — 31, 51% . — 70. 55% K&
®7

EMERSHEEXNHEIRE

—22. 884 , 3¢ W BALH AR Bl SR R G EIEABURR R AR KA
03 0 A AR T 5 B2 2R By TR B T RRURR E AR AR
Ko AP HH S4B IR A R, Actl 54
B B C M1, M2 R Act8 5§ D M1 M2 g%
Bf, GHBAR 2B WA, Hoep Actl + C., Actl + M2
J Act8+ M1 (1 32 Fh 36 R (A MR D 35 $)59. 86 %0,
78.90%,57.53%, Actll 5 4 Fh A= B B & IR 42 1)
AITABURR i S R

sk A1)

Table 7 Effect on weights of pimiento roots after the inoculation with the fungi and actinomycetes

4b ¥ /(g D AME/ % b3 MR/ (g« kD AMRTE/ %
Treatment RW ARW Treatment RW ARW

CK 0.73 0. 00 Act8 0.22 —70.55
C 0.63 —14. 38 Act8+C 0. 64 —12.74
D 0. 89 21.92 Act8+D 0. 87 18.77
M1 0.79 7.76 Act8+M1 1.15 57.53
M2 0. 84 15.07 Act8+M2 0. 86 17.81
Actl 0.50 —31.51 Actll 0.56 —22.88
Actl+C 1. 17 59. 86 Actl1+C 0.61 —16. 45
Actl+D 0.61 —16.03 Actll+D 0.50 —31.92
Actl+M1 0. 80 10. 00 Actll+MI1 0.42 —42.47
Actl+M2 1. 36 78.90 Actll+M2 0.54 —26. 44

Actl, Act8 5 4 By BB 1 422 Ab 3 14 i ARUAR 8
PIRFH 0P, H 54 Actl F1 Act8 19 &I ABUR
FAE /N X AT RE S 2 5 A AT MR R 0 1 B R O
B K UL IR A B TR R Act] L Act8, 2 3 i FH AR
HR AR T A= B L TR 5 VR 492 D) AT el e 42 b g 4
RN« A R AR 2R AR K
2.4 EPHEEMBIRRMRABNETAGE
2.4.1 A& & HESHWLFEH,Actl 5ER
BRI TR A 2 AR L bR ML il HL A i RRORR 26 1) a2 B i K

R 2 38 m Ak L HoAth BT A R B i Actl FEAR R E
B s A Bl H R S Act8 IRIERT I Act8 FEMR E M 2
B AR BEAR s Act1] 542 By FL TR 2 05F L Bk M2 Af fifi 3
TEML 1Y 58 JH & W& A 1S Ah . At B 38 T B
Actuﬁﬁﬁi‘%é’ﬂﬁiﬁaiﬁﬂﬁ A B B 5 AR B ik

IR A (B Act8+ M1, Act8+ M2 Fl Actll+
MML}E%)JGJT B 3E A= B7 L DA A T RRURR 2% 19
B

RS AMEEMHMELRAMMESEMNEEHBRREEEN M

Table 8 Effect of colonization densities of actinomycetes and fungi on pimiento roots after the

inoculation with the fungi and actinomycetes

H Bl 2k i Actinomycetes A= Bjj B4 Fungis A= Bl i 4R T# Actinomycetes H: Blf B Fungis
e AR/ AR/ - AL/ R/
Treatment (‘>< 10'G gfl ) Ah/ Y% (‘>< 10.j gil ) Ah/ % Treatment (‘>< 10%’ gf.l ) Ah/ % (‘>< 10»‘ gf_l ) Ah/ Y%
Colonization Colonization Colonization Colonization

densities densities densities densities
CK 0.0 0.0 - - Act8 44.0 0.0 0.0 0.0
C 0.0 0.0 0 0.0 Act8+C 5.1 —88.4 0.0 0.0
0.0 0.0 35 0.0 Act8+D 7.7 —82.5 7.5 —78.6
M1 0.0 0.0 68 0.0 Act8-+M1 18.0 —59.1 75 10. 3
M2 0.0 0.0 140 0.0 Act8+ M2 4.8 —89.1 200 42.9
Actl 45.0 0.0 0.0 — Actll 9.4 0.0 0.0 0.0
Actl+C 22.0 —51.1 .8 - Actl1+C 4.0 —57.4 0.0 0.0
Actl+D 17.0 —62.2 1.7 —95.1 Actll+D 6.5 —30.9 23.0 —34.3
Actl+M1 99.0 120 1.4 —97.9 Actll+MI1 6.0 —36.2 77.0 13.2
Actl+M2 23.0 —48.9 1.8 —98.7 Actll+ M2 9.9 5.3 20.0 —85.7
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M. E =B RS P B e C 5 Actll iR
BHFREART Actl] 76BN 2R 09 78 &t 5 1R G 42
Foft b B i 2 TR B A AE S FEAR T D AL ML AR i
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Bt Actl + M2, Act8 + M2 Hl Actll + M2 4b 3
M2 38R 32 3% 0 CAh) 43 51 R 209, 1%, 290, 9% F1
672.7%.
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Table 9 Effect of colonization densities of actinomycetes and fungi in pimiento roots after

the inoculation with the fungi and actinomycetes

He B 2R B Actinomycetes

'E B B Fungis

He 95 2R T Actinomycetes

H: B B Fungis

b F SE B/ E e/ P E FH e/ E FH e/
Treatment (><10'2 g’.1> Ah/% (><lO:3 g"l) Ab/% Treatment (><10? g’vl) Ah/% (><101Z gfl) AR/ %
Colonization ! Colonization ' Colonization Colonization '

densities densities densities densities
CK 0.0 0.0 - - Act8 0.0 0.0 0.0 0.0
C 0.0 0.0 0 0.0 Act8+C 0.0 0.0 0.0 0.0
D 0.0 0.0 230.0 0.0 Act8+D 0.0 0.0 120 —47.8
M1 0.0 0.0 9.1 0.0 Act8+MI1 0.0 0.0 0.22 —97.6
M2 0.0 0.0 1.1 0.0 Act8-+M2 0.0 0.0 4.3 290.9
Actl 0.0 0.0 0.0 0.0 Actll 39.0 0.0 0.0 0.0
Actl+C 0.0 0.0 0.0 0.0 Actll1+C 4.1 —89.4 0.0 0.0
Actl+D 0.0 0.0 74.0 —67.8 Actll+D 0.0 0.0 150. 0 —34.8
Actl+Ml1 0.0 0.0 8.8 —3.3 Actll+MI1 0.0 0.0 8.5 —6.6
Actl+M2 0.0 0.0 3.4 209.1 Actll+M2 0.0 0.0 8.5 672.7

s W b Az B3 2k T TR e I 2B Bl L TR O S 8 Bl B A= B i £k

A 56 b 24500 5 T B 42 G R B 422 o A
7 B X O TS R R AR R L. EHI AR
TF 5 € B W55 it o O 85 38 U5+ ROAURRE ke 45 o s 40 g =
WM B, AREH. S5 RARF S
1) 22 By A AL Tl (PPO) MY 7 32 M0 52 AT %5 1
KR HA BT B IYmr RE KRR R
PR G BTE T S R, OO B
R Y B BT e PPO 36 M3 5 3 80357 14 [8] ) it
s R U YR N 2 1 A 4L B (PPO) 55 (97 i 5 48
VIPRIR A RA B R., REGEE R E
BH L 42 Bl A= B TR TR S RO e PPOLPAL i 2
Fh v s BRABUE B 5 A 7 02k TR A 42 b a4 0 il £k
B E AR R N5 . Bl 4 PPO S5 44 97 B Y
WFFE AN Jmy B AR AR i R i R B A B TR TR A
XofHE AR AR 2R 175 5 TG P B Xt A I R A AR B T Y
WRSEMIE . H T OO oy AL 9 3 AR B 1Y
B YT AR R L T DL OC T AR B B S i T
RE MR R PPO JE 4 095 5 1E F AT il £ TR
FEAR N E FH BT 55 S R A 2 . AR T AR
I B 500 £ TR IR B O OB B AR & PPO
TGP A= B TR AE AR DY S B e RO B I R, 10K Ol 2R
I ik 28 B 197 ¥ S BEUIE S AL A 1 F 9 4 AL BT 1 JEL B R
TEHE

AT 25 R v LLE L A B KRB M BT W S

BRI LE A PEURR P B L B3R A i) Ak B AL AR
PPO 1 P4 A $2 =1 1 B2 AR 28 PPO 35 1 J 41K B9 1R 2
PR T Rk 2 ol 5 B 1 o AR 97 R B R 5 TR X R
BUR Z PPO 16 PR (952w 45 58 5 S — 2. 7 g
% Th e 2 7 AE B ORI e AR AR T IO
R PR YRS B A TF TR — P B BT g e
Wi, J34h. eI A SE B i A B, Actl Fl Actll 73 5
Xt M1 M2 A7 il A i 7 TR 42 56w 0 R e B
WY S 540 R LR M i A A0 R 5 B R ASOR R R
d WYL P B 1] 55 500G ZR AR AR WK B P R AR — SE e

B o BRI Ak AL L TR G 1 b AT B SR R R
PP e 1 AR AR A R S Dol 2 e Ao A I 0 4 T X AR 3R
A AR L RN R BE S 2 i AR B T TR R
AR A A I 5 BB 3R A Al ™ W) | e 2 AR &
T PEY) BT o WA O, R AN LI i 15 2E — 2D 5T

14 i

ARBFFREE SRR (D) 4 FRA B B H OKR 5 M1,
M2 FIEFEHE C.D) 5 3 BRA B B Actl, Act8,
Actl1 Z 8] n] /5 45 IR & 422 s A By B 1 5 26 B i 6
P22 [] B AR A AE BRI 15 40 ¢ & L B 7R A ik 3 v O
KRB IHIEA . (O BRA BB , A B B S
Az B R TR B B R G EIEARURE R PPO i 1 1 2 75
Wi J3E DR T A B 2 Tl A o YR A e T R
R FR PPO W& PR BBEAR . (3) Az B L 181 AR Bl i
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