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Comparative Analysis of Growth Promotion and Resistance Induction of
Pepper Plants to Meloidogyne incognita by Two Endophytes

Yang Yaru,Mao Shaoxing,Yan Shuzhen,Lu Changmei
(School of Life Sciences, Nanjing Normal University , Nanjing 210023, China)

Abstract : Meloidogyne incognita is the most common soil borne disease of pepper. Two endophytes,SZ5 ( Bacillus cereus)
and DLJ1( Pseudomonas fluorescens biovar T) ,which can produce ACC deaminase,were used as materials to study their
effects on the growth and resistance of pepper plants to M. incognita. Results showed that although the two endophytes
could not promote seed germination, they could promote seedling growth for a short time. After the short-term effect disap-
peared , the contents of secondary metabolites and the activities of antioxidant enzymes of plants in test groups were still
higher than those in the control,and those in the DLJ1 group were higher than those in the SZ5 group. After challenge
inoculation with M. incognita ,the activities of POD etc. and the contents of total flavonoids in the test plants were higher
than those in the control. Treatment with DLJ1 or SZ5 reduced the infection rate and degree of M. incognita in plants,
increased the yield and quality of pepper fruits. The effects of once inoculation at germination stage were better than those
of multiple inoculations at transplantation and later, those of DLJ1 inoculation was better than those of SZ5 inoculation.
In a word,once DLJ1 inoculation at germination stage can effectively promote the growth of pepper plants, increase its
resistance to M. incognita and increase the yield and quality of its fruits. These effects may be related to the effective
colonization of strains at germination,the maintenance of antioxidant capacity and efficient response of plants to stress,
as well as the effective reduction of ethylene production in plants at growth stage.
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154 DI BG L — VR B 22 55 IR AR 77 N R T MR A 2k HUR B TR AR — B BRALL. Al 2
FEBRABONT R 7 MR A5 2 ORI BT |4 w2 BB | A W R AR ) i)

Vo FRE A A A B TR, & 4 AT B A B iG 2 A e E M R L X
— 5 FERE I S S AR AR B VS TE Y S TR IG SR BTN BE T, 0k 24 B, DT S BRI T
FREL R . — ZRANVWTE R B AN A TR A TR I B 1 B AR AR SRR A KO 2
BT ALY RSN 0T UUS 5 R A Y B B A D RE , 48 s AR YO R i po k. R, SHRREE
A AT DR A SORT LA SRR ) S22 B8 0 52 e 118 PN 2B AT, e 28 LAGHCAE 0 o 79 | TS 25 QR T 140l A
PR IR A B R Sk — 0

WER ZE T 7 SZ5 ( Bacillus cereus ) Flo¢ YCABREAETE DLI1 ( Pseudomonas fluorescens biovar 1) J&7E i 6 /=
W) 1-F IR SE— 1 - R R (1-a minocyclopropane-1-carboxylate , ACC) it 2 B A= 91 st , 43 73l AR —F 1A
A AR SR 7 BARAS A I RRAR ) N AR T . BTSSR R WY, DL 38 ] L= A BRI (SCREE R ) IR AR
A HAANA B T MRS R BE ) 5 SZ5 A7 A A BERE I A T IRFEAE W) B 250 , HoA B0 W IR ok i 4
fil R R T RS R HURE 0. SZ5 A BEAEHURUA o s A T . A K A R I AR Ml 2 B 3 A e LA
TSRS EATTRE S e SE BB AR AR K 7 REA S IEAR AR X e 5 AR A5 R LT AT IR Moo R 40 2
FIHTIE B = e ) 2

KPR X A F I A R RNy SO TR . — BT RS R I A i AR O — R R A A
TSR RO, T DLIT M SZ5 BRRRITAE™ 2 ACC 2N , i TS W, A7 W7 A IR AR 2R
LM AR ACC BIARPR . B IE KBS ACC B MR 2 B (R AR Y. M 2 1
FIFIMRFR 53 ACC W51 7™ ACC i 22 8 G A W) ) AR 2R ) % 2y, 1T 02 1 2R W TEAE D AR AR 3R 9 A1 i
FE? QRAFTE AR DGR, B BT R B A R T 7 ACC IR B Y n e A S R, (R
A WS s, TR CEAR A P 19 5 e B 1] ) 28 fE 23 SR T B THS Rl 3. X R Bl
SEAFLIN ] () SE A ) 1A Y E ALY B AR AE B i 253 B R, IR A e A= 7= S B v, S SEAE WA A I 4
T, SR J 3 ) 22 YR BE A ) TR A T A 4

YT, AR SCLL SZ5 R DL PRR TR S SR A RE, 3l 7 8 K 300 &l e R R DT L R B Tl iR
Tofr b R R - ST AR A5 D7 R R0, A0 1o AR T ) Ak B A (XS E RBURD T B e A A AR 7 REARTE Sk
A B 7 R A 2 U BRI H e 38 2 by 7 DR —Fh AR OCR S 7 A B R e A 7

1 MRSk

1.1 ##

FRBL( Capsicum annuum Linn) B, AR R R A A, I A TR O B 2E B A7l PN
A TR R ZEFRAT TR SZ5 (Bacillus cereus) (435 A B T) A2 SC R H M (AW B 1) ( Pseudomonas fluo-
rescensbiovar 1) DLJ1 (4355 F BRARCR 52 ) RE 50008 K400k 9 TRRDFSE O i ik IR 5. B IR &5 4kl
MIJS3 ( Meloidogyne incongnita Chitwood ) , FH g 5% A Ml R 2 AR PR 27 B 25 21 Mg 2 DA S . & 15 U8 e 3 i Bk
OMEK Jiffy A H], HAR 3em) S&EFRMHEFE (L2 15, FE Scotts A H)) ¥ EHIELTTHEA.
1.2 AETE

SEEAE 2016 4F TR ST R A AR Y b N EAT. BRI 1.

F1 ZHHERH

Table 1 Experiment arrangement

o Bk £ L
Qb i) 3
1 2 1 2 3 4 5 6 7 1 2

H 15 4.26 5.4 5.22 4.26 5.22 6.11 6.30 7.15 7.30 8.15 6.12 7.6
BffE/d - 0” 8 26 0 26 46 65 80 96 112 47 71

I R EAH Jacsii! e e 2 Frt 3RS Fra 4 S 2 Ui

H i 5.4 7.29 7.24 8.5 8.16 9.3 9.16 9.19
s )/ d 8 95 89 102 113 131 144 147

T+ DISEBITIR%E 1 d A58 0 d T IRTHE.
— 78 —
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1.2.1 BAERMNE

SR AELT S 6 R RS A B3R R TR DUE S, P K B UUE E 0D 600
fE(0.5£0.02) , AW E A Y T 10° cfu/mL BRI,
1.22 #F#HRX ZRASHEREFHTREL X

FeH TR TR PR S 30 CCHEFP 12 h 5, FETH A 5 mL FCR7K sk 6 BRI A 8 40 57
MM k.30 °C 16 h/20 °C 8 h Wik, ik 8 d J5 , 1E R4 i e UK 34— S B 4 T R 4 2 &k &
R B WL L, WITEK, B JE D —IK 0.1% 1278 F5 A e, R B 4 2] 6 M (17 d) K4t B4k 31
U AR e v

FE AR, R0 A IR e v A ), 530 LA TG TR K L SZ5 BB DL BRI B ARIZ T 5 min J&
TS5 HABL T — R AR B E]. B ARG, 4L 1 o T /s i (8], 76 B Ak 30142 Fh 41 59 R AR AR 505 ] 2 em ~
3 em BRI EIE 2 MK 3 em~5 em ZEAT BY/NFL, BEFLVE N 2.5 mL ¥R B 10° CFU/mL B AH B P4 2
W, LR 5 K.

STV TP AT 0 B T AR AR AR 45 2k O 26 °C 15 3%, MHLIS i 4h Bt S IR A T VAL
IR ARG BIES 21 d R 45 d B R AR R i 4 e 250 41,
1.3 MEFE
1.3.1 #HAMELSHHHE

T i LU R IRAR JE R TR AR B K 2 N g — A e, M IF R o &S, B H Gt Fh 110 &k 28
BENHARFRZENIE(8 d). B4 8 d JEREMLFEHLIEI 10 40 W7 & M7, I 5 PRAR K R
B IFE R R RS R 2R
1.3.2  #dp Kk w

TERS AR AT MBS AR 2 J5 , 2 B BEALIN R [RIAR FRA 10 BRI ARk = 5 25H.
1.3.3 AR EIEARNE

HE AT (0;) B E 2 B L 5 09 ik 5 ad A0 S ( CAT) 16 M 9 I 72 ] Cakmak 25 (19 7
0 RN G R AR S P 0 R R X A I A T Y 22 B SR BTG M R S BRI AR T s
T S B E 2 A R 1 0 5 R B S S MR R R S SR B T R
1.3.4 R EAXIBAFNE

FE S B (AR LR 1), AN PR BEHLE 10 BRBRBL, SRR SR = 5. JR7E 8 A 16 HXFR
) SR SEREALE 10 I AR B R DL
1.3.5 Jmtrdatrm g

FESEBG A, B2 BEALIL S MR, F AR R TR K e 104, A T AR 25 48 O 1 5 4L

MREE25E R Garabedian Al van Grundy A2 ZbrifE" ™) Al (3 W45 O BLEFE A7)

WRIETER = Y, (BYURMREA R T ) / (P Bk xR = A0 ) x 100.
F2 BRMHAIREL RN S Hi A

Table 2 Evaluation standards of C. annuum resistance to M. incognita

REEFR R F EIR eEizt
0% BT R 2R BRI ARG , TofR Y HE (1) T %=0
1% 1% ~20% HIAR R LA RS FHL(HR) ;0 i 1541 <20.0
2% 21% ~40% AR Z G R Z, B (MR) :20.0<55 %8 %1 <40.0
34 41% ~60% IR 7 AT HRZ, Ui (R) :40.0< 54841 <60.0
49 61% ~80% FIHR 7 1A M4k B (S) :60.0< 15 155X <80.0
59 81% ~100% R Z 1A R4, FR(T) 15 %2>80.0

1.4 EIESEIT
S 2E B LS Y E 3R 256 KO ) A BT AH 5C 43 M Microsoft Excel 2010 GraphPad Prism 5 Fl
SPSS 18.0 # A 5E . WFRPAF/NG FEEFRIRAS A b B H] A 5 25 M 25 55 (P<0.05) .
— 79 —
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2 #ilkobrsihie

2.1 DLJ1 A SZ5 & 7 4 32 x4 b F HA & K 220
7 3 JER T B 53 ) 28 SZ5 A DLI TSR IR Tl 45 LR 185 5 F0 4l i AR ROR B0 R e B A
A BIR SZ5 TR B R BES BOHURH O i T JRE o i B A L E R, DL T B R AL B A BB T
W R ARIEAR T 32% 5 HJ2 SZ5 R DLJT Kb BRI 22 (2 E 17 W A iy i B A4 IR PRAR B 4. 4 T 7 A B
] R A BN B AT Y 3 22 5
%3 DLIJ1 #1 SZ5 B 4 BB SRMFH F B & B0 S
Table 3 Effects of DLJ1 and SZ5 treatments on the germination of C. annuum seeds

Qb B KR/ % KR/ % KEHREL W/ g/ Bk JEAR K/ mm JR4/mm
CK 93.33% 76.67% 6.89" 0.0407° 65.17" 21.78°
SZ5 98.33¢ 91.67" 7.57 0.0444" 77.10¢ 22.20°

DLI1 66.67° 55° 4.38° 0.0420% 75.87¢ 22.08°

T8 R ZFHIRTRGE 7 d MR R 2R R ZF R BRI AR AR 25 8 d mSAL.

KAESCHR BN, M R PR R B 2 A2 ACC IR 1T DL 2L 2 1 AR ACC, b 2R R
B RTINS, SR R DLIL BT ACC B BTG P SZ5 1Y 4 4%, nTRESE Fi T DLJ1 7748 T i ik
ACC Lz, FEAIK T BORURN - 20577 A s, SE A0 1 b8 % 5 00 SZ5 | T 7 (1 ACC. It 22 i 1% PR 45
%, BRI i P AR,

LTI R K B SRR LR S A i) = O L X — R0 AR A T4 e 4 (B
S ARG RIR R = A M WIS X i A = A IV E . A7 & 5, ACC 2 I 1 A7 16 7T LA
FEARSIE R N I SRR ACC B 6 BRAR 0% 77 it il M X 4 i A A Al | DT 2 A W &)y i AR
FAEHEVE . DL 9 ACC BB PR 55 1 SZ5, {HH: 8d W AR A= R0 A 18 3% = F SZ5 (3 3) ,DLJ1 11
15 ACC I S M X AR A 25 7= AR AT A5 i 2
2.2 DLJ1 #0 SZ5 B 7 b I X A E R & < S RS R0

FEL AR BN s b 18 d J5, SZ5 L4 B bk i FIZS R 120 4 55 %) HEAH 24, 177 DLJT Ab B 20 4 1 ) 3%
e T HADAS 2 (3% 4) s RGN AR B HIE] 20 d )5, Toie 2 A i & W14 i — IR iy SZ5-0 F1 DLI1-0 4,
W RAERS AR B — K1) SZ5-1 A1 DLJ1-1 41 AR K B EF AR E (R 4). fbn] W, PR Ak
FEXF A AR AR PEA BB AR R — B i), DLIT (62 A= 4 FH S 30 B T 2 AR5 Mk 5 B ok S 42 v VA P 1 2
B AR 55

%4 DLJ1 70 SZ5 B A B R & £ KM
Table 4 Effects of DLJ1 and SZS5 inoculants on the growth of C. annuum seedlings

BRE TR FEoAk & H )52
A — A —
5/ mm 22/ mm 5/ mm 22/ mm

CK 53.23° 1.68° CK 177.84% 4.45°
. ) ) S75-0° 187.13" 4.52*
S75-0 51.59* 1.53* .
S75-14 16.2.34% 4.30°
, \ DLJ1-0° 185.62" 4.66"
DLJ1-0 61.40" 1.85" . ) .
DLJ1-1 182.81" 4.65°

TE: 1R 25 d, BRET IR 18 d B IEE R ;2. 8% 46 d, A M H] 20 d BFA9Z55E;3.:525-0 5 DLIT-0 9 AXAE BT &I 1 ;4
S75-1 5 DLI1-1 U ERS BRI R 1 0. Al
X ) 2 HY (2 A 28O0 T R T, S AR 4 PN B B B A AR DG AR A8 Ak & B, B SZ5-0 41 05 % &=
EXF REAR Y AN AR 3 200 O A SR 4 1 IR T X0 R 25 20 T AR Ak o (BB A R R ) 3 i R 4
PR GG (i3 S AL S CAT RN 2R 2/ PAL M2 AL PPO) IEPEY 2 m X (E 1), x4
7, BRI AE ) R B AL AR RON C 28K 2% A A N BT S A B 5 R S A RS 1 10 2 v RV 4T3 4
ARy AHRRDUAALRE D) 4R R S BUE AR A LL O, AR AT M SR IR |, S FE BRI, R
BT PER R 20 SR AR Y SZS-1 R DLI1-1 21 3 b S A0 A SIS 1 X548 A0 B A ) & Rz s 4
SVHECHR AN Z By i AN i T R MR R A 5 SZS A FRAEAH L, DLI1 Ab R Y 3 P e I M DL SR
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T AN 22 By 2 o i A e, DLI -0 2. X278, DLIT B FFIALFR R HJE 05 & 1A% DLI1 4

DA b E AN AR AR PR 1) R TSR AL RE
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Fig. 1 Effects of DLJ1 and SZ5 inoculants on the antioxidant capacities of C. annuum seedlings
2.3 DLIJ1 #0 SZ5 B 7 Ab 32 x4 B 77 MR 45 £k FRAMIE T BRAUE R U5 O 220
TEPER A R 7 IRES L UG (181 2) , B DLIT-0 481, A 4Ry 05 77 A= R BIBHT I (1 1) A R B8
JEAR i LA TS AT AL B P AT — E R RO 3R i s (2 4 DR AL B, JUH 2 2 T Y
DLJ1-6 ZH FHT A A o 2 B AT S AL BRI P 3 e R R (S &1 1 A L)
HTIH AT UL | PRl i 7 MR A 2 LS R AR A A 305 P 40 A S8R R B4R 5 A5 T A B 4 ] LA
A TR T SR A T i AT S AT PR T R R ™ A B R R R, B R RN R DT RS R B s R
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Fig. 2 Effects of DLJ1 and SZ5 inoculants on the antioxidant capacities of C. annuum seedlings

CK S-1



PSR 4R (AR R 55 42 5 4 (2019 4F)

SRIEIRFZERN G DLIT-0 4P AL BE AN R dc iy, (E SRR R A il i S b 8 fLBE 1 (| 1) iz 41
0, AR AR (K 2) 7.
2.4 DLJ1 70 SZ5 BHI B3 B 7RG 4 HAME TEMR LR & AL R R

FER R AR A, SRAR AT 45 LR 2R AR 5 AR G5 4 s YL IR 0 (3 5 ) AT DL, XoF FA 4 %o 2 ol v AR
PR A 7] 49 AN (] s ] Ak 3357 78 k2 o AR AEL AR AR 2R 1% B SR BIORITAR 45 500, 32 R AL AR V) P O AR 25 2 i . i
SRTEARSD DLIL X R I RS L B B AR N, H 0 & 91 09—k DLJ1 A0 BE (DLI1-0 2H) RP AT 5 BAd
PRAR 22 9 HBUCRIAR 25 5055 LU BRFRAIR 20 50% , FEAR BN S PL ; AR SZS TEARA G pE Oy AR5 48 I A B 4%
PIRANEH , SZ5-0 ZUAFARAR 22 0 5P SR AR 25 550U 0T HR AR 2 20% , FE AR R IR BRG. Z2 R 1) DLIL
-6 1 SZ5-6 L MAEARAR 72 78 O BRESORITHR 25 50055 19 AR B2 5 T A3 4370 8 DLJ1-0 21 SZ5-0 404 L
S, XA B SHOHBURD 71 R — YRR DL 5k o] USRS A 2B B R R, TRl 4 B 81 1 5181 2 4%
HEIR 3% — Az B AR T AR5 R AR BT AR R MR R A 5 (3R 4) U7 i 5 BT 00 i i AR 45 4 o iy B B
REENKEAK.

5 DLJ1 0 SZ5 I AR R H 75 1R 5 4% B I T HRAE: B SR R B B

Table 5 Effects of DLJ1 and SZ5 inoculants on the nematode infection rate of C. annuum seedlings defiantly inoculated with M. incognita

k7S IREE bR (BRI L/ %) IRESEU/ AR (BARIREE %) ARESLLO/ % (BARIREE /%) IRZ5E WRlsis% duik

CK 181.2 235¢ 93.3 5 100.0 e J%
S75-0 146.25(19.31) 196.5°(16.38) 79.0(15.33) 4 80.0 B
S75-6 119.56°(34.04) 189.25°(19.47) 77.9(16.51) 4 79.0 IR
DLJ1-0 88.75"(51.03) 112°(52.34) 15.4(83.49) 2 16.2 f=Ei
DLJ1-6 66.5%(63.31) 78.5%(66.60) 13.0(86.07) 2 14.1 f= X

FACEELBRR Y S 28 IR IS0k 0 o 8 ™ IR RS2 38 6 S, 45 A R S SR RN 7 St 8 b A8 b 55 Ak 2
PR BUAARLT. B AR AR A AL A A4 R SERE A HORL, PR R ARR ™ B . (H 2R, 7 i
e AR ER KA R B R R AR DLIT-6 21, M2 555 — /Y DLI1-0 1. DLJ1-0 2 (4 2R 5 AR
XK 50% (SR TN 1A% LB 2y 90%. Z YR DLI1-6 411 A% DLI1-0 Z1HE /)N,
PRI 8% JER I SZ5-0 Fl SZ5-6 LH A SRAY LUXT BRI, 7 d 00k B e iR 29 60% .

& 6 DLJ1 1 SZ5 EHIAMEX B IR E Lk MG THAMRIRE S~ ERM
Table 6 Effects of DLJ1 and SZ5 inoculants on the fruit phenotype and yield of C. annuum seedlings defiantly inoculated with M. incognita

ESii| TER/ (g/ M) (B IR/ %)

s PR E S /mm K /em IR/ g
(B IREE/ %) (BERIEEE/ %) (KR %)

CK 19.45* 10.11* 10.1* 43.58 41.3 63.0 136.7 284.58
SZ5-0  22.19(14.1) 12.50%(23.6) 13.98"(38.4) 112.9(159.06) 29.4(-28.81) 100.5(59.52) 233.6(70.89) 476.4(67.40)
SZ5-6  23.76°(22.2) 12.06°(19.3) 15.25°(51.0) 69.0(58.33) 33.0(-20.10) 98.0(55.56) 266.8(95.17) 466.8(64.03)
DLJ1-0 29.26°(50.4) 13.02°(28.8) 20.015(98.1)  122.9(182.01) 59.5(44.07) 98.0(55.56) 260.9(90.86) 541.3(90.21)
DLI1-6 25.209(29.6) 12.399(22.6) 16.977(68.0)  104.5(139.79) 52.0(25.91) 78.1(23.97) 261.6(91.37) 496.2(74.36)

LR ST LRSI Es R LURFF IR WA ACC Zrilbide th B0 K= ACC B 2l A ik LA 2B Bl
VRO S5 F AR SE 25 30T LA Hh ) VO 02 TR 0 % B el AR G5 48 L RLRR IR P S0 2 ik 2
VBT, 75 D R AR SR S I R 2T A4 2% G 1 14 i vy, o T 50 4 e A st M0 5 B 400 JH A, Al i 1 R LR
Yel20 = ACC AR BRI S , 9 & TR R ACC I I AT B T2 W AEAB VR AR 3R ) il e
o PR AL, DT BEL AT H A AR 5 [R] S S AT AL PR A 114 PN 2 e e e 488 e A 0 A (T A A RE T B g
i ACC WL BERESF ACC I/ LM B PR 2 SR A ARZE T AN | DA TTT B o e PR o 2 LA T i
T AN 0 5 ) B AR Sk — 2D 08 T 0 X AL A A A o, A PR AR R 2 B AR AR DL 4R
BT ACC AU M Y T RR (40 DL ) 43 ACC (Y RE 7 BSR , HLAE W % 301 00 5 HLAE ) L BEAIE
L) 2065 77 AR e T e, HCAie A 0 A 77 RE g o ik

3 /g

7H24H 8H5H 8H 16 H 9H3H AN

(1)SZ5 F1 DLJ1 PN A= B A & B AL BN GEAR E BOURR 71 &, (H nT L s e P At 2 vl A
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