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F P EE GX5 I EKFrt RIEAMIE

- 1%* 2 S — 1 N 1 2 — 1%
BEHRE WEU S 1% BxE HRET ZFWA
(1 INRE R GAE IR IT, IWARERA F LY RO EESLRE, ¥ 2501005
2. RN KM PR 24BE, 2% 271018)

B E [BH] WIERNER GX5 % EKIF Rhopalosiphum maidis 147 2UVE FIHLIE, > a4 A
AR A E YRR R, [ FiE ] DR WAREEKIERE GXS5. Tk, ToREFEARMS, H
B WA GXS AR EX AN E KRG, TR ET DI . 77 E . AR EGX A R £
KEERRIEFEY T . WAEREI . EYEENES [ER] FRNAR 6XS BEER T AR A
FHUI (P=0.003), KT H7B0E (P<0.001) KAFHEHR (P<0.001), HAREASH14 10.02% . 43.55%
F1 46.72%, I WEHIN T ERAEAG £ F( P<0.001 ), WM P<0.001 ), B 7°( P=0.029 ). ELB3( P=0.005)
FK#R ( Salicylic acid, SA)(P<0.001) &&, 43N T 21.32%., 48.36%. 9.81%. 42.86%FH/1 14.41%;
B0 2 AR T B ORMIAR PR AR (Jasmonic acid, JA) (P<0.001) &8, MR T 22.47%. [ @i ] T kN
AB GXS5 E R TR JE M g EoRME R P AT . AR R S X SA S, TR JA SR, i
MAH T TR AR EET . PRI R IR AU B AR P A B - R - R = Z R BAE R &R
HAFREE S, [FIFRE6E Rl A 25 R g0 & BRI HIAE P 9 AR B bT dUR AR ik 4
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M echanism of maize endophytes against maize aphids

CUI Hong-Ying'™ SUN Yi-Xin> MEN Xing-Yuan'
LU Su-Hong' YE Bao-Hua® LILi-Li'"™"
(1. Shandong Key Laboratory for Green Prevention and Control of Agricultural Pests,
Institute of Plant Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, China;
2. College of Plant Protection, Shandong Agricultural University, Tai’an 271018, China)

Abstract [Aim] To clarify the mechanism by which plant endophytes deter the herbivorous insect Rhopal osiphum maidis,
and thereby provide a theoretical basis for the application of endophytes in the field. [Methods] The effect of the plant
endophyte Alternaria GX5 on various maize nutrients, secondary metabolites and hormones was investigated, and the
developmental period, fecundity, and survival rate of R. maidis populations feeding on maize plants with, and without, the
GXS5 endophyte, were measured. [Results] The GX5 endophyte significantly extended the developmental time of R. maidis
by 10.02% (P=0.003), and significantly reduced its fecundity (P<0.001) and survival rate (P<0.001), by 43.55% and 46.72%,
respectively. The endophyte also significantly increased the fresh weight (P<0.001), soluble sugar (P<0.001), tannin (P=0.029),
total phenol (P=0.005), and salicylic acid (SA) (P<0.001) content of maize plants by 21.32%, 48.36%, 9.81%, 2.86%, and
14.41%, respectively. However, it significantly reduced their jasmonic acid (JA) (P<0.001) content by 22.47%. [Conclusion]
The GX5 endophyte significantly increased the amount of soluble sugar and secondary metabolites in maize plants, activated
SA content, and inhibited JA content, thereby significantly suppressing the growth, development, fecundity and survival of R.
maidis feeding on these plants. This study is of great significance for understanding the interaction among plant endophytes,
plants, and herbivorous insects and provide a theoretical basis for the rational use of plant endophytes in pest control.
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FE YA TR AE — SRR Y, BT
fat FREAE P 0 e — I B sk 0 B B, e A
SRHL IR E S, JF 5 18 A Y P R AL B
AL ANSXHEY A AR AR 20 ( Zhang
etal., 2019; dos Santos et al., 2022 ), ZF EMHEYH
TN A TR AR I AE KA BT R E SR T, A
VIR RS S RS PihE , kA A
VIR . AR A5 30 B SR P AR ) B AR S
B EEYIPTHREE /] (Brader et al., 2017 ), #5507
KEZAERM . A, FEMR . o mmiE AL iR
SR AT SIS0 P AR TR AEAR ) 1) 22 5 ( Tefera and
Vidal, 2009; #¢HA58%5, 2016 ), HET, WAHF
FKELW MY . YR 57 Y
SRR R A, AR ROl 25 45 s B A7
HER I KN E

BEAE ISR, MRS 3F F e
PN AT, S — P e B R B A T
B, WA S A et U i B vk R Rk
BRATH, HR2SFEER BT, AP S
B YER (Vidal and Jaber, 2015 ), i,
FE B0 A5 (12020 ) ¥ AE P N AR R ER A AR R
Beauveria bassiana il i AR 19 77 20 FEAE £k
RPN, 2 FRAR T B KR Ostrinia furnacalis
Ay BT B S B S AR ) P A TR R AR A
B. bassiana i FH #I| B4 5, H FAYE S
He2£ifk Phthorimaea operculella (M EE . 7 b &
FAF UG R B EFRAL, FET %83 80% ( Zhang
etal., 2023), HFEMAEMRBPAECHN AT B1S 6
PRFP F AL, M TR, MR
Helicoverpa armigera f{-F- Y577 isf 1] K Hoxd 7
HAERE R B AL ( Toffa et al., 2021 ), fH
S, FEW P AR P A0 e 38 AR s ) B R A
LIRS A Ff T — 20 F9%

Tk Zea maysE MR E =K ERIEWZ —,
ST E A AR R R AR K L e AR
¥ ( Zhao and Yang, 2018 ), 2023 43k [ £ KFp
M RUAS] 4.42x10" hm?, P21k 2.89x10° 0,
Cam KRN 7 (ERGR, 2023 ),
FESCPRA T, BRI G 32 B U B, 15
KEFUE S ( EPREMERN, 2019 ), FKEF
Rhopal osiphum maidis &2 H Hemiptera 7 &L

B} Aphidoidea, Jf&—Fht FPEFE AL, FEHFL
FRREMEZFRARNEY, FREZE T, 5
XA pibE ( AREESE, 2014), BEEEY)
fiJay . BRI MAS, TR LA N
EBRWINE, T E R TR R R (2R
14, 2007 ), HET, FRFHR CAEKE) &)
Bt B LB IR R E, HHPHAROCR 2 .
BTG YL, R R BT AU B IR AR
KTk

R AR T GX5 AR R E E oK
FEAR PN 1 8 B R T A B 44%-52% (PN ST 4%,
2019 ). AR E A N AR TRIG R FORAERR B &
KEFVERPLEE, ALILINAER GX5. K
FE K BT 5, it X RS IR . IR
AT PR S R ORI A2 SR
(RIS, WA P A X e R £ T 2 1 AL
B, Ry o9 AR - B U R ARG R AR
LS

1 MRERE

11 geER. EYREk

M ORI A 1L 2R AR AR B 2 B AR P AR 4
TIF 5T T Al B W I 55 7 2 B i [T BA A 5 11 =5
PIRPIE (SCI L3R 10 R E), B
K, PR IR S I T R AR G IR R SR A
(RXZ-500, TITmiXAR) ) hikfr, A
(24+1) °C, JEAW 16L : 8D, 1BJF 70%+5%.
EHUEERRE 4 H % g HAE A s
e 0 FORT, AR E 958 (ILAR
G RFA BRAFIAE™ ), TR, & EXK
PR TAE 2 (16 emx12 em ), B KM FF
K3 2-3 om Ji5 , SRR E RAFH TR B TS
HEI TR AR AR T REAR TR DT GXS (HEAS f61 )8
Alternaria )l AR 525625 T 2018 4F7E LA A TN |
MO 55 b DX R A 1) B K B B3 B AR 30 (PN T
55,2019), MHAALIERAT .

12 HERSEAE GXSHERTEREE

PEIR TR AR A PN A RIS AT GXS KIS i
100 uL FPE GXS5 131 544 251 % b5 N ( Potato



34 FEUEER A FORMAETR GXS5 T TR (T LA FH DL - 621 -

dextrose agar, PDA ) [E{RE; FR IR, M E T
B 26 CEIRMGIRIEIE 7 d, Fpkisedifm
K oA i AR IR A 50 mL B0
B, MAGE R 0.05% Tween-80 £ FH i i
B EY 1 min, AR BRI GXS 1)
WPEE N 110" NMEF/mL, 4 CHETF.
1.3 MAERSKRAE GX5-EXttskiag
TR, RAVEMR X TR TP,
Iy 2 4LALH, XFIRZH CK, 0.05% Tween-80
R ACFRL, 1x107 MF/mL AP AR A
FEAS TR GXS T TEIRMEMR . FRpk KM &
W20 mL, RERR 2 dEAR 1k, JRREAR 3K,

14 PNERBERAE GXSHEXFENFESH
98- A1

TEMSESE 2 K, BRRR T ORMIRREE 2 3k 4 HIR
I dpl s, A 80 HIWZ A 8+ (30 cmx40 cm )
B FEORFEMRE A, BdUES 24 h WS 1 IR, T
FRAFHE = 5 S BRE , Bk EOKER 1 K™
I , A R LSS SR B, W UgE T,
TEANIC % B 1 7= 0 & AP I8 R BT AE,
B PRE R 30 K.

15 MAERERAE GX5 MEREKREDE.
BRUETREE, REREYRATIEE.
EY M RKGRIER RS EHRE

AR GXS FEMRIZR EK 30d J5, FTEK

i FEORAREVES . BT, F T RERR & FORMERR
fif 7

WA GXS HEARFZERN £k 30 d J5, W HEAR
THUE T, TR K 43, 6 BRI B4 T HORE
B IE 4 AT (R S0 B IR T i
P (AL R EERA AR ), AR
BT Ry (JE RS EREA R AR ).
Y £ K # R ( Salicylic acid, SA ) FIZE#iMR
( Jasmonic acid, JA ) (VLINEEG S A BRA ] )
FrEIEATINE .
1.6 HESHT

SKH SPSS 25.0 B BdE AT G o0 o
AR GX5 BRI, R KT 1) B e 7 O o |
AR, A DI e B KRR A . AT iA bk
Wi BT O SAL JA SR BIE AT
HR R 2200, IR Tukey 75 H2ER W
FE (P<0.05 ),

2 HREHH

21 NEH GXSNEXRFENFESHHIXIA

XIFRE DY, WAER GXS BEELK
TR REF Y 2 T DT (R0 e 3 B BT A
[ ) (F=9.789, P=0.003 ), tHETX}HR, HiEK
HH 10.02% (B 1: Ao X FRMfE™ B F ok Ut
WATE GXS5 W FER T £ KRB H 6P & (F=
23.180, P<0.001), A#HEZTXIHR, H™ BN HEREAR

_ A A 27 0r 5 . sl0rc
NN s 40 =08
NASIO ~ 5 X3
< 30 ~ 0.6
=mEE B 2z B #3,, B
RZE10 £g2 sz O
e g3 #3510 ® 502
®A gt = 0 2 9
X A AR IR GXS TR ARV P GXS TR PR RMEAR I GXS
CK  Maize endophyte GX5 CK  Maize endophyte GX5 CK  Maize endophyte GXS5
AbFR Treatment HbFR Treatment HbFR Treatment

B1 MEEEERBEE GXSNEKRFLRERH (A). LiE~IE (B) RFEX (C) B
Fig. 1 The effects of maize endophyte GX5 on the developmental duration (A),
fecundity (B) and survival rate (C) of Rhopalosiphum maidis

XFHE: 0.05% Tween-80 il o &1 H 4L P B (R HEDR .
FE AR B R AL FIE] B 3 25 5% (P<0.05, Tukey Fifw ). TEIHE,
CK: 0.05% Tween-80 suspension. Data in the figure are mean+SE. Histograms with different letters
indicate significant difference at P<0.05 level by Tukey test. The same below.



-+ 622 - L L HL 244 Chinese Journal of Applied Entomology

62 &

T 43.55% (1. B), ®FAAERAEDL, N
B GX5 WAL T F AR AATE % (F=17.579,
P<0.001 ), AT X IR, HAFTE RERMR T 46.72%
(K1: C),

22 MEBGXSMEKEHBEER WREEN
A0

X FFORAF AR B R UL, AER GXS &
EWEINT R AR T A (F=32.589, P<
0.001 ), FHELTFXFIR, FHHEK RNy 21.32% (& 2:
Ao XFF ORI 0 AT VA S R UL, N
AW GX5 BB T R T A AR

15 (F=48.940, P<0.001 ), A& TXIHE, HIK
Ky 48.36% (K 2: B),

2.3 MAR GX53EREE X &R YR
BIm

XFF EORAE PR ) T & ok UL, WA
GX5 WEWI T ERMMP R T E&E (F=
11.127, P=0.029 ), FHE T XI MR, HIE KRN
9.81% (& 3: A) XFF FARMMEH B L& &=
K, PR GXS WEMEIN T E R B A
1 (F=33.029, P=0.005), FHAZTXIHR, H
WK N 42.86% (K 3: B),

—
[\S]
1

24 HEBGXSHEXKEHRIHESENZN

12 0
A A ~% [B A
— 2E
/;\0%0 9 g *qa) 9
~ = ~ ‘a
ﬂﬂ}ﬂ':gn 6 ]]]lﬂﬂ 8 6
= @
ME 3 H33
X
0 E% 0
wn
X B N AERIBER IR GXS i B NAERIBER IR GXS
CK Maize endophyte GX5 CK Maize endophyte GX5
Qb Treatment Ab¥ Treatment
B2 WEBREEME GXSWEREKREE (A) RABEESE (B) 9%
Fig. 2 The effects of maize endophyte GX5 on the fresh weight (A) and
soluble sugar content (B) of maize plant
1314 15
o) A g
—~ B ~Z12
50 g &0
212 2E
N =]
2 11t ‘g g
B § R e
= =
1.0 2o
Xof Hit WA BUEERE I GXS PO WA BUBERS AR GXS
CK Maize endophyte GX5 CK Maize endophyte GX5
AbFH Treatment KbFE Treatment

B3 MEFREKFAERE GXSHMEXEKRTET (A) REMEE (B) BWFM
Fig. 3 The effects of maize endophyte GX5 on the tannins content (A) and
total phenolics content (B) of maize plant

14.41% (&l 4: A),

X FORMEE A E JA &

YT E KM SA FESEDL, NAR
GX5 WZXIn T B AKRMHRT A SA &8 (F=
129.008, P<0.001 ), #H%&: T XTI, HIE KRN

kUL, NAEE GX5 BT F AR
JA & (F=75.198, P<0.001 ), fHEF XA, H
JA BRI T 22.47% (K 4: B),



33 FEUERELE FORPNAE B GXS X RIS B AR ML <623 -
450 CA A 1.0 B
Cr) : o 08) A
22 400} %g osl B
=3 B =5
Q| Q= L
&S 3501 g8 04
55 =<
¥ ] 02r
300 1 ] 1 |
Xof 1 WA BIEERE AU GXS papi WA BUEERS A GXS
CK Maize endophyte GX5 CK Maize endophyte GX5
AbFH Treatment AbFE Treatment
B4 WEBESEAE GX5XEREHRPKGE (A) REFHEBIE (B) MM
Fig. 4 The effects of maize endophyte GX5 on the salicylic acid content (A) and
jasmonic acid content (B) of maize plant
3 #w5itie TR0 P B — S P U R

EA WU, R N AR T RS RS B A )
Wtk B FRoCER , A AT LhaE s e A AE - N
A SN R o = W o M B2 o S i o
YRy E R (Greenfield et al., 2016 ), #il4n, #H4)
N A BR AL R B B. bassiana 344 g FH /N A
20d J5, SXTRRAHLG, ANEEAEPREEIORECH:, NAZ
BT E B ER S T 2.25 4% ( Gurulingappa et al.,
2010 ), KA I Ik i B AR A O o
FEAE YN A R EK S 17 B. bassiana J5, FoK
MMk . TORLEE | A=) 5 3B (A TR T 5,
2017; Russo et al., 2019 ), ARuFrgsHH5 H—%,
3 2ok AR A B B EOK N A R R AR LT GXS
J& , FORMERR A R 2, R ORI A
AR ILIA GXS 7 B KA R I 5 A F T4
HFOKRMEARI A R LB, Y EFRY RS
FUBFPEAR G, BIan, ARAEAE AR AT R Y
it E, S EARYF Aphis gossypii H4REHE 1
K, AFFEFRAEANAERK LT (X
AR, 1993; MREALE, 2011 ), ARWFSTIRIRE LI
FRWATE GXS G, FAMRHE =Y
AR SRR E RS, RN AT 23
eI 8

T A o B R ek, — O TR i e
FAEYER, 55— H AT TR FE 0 1 E A
AR, A B T A AE S Y R I
di R T M ( Pathak et al., 2022 ). AL

Yok SCEL, G brAE RS, LU BhiE
WPTHRE, R A K (Barelli et al.,
2016 ). P 22 AE P Sy 5 0 1 7T 7 A 1 — 28K
A5, T A R L SRR N T T ) T e R
A=A R N, DN D B AR ) ) S
(Daretal., 2017 ), i, Fhitepk o & o
FHRE i B T kY B Bemisia tabaci B A A
H=gii TR (Cuietal, 2012), %—FhRE%E
PIURAE AR P T, RIS 06 B 7™ A= 1 THT 5%
M N, ZZBFXf /NN E S, N
TR E TR, N e o A i A AR
SRR EIER, SEEEHNE R ZHMH (Xu
et al., 2021 ), AWFFREERIFFE &I K A AR
GX5 EhJa, FARAERE M K BT 1) & H
FHE, TR AT R, AR ER, ™~
P AL, RENAER GXS M TR
RAB AR R AR B & TR, SRR R
KU P= A AR, M TR AE R R

AL PN A TR B 8 T S A o AR g
FEY RIS AR A A BT RN, PR AP e 32
B A ANFE (Qayyumetal., 2015), YN EE T
B A 20 T A 0 SRR AT 45 T, 1k
MYIRESERTR 2h A B R RS0, dEmifEH T
b A, bR Bt R U AR IR ( Gonzélez-
Mas et al., 2021; Rasool et al., 2021 ), &4 v %F 4
W38 B 18 B AR S N B SES2 AR SCHE I R 1
P, anep— S PR s RICR RAH EAE A
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MH 520 ( Dubrovsky, 2005), HHEIH WA Y)
WE N SA. JA, KRS (HE5%,2015), #f
SR, HYINE BRI A EE B. bassiana 7
e AR N I 2 FE RERS OIS FE A SA {55 % 2L
R PGE S S AR A 388 5% 7 0 S I, X6 BB e i 1Y)
A L A 530 R B AR Wed et al., 2020; 28
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R, ARG 7~ T A PN A RO £ P B L ]
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