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Screening of Corn Endophyte Strains against Rhopalosiphum maidis

SUN Yixin'?, MEN Xingyuan', LI Chao', YU Yi', LU Suhong', SUN Tinglin',YE Baohua®", LI Lili "
(1. Key Laboratory for Plant Virology of Shandong, Shandong Academy of Agricultural Sciences, Jinan 250100, China;
2. College of Plant Protection, Shandong Agricultural University, Taian 271018, China)

Abstract: To explore new strategies for sustainable control of corn aphid Rhopalosiphum maidis (Fitch) population,
61 endophyte strains were collected from the major corn producing areas in Shandong province, and their control
efficacies against R. maidis were determined under laboratory conditions to screen the highly effective strains.
Meanwhile, the effects and rates of colonization of the strains in different tissues of corn were detected. The results
showed that strains YC1 and GX5 had the best control efficacy of 74.80%, with rates of no-damage plants of
32.22% and 55.64%, respectively. The biomass of corn tissues inoculated with stains YC1 and GX5 were higher
than the control, dry weight of the root, stem and leaf of the YC1 treatment group increased by 9.64%, 15.71% and
20.51%, respectively, and that of the GX5 treatment group increased by 3.88%, 8.16% and 9.14%, respectively. The
colonization rates of strain GX5 in roots, stems and leaves were more than 44.23%, and the colonization rate of YC1
in stems was more than 63.44%. The results show that the strains GX5 and YC1 have great application potential.

Key words: Rhopalosiphum maidis; corn endophyte; strain screening; Beauveria; Alternaria
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I 515 FAD P R B . B PRI (DR AR SERET, T Ly
FAabE A W R gl B, T RERHERY, 40 Gurulingappa VR B A AEMAE . .
Tk AN AR NEEY R I R n e R B, R R R Aphis gossypii Glover #7 H
AN BT AL B T 50%; Pampapathy 251100 B9 3545 (0 BT RRAA P 2 18 T 3 3 B AR A IeF 1 S5 58 g, 48
IAREF T

DRI, I FHAEA N AR B B 18 TR B IR R B R T 28 NI SR AE ) 61 FE R KN A TR
PR o R KRBT v ORGP B R, IR T HAE KRR E A JE R oK AR K B 5 i DL AR KA ]
PRI, DA ORI 185 16 S A8 1 S % o
1 #Rl5RZE
11 e
LLL SRR MRS SR RO TR, S MRS i oy 8 . alid, (RA7EA1 %
JEo HATHLA KN AR 61 Bk, RE AR 13 M, 8 13 N8, FARR SRR A 5 W
1o WHRBRAET AL = .

F1 BEHRMEREEHS

Table 1 Species and collecting locations of strains

T Species PR Number of strains SRAEH S, Collecting locations
Bt Aliernaria 19 B B S, TS, IR Wi
BRJJE)R Fusarium 1 MM A .

iR Curvularia v Gt e
SLIE SIS B N7 QN
B IEYT T
IR A=

7
MR Nigrospora 6
4
3
KBEEERIE S Setosphaeria 3 N . ST
2
2
1
1
1
1

JEfflJ® Cercospora
RIHTEE Colletotrichum

R IHHE Exserohilum . Wi
HfEE 8 Beauveria L B
H B Penicillium iR

[H] )8 75 )% Diaporthe
ZfLF)E Schizophyllum

WEEREE Arthrinium

112 X diFE RIS R 10 4QLL L PR (0 TR I Se it = M, fEMR S 23~24 °C. Y6
16L : 8D+ /% 80%~90%IM A T/ M4 P FH T KA 720, e EU{a e 4 W% i Hof D 1A et
113 FAMTAEERER T KM TR 958 CQLAREWIARN RFERAT) MIEAKR T, B
KN30 WA TG HR ) TR REAT R . B RO Ll AR A48 6 7 Al RS W] A7 1 56 DU AR AT BLAC
JI B, R R TR
1.2 MERGFERNEFHIFIE

S George S A IR BRI B . S IR RIGHESYI 51, R R T 75%I0Rs 130
30 s, 2%UCERRENE IR 3 min, JCRE/KMPYE S IR, BHATRIW R KW T AR IIRIEFR R G E Lk
PR 12 hoe B BB TP FREFI B G 15 (FFL 6 cmX 6 cmX 6 cm) W1, TEMLE 25~27 °C, A
W 16L : 8D, XML 50%IM N Tk A5, RRALEE 20 MR EoK, 3 XK.

FOKFEMGEE 4d B FORASH T, FORER 1.5~2.0 cm) MIELIC 3% TR H B ol o f 4 1,
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RRERE 2 skigf b, B 3BGHI PC AT (HAR 5 cm, 155 25 cm) MMM, BidUE% 3 d Mgid s
A5 A HE AR T KRR AR P e OB R TG R KBRS

s RN, Bk, 28 GB/T 17980. 15-2000 i ief (K 7 16 RO R S8t 5 b AT 16 2, i
I AT S B, AR T . o7k, 0 9 it 1 2 1~2 Skifdt; 3
i 3~4 JMFdt, 5% 5~10 kiFd, 7 %% 11~20 ktfdi; 9 4%, 20 kiFdibl . diFHEH =Y (%
PRRB X AR REED 1 G BRI X9) X 1005 BHEHR (%) = IR RFERE— 42 RFHIRHO /
X R HUE SR AL X 100,
1.3 SHHERNEREREESERE KN

{36t P b R R OK P A T R ARG R TV R, BORIERE S 7 4, B ROKRAEAR N A A O,
FHRE K TR 2R 0, 2 B E 2R B . MR ZERIH K. #FEE, SRJE4E 105 ‘C57 20 min, 2R
JE IR 80 CHET EfE T FARE . AEALH 20 HREK, 3 KEH.
14 SHERNEREKREERAEERNE

38 HY PR T O ER P9 B TR SRV R, TORIERN S 7 d, BUEOKAERE, SN ENT Nk
S P 2B TRAE K REAR Y IR e %
1.5 BEFITEHH

THEARRC PR A JoHbREE . PIaUR . mPUE MR B AR R AR P LSRR e i R . RSt
BAE SPSS 16.0 4, XFH R TLHRE. PR T R E ) % 3T (One-way ANOVA)
FLAAS R PR 2 T 1 22 e B M o 0P TeRR YCL 5 IR R AR GXS S0 R 2 i) () 22 S S 2 R ¢ A o
PPt R YC1 F1 GXS (e s 2t AT P 527 22087 (One-way ANOVA)

2 ZFRESH

21 ERGERAERTFIL

CEEH R TCHEERREFBIARE, Wk YC1 (AMEHEE Beauveria) 1 GX5 (ChEf& )& Alternaria)
IR (B4 74.80%)  HIETER M4 100%51 93.85%, JCHKRE ST 51 32.22%F1 55.64%.

B A 2 40% L ER R 15 8%, IEEEMfRE Alternaria (4 ¥E)  BHIJE Curvularia (3 FE)
P & Beauveria(2 #£)  JEfil)& Cercospora(2 ¥k« JEHI%E )& Nigrospora(2 ) IH # J& Colletotrichum
¥R« BRI & Fusarium (1 8K 3 Di1aRCR 0~40%F KA 24 A, CUEEEER )& Alternaria (7 ¥£)
05 )& Nigrospora (3 ) 8k J1 1% )& Fusarium (2 ¥8)  IH )& Colletotrichum (2 ¥£) < JEflJ& Cercospora
Q)  BE Curvularia 2 ¥8)  REEIKIEHE Setosphaeria (2 ¥  H & Penicillium (1 %) |
[B] e 52 J& Diaporthe (1 ¥k)  SEWFiFEAL)E Exserohilum (1 ¥E)  Z AL 8 Schizophyllum (1 ¥£) 5 Biiask
FOLUR CEO i g i sk 22 4, QSIS Fusarium (8 #%) | MR Alternaria (8
¥« BHE Curvularia (2 BE)  WZEEE Arthrinium (1 ¥8) . B8 Nigrospora (1 ¥£) Rt
I8 Exserohilum (1 ¥£) « KITEBEKNIE WS Setosphaeria (1 ¥£) (£ 2) .
2.2 HE#k YC1 71 GXS 3 ERE KN

BIAK YC1 ALBEZTAAR . 25, IR s EOW TRZM 4 17 18.32%. 12.59%. 10.93%, T H LU 73 il 6
w11 9.64%. 15.71%. 20.51%, YC1 APRA T3 W3 i TARAL, Wbk YCI ek fokm T i 2
RORWIE; GXS5 ABHATROMR . 25, WHEFE LS M8 T 11.67%. 3.89%. 7.49%, T-H X8
3.88%- 8.16%. 9.14%, HARK LEXIIEIEIN 22.96%, B m XA, ERAKMEHE (k3 .
2.3 HE#k YC1 #1 GXS AR KA EEENE

X HEGE AR 0.00, RITCRARTG %Y. GX5 75K 25, R IR E B3 00K 52.78% 49.67% 44.23%,
HIGE M2 (F=0.43, P=0.67); YC1 7E 22 R B2 TR (F=14.41, P=0.01), 2} 63.44%,
B IR 41.78%, MA@ REAK, N 33.23%. S AR AL FE ) T 2K 7] — 20 2 s 5 R 3 T 0 40T
Bk GXS E T KR iR B &R T YC1 (F=68.97, P=0.00) ; Wikk YC1 Rl GXS 7£ 1 K25 (F=45.44,
P=0.00) FH (F=24.13, P=0.01) "PREHFEERARE, HEZFFHTIE (R4 .
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Table 2  Screening of corn endophyte strains against Rhopalosiphum maidis
R et S A To kAR IFERIE S
Strains Identification results Emergence rate  Insect-free plants Controlling effect
(%) rate (%) (%)
YCl1 FI{E 14 8 Beauveria 100.00+0.00a 3222+566ab  74.80+£7.77a
GX5 RS Alternaria 93.85+2.66a 55.64+686a  74.80%+5.75a
WC4 JEflJm Cercospora 75.00+£9.57a 11.11£7.86ab 74.72+747a
LS8 BERs TR Alternaria 80.00+7.56a 50.76+14.98ab 71.26+20.32a
RC4 B)E Curvularia 80.00+7.56a 48.68+894ab  68.50+0a
X7 HIE R Nigrospora 78.33+757a 16.94+6.61ab  61.50+8.92a
MY7 B)E Curvularia 81.18+436a 51.47+7.88ab 61.44+1297a
FX6 B)E Curvularia 85.56+433a 44.81+£9.73ab  53.17+£4.38a
LW5 R Alternaria 95.00£5.00a 11.25+6.58ab  52.90+7.39a
GX2 R Cercospora 93.334+3.19a 5644+780a  52.26+80la
GTI13 I E Fusarium 85.00+5.00a 45.00+16.58ab 47.29+21.71a
YZ14 M8 Nigrospora 80.00+548a 53.96+852ab  47.07%£5.76a
ws FI{E 14 8 Beauveria 85.00£5.00a 23.75+£10.28ab 45.82+10.13a
LW3 R Alternaria 75.00£5.00a  0.00£0.00b  42.74%19.06 a
GX3 BRI H & Colletotrichum 100.00£0.00a 50.00+12.91ab 42.03+32.28a
GT14. LW2. GT4. LW7. DPl.  $kJIU& )& Fusarium. [ JE5¢)& Diaporthe . Hi¥sJE  65.00~100.00  3.13~47.92 30.00~40.00
SX7. WL3. FX2. FX5. GT9 Alternaria. {0 % )& Nigrospora JRIL# & Colletotrichum.
H#)E Penicillium JEfJE Cercospora
FX9. GX4. WC3., LW30. RC3.  &fl)E Curvularia. RIS Cercospora. KPEEIRIEHIE  70.91~100.00  0.00~51.25 20.00~30.00
FX3 Setosphaeria~ I 1 J& Colletotrichum Fik& 1t J& Alternaria
QHI2. QX5. CP3. LW8. JX3. Rkl Exserohilum. MAIF)E Nigrospora. $iJJEE  80.00~100.00  0.00~47.29 0.00~20.00
LY2. WC5. QH6 Fusarium. FitgH)E Alternaria. 25L& Schizophyllum-
)8 Curvularia
CP6. SS6. GT15. WC6. SX2. CP13. $jJIWJE Fusarium. ViZEME)E Arthrinium. §EFRJE  57.50~100.00  0.00~51.67 <0.00
FX10. SX5. FX7. GT8. CP32. YY1, Alternaria. BT)& Curvularia. BI85 )& Nigrospora. 5
GT1. SX6. CP1. WC7. CP39. ZH19. Jfiiflu)& Exserohilum. KPFEEKIEH)E Setosphaeria
SX8. LC1. LJ2. LW21
e RPBAEAPIME £ AR, RAEER AR TR R Z R B (P<0.05) .
Note: Data were mean= SE, different lowercase letters indicated significant difference at 0.05 level.
£3 EH YC1 0 GX5 3 EKEKAEN
Table 3 Effects of strains YC1 and GXS on corn growth
AW E Biomass test CK YCl1 YCI1 # K% GX5 GXS K3
Rate of increase (%) Rate of increase (%)
R Roots KA (cm) 16.61+1.15b 17.06+0.85 b 2.75 20.42+0.80 a 22.96
# T (mg) 332.69+24.67a 393.63+44.33 a 18.32 371.52+29.66 a 11.67
FT&E (mg) 22.86+2.51a 25.06%+1.52a 9.64 23.75+143a 3.88
ZIARAL 423+026a 457+031a 8.05 46440252 9.74
2% Stems KB (cm) 6.52+£0.37a 6.72+£0.23 a 2.92 6.74+£0.24a 3.34
£ (mg) 297.44+25.66 a 334.88+18.71 a 12.59 309.02+30.26 a 3.89
T (mg) 20.69+1.52a 23.94+1.00a 15.71 2238+2.11a 8.16
I Leaves KJ¥ (cm) 9.27+0.45a 9.33+0.56 a 0.60 9.34+0.62a 0.68
i (mg) 275.0614.56 a 305.13+32.50 a 10.93 295.67+10.65a 7.49
FT&E (mg) 25.98+1.14b 31.31%£3.10a 20.51 28.36+1.10 b 9.14

T RPBE R ERE EARAED, FTEOR R AR T REORZE R B (P<0.05)

Note: Data were mean =+ SE, different lowercase letters in the same row indicated significant difference at 0.05 level.
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£ 4 HFHH YCl I GX5 EEKRAREHEE
Table 4 Colonization rate of the strains YC1 and GXS5 in maize (%)

FRALR BBk Strains

Maize tissues

CK GX5 YCl1
R Roots 0.00£0.00 Ac 52.78 £2.78 Aa 33.231+4.82 Ab
2% Stems 0.00£0.00 Ab 49.67+8.33 Aa 63.44+2.02 Ba
- Leaves 0.00£0.00 Ab 44234733 Aa 41.78+4.81 Aa
VE: F A T RS, BORR R RIS 5 B9 365 ) — B E KR ) SR R [ BB R — B B2 7 5 (P

<0.05) -
Note: Data were mean= SE, different uppercase letters and lowercase letters indicated significant difference of the colonization rate of the same strain in

different maize tissues and the different strains in the same maize tissues at 0.05 level.

3 itig

FUR, V#2225 B 7RI PR TA) it T mh 3 A £ 8 RO R RS ARG E i L, T2 Bt PR Bl A= 40) 5 % H
) AR NS MR o AN A T S M K B R b e i or T BB B I B OC R — T
I, 25 EHY RPN A E R AR E B AR KRS SR BT S — U7, AN A T O AR AR
T LU HE 2 S 0 26K 9 B 2 S R O S5 i R s S IR, R P 2R TR A A R R
W K.

AHIFFT I L 2R 48 SRR (R RE A A A T 77 HH T oK I IR PR P iy SR N AR TR YCL R GX5, SEB 38 80
i 2R L RR T RO K Y TGS, IR AR AL PSR Lkt R ] R T, Bl AT
VEZWIUREL, MY N AR TSR BRI ARG, AT, SRS s 27 SR H AR B,
1 Gurulingappa 25"V R IR 18 4 Beauveria bassiana 124 20 d J& HI/N A 3B T-HAR 5 T 1.60 %,
R TR T 225 1%, [ IR BE AR AT AEAR R AL e 7 /N A2 0 g A A, A B2 rh s e A R0
WA T 50%. AWFFUTH I HE ) 2 PRIEK A AR BRRRGR A S BoRAR . 250 IPIIQRE . BEFE, T EEMIZIAR
HrEE AR OO I G0, et T EORMARAE K AR T BRI SR e BRIk GXS ARBE 7 d Jia, TOKAERRAR I
I, XTI 22.96%, X IR AR ARG BF AN, 2. RN YC1 (2AE/EHTH &,
A REAR AR AR ARG 5 1 R RO K o RVE SRS BE D, TRt T BRI A K. YO FEfEHE Tk
RIARE KT AN GX5, HAREE 7 d J5, Tk v THE SR 7 20.51%, SRMAREEY B TY 5
MBI GX5 wm, XU RIS K EAETF RN, 58K AE N A 5 oK BAEDLHI 4%
SRR . PRI BT HRAE AN P9 (0 5 B0 0 vl A I L 3 U B IR D %, Parsa U MFgR4E SR, 7S A
B DRI K A5 5 A0 FE S 14 52 B 26 by 30% 20 A s 215 POV 552 0 i 77 1 ) A L 25 R 70 10 488 T4 7 T KR
R AT TIE, BN 33%. ASWTFTI I PR A 25 B A 5K 2 2R 1 TR AT B
His P GXS 7 ROKR S AL P I B AE 44% 0L b, YCL fE K@ RIA R T 63.44%, K, 7%
K I i R AT A RN e

AWFFURIEIRAT T 2 BRPUE R OL RN AR AR, W0E T HX FOKAEK I m, JFH0
E TAEEKMMRN IR . FERAENEE S KBNS AR IR0 At 7 VA 55 T7
THEAT IR FT -
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