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Abstract; Ecological control methods are important for controlling agricultural pests. The Asian corn borer ( ACB),
Ostrinia furnacalis ( Guenée ) , has been an exiremely serious pest, that cause severe reduction in corn yields. The
ubiquitous entomopathogenic fungus Beauveria bassiana has been used to suppress populations of the European corn borer
(ECB), O. nubilalis, and ACB globally. Most studies have focused on the application of B. bassiana, with limited studies
on the relationship between the fungus, corn, and insects. Our previous research indicated that B. bassiana with two mating-
gene types, MATI-1-1 and MATI-2-1, could colonize corn. These mating-type genes had mutation sites cloned from
endophytic fungal strains, which revealed corn plants and insects could impact fungal evolution. The purpose of the present
study was to create endophytic symbiosis and determine the interaction among B. bassiana ( entophytic fungus), corn
plants, and ACB. We created a B. bassiana-corn endophytic symbiosis by inoculating two mating-gene type B. bassiana
strains (MAT1-1-1 type B5 and MATI-2-1 type B2) into corn plants in a suspension with a concentration of 1 x 10’
spores/mL. The effect of endophytic symbiosis on the growth of corn plants, oviposition preference of ACB adults,
development of ACB larvae, and biological variation of B. bassiana were evaluated in the greenhouse. The results showed
that endophytic B. bassiana could be detected from corn leaves in vitro by culture. ITS and mating-type gene amplification
and sequencing confirmed the successful creation of endophytic symbiosis. The MAT1-2-1 type B2 treatment group showed a
higher endophytic detection rate than MAT1-1-1 type BS, whereas MAT1-1-1 type B5 was more successful during co-
inoculation than MAT1-2-1 type B2. The variation of the colony diameter and virulence of the recovered B. bassiana were
not significant, but the sporulation quantity improved significantly, and the EN-B5 strain ( recovered from the BS
treatment ) changed the most obviously. The height of corn plants and dried biomass of treatment groups were higher than the
CK group, while the underground root biomass significantly improved. The B5 strain contributed more to above-ground plant
height and the B2 strain contributed more to underground root biomass. ACB moths were released into nylon-meshed cages.
Egg quantity showed a significant difference in all treatment groups, which was lower than that in the CK group. Egg
fecundity rate in the B2 group was 3.33%, but 53.33% in the CK group; therefore, the B2-corn endophytic symbiosis group
was not the preferred host for ACB egg laying. The ACB larval survival rate and weight in treatment groups were significantly
lower than those in the CK group. The ACB pupation rate of treatment groups was not significantly lower than that of the CK
group, but there was a significant difference between BS and B2 groups; the B5 group had the lowest survival (38.33%)
and pupation rates (34.77% ). These results demonstrated that the sporulation quantity of the recovered B. bassiana strains
significantly improved, and the synergism of the two strains with different mating-type genes was shown. The two B. bassiana
mating-types could colonize in corn plants and mutualistic endophytic symbiosis was formed, which reinforced corn growth
and improved the resistance against pests. B. bassiana-corn endophytic symbiosis is important for the sustainable
management of pests by inhibiting oviposition and suppressing larval and pupal development. The results also proved that
mutualistic symbiosis could improve the ecological adaptability of B. bassiana and corn, which offered a new strategy for

ACB control using endophytic symbiosis through the application of B. bassiana.
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Fig.1 Morphology of entophytic B. bassiana colony from corn leaves cultured in vitro
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DL 3 S YN R &y i A e 12 ARERTE AR (LA ) IR G, 45 R (R 1), REd A
Wy BE 1) JE 0 TR AR B B0 PE R T P9 A ELP AL PR . BS+B2 BREZLA X P B K WA e o o P i, Ab PR 5 d
FEIEAET - #35 (71.52+0.59) %, 10d FEIFAET- 335 (83.98+0.78) % , 4550 T A% Hu B H HA & 19 B [a) 18 2%k
YEHI,

F1 HEAEEFERGEANEEERRRNGEDZHERT TN EXESHURRELTE

Table 1 Biological characteristics of original and recovered B. bassiana and their corrected mortality on O. furnacalis

b3 W2 FEE Biological characteristics TR ME AR A IESE T Corrected mortality of ACB
Ll B HAR/mm Pt (x 1084~/ mL) 5d BeESET %/ % 10d BEIEFET= %/ %
Strains No Colony diameter Sporulation quantity Corrected mortality for 5 days Corrected mortality for 10 days
B5 43.50+1.05 a 4.89+0.34 de 58.31+0.87he 74.25+1.25ab
EN-B5-1 36.67+2.58 be 4.58+0.50 ef 56.95+0.89bc 70.07+1.46ab
EN-B5-2 36.61+2.32 be 7.87£0.33 ¢ 59.01+0.85be 73.55+1.29ab
EN-B5-3 37.23+2.12 be 9.57£0.33 a 53.45+0.97¢ 67.99+1.57b

B2 32.00+1.62 d 3.95+0.56 ¢ 67.47+0.80ab 79.86+0.98ab
EN-B2-14 31.80+4.98 d 7.75£0.53 ¢ 61.80+0.80abc 79.13+1.02ab
EN-B2-17 30.94+2.64 d 5.17+0.39 de 56.93+0.90be 74.94+1.22ab
EN-B2-19 31.23+3.96 d 8.68+0.37 b 54.15+0.95be 70.78+1.44ab
B5+B2 — — 71.52+0.59a 83.98+0.78a
EN-B5+B2-23 40.60+1.78 ab 8.81+0.31 b 65.27+0.73ab 79.81+0.98ab
EN-B5+B2-25 41.00+3.46 ab 5.35£0.36 d 59.70+0.84hbc 70.76+1.42ab
EN-B5+B2-27 35.27+1.00 cd 5.67+0.38 d 61.09+0.81abc 75.54+1.29ab

CK 0.00+0.00 0.00+0.00

FM PR T ELAR A L A bR 2
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AR EZER B B5+B2 53 AAE B EMZ5(F=18.573,P<0.001) . ZE& 47, Hefh i BR70 4B B 1Y EoK
AR 1) b8 A e B A i R EE AR T 0 R

160 40
OoBs O B5
I T 3 2 & B2
S 120 | @BSB2 2 30l ' B5+B2
oy =3
5 100 5 .l % @ cx
= w2 25 ¥92%2
EC B 5, $955%
B 5 £z | P
Ko mE 20 £555%
HE 60 £x L
3, o5 3 9555
2 o 15 $55%%
< 40 = %2
b} - 59552 -
= 10 $55%%
20 < -
- P
99555
0 5 7
jEeLel
I5ffE] Time/d 0 Ht_F Above-ground #i R Underground
3 AEAEBEAREERMNARERERND EFHTE E4 FAELEBHAEREHROTEHTE
Fig.3  Average height of corn among different groups during Fig.4 Average dry weight of corn among different groups
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3 2 MR T ONIR) b B2 ME S P AR . SRR S T K MR B 2 A A R AE AR LR B B
i /0 TR o B2 AR SZH R N D, H /DT BS AR RE (H 5 B5+B2 IR LR A ON I 25 R
AN IO A 2H T R 1 - 24077 B S W 5 A ORI B B 1/ 0( 3R 2) o X —45 5300
B 5 K - P A BRA 1 0 T S A 0 S W 6 A A 0 7 B LAY 25 4 A P, 4% 2 ) sl R JE R/ MR YR B2
>B5+B2>B5,

F2 FEVALIEEI I FREE R 7= 55500

Table 2 Different treatment groups bioassay fecundity statistical results

AbFRAL Treatment group A5 AR BB No. of egg mess ORI {8 ORI value
B5 1.80 + 0.80 b -0.233
B2 0.20 + 0.20 ¢ -0.500
B5+B2 0.80 + 0.37 he -0.400
CK 3.20 + 0.80 a 0.000

s [F PP B B bR UETR ; ORI, Overposition response index

2.4 ORIAISEAE R ERTE PR B — T R A A W 90 TR K B4y H R ER A SRR Ak R g 52 )

3 AR X R 4y U R 2 4y R R T W 2 25 5 3 R A b BS 2 Y EOK B &)y HUAE I R
BERT XL ( F=0.425,P<0.001) , 1fii B2 201 B5+B2 20 5% BI& A5 2% 5 (F=0.0.025,P=0.260) ; Al
FRIAY BS ALl B 0T B2 4, £G4 MAFTG AL R B R B | TE42Ah Bk R TR 1Y oK
FEAR 8 5 35 10 00 1) IV 9 6 K 4y o P #7308 AL, 5 2 10 0 ) A B2 R/ IMR IR BS>BS+B2>B2

®3 TELSBHANFEERMLIEEE

Table 3 Survival and Pupation rate of different treatment groups

Ab3 4y -2y YERTES [k
Treatment Average weight of larvae /mg Survival rate/% Pupation rate/%
BS 74.02+27.05a 38.33+2.15 ¢ 34.77+2.88 b
B2 81.33+37.93a 62.50+0.83 b 42.76£2.71 a
B5+B2 76.02+31.02a 65.00+0.96 b 40.99+1.72 ab
CK 83.22+25.51a 80.83+£1.60 a 41.33+£2.14 ab

P Bl A P (B e b U 5 15 258 = A 3% 4y e/ it 5 AR = = T i/ 3 4l i

3 Fit5itie

BRAE A A Y A L R B T2 AR IR A AR B 2 — R TR E © 2 T
FORIE RN AN B HLU( Dendrolimus punctatus Walker) BIBGiG . 3T 10 4F0 , 75 MR8 L8 N H & R By V6 2 £ oK
WP TR AR ARG I, AR B A T AR E TE 33 U7 hm® A4y, BRHBA TAE R 200 75 hm? | B A AR Y S8 A s
IR PR A K BTV A RAEPISGE B T R OCE AR O R BRAR 1A AR 2 A PR
TIEAREL, A T REE ARG (B AU AR AL RS AT A F I BUZAE BT iR 45 R I A R R
B, AR b DI T KM 1Y) e A= R AR AR AL 6 1 U R T 2R ) B TR TARESR S 1B 2Eok

AMFFE B YR AN [ AS B A3 K ( MAT1-1- 1, MATI-2- 1) FRICAS [RIBE 2R O BRI (4R 5, 35 FP BEoRMEE A
ArRE TR - T K AR RIS H X S W oK MR 0 A 254 VR T, MATL-1- 11 8Y) T MAT1-2- 1 (11 8) P sz e 24
JSEERA AR B A A AR B S 2 — 7 R RIS T B BE AL AN kDNA-ITS K6 R AS [] B ik A T 38 4%
PRICRHITTE N AE FL 5 A FAEYIE A LA R, DRy A R B s <7 R IS A 1A A4 1 1 T T PR ) S 4R L T P
HERf iR AR, SR BIETE BRAE VA B P A A S AL F 3, ASWFF038 5 (AR S 203 3 3 A PR 4 5
Dy a1 BkAE AR B - R AR TR T R Y 2R PR DR IR THER R, i TR TR MRIR & 5 = 1
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G 2 B3 RS SCRCRI B bR , HOAC RO R RE R4 100R MATI-2- 1 BUB bR B2 RE AR A I, (B MAT1-1-1 %1
R BS TEIRG TR P A 3, HOE -5 A AR S A [R] 52 IE 2 Pk L 491 A P A4 8 A 2850 107 M R T A AR DG
AR T E—LFFORAUER 20 (0 A= 2 R P R 0 s B 1 e v [ AT P R A IR TR R
BRI AR R/ IO J1A BT B ARG 0 38 R 25 5 (EUJR L™ e 50l W 5 4 s, D00 I ok 88 7 7 T K AR AR
AR RE B R P SR A T R B T R U

P A TR RE T I R AE RS R IERLY) O A R SO R AR R (0 A ) 2 R 252 LA S ) 3 PR Y 1 A
Yy AE B 5 A AR AL DGR T XA 0 A R B R Y R R R TR AR S R AN [R] 32 D
A A~ RA PR R X i A AR Wy i 5 ) 22 e 10 2, B AL B ) RO L, A R B v B A B R
A=Wy A W A e, A R S T ALK A 1 A PN A X A AR ) B AR AR AR R S — 4SS A MATI- 1- 1
T BS AR M LR e RS A A S, S AR MAT1-2- 1 BU BRI AR B2 X6 it 1 i T A 4 i A4 w8 VR T A
1Ml B5+B2 R4 AL B A T AR T8 S 35 1 T BS 410 B2 21, X AN W N A T A2 AR AR T 5 238 R A oK
1117 L5 A ] 58 P 28 e ok =22 ) 8 A AR A S5, AN [7) S P 2 B ok =2 ) A P 5 (o FH BAT B R 5 2004 5 TR el
TR PR M N ARZR T R R TR IR FRATTHRIN A ARG T RN M T AR ZR B e DR T B ) Y
i, it — 2D X R AR 5 T B AR e B AR S G A T R ISE I, b B5+B2 4

B AR R LS A5 BRI A A ELRA Pl 3 e T, 32 e A R S DR AR R AL
fRALFET ) P A R T R A B A IR P AR S Y A R IR R VAR LR AE O S R AR
Wy, SRR TR U A OO P R U AR, 5 N A L B A R S R DR BB D i ) AR S 4
SRR TR Y TR SFCHE U BRI 2 B 0 ) S Sl PR AR A AR BR A 0 A R A A e R AR R AR K
R L7 B0, OF HOBE A AL e T SR AR R R 2 1 B2 it bk, X — AR AL E R UM% R
Helicoverpa armigera X 3ZFh N A= B B8 BLS7 TR BE Acremonium strictum 3 it M R 19 7= B 4 38% 1 FH -t ] W08 )
BT HE D) B R SR R R 2 T R MR I AN (] S T R R 1 1 P B 1 R AR R, AR
TR AP TG 2 s A X IR A 4 OBA B 3E 22 5 (S X IR AR LG AL PR &)y s A7 TG R PR, R,
8 5 PRI A ] 5 T 2R T A A A ) A A A B ] ) A B A A S35 22 5, FUrp 28 MATT- 1- 1 BT Bk BS PR — 4%
i) FEORAE AR A PT B, TOTR R A AR Je A AR A0 I T R — 5k MAT1-2- 1 BRI bk B2, iX it — 2B W]
PIASAN ) A B BY B AR TE 5 5 KT U AR AR5 | il 2 A A o T B R M F o T AP AE 22 5%

LR DL S5E ARSI R A R TR RS AR B FE S , EOK BEAS R Bk A A S OB A S A 1R
KL HE A B A AR R FRAEARO A S R G AYIE N XM BEOC AR 0 3 it — 20 1 ek A sl SV Y oK B
77 OIS 4 B A S5 S B Y R B 0 AT S A A B IR . AR A I R R, AN () S E 2 T R
KA AR A= A RGOS S S KR 8 A 25 v 975 3] 1 S, b e — B AR EE S T WAk ) 59 ir R 2R AL
X N4 T EETE T 7 A R
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