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2w R XF RFEKE, vl AR 611130)

WE: [HWIRA AYE K& Sogatella furcifera 54 845 % Rhopalosiphum rufiabdominalis 18] E/EHLH, LA
B 2 Filt B U AR I AR KRR IR AR AE o (7 P B TS B 20 B 40 i 4 A [R] L VR A 1R 5% A
B A E ARG A HEXT, AT B B E K H B0 R T E S A PR KRR R SR S
FIF GC/MS 135 53 7 % A B AK B i R A AR o B o 22 o (45 2R ] “15 Skiif ol + 5 Sk 5 KA AbFR )
AR R IRENON 131.67 K, 5 “20 kAH Kal” &2 (214.60 i) Z57 83, H7 00 E th 2B R
i “15 Skl + 5 Sk A1 RE” AR R KRS SR ALS B & R 4 A0 1.98 A1 63.71 mg/L, 83 & T HAh Ak
B, GC/MS MR, “15 3KkiF i + 5 Sk 18 KEL” ARERRIKFE N T ER AR & & ik 75.78%, T HaR A HE 1Y)
IKFERAAETE SN W o (4518 DAL R AR IF 1T R A2 o Uk R et v e ) R Ty 5 B, s T 0 1) 1 3 R L
HIARERE 7, Forr T T By T RETE A KRR 41 R 4 e 0eF A ) B v e 25 B E
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Interspecific relationships between Rhopalosiphum rufiabdominalis
and Sogatella furcifera mediated by rice
secondary metabolites
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Abstract: [Objective] To explore the interaction mechanism between species of Sogatella furcifera (white-
backed planthopper) and Rhopalosiphum rufiabdominalis (aphid), and the role of secondary metabolites in rice
during the interaction between the two insects. [Method] S. furcifera and R. rufiabdominalis were mixed in
different proportions, and the total egg production and average daily spawning of white-backed planthopper
adults were analyzed after pairing. The contents of oxalic acid, flavones and total phenols of each treated rice

seedlings were determined, and the differences in compositions of secondary metabolites were analyzed by
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GC/MS instrument. [Result] The total egg production of white-backed planthoppers treated with “15 aphids +

5 white-backed planthoppers” was only 131.67 grains, which was significantly different from that of “20 white-

backed planthoppers” (214.60 grains), and the average daily fecundity was the same. The contents of rice

flavones and total phenols treated with “15 aphids + 5 white-backed planthoppers” were 1.98 and 63.71 mg/L,

respectively, which were significantly higher than those of other treatments. GC/MS analysis showed that the

relative content of probucol in rice treated with “15 aphids + 5 white-backed planthoppers” was as high as

75.78%, while this phenolic substance was not present in the rest of the treatments.

[ Conclusion] R.

rufiabdominalis may inhibit the reproductive ability of S. furcifera through stimulating rice to promote the

content of flavones and total phenols. The probucol may play a key role in the interaction between S. furcifera

and R. rufiabdominalis.

Key words: Rice; Sogatella furcifera; Rhopalosiphum rufiabdominalis; Interspecific interplay; Secondary

metabolite; Total phenols

EREN, RREAEMIGMERE, HEH
TERZM R FE P, T4, . &, &k
P e HAEEN . o, i, A AE TR G2 H AT
9k () 2R A . A5, B R AR B SR BN BE H
P Menochilus sexmaculata 4 % %)) 5 B
W ) H b 53 Rk Spodoptera frugiperda Y246 HUT
BV i Be o 9k e B S50 1 70 K 30 i R IR A 0ef /) i
Eretmocerus hayati F13% 2% B /N Encarsia
sophia )88 7 AT Ay B\ Bemisia tabaci /KN, Wi
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A i 2 PRI VO A8 8 5 oy U A7 0GB AR 7 A6 8
0 A w5

SRR (| = B IEZS Sl yiaf Al S
AR, 2R BB AMMHEER ST E
YIRS, a0, 22 @4t B F0 R B, A 3 g
Aceria pallida 8 i BUE 75 T My AC 7= Az B 10 g Je 2
LGNSR @ S /B e T el R (o NG
Bactericera gobica WI*EK K E « Zhao P TR LK
LRy D O R, T A 2 O R K R R % 1 ) 3
i, TR SRREF Myzus persicae FET %, 13 [FIK
PwF i 258 /). B EEY AR R EE, £

TR Rk T AR P A O A AR BT, G0 B
KWK AR EDREEEY, R T R
R ARKREEAT A, LR FEIUER T
T o A AR ) 5 e 8 [B) 45 2 5 | H (%) o ) LA
1709 FATHITAA LR, A8 LA Sogatella
furcifera ML G4 & W Rhopalosiphum
rufiabdominalis AFAEFN B BAE, ¥ EIRIRE, B
EEAEE B ERD . NI LR G A B
KPR B SR, R AR S A A AT
) SRIBE M, AW TR LIRS B A 2 R AR A
I LE G VR A5 P 5%, TR FE 40 1 4 B e 4] R L
B ) e A A R g, DA % 21 1 2 ok RO R = A
AR AR AR B B A F A1) 7S K EAR B AL B,
DRk B Y B HCE A 5 ) 20 4 A B
KRR PEEAR AR .

1 HRSTS

1.1 kA

111 ARRARAS 3R A VU)K 2 K Rg 1 53 B
FEHER) TN KRG S, B FHKphde, 12 2 d )5,
BTEIRA (30£1) C hIEFHEA M.

1.1.2 K &R PR R FRME A KA
BUR S &R, TFREIEN (45 cm x 35 cm x 22 cm) LA
TN1 KFEEE . 7R %M JE (26£1) C, AHXHE
FE 70%~80%, JE I 14 h YGHE:10 h B . AR5
Fras A CECh 3 W H.

FH Y )1 A R 5 T 2 35 AR 2 SR e = 4R 4T I
R, TIEERIE N (33 cm x 18 cm x 14 cm)
DL TN KFEEE o W70 AL (26+1) °C, AHXT
1B 70%~80%, Ye A 14 h J6IE: 10 h Bl . A
50 B s 2L MG 4 iF oy 3~4 445 B
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1.1.3 EZ2X&E === IHAFA BN
GC-MS-TQ8040( & 7#); UV-3000 £ #hr] WL 436
T (BRI IA A A R A F]); D37520 #0041
(EERHE S A F]); RXZ B fg N TR (7
PEVLEAER] )

1.2 REHE

1.2.1 ARAGWWILE  H o N 5% Ht EAEKE
MR TN KRR T 2 d, 5 A, R 74%
it T IG5 B TR AR AL KT 500 mL BRI,
AT 15 K, SRIEE T (26£1) CLIRE 70%~
80% MIRTFRFE N, HAMRIAN RIS &8 7R Frohii &
£ 5~6cm %5

122 ¥ ALSLBEBTHIFEE Pikd
3~4 WS PO AT I G A i A4 T 3 W I B R
% WIS AL B LR 1, A KRG Y AL B A 6 TR
(CK). HEFFIEEEGI/E (26£1) C, X IESE
70%~80%, £F KGR 14 h, A EE 10 K.

#1 FABAENBEE CEMLEGETNIREE
Table 1 Initial number of white-backed planthopper and
aphid in each experimental treatment

AbEE W ek F KRk
Treatment Aphid White-backed planthopper
Tl 20 0
T2 15 5
T3 10 10
T4 5 15
T5 0 20
T6(CK) 0 0
123 a#FCAFFEeale ff LR A

B REEE & S I, HER 2 PRI KR 1 5
HRERIAEN (AR 2.0cm, HE 14.5 cm) &
P o SR — R SFIAk f f/ E eh 3EAT — — e, MR
2 FIRPEE A, ARG RKG M B R
FRAE R, I HLE i 1a) 1F PR R B HR S 0 R LA
Bkl BEIRE, BT A BCA I E T R EIYEF — % T
B, T10d FidsxalE T aE CEmRALTE I,
A8 BT T BE R A 1 G T R AL T IR, R 5 )
b T2~T5 1X 4 ASALBR e = B 8 f H 3= 00 &, i
e A B R I R AR T A A
HE 15 K.
1.3 KEXERBYRIENNE

fFAY CEKE ZRAEGE, BRI NITA
(8 R B L IR 4 07, 1S BK AR i BRI
Wit e e B R, 16 FH BE PR KRG DA 5 7K ARG I R R

R e iy .
1.3.1 EmA4gene HERH&: SERIB
SO [T, FRELES AR K FESTE 0.5 g, N 10 mL
KCI-HC1 ZZ#% (pH 2.0), FI A1 S0 BR300 4 &
13, BRIG 15 mL B4 KIE R NE BT, 75
75~80 C /Kitraa N FGE 5 30 min, i JER N E L
B JE B 4K e R I 2k, B 1S B R AF
U

IKFE IR & 2 B € : 25 B r B 1y
%, FHRE S BB A M VR AR B B R B A v VA VI, = IR
TEE 30 min J57E 510 nm¥ KA E G, AR
N PRHE TR TH 5 H KRR R R i
1.3.2 #Hm4egEeime & %50
ST, R 0.5 g AKARLN T, 75 850 h it S
ERR, RIGIMN 0 N 40% 1 ZFE % 10 mL,
T 40 “C M PIE VAP AR EL 45 min, A [A]#E 75
HBhYE A 15 min(20 kHz), BUH S 7E 7 000 r/min K
B0 5 min, BU_EVE BN IIRE &

KR 8 T & B E - S5 W BH AN 17
%, B ER A MRARES 7 T AR EVA I, 7E 510 nm
KR G R, MRYE P T ARt 2 TH B KA
H SR
1.3.3 EBm4sen e
“1327 —&,

IR A S T = R 5 = 255 25 SO A5 1y
%, H EIRFRINRACE R & FRRARERE, 7£ 760 nm
WA % . WA ' B R AR N b 1
25, THE S A B K R A & = .
1.4 GC/MS EMEKBUERTHENESE

EUALTE T2, T4 f T6(CK) o HEAR AR T I 5E 7K
FE LA I oy AR o FF AR EE 1) R
0.1 g BEBRIKFEIE A BE 24K, FEAN 5 mL B0,
IO 1.4 mL 174 )5 T HBE, 7850 %8 5), 7E£ 10700
r/min FE0 10 mine % FIFWH A 10 mL &0
B, A 0.75 mL =& T Ht f& 1.4 mL H4iK 33T
BE-20 C) RO EEIRA, 7E 4800 r/min T &0
10 min, ZRJ5% LIEWEEN 1.5 mL &0 EH&H.

GC/MS X187 150E « Z IR 2R I &5 {7
%o HTXES: GC-MS-TQ8040, RTX-5MS 4%
FE (30 m x 0.25 mm x 0.25 pm). PAESONEAER, A
&N 1 mL/min. A& A 100 C(£REF 3 min) LA
5 °C/min 3 & FHR 5 280 C(f#4F 5 min). BEREAE
1 L, & —A> AS-3000 H shHURE 8%, FH 15 E H
TR BN FHREE 250 C, ZiliE &
70 eV, FEFRMTEE m/z N 50~650 o itk S AL FE

FE DUAE ah 1 5 Ok S
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WK FE AL 2 1 4 () £/ B 5 8] (Retention time), fE
NIST98 MS £ # 2 rf %if L 43 #7 F:1c 38 2% 1R 4 1 44
PRI F2, HHAS R A EE AT S A0 B R 1)
BT
1.5 HBLEBER S

% Excel }2 IBM SPSS Statistics 27 {3 74
T ECEE, SR B R 7 2 /- T (One-way
ANOVA) 37 Hr A 5] b B 8] (9 3 % LU 2 O & &
IKFEEIR R oy ) 2 e, bR A 22 R
# K H] Duncan’s & 5%, /F &I H] SigmaPlot
10.0 At

2 BRE5TH

AEGEPMMAES YAARLLGREEXA
YA IIERFT
F1 REE IR WL 1A, 4F TS S EiE
ik 214.60 KL, 40P T4(177.09 ki) A4 FE T3
(175.70 K0y k2, AFE T2 HefiK, 1L 131.67 ki, HAab

=

2.1 ]

T E) 2 5 5.2 (P<0.05)(T3. T4 A& 4h). A KA
H¥%r= s WL 1B, 5 1 KRG T2 FPiiE 5 HA
3 HITAUAHIE, 28 3~13 K& H /=0 &I T R
3 4H; HI, AL T3 PPEREART T4, B E S 2
PR, B a4 = O A = B . b3 TS B
55 RN EMET T4 LAAh, AR50 &)
T H A AR B, 28 3 Kk 48.40 KL, H 5 A~ 0N &
TOER R A AN . WL, 210G 40 I R % R 2 R
B KRR =&, HYIRLAE S E i a2,
XA G O A R R A .
22 EGEPFMBAE CAEHEENKERERS

YR & EMRN

AN A A B TA) KRR B IR 7 & (1 5 45 SR LI 24,
AP T6(CK) M ERR & B, 153 T 25.06 mg/L,
H A b m B AR O T4(24.65 mg/L). T1(24.23
mg/L). T5(24.23 mg/L) 1 T3(23.19 mg/L), T2 & &
5 (23.03 mg/L), Bk T2 Aok, HAXACHE 2 7] 2 5
WIAREZE. W0, 76 T2 4B T S 46 = 40 15 44

A 60 —o— T2
250 a O— T3
: I g v
=200 F b b = £ —A—T5
E T T FE40r
- en ¢ g &
2150t T I
&5 =30}
g L3
3 5100} =T %0t
g S
= S50F < 10}
0 0 1 1
T2 T3 T4 TS 1 3 5 7 9 11 13
A Treatment td

T2: 15 3KUFH+ 5 S HTT KE, T3: 10 SkUF AU+ 10 Sk HFEKEL, T4: 5 SkBF U+ 15 kAT K, T5:20 SkH® Kl B A &, BT 7R RN T
REFRIRACHL ) 25 57 .35 (P<0.05, Duncan’s %)

T2: 15 aphids + 5 white-backed planthoppers, T3: 10 aphids + 10 white-backed planthoppers, T4: 5 aphids + 15 white-backed planthoppers, T5: 20 white-
backed planthoppers; In figure A, different lowercase letters above the bars indicate significant differences among treatments (P<0.05, Duncan’s method)

&1

HAIBEBE CARRUED~IPE R HI~IPE

Fig.1 Total egg production and average daily spawning of white-backed planthopper in each treatment

QbR Treatment

Kb P Treatment

J30la 257 280 )
~2,5] @b ab ab 2 =270 a ~£

Lg® SISINEEY , o260t b bk
2g20 \ \ st b3 d J
=2 5| \ N =3 ¢ ; = 240 \
& \ \ Eg107 d &5 \
@ 510t \ N 2 B 250 \
= e = 5 e - 8

TE 5l \ \ = 305¢ B \

. N N : N

0 0 0
TI T2 T3 T4 T5 T6 TI T2 T3 T4 T5 T6 TI T2 T3 T4 T5 T6

Kb PE Treatment

T1:20 Sk, T2: 15 Sklbf ht + 5 Sk A F KL, T3: 10 SkEFHL + 10 Sk A KL, T4: 5 Skf dt+ 15 A H I, T5: 20 Sk EAH KL, T6(CK): 0 Skigf i +
0 kAT K & B, T LI RIAR/NG RN A B E 22 573 23 (P<0.05, Duncan’s %)
T1: 20 aphids, T2: 15 aphids + 5 white-backed planthoppers, T3: 10 aphids + 10 white-backed planthoppers, T4: 5 aphids + 15 white-backed planthoppers,
T5: 20 white-backed planthoppers, T6 (Control treatment): 0 aphid + 0 white-backed planthopper; In each figure, different lowercase letters above the bars
indicate significant differences among treatments (P<0.05, Duncan’s method)

&2

BFABEKENER. REEMEHSE

Fig.2 Contents of oxalic acid, flavones and total phenols in rice of each treatment



EORR ] WA, S KRR UCEARE R

i S E S

PigF 5 G R ) B ARG AR 739

EIFRENS PEK R IR & &

AN [F] Ak B ) 7K R i Tl 2 2 ) 0 7 245 R DL ] 2B,
AT T2 B FE IR & B A 1.98 me/L, HAH m R
RN T6(CK)(1.50 mg/L)s T5(1.06 mg/L)- T3(1.06
mg/L) Al T4(0.75 mg/L), T1 % (0.31 mg/L), F&
T3 5 T5 1A 2 5 A W3 DAL, HAR b s 2 [m] 35 7

R Bk, EAEAE S O CESLERE
LT, TEHIAR B 211G 40 0 e 08 B R AR v K RS
Fir & i, T2 IR E .

A 5 Ak B ) 7K 8% A T B 2 PR O 7 5 SR L] 2,
AEFE T2 () B bR, 15 %) 63.71 mg/L, HARH
T B AR N T3(53.20 mg/L). T5(53.10 mg/L)-

T6(CK)(52.37 mg/L). T4(48.01 mg/L), T1 HAK
(44.29 mg/L), HALFE T2, T3. T4 M) EZ R B % . K

I, RESE S A E AR KR R & e
W 32, HL W) a6 5 0 40 B8 40 B F RE A% B B4R K
Tmam o, T2 LN EE,

2.3  GC/MS ESRKFERE R IR 5

223k NIST98 MS 4k Xt b, K BLAS ] 4b
Vi) 7K 8 %y 1 0 A AR U o b 28 R A X B B AT R AL
KIIZER, F J 18 Mk &) (% 2). 43 T2 H,
AT By A & & m (75.78%), A &SN
2,4- U T FER®Y (5.38%) FIEH (4.21%); Ab
T4 w1, 2,4- 0T FEIRBY A B B e (28.59%),

*2 BABAKBEERERBIRRS REANSE

Table 2 The main secondary metabolite components and relative contents in rice of each treatment

B 2R AT tgg/min FEXS %5 2 "/% Relative content
Compound name Molecular formula Retention time T2 T4 T6
2,3- 43,5 R -6 H I —4H - —4— CgHg0, 5.664 0.67 3.71 13.21
2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one
%% Naphthalene CyoHg 5.931 0.41 0.95 2.82
2,4 HILIR HE 2,4-Dimethyl-benzaldehyde CoH,,0 6.662 1.53 8.38 3.45
3- LW SE-3—FR T Y IR CeH 005 7.800 0 0 6.39
3-Acetoxy-3-hydroxypropionic acid-methyl ester
1Al I — 1t S —d— T ih——H 5% P C,H,sNOg 8.943 0 0 1.87
1-Nitro-1-deoxy-d-glycero-/-mannoheptitol
- %t Dodecanal Cy,H,40 11.407 0.08 1.07 1.70
S H RS 5-Hydroxymethylfurfural C¢HgO5 12.881 0.35 0 16.67
24— U7 32Ky 2,4-Di-tert-butylphenol C4sH»,0 14.001 5.38 28.59 2.70
79— BT H- 15 IR (4,5) % —6,9- 42,8~ 1 C,7H,,40;4 22.629 2.79 15.95 2.23
7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione
ZKXFEHN Diphenyl sulfone CpH; (0,8 23.036 4.21 28.02 23.68
9—1 )\J#HWEN% (Z)-9-Octadecenamide C,3gH;35NO 30.918 0 0.73 1.30
S~ I Beta-sitosterol CyoHs500 33.250 0.24 0.74 1.33
3—{( LR SRR 2 A S -7 C3Hs40Si 35.274 0 0 0.98
3-[(Trimethylsilyl)oxy]ergost-7-ene

16— [ 2 (= F )Rk bt C,4H5,0,Si, 36.375 0 0 0.92
1,6-Bis[methyl (trimethylene) silyloxy]hexane
(1R, AR)—4— TR~ 1-F I8 O —2-JailiE CioH;50 38.780 0 0 0.90
(1R,4R)-4-Lsopropyl-1-methylcyclohex-2-enol
T Probucol C;3,Hy30,S, 38.935 75.78 0 0

3-¥83E-(38,50,145,208,228,25R)— 15 {5 —8— 4~ 11—l Cy7H,00, 38.941 0 0 1.05
3-hydroxy-(3p,5a,145,208,22/3,25R)-Spirost-8-en-11-one
T-IR-8—F 23+ )\ CgH3gBrCl 41.439 1.12 0 1.53

7-Bromo-8-chloro-2-methyloctadecane
HAh Other

7.44 11.86 17.27

1) T2: 153k 3F k& + 55k G H ©E; T4: Sk#F &k + 155G H CE; T6(CK): 0K3F & + 0k & #H kA
1) T2: 15 aphids + 5 white-backed planthoppers; T4: 5 aphids + 15 white-backed planthoppers; T6 (Control treatment): 0 aphid +

0 white-backed planthopper
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AN AL (28.02%) 7,9— U T Fe—1- I
12 (4,5) 25-6,9— " J%—-2,8— T (15.95%); &b ¥
T6(CK) H, R FLHA X & S iy (23.68%), Fh4x
NS H IR (16.67%). 2,3—- ~4-3,5-—%&
6L AH-ME I -4-BH (13.21%). 1, X585
B3 BN AL TR T4 K T6 KA T 8, Mk
T2 AKFEH R T B AR & & ik 75.78%, R
W T el eesE B8 WA S R4 S BAEP RS
HEEH, A& ES OB/ A AR
IRLL AT REA B VIR R . 3 Ab, AN B & 2 0 BUR I
WA 2,3- 53,5~ k-6 A 4H-ML -4
Fii . 52 FH SRR MR | 2,4 0T JEOR My, R SEN
7,9— AT Fe-1-5H AR (4,5) %5-6,9- " )FH-2,8——
Wi 55 %y, IX W RE S P HAEE — 2K R,

3 it

B 1 12 B R R) B AL 5 e 4y it I
M BA] 4 3, Horb, gk X0 g B dula) g A ) 58
FIU W RN ARBEOR B RV 2L 4
FEANF LG T HEATIR IR, I L1 1E 4 '8 00 ) 4 bk
K, % K™ O & PR 0 R R B R, A
T2 AbEE (15 kwfd + 5 Sk BH Cal) v EE, &
AR L4E G VIR ECE AL T 5% T R B
M A KRS, HH 001 2 P0E R R
o M ESEFB) RILE B 435 R — 37 3 5%
VST T AR EAE R B, e B AR B e ) 2
FEEORIN, AR R A TS BRI 5, RIAETE e /) 5
{1 — 77 A At i) B AL B R SE A U W
(ARG T A A5, BA ™ S A E S
FELEFERE 177 T (G AR L3, 5 AR Fh 45
A — & ERIEH AR T 5 AR LA T . 2R
) 8] 38 A8 HoA B e A 5 T2 ARIE . K
F5 UV BT A S R 3L A B N B W
Acyrthosiphon pisum 55 G 8F Aphis fabae KK E
R ATE B FE 45 3R U] R G e 2 ) i
TTGF ) R A 5T S AR R RE D, TR L AN 2 5
Wi o F AL AR (R S AE SRR W, AT S Thrips
tabaci A TR A RE 77 H AT DL 25 BRI VG 16 4]
o= Op e, HL 2 VAR A D E AR VR S AR S 4
BRI RSB, N8 S mT LR BF )5 58 4 i
ARPGEE] L, 5 AT B 4R H A — 2. (HA Y
=T A CE, RNRGET AR KT LEH
NBHEATIE, FIBANE 7R EE CEE
A T HIFENE A IR T EAE RN A 15 20 5 AR A
KRB BT RE )it iR 55 1) 50, 1K L6 5 75 gk —

A

A, AHIE 7 e W KR R AR AR A
B, KIAE T2 42 (15 kiFh + 5 kHAHE K
) UG A8 A A BE A B I /KRS R
&, AR AR SKRE R S o R, HS
X R S RS R O PR . XS5 R R
2 (B 36 S bR B SR Ah, IAFAE LA F N
Ay A S, R IR & AR
AU BT, £ R 5T 0 A ] 1) 5 4 0% 2 PR O
PR —3 o 1 B PR B B () B4R S8 2 th
aF EEA TR, AR R Ik R 5 AT
PLEG AR H 5 Brassica oleracea var. capitata i
RERSE, BERIFIENE MF Lipaphis
erysimi MR . T3 AMEBEFE R, B BRI R
KPS Pieris brassicae % HUE AR F8 1 H- 34 Ho b
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