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# E [B®)] AWIsEE-FORRBIVEMAER A /NEY Orius sauteri X {£4E#F Aphis craccivora Fi
eI, (A& ] 2017 4F M (1UE0 V8 25 48 Az SRR AL ORI A - FORBIPERMERL T 164 3 S 7R
W/NAEE (R BESN A, THE AR /INEE FIAE AR B 10 45 535 L, DT R RO 3 D9 & 90 53 —F A U 5 56 4R/
TESBEUR N LA I DNA HEAFREI , P4 ) 4R S/ NE S X AE A S i VR . [ @5 ] 6B - ORI VEFIE
BT, R/ NESE AR R 2L S WA R T T e A W R A it . AEAEA e i (6 A 10 HY), AEE-
TR AMERMAEAL T R W/ NG B0 R 2 1 8 = T AR AR SRR AR AR R AE (S A 31 H-7 H 20 H ),
TEA - B R B E R AR X T AR /NG 5 628 WF 19 25 75 L 3 o T AEZE SRR AR (t=2.981, df=10,

P=0.014 ), HAEAEASFEE — R LA e (6 A 10 H ), A6E- TR BVERMEA R 401 /NERE 5 464 5 1)
25 R T AR A AR AR L (127103, df=4, P=0.002). 6 A 10 B, MHEZIE/NMER DNA FA b
e WF B ERE thR R 9.21%, HABEHE AL AR 1 . [ 83 ] 64 -FORMVEF A B A% S T 6L f
A RS AR NEE , HZR W/ NAEIE X AE AR WF 03 B 1 ] 0 2 AR A v B A W A R
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Control of the peanut aphid (Aphis craccivora) by Orius sauteri in
peanut-maize strip intercropped fields
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(1. College of Life Sciences, Yangtze University, Jingzhou 434025, China; 2. Shandong Peanut Research Institute,
Qingdao 266100, China; 3. College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract [Aim] To investigate the impact of Orius sauteri on the population dynamics of peanut aphids in a peanut-maize
strip intercropping system. [Methods] A comprehensive field experiment (peanut-maize strip intercropping system and
peanut monoculture system) was conducted in 2017 to investigate the population dynamics of peanut aphids and their primary
predator, O. sauteri. This involved calculating the ratio of beneficial natural enemies to pest insects in both monoculture and
intercropped systems, and conducting a molecular gut-content analysis to assess the predation of peanut aphids by O. sauteri
under realistic field conditions. [Results] The population peak of O. sauteri occurred earlier than that of peanut aphids in
peanut-maize intercropped fields. During the colonization period of the peanut aphid (before June 10th), peanut-maize
intercropping significantly increased the density of O. sauteri compared to monoculture systems. Throughout all sampling
dates (from May 31th to July 20th), comparative analysis revealed that peanut-maize strip intercropped fields had a
significantly higher predator-to-pest ratio compared to peanut monocultures (t=2.981, df=10, P=0.014). During the population
peak of peanut aphids (on June 10th), peanut-maize strip intercropped fields had a significantly higher predator-to-pest ratio
compared to peanut monoculture fields (t = 7.103, df = 4, P = 0.002). On June 10th, 9.21% of predators tested positive for

peanut aphid DNA, with nonpositive results obtained during other periods. [Conclusion] Our findings demonstrate that
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intercropping strips of peanuts and maize substantially increases the predator-to-pest ratio compared to growing peanuts as a

monoculture. Furthermore, early predation by O. sauteri on peanut aphids significantly reduces the population density of

peanut aphids during the peanut seedling stage.

Key words Orius sauteri; Aphis craccivora; crop diversity; population dynamics; gut content; cytochrome oxidase subunit |
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B — 4|l 5 W Robinson and Sutherland, 2002;
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Mis% Brassica oleracea [H]4EZjiii Lycopersicon
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2 T RAMICE L FARICHOR (Mcdaniel
etal., 1978; Munyaneza and Obrycki, 1998; Zaidi,
1999; Harper et al., 2005; Zaidi et al., 2010; %%
AOTAE, 2019; 5, 2020 ), BEE DNA &JE
R RI A E, BT HiRH B4k DNA 41 i
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IEZERNZEZ— (Ju et al., 2019 ). /LR
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ELREFh (5, 2017 ), BIBAATIHEIESE
A8 Az - T K Ta] A oo A =] A A50T 7 S € BI
Harmonia axyridis, fa205(H Propylaea japonica
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L : D=16 : 8, ZSSAHX A 70% + 10% ( Fan
etal., 2018 ),
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Fig. 1 Spatial layout of peanut-maize intercropping
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14 FIEMEBEEFRA DNA BRI EUE
A B IE

R/ DNA $2HC: B2 75%1N
Kbk e #c R DNA R EURAH & i 3 k17
DNA #£H¢ ( TIANamp Micro DNA Kit ), DNA £
Nano Drop Il ¥ BEFIAEE, - 20 CORAF#& .

ZR/NESE DNA BIFRIE: NCBI F#7R
W /N 4E % 16s DNA JF¥ % ( GenBank:
ABO019142.1 ), iAW /NERE 16s DNA FE54E
5149 16s-F: AATTACGCTGTTATCCCTAAGGT,
16s-R: GTGCAAAGGTAGCATAATCATTT (¢~
AR BERK S 329 bp ). PCR K&K 2x Taq Mix
( Takara ) 12.5 puL, 16s-F/R (4= TAE#) TR Ay
BIRAFAM) %4 0.5 uL (10 pmol-L™'), DNA
R 1 pL, ddH,O 10.5 L. %5 A XTI R AR £
1 ddH,0 fE DNA f5ifz, PCR #)¥: 94 °Cll
A5 3 min, 98 °CAEME 10s, 55 °CiBk 30 s,
72 °CHEAH 25 s, ¥4 35 NMEFF; 72 °CJm 4Efi
10 min, HX 5 puL PCR F=#EAT 1.2%B R HHEE L
LKA . PCRFHYEY 38 7= )ik fE R IE I 4T
Sanger )7, HEATYIFPERE

15 FI/NEENEETHLSRPNERH
EfHRERSH

TR/ IR X AE A BF T Ak 5 010« HRP)
b 2-3 d. REZMAEAEF R/ NESE 2 #5325
(F:3t 200 3k, RPAEASEFIRIALER 20 Sk ), H
SLTCA 35 mm B5FEI0L, DUERALEE 24 h J5 &
3k 2 WAEA T o AR /MBS IR 58 5 B 23T
t=0 (&3 2 h WARIRE MR /INMERE ), 4
BWF 0, 1.2, 4, 6,8, 16, 20, 24 f1 48 h Bt
FEARW/INESE , FEAR R T ICK OBE, - 20 °C
TRAF o PRI NI AR /AR IE A i I SR DR 4
YOS AR TS A PCR A ARK I 4158 25
INAESE AN [R] T A B ] B T PN A 26 I BH A L R
TR AR /INESE X AEABE BT A = 1 2R/
TEIEAEA L R A SO a0 BRIk, e A i e S
PES W7 50 K e SR I 7 vk 275 B 45 (12020 ),

IRV INAE 6 0T A6 A= 057 1 HH ()4 A T 40 #
H AR AL RS, 7EeE AR AEA: - &

KIAIE H PG 2R S /INAE U 204 T HRURE | 7S /N X
[EREA K 15 kDL b, SRAERESEUKTE KA
A BT E o FE R AR 5 7 BRI T & Tk B
oK ZEE (Spfral, 99.7%) , i seE R s
- 20 CUKFEPRAT , FHF WA P93 0 00 7R
B59F DNA B )5 , FIIFH PCR B AR I 1
SR FH [B) 2R S/ NS AR PR AR AR W FH A
83 T AR 5 1 LA e H () 2R S /N A6 0 P B i
TASUE AR IE F AR A 0 PG %, REAS TR R
B (SR EBUR | s AR /NMERE ) X e
WA YRR, PR H )R SN AR X 18 AR WF 1
WEEH.
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Bro FHELRIER T 22531 ( One-way ANOVA ),
t Rk (ttest ) DL XU R 240 Hr ik
( Two-way ANOVA ) ZrHi AR FAER . AR
B HsF () X6 R IV /0N A 055 A A Mo o o 23 8 11 3
M LA K AN [ B[] T 24 S0 /)N A 35 0 A6 A 0 ) 25 5
Fbo FIFH probit BRI H B REUHIE N &Y
A5 DNA M e B, JEH t Rkt
BTN RO A6 AR Bl A E R/ o

2 HRE5HSH

21 FRFERAN FKI/NEEE LR
REHEREmEILHR M

G55 IR W INAE B TN A A o 0 25 Rl 5h 35
FrAssn, Ao AERMERE T, R EAE N &
A BAR W/ INAE U 5 6 A 0 1 o o s A Ak R B
—3 (FE 2: A); fEAd-FREEREAT,
R/ NESE R (6 H 20 H) BF4e4:
A (7 10 H) (& 2: B), HFHAE
AEAE W2 — U R A e i A (6 A 20 HHT ),
S0 AR R R A B, B - TR VR R R
B B T AR/ R . o, 7E
ey (6 A 10 HAEG), A1 FAEA Ak
FRAEAL S, A8 AE - K VR A A AR 2 4 v AR
/NS FR R R, L A AL A o e e o
(K 2: B),
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Fig. 2 Population dynamics of Orius sauteri and Aphis craccivorain different planting patterns

A, SRR B, B - FORBIVERIARE R

A. Peanut monoculture; B. Peanut-maize intercropping.

PR, KA, e - FOR B VE R AR
BT 25 5 L 2 = T AR AR AR A B (t=
2.981, df=10, P=0.014), HH, FEfbEs—
WEERIE (6 A 10 H ) LIKEW/NERES
— W KA R (6 A 20 H ), 64T KEI1EF
R 25 5 L 0 2 T A R E R R L (t=
7.103, df=4, P=0.002; t=3.908, df=4, P=0.017 ),
78 A s () 5 A6 A - ORI VE R AR X 25 3 L
AR AERMERL, R E2ZER (F3),
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Fig. 3 Ratio of predatory natural enemiesto insect
pestsin different planting patterns

ns FRTCWEZR (P>0.05, BX K5 B9RRF
TERF 2SS (* P <0.05,** P<0.01, B % ).
ns indicates no significant difference (P > 0.05, paired

t-test); asterisk indicates significant difference
(* P < 0.05, ** P <0.01, paired t-test).
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AR/ NESEREAS DNA A, FHZR /)N
TEIE 165 Fr5EPED ) PCR 47 G465 DNA BEHR
o PCR P12 1.2%B BEHHEE I L SN, 4%
RRIRITA AR AR E] 329 bp 45540k H AR
B B B G P s A wIN Y, DR ES R L
X4 R N AR/ NAE % 16s DNA , 22 I LR 4 $12
BUsia A, o] FF 5 22 3 9 28 0 I 52 56
(F4. A),

DL A5 ISR SR AR . HLIHAER ] =
0 h AR IE/NEIGHEAS DNA SR, FHAE AR I R
5P CO 759 PCRY™ B K AR W/ NESE R Y AL
AEWF DNA, 455 0 7R B A FEAS I AT R I 31 299 bp
RS tE HbR BB K FRYEY B =935 8 w1y
DU 235 S Fe X 38 7R A CO T3, 455
F B4 TR I H AR ] B W AR /NE
WX AEA BRI VR (Bl 4: B,

XoF 2R S0/ IN A U R D A A M I 3 1 HsF 1) 7
PR T ITA, BUE =0 h, BT AN
PIREARG I 24 A 1 DNA, BHH:AS H % 100.0%.
SHLAAR P A A 0 PH ARG 36 B i A B T 22 K 1
18 o FZR S/ INAE 5 St 6 A I 3 1A P 0% B P A
A AT ] (40 E M ZA5 0, FEA 55 AE R/
TEIBER R T AE2 5 0h 3.839 h (R=0.971)
(K 5),
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& 4 PCR #8774
Fig. 4 PCR amplification products

A, KW /NS FE AR BUT R AR ; B, RI/INMES 7
B NS YA AR B T4 . M. DL2000 DNA marker;

1-2. RIE/NMER: DNA HEA
A. Quality verification of O. sauteri genome; B. The
detection of peanut aphid positive for peanut aphid DNA in
O. sauteri gut content. M: DL2000 DNA marker;
1-2: DNA samples of O. sauteri.
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Fig. 5 Thefitted curve of Aphis craccivora DNA
half-life experiments
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Kt 2 A 9.21%, HAta) 464 1 BHAEAS 2
0 (& 6)

—
n () o] o
T T T 1

A. craccivora (%)

LA SF PR R (%)
Proportion positive for
N

6/10 6/22 6/30
HH#A ( A/H ) Date (month/day)

B 6 HBESEFRFHTHRINEBHER

P FE A W PE A 2
Fig. 6 Temporal changesin the frequency of the
detection of Aphis craccivora adjusted proportion
positive for Aphis craccivora DNA in Orius sauteri
gut contentsin field

3 Wit
31 RIL/NERET TE A R B A5 A0S 1

B MR ZREME, AR B 28 KEL
TS A R, 9 R R s A (8K
SCRAE, 19985 BRFBIAE, 2014), [RIETA MR
N, TERECS Bbrd BRI R B, b A
R G H ) I 25K J R Xt e B 3 A
K5 HbrE RS E 2 H AR THES
%5 25 T ( Landis et al., 2000 ), ik, H
P 3 H R A A B DA Sy R o R T G A
Y ( Athey et al., 2016 ). 13 A= B4 Y
X — S HERT AT IR R R, SRIUGE YAk
ARG BN, v 7EAR T dOR A IR N
WEE G, WA R & E R WY PTG
( Roubinet et al., 2017; Verschut et al., 2019 ),
AR SCH AT a AR AR S0 A SR R i
HFREECL , IR U BRI AR o R
o, DS S EOT B AR E R RS
FElfER

FEI [F0] 6 A 05 R 0/ N A6 0 o B 000 2 T 2
B, FEA: BAE R S AR W/ N AR 05 R A A 0 e
2 5 S S AR 20U R (6 F 10 HF 7 A
10 H) (Juetal., 2019; #5455, 2022), R/
AEUE 546 (R KA R, P Z R
TESHASERBEIL S o 1M A6 A - 365 K 1] 1 o A 452 =X )
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FER R O N AL, R AR R 1Y
FRE R AR E e (6 20 H ) 4857 T4 &
A (7 H 10 H ). 564 SAVERP B AR
Eb, TEACA ISR — R AR I (6 H 20
HET ), A6 - R B VR R R AR =X i 25 B2 1= 2R /s
FEIEFREREE (Fp6=10.07, P=0.012), fE4E%E
WFE s (6 J 10 HAG), 5 H 31 HF1 6 J 10
H AEA: - T K [ VR Fp A 20 2R W /N AR 35 1 b
WS TARE AR K (124387,
df=6, P=0.005; t=11.76, df=6, P<0.0001), H
A - K (AR AR AR 3t 28 R AR A 2R W P 2%
J# (F12=3.994, P=0.0495) (Juetal,2019; #
FA, 2022), TESS ZIRAEAE I A A g (7
H 10 H), f6AE-F K VEFARA T 16 A I Fh i

WA LT A A AR A A U 2 PR Ju et al

2019 ), FRATHEM, —J71H, o FAEA-EKEE
A AR 3 T BEAR ) 5 K6 AR /N A6 0 B 730
WAFEVE ], FEAEAE 0 e I AT 5 | R S 2R/
FEIETEAEA: 55 ST PP e, YAEAE T R AERT,
IR /N A T b A 5 B] ) 55 RS B BIOE
7 1A 4 g AR AR A6 AR T FP 4R /N6 05 1 D B 4
&, FRRARIEA I A AR W AR s D) —
DT, AR /NG S A6 A 0 1 e A 0 1 4
YER, T AEAAER, B3 FRACREH e
A B A S B ST 2 T R, T A6 A 1 I
ZIAA EEAE, SRR AR kR AR A
Az - K BV F P A A I o 4 1 I F A AR
AR EER N Z —, YIS EHEE-T K
[V R AR AR X 2R S /INAE s Xof A A o o 3 114 3
BAEEMHIER

3.2 FKI/NeksSHE i X BRLE X 1 4 5 A9 B
REEIEA

A LA A - ER R R R Y 2
FEVERRAR, SR TR AR S REMARETE, 2
FARRECMIRE T [, A TVEY) 3 ARk (A
WA, 2009 )0 I AE AR - TR [ E R AR AR R
e I ) A A T -5 g AT A A e ) DX 3
AR SEL, o DX Il A B RA — i s ) S e
a2 et fedt A iR Z R AR T

AEBRRGENRENE, &M T AR KRBEFERE
(XUTR 5%, 2019 ). (HilidEY ZFEvESE M A
Y AR LS i H e 3SR RO L A
Bl f A/ R B 24 1, WA SOt — 25 I K8
Ji738 N5 ) DNA 43R0 9 5 3845 4R W/ N AE
s Xof A A M il 1 B4 Ll 45 SRR A TEAE
AR (6 10 H ) A/NERET 48 A 1of
ISR EIER, 6 A 10 HAEA-T K[
VERMAR AU 6 A I Bl e 2 B o S5 IR T A A 2R
VEFPREREE (Ju et al., 2019), DI 45 REMHEK
/RS X AE A A A AR A

T JLA M KSR A7 AR R AR T AR 25 AR
gerb, AR K EE r e F VR B R H
AME (FECEES, 2013, 2016), BRI RIALEA:-
TR ERREAL 2 3 A RS (F el
A SRR AR S NESS ) RS, JEE
FIH R E I8 N &5 FhRic rib il 3 Flck
B AE A EEGIERN (Juetal, 2019;
BMESE, 2022), ABFGEHE— T M ] SERR
M FRRIREL (B g AR
AEUE ) XAEA SR EAE R RN, IR —#
i FAR FHAE S ] ) B

WF5E 1 SR AT Ak A e T A
B INAUE, 4387 3 Fp R EOG AL 1 (1)
fhidisR 2906 KBRS, R/NER R
FEEEMBE N 0.86, /NTFREAEHE (1.00),
ERFALEH (0.75), B 3 FhRHEOT G 1
PTEARRE ST R S > 2R /N > F SN
B, fEJESE 4 bl it DNA JHAL 2 228 i suE
PEAG B S T AR, FH DUAS I H ) 4
BVERRIZE R fERATEE E A, 7R/
160 | S B R SRR AR AR Al A TE
BEER (Fy45=16.620, P<0.000 1), {EEEF45
—WEAEFEIEN 6 A 10 HAUA N/ NMEE RN AT
AEAE MR BAPERS Y, 7R BLE R 2, R A A
HALAFAPER Y (Ju et al., 2019), 7EREAE
Al AT, AR/ N S A6 A 0 A AV
F/NTFREAEH (t=5.002, df=30, P<0.001),
g m % %5 (t=1.948, df=30, P=
0.061 ), KRUITEZRG T, R/ NEEXT 6L
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