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Abstract Domestic and international scientific collaboration over recent years has led to important achievements in basic
research and control techniques for wheat and vegetable aphids. Behavioral manipulation technology has improved through the
investigation of the effectiveness of slow released infochemicals, e.g. aphid alarm pheromone [(E)-B-Farnesene, EBF)], in
repelling aphids and attracting their natural enemies. This research has clarified the correct dose of infochemical oil in the slow
releaser and the effective height of infochemical dispensers above host plants, plus the possibility of coordination with the

application of EBF and insecticides. In addition, “push-pull” techniques have been developed that use crop diversity to control
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aphids. These unequivocally demonstrate that intercropping, or mixing wheat with other crops, has a valuable control effect on
aphids, and allows optimal models to be selected based on the required aphid population decrease, the importance of
preserving natural enemies and the Land Equivalent Ratio. Plant resource insecticidal component screening has found some
bioactive components in Macleaya cordata exacts (MCE), e.g. alkaloids, and plant lectins that are highly toxic to wheat aphids.
A formula containing sanguinarine from MCE and nicotine has been developed that can achieve a mortality among aphid
populations of 98.9%; New crop protection technologies have been integrated and demonstrated in wheat and vegetable fields
in Henan, Hebei and Shandong provinces, and a socio-economic survey and evaluation system adopted to adjust control
methods based on feedback from farmers and technology transfer agencies. The final proposed solutions are adapted to local
conditions and are therefore more sustainable and efficient, limit the negative effects of the conventional pesticide use,
enhance farmers’ income, and ensure food safety.

Key words wheat, vegetable, Macleaya cordata, aphid, (E)-pB-Farnesene, push-pull strategy, slow releaser of infochemicals,

ecological manipulation, crops diversity allocation, botanical insecticide
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Fig.1 EBF secretion from aphid cornicle and slow releaser equipment
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Aphid alarm pheromone; B. Infochemical slow releaser in wheat field,;
C. Infochemical slow releaser in vegetable field.
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Fig.2 The three-dimensional maps of the aphids population in the EBF released field
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Fig.3 Effects of EBF on the natural enemies of aphids in the Chinese cabbage fields
A: Ladybeetles; B: Aphidiidae.
P<0.05 Bars with different letters are significantly difference at 0.05 level.
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Fig. 6 GIS image of Sitobion avenae densities estimate during peak period

4-2:4-2 4-2 intercropping; 2-2:2-2 2-2 intercropping; 8-2: 8-2 8-2 intercropping; M: Monoculture.
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Table 1 Crop yields (mean £SE) and land equivalent ratio in different wheat-pea intercropping patterns

Intercropping pattern Wheat yield kg/hm? Pea yield kg/hm? LER®
2-2 2-2 intercropping 6 940+ 213(3 239)aA 1 770+ 171(944)abA 1.187
4-2 4-2 intercropping 6 032+ 190 (3 734) bB 1 822+ 86(694)abA 1.121
8-2 8-2 intercropping 6 197+ 31(4 695)bB 1 881+ 87(456)aA 1.148
Monoculture 5448+ 100cC 1 593+ 136bA
*LER Land equivalent ratio P<0.05 P<0.01 ;

Data with small and capitation letters indicate significant different at P<0.05, P<0.01 level, respectively; The values in
parentheses mean actual yields of crops per hectare.
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Fig. 7 Seasonal occurrence and abundance (mean+SE) of aphids recorded according to kinds of wheat-pea
association (field observation, trap)
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Fig. 10 Numbers (mean£SE) of Sitobion avenae and its natural enemies
A. Apterous aphids; B. Alate aphids; C. Ladybirds; D. Parasitoids; MTS: Mean of
10 samples from 6 May to 11 June 2010; MPT: Mean of aphid at peak time; W. Wheat; MB. Mung bean.
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Table 2 The correlativity between aphid population of per 100 wheat tillers and meteorological elements

Correlation coefficient matrix between each pair of factors

m/
C C C _me % _ ,
o . Wind speed . Apihd population
Average Minimum  Maximum Relative
(m/s) e of per 100 wheat
temperature  temperature temperature humidity tillers
©) 1.000 0.464 0.951* 0.018 - 0.932% - 0.230
Average temperature
. ©) 1.000 0.488 - 0.578 - 0.286 - 0.334
Minimum temperature
. ©) 1.000 0.197 - 0.876 - 0.499
Maximum temperature
(m/s)
1.000 - 0.040 - 0.359
Wind speed (m/s)
V)
o 1.000 0.281

Relative humidity
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Apihd population 1.000
of per 100 wheat tillers

* 0.05 ok 0.01

* means significantly different at 0.05 level, * * means significantly different at 0.01 level, the same below.
R3 SEHNMERTESSKEREXXER
Table 3 The correlativity between aphid population of per 100 wheat plants and meteorological elements before the
peak time

Correlation coefficient matrix between each pair of factors

© C e /s % Aph.id
o ) . . population of
Average Minimum Maximum Wind speed Relative per 100
temperature  temperature  temperature (m/s) humidity wheat tillers
T
1.000 0.033 0.961** 0.253 - 0.620 - 0.907*
Average temperature
T
- 1.000 - 0.16 - 0.209 - 0.170 - 0.273
Minimum temperature
T
. 1.000 0.454 - 0426 - 0.875
Maximum temperature
m/s
1.000 0.358 - 0.
Wind speed (m/s) 0.298
0,
. A) . 1.000 0.349
Relative humidity
Aphid population of per 1.000
100 wheat tillers
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Table 4 Insecticidal activity of 10% sanguinarine WP against alate adults of wheat aphids

S.avenae R.padi S. graminum
Conttit_rlation o % % % ” %
| Mortality rate mg/;t(:lliitf;erite Mor;ttael ity mg/r[t(:liiitf;erite Mortality rate mg/r[t(:liiitf;erite
4 76.67a 75.29a 94.44a 93.59a 95.56a 94.81a
2 73.33b 71.76b 87.78a 85.90a 93.33a 92.21a
1 67.78¢c 65.88c 78.89b 75.64b 81.11a 77.92a
0.5 62.22d 60.00d 60.00c 53.85¢ 57.78b 50.65b
0.25 56.67¢ 54.12¢ 47.78d 39.74d 44.44b 35.06b
CK 1.11 —. 3.33 —. 7.78 —
Yu 2013 Yuetal,2013 2015 C002

142 HmXLHFHEFREMHFE (Cucumber
mosaic virus, CMV) {EE#&MH AR

15 BEWEABEROERFAR. B EHARE

- CMV-

oy it
Yin 2013
1.4.3 320 % bk u0F REE 7 R 48 5C 2 [ 52 B R H A 0F GIS
HEEYEEXRRR
/ Jasmonic acid/Salicylic acid, “© o
JA/SA) Mpl0 Mp42
MpCOO2 2012
SeC002 RNA
SiRNA 151 NESFEREMEENZEFHETRER
EMREAMR LR 2011—2012
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d
SgC002 RNAIi

2014 Zhang et al.
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Fig. 12 The average aphids population of per 100 wheat tillers under the different intercropping system (mean+SE)
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W-P: Wheat-garlic, W-OP: Wheat-oil rape; W-MB: Wheat-mung
bean W-BB: Wheat-broad bean; W: Wheat monoculture.
A 30 B 45
PN 40
~ g 25 g
X S K g 35
- 2 20 i}:li/ﬂ 2 30
i =
HE s &+ & 2
Kz NE
xz 230
KT B s
0 0
W-P W-OP  W-MB W-BB W-P W-OP  W-MB W-BB
13
Fig. 13 Two natural enemies’ population in the wheat field under different intercropping system (mean+SE)
A: Hoverfly B: Ladybird; W-P: Wheat-garlic; W-OP: Wheat -oil rape; W-MB:
Wheat-mung bean; W-BB: Wheat-broad bean; W: ‘Wheat monoculture.
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