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Effect of High-Voltage Electrostatic Field ( HVEF) on the growth and fecundity

of Sitobion avenae Fabricius ( Hemiptera: Aphididae)

LI Guangyu, GAO Rui, HE Juan, CAO Zhu, HU Zuqing, HU Xiangshun, ZHAO Huiyan "
State Key Laboratory of Crop Stress in Arid Areas, Northwest A&F University in Yangling, 712100, China

Abstract; High Voltage Electrostatic Field (HVEF) as an environmental factor has been proved significantly influenced
living beings. The rapid increase of HVEF in recent years is due to the industrial and household machines and appliances,
high-voltage power grids and medical devices. Sitobion avenae ( Fabricius) ( Homoptera: Aphididae) is one of the most
common pests of wheat. It damages plants by ingesting sap from the ears, stems, leaves, and other tender plant parts. Itis
also known to transmit viruses (e.g., barley yellow dwarf virus) during feeding, thereby reducing wheat yield and quality.
Additionally its characteristics of parthenogenesis and high fecundity render it a good subject for research into the adaptation
and evolution of insects. Raw-data analysis of an age-stage, two-sex life table is possible even though aphids reproduce
parthenogenetically. In comparison to traditional age-specific life tables, two-sex life table analysis offers the following
advantages: since it takes variability into account, it is more realistic than analyses based solely on the means of
development times; it deals with the entire population ( males, females, and those that die before the adult stages) ; and in
simulation studies, it takes into account the complete age-stage distribution of the population. The last point is important

because while only specific stages are sampled in field studies, different stages have different susceptibilities to insecticides,
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and behavioral patterns vary widely between stages. To explore the influence of HVEF on S. avenae, the age-stage life table
of S. avenae was established to evaluate its life-table parameters. Wheat seeds and S. avenae nymphs born within 24 h of the
experiment were exposed to HVEF for 20 mi at three intensities; 2, 4 and 6kV/cm. The results showed that; (1) the
intrinsic rate of increase (r) was significantly lower than ck( P<0.05) at 2 and 4kV/cm, the minimum value was observed
in the 20" and 10" generations respectively. (2) The net reproductive rate (R,), mean generation span ( T), fecundity,
adult longevity, and oviposition period of S. avenae exposed to HVEF were allsignificantly lower ( P<0.05) than those of
control at early generations, but no differences were found at late generations. (3) The age-specific survival rates of S.
avenae were significantly influenced by generation and HVEF. The growth and development of S. avenae was affected by the
intensity of HVEF and the generation of the organism, and the interaction of the two factors was also significant. As is well
known, chemical control is often used within an Integrated Pest Management (IPM) program to keep the numbers of pests
below the economic threshold. However, farmers often increase the quantity and frequency of insecticide usage to prevent
pest damage without regarding the consequences. We demonstrate that HVEF affects aphid growth, developmengt and

survival, thus it may provide a new tool for aphid control.
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Fig.1 Schematic diagram of the device
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Table 1 The population parameters (mean + SE) of different generations of Sitobion avenae after exposure to electric fields (n=3)

S8 AR SRS FE Treatments (kV/cm)

Parameters Generation 0 2 4 6

P ELHE R (r) Gl 0.2754+0.0067aA 0.2641+0.0080abAB 0.2497+0.0083bB 0.2618+0.0081abA

Intrinsic rate of increase G5 0.2760+0.0063aA 0.2611+0.0067aAB 0.2699+0.0067aB 0.2632+0.0065aA
G10 0.2750+0.0061aA 0.2629+0.0065aAB 0.2210+0.0081bC 0.2689+0.0058aA
G15 0.2751+£0.0078abA  0.2731+0.0051bA 0.2889+0.0058aA 0.2803+0.0065abA
G20 0.2759+0.0097aA 0.2497+0.0055bB 0.2660+0.0070abB 0.2744+0.0066aA

HIE{E R (RO) Gl 38.51+2.548aA 26.31+2.382bC 20.50+2.094bC 23.93+2.144bB

Net reproductive rate G5 39.84+2.322aA 26.93+2.076bC 27.01+2.165bB 25.68+2.112bB
G10 37.87+2.622aA 34.21£2.587aB 25.65+2.814bBC 39.35£2.656aA
G15 35.89+2.833bA 42.78+2.050aA 43.06+2.086aA 39.16+2.463abA
G20 23.37+1.980abB 20.04+1.456bD 21.46+1.798bC 26.40+1.750aB

SERHAR A (T) Gl 13.25+0.2439aA 12.37+0.2690bB 12.08+0.2354bCD 12.12+0.2927bB

Mean generation time G5 13.35+£0.2655aA 12.60+0.2347bB 12.20+0.2936hC 12.32+0.2384bB
G10 13.21+0.2037bA 13.43+0.2333bA 14.66+0.2884aA 13.65+0.2071bA
G15 13.01£0.2511bA 13.75+0.2345aA 13.02+0.2042bB 13.08+0.2433bA
G20 11.41+0.2064aB 12.00+0.2191aB 11.52+0.1864aD 11.93+0.2039aB

INGFRE a,b TR A BKE Y22 5 B, KSR A, B, C,D FRR I tARK (9 22 5 35 1 (= 0.05, SNK %)

2.2 N[R]5E B e e e A B S A A AN R AR R A AR Ak

M 2 ORI DU 22 A I 114 B % v P i L 5 B RN AR S 2 57 W 3 TR — AR FEOR TR HHEAR, 7 B i
IHE (TPOP)2 kV/em £ A SR FRA R E 25,4 kV/em 16 1,5 B ER T A, 2 10 R B FE T
XTHRZH 15,20 WA B E 25,1 6 kV/em HUATES 1 A5 X B AAE 3 25 7 (P<0.05) ; TR F5 4, 408
FIRNPAAT KA G A5 AL PRZE 349 52 0 i B0 21K T % R 2 ( P<0.01 ) |, Bt AR 38 fin b 2R 20 55 %6k R 21
o 22 5, 3R i A ) 2 A I AR R (B AR r S S A W s B G I L e
BEAk 3 SRS L B AR H BEAE S 20 X, H2 R T (P<0.05) HAt AR (3£ 2) .
2.3 N[RISEREE R A B 2 KA IS ) AR R B A R il 2k

2 KA R RRE AR I BUFAIS I an P 2 s, R AR IR I BOAEIG R I 4R (s, ) R — A0 7= 45 5 v]
REAFIE B R « FNB I j, th FIF AR % & SR AR AT LI B & Hi A ES . WER AT LUE I R &
J g EEL DR AL B R R (AR 2 A A7 SR £ b B 5 56T R A A L 0 HRUA7 376 SR (1 A 7 o i R S PRt 25
AR e e R AR T B J5 To 25 S HE S LA 4 kV/em SR, 5% BRAR i U7 16 R (8 A A o T I,
FNEF 10 fRIN B K 2200 | 5 220540 /0, 21055 20 10 5% BETC W35 25 52 . R0 . e 37 a0 e S 3000 P o e e ol 7
FET ABAEAR AN BT (8 4 S vl o R ) JE 7 A 3 7 e | e 2 (AR I R A F S 8 AR DUAE R 2 F
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Table 2 The fecundity (mean + SE) of different generations of Sitobion avenae after exposure to electric fields (n=3)

¥ A Ha HF 98 Treatments/ (kV/cm)

Parameters Generation 0 2 4 6

7 RS [E] (TPOP) Gl 8.020+0.173aAB 7.780£0.171abAB 7.400£0.147bCD 7.482+0.213bB

Total pre-oviposition G5 7.567+0.176aB 7.535+0.138aB 7.017+0.130bD 7.407+0.123abB

period G10 8.333+0.140bA 8.276+0.146bA 9.064+0.192aA 7.964+0.169bAB
G15 8.019+0.185aAB 8.133+0.140aA 7.967+0.159aB 7.914+0.160aAB
G20 7.685+0.142bB 8.070+0.150abA 7.623+0.122bBC 8.117+0.176aA

I H A i Gl 16.60£0.85aA 13.33+0.89bB 12.06+0.87bBC 13.24+0.86bB

Adultlongevity G5 16.72+0.82aA 13.84+0.82bB 13.90+0.96bAB 13.25+0.92bB
G10 14.72+0.80bA 14.68+0.83bB 14.50+1.03bAB 17.21+£0.88aA
G15 15.56+0.90bA 18.08+0.77aA 16.57+0.61abA 16.03+0.86abA
G20 9.810+0.60aB 10.12+0.54aC 10.11£0.57aC 11.12+0.60aB

BT Gl 40.53+2.38aA 28.71£2.36bC 23.69+2.08bC 26.56+2.10bB

Fecundity G5 39.85+2.32aA 27.86+2.04bC 26.98+2.17bBC 26.10+2.10bB
G10 37.90+2.62abA 34.83+2.57abB 32.04+2.87bB 41.47£2.49aA
G15 39.89+2.66aA 42.73£2.05aA 43.07+2.09aA 39.83+2.40aA
G20 24.17+1.98abB 21.11£1.40bD 24.26x1.74abC 26.38+1.75aB

7R Gl 13.81+0.74aA 11.00+0.84bB 9.743+0.841bAB 10.93+0.83bBC

Ovi-days G5 13.36+0.79aA 10.54+0.77bB 10.92+0.86bAB 10.29+0.82bC
G10 11.44+0.74bA 11.90+0.76bB 12.08+0.96bAB 14.59£0.79aA
G15 13.01+0.78aA 14.33+£0.68aA 13.72+£0.58aA 13.26+0.73aAB
G20 7.994+0.490aB 7.061+£0.448aC 7.767+£0.537aC 8.134+0.492aD

/NG T a,b RN AR 1925 5 B, KE TR AL B, C,D R YA AR 1922 57 8 M («=0.05, SNK #5675 )

3 Fig5itie
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Fig.2 Survival Rate of different generations of Sitobion avenaeafter continuous electric fields (0 kV/em, 2 kV/em, 4 kV/cm, 6 kV/

cm) exposur
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