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Effects of High Voltage Electrostatic Fields on Protective Enzyme Activity in
Wheat Plants and on the Population Dynamics of Sitobion avenae Fabricius
( Hemiptera . Aphididae)

CAO Zhu, LI Guangyu, HE Juan, ZHAO Huiyan* , MKDK Piyaratne, HU Zuqing, HU Xiangshun
State Key Laboratory of Crop Stress Biology in Arid Areas, Yangling 712100, China

Abstract; Sitobion avenae (Fabricius) ( Homoptera; Aphididae) is one of the most common pests of wheat. It damages
plants by ingesting sap from ears, stems, leaves, and other tender plant parts. It is also known to transmit viruses (e.g.,
barley yellow dwarf virus) during feeding, thereby reducing wheat yield and quality. High voltage electrostatic fields
(HVEF) are reported to influence a wide variety of biological and physical systems. For example, reports of several studies
state that HVEF affected plant physiology such that the sprout rates of seeds were improved. Moreover, in agrophysics,
electrostatic charging has been used to improve targeting and efficacy of agricultural sprays. Organisms showing aerobic
metabolism face constant risk from reactive oxygen species (ROS) , such as the superoxide radical ( -0} ), hydroxyl radical
(OH - ) and hydrogen peroxide (H,0,). The function of protective enzymes includes avoidance of unwanted cellular
cytotoxicity and oxidative damage by regulating the production of ROS. In order to explore the effects of HVEF on S. avenae

and wheat plants, activities of protective (i.e., anti—oxidative) enzymes such as superoxide dismutase (SOD), catalase
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(CAT), and peroxidase (POD) were examined in wheat leaves and aphid individuals. To evaluate the impact of HVEF on
the aphids more accurately, the population dynamics of S. avenae was also investigated. The results showed that the
activities of anti-oxidative enzymes were affected by HVEF in both plants and aphids. In undamaged leaves, higher SOD and
POD enzyme activities were observed after 4 kV/cm treatment, compared to the control group (P < 0.05), but the CAT
activities showed no significant change (P > 0.05). In damaged leaves, SOD and POD activities of 4 kV/cm treatment were
significantly lower than those of the control (P < 0.05). CAT activity for treatments with 4 kV/cm and 6 kV/cm were
significantly lower than those of the control (P < 0.05). When compared with the control, SOD and CAT activities of S.
avenae in all the treatment groups were significantly higher (P < 0.05) , while POD activities were significantly lower (P <
0.05) . The population dynamics and logistic model parameters showed that the 4 kV/cm treatment resulted in the lowest
carrying capacity for S. avenae. Therefore, it is reasonable to conclude that 4 kV/cm is the key intensity for wheat and wheat
aphids. In this research, the effects of HVEF on anti-oxidative enzyme activities in wheat were evaluated, and its impact on
both animal and plant was further clarified. As is well known, chemical control is often used within an Integrated Pest
Management (IPM) program in order to keep pest numbers below the economic threshold. However, farmers often blindly
increase the quantity and frequency of insecticide usage to prevent pest damage. Our research showed that seed treatment
with HVEF had a range of indirect effects on anti-oxidative enzymes in wheat plants, and on the population dynamics of S.
avenae , thus it may provide a new tool for aphid control. Additional research is needed to assess its effects on wheat aphids
under field conditions. After further risk assessments, we may find a new approach for ecological control of aphids with

HVEF.

Key Words: High Voltage Electrostatic Fields (HVEF) ; anti-oxidative enzymes; Sitobion avenae; population dynamics
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Fig. 3 The change of POD activity in wheat leaves after seeds exposed to HVEF ( the left figure: the undamaged plant; the right figure:
the damaged plant by aphid)

R4 2.1.1 MZERAT LA 4 kV/em AFRLH SRS OCHE , TE ARG ECE A 1B AL T SOD Al POD P 14
R VU2 rh B e R, TR HOBCE 3k DS LG PR SRR e A, XSS5 SR U B T SOD Al POD il & P 1 -,
AR HVEF A3 /N2 38 B0 i 7 A 0 16 M S s 5 398 OB R R DL /N2 AR N B Bt S A i 2R 9 B
I, M TG 35 24 T v st b 38 4 0% 1 4 P B 25 P 1

http ; //www.ecologica.cn



4 4] BOL AF R RER RSO/ R ORI R G B A KA BRI S A I R 5

2.1.3  CAT iHtEmAEfk

FERE HVEF ZbBRJS/NZ AR N ) CAT TEPEANE 4 iR . w2 KAS P IUE Z A CAT Ih MEAee , 454 3R] ¥
HREWZER(P > 0.05) , R EE X /NEMN B CAT {5 MEEA R, 10 HBCE LS 4 kV/em 403
2H(0.02160 U) 16 kV/cm(0.02508 U) ZbFEZH A CAT Ji5 AR T X R 2 (0.04869 U) B FH AL (P < 0.05) , %
W53 53 A %) HR ALY 55.64% ,48.49% ; 5 A 1 27 <48 WA U B 1) /N2 i 7 AR EE, B R 430138 31.17%,35.79%
XA BN M i OO DU AR R SR

0.08 - 0.08 -
0.07 + 0.07 +
0.06 - 0.06
a a
0.05 + 0.05

AEAL SRS )
CAT activity/(U/g Hb)

0.04 | 7 0.04 |
0.03 | / 0.03 b b
0.02 | 0.02 | %/
0.01 | 0.01 /
0 0 A i //
2 4 6 4 6
HVEFAb 355 &

HVEF intensity/(kV/cm)

4 £ HVEF RBR/INEMER CAT FIEMEL ( £ B AR R, A E A #H Y HEN QT HEH)
Fig. 4 The change of CAT activity in wheat leaves after the seeds exposed to HVEF ( the left figure: the undamaged plant; the right
figure : the damaged plant by aphid)
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Fig. 5 The change of SOD, POD and CAT activitities in aphid after feeding on the leaves ( seeds treated by HVEF)

F1 EKREFHEHSHNSENERENE
Table 1 The Logistic Growth Model for the population of S. avenae reared on the plant treated by HVEF ( K: The maximum carrying

capacity )
HVEF 3 75 Equation PeSE R BN R-square The maxﬁiﬁfﬁﬂ;ﬂpmy
CK y=311.5/[ 1+e(5728702291:) 7 0.9993 311.5
2 kV/ecm y=230.9/[ 1+¢(6:589-02662x) 0.9981 230.9
4 kV/cm y=227.3/[ 1+e(532702179:) 7 0.9979 227.3
6 kV/cm y=231.7/[ 1+¢(6:150702637:) 7 0.9973 231.7

3 Zigfnitie

HHL A AR O AN IESE . EINAFSE R, 22 kV/0.08 m 5 FE # L 37 AL BRAPF 15 min AT LA4R
R EIRD 0 & 2R AR 3 38 Y50 Y HVEF AbBR o] DUR & 2 AR R R 1A 8 & R 22 B ERR Y
X B M AE KR B o R R i 2 A N R B - A A P A0 P I 2 0 B 19 1 P r S A B %o e B 1
b WU A A ) S HUR B Gt BN I AR R B TE R RS (EL R A 1 R A U A A R R R R i [
HMKIFTE 22 S22 T i F i o X B HRUAT R 22 B SE 0, Philip L. Newland BF5% & W, L3758 B R 8—10 kV/m At
85 % I I WS AR e PRk e 2R3k HL 3, Jackson WFSE & BR S W ( Musca domestica 1) 75 K i, 5ERE I B 3 HAT7E
AT, FEL DX 5 1740 L 3 PR R R A S g A 7 ) i 5 DA 9 . Ozlem Sangun BF5E & 81, 76 KRR AR 0 5 T FR 3
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Fig. 6 Population dynamics of S. avenae at different HVEF under laboratory conditions ( Data in the figure are mean + SE)

AR B LA N B S SR S A B i A 2 LT SR AN S AR 0 R BRAE R A2 B, L
FHER M AH— e H AL PRGN AR LR R A T, e R A FE F M R R P A L B B A2 L
B s PR (E < 10 kV/em) |, 3% 55 07 35 DR 58725 14 56 L B BCFL 1y 7 AR 2 e 2

A | A W2 80N IS B 1 22— 2 A AR L 3 0 O X E Y i A A T 28 28 5 7 i A7 T iF
VER, B fre A R S A B 20, 78 2 B R R A 02358, T 2% AT Z A 3 A B R 7 . HVER
VS — R R % /N2 B B T T TS i A i /N Gy, B R Y © IR SE R
HL AL B/ N2 1 | S HDT R R )3 0 | P4 32 2 st 10 0, 90 9 U B IR R 2 1K il 2 B R 5 2 T 228 Ak
B N P,0 Mo Co,Cu Zn Mn Fl FeO 345 i 3 Th "> 5 — 5tk 1) i vl 7 SR AL B/ N 252 ol 1 — Bt i), 2 ol
B R IR Y Y ATP 2 S0 PRI Se AR A F TR T /N2 PR PR A R 14 2 I B 3855, T A kg — o ofl 8 PR fif
INAZE PR KR ROS, (A E T (077) Jd LA (H,0,) MIEAMRE T (0H ) . MIEHAEFIREST , HUAME
AT B RS BR R A AL T A AP RS . (HIE S H i 2 RS X AR MR B BT i
1 DNA & it , S BUR A8 1 & A o FIHHT AU BER T B 3ok 26 35 P S8 T B A AL ZE 5 1 5 1) D e At
WHE AT S PR AR, SOD s ik 055578 H,0, , I 1Eid ALY (POD) Filid AL &
it (CAT) A RS H,0 F1 O, , T BRI E 7= Az A3 P SO0 4 e A 753

ARSI AR AR R 1/ NEE v, SOD Al POD 1 PE#BE S HVEF [958 B OR 45 S J5 R a5 7 4
kV/cm bk B0EAE , PR AT L A 00 " R i e, H 37 R G 3 1 (3800 25 5 350 BILAAR 7 2 K Y
H 5L 4 kV/em HLIGAE T/ INAZ P25 R B 520, AT 8 A2 X HoF 1 7™ A i 2 1 2 800 ) IR (B B R Bl ot
FARAAAAE T T K53 G RRER AR A 3h i S AR BT A Z b, B AnFE ) 0066 A 30 2 TR 7E 1
ek 43 0 R B G B, MR AELS BE 7K 5375 B9 Bl 2 PN A i R, 3 — i R DRI R 4 A 238 R G A 383l PR AN [ i
SR CAT WG PRk , Tk e 55 AHRGH = R i v 3 A5 a0 S S i e Mg in > AR S 56 v A

http ; //www.ecologica.cn



8 S % 36 &

iof B I Frf CAT TR PEARIFE Rl —FR g K7, ST MRS 45 R — 3k, F BB DS AR 3P i PR fa 3R
PR IGHE AE 4 kV/em A IE B EARAE, X W T 4 kV/em 25200 Bz 5 35 58 B, X8 AT RE & i T 0 i
FYERE X /N L 2 ke — B af | 2 e Jolpae At B R 3t 0 SR RV R = A s TR B SR B /N R Y
PRAP S 1 TT DAY B AN BT, S i/ INZZ AR AP Bl R 8 1t , DT X /N2 6 ol — o i 1 55

FEAR P 25 58 10 B A BE 77 A0 78 Ak B 1 53k LR AR b DM R A 5 5 25 R ) e A B v e A Y
SOD 1 CAT B M 5 60 BEAH oA BT Tt i, HLR e RIS 38 = A 35, R 7E 4 kV/em Kbk 8 S (IR E, X 16
W 4 kV/em ZRFEXTIF LR SOD Fl CAT R R 77 A4 TR ZUA B SRR O, IR e JC ik i1k O3 %78 0 H,
0, , 12 POD B TGk — LA 25 bR H i S 09VE AT, NI 20 4 kV/em AbFEXTIF U4 F ok, X 5748
I Logistic B FZ5 RAHFF G

FEAEAS2ET 2L Logistic BIAY) 72 F THFSE AR AL K ARAL , & AR I RE A0 (A SRR IRE 110 2 3 e
Rl ZR LA LA i 2, A rh AN S8 WA AR A AR 4o 7 U7 AR S 48 SR i — IS T R A
K Z % SRl R B A K & B 5 A LA AT ek Ag

A E HVEFR X7 B RNz 7 ke i AR Ak, o] DL & BI/INZE 28 A I A0 BAE AR B2 ), PR & 88
i HVEF b3/ Fh- (58 B, 0T Lok i Fe i e A S i SR R i SRR AR S0 235 SR 28 ek FH (e s k) R
KBS VAR I, A8 AT RE B — N fRT (8 HL IG5 Y (R A= A4 W 0 7 i W3 A= A A Fdi s e A B2 3L,

S 2 3 HR ( References)

[ 1] @&, BitR. mE A YR =L, FRCSERE R, 2014, (10) . 17-18.

[ 2] Carstensen E L. Biological effects of power frequency electric fields. Journal of Electrostatics, 1997, 39(3) ; 157-174.

[ 3] Femie K J, Reynolds S J. The effects of electromagnetic fields from power lines on Avian reproductive biology and physiology: a review. Journal of
Toxicology and Environmental Health, Part B: Critical Reviews, 2005, 8(2) ; 127-140.

[ 4] wBE, T, BT, G0, 260, BE4. 5 R A KRS TR T2 A0 . T R R 2230 . F AR, 2006, 29
(4): 58-61.

[ 5] 3405, Bovik, K35, m R 0 an M e, g BIR 2 B3l HARBIZAMT, 2000, 19(3) : 9-12.

[6] A5tE, JHIssh, SPA, XI5 & R R A VA KRR AL RO ) P, 2002, 22(4) : 364-367.

(7] kilE=2, DL, ZEH, A, &R AR I TR O 45 507 5 BT 5 m. ZL R, 2006, 32(2) : 260-263.

[ 8] skifg2s, B, HEF, R, &IRH LA B A& I0 X 4 A KR B RARBCR BSE . DR R 228 4. HARBMAR, 2006,

37(4) : 505-508.

[ 9] Newland P L, Hunt E, Sharkh S M, Hama N, Takahata M, Jackson C W. Static electric field detection and behavioural avoidance in cockroaches.
Journal of Experimental Biology, 2008, 211 (Pt 23) : 3682-3690.

[10] Jackson C, McGonigle D. Direct monitoring of the electrostatic charge of house- flies ( Musca domestica L..) as they walk on a dielectric surface.
Journal of Electrostatics 2005, 63(6-10) . 803-808.

[11] Sangun O, Dundar B, Darici H, Comlekci S, Doguc D K, Celik S. The effects of long-term exposure to a 2450 MHz electromagnetic field on
growth and pubertal development in female Wistar rats. Electromagnetic Biology and Medicine, 2014, DOI: 10.3109/15368378.2013.871619.

(12]  kmE, J4, B, RES, RS, SHPE, SN UV-B A/ R BB A MR SHAIRETT . B2, 2013, 56(6) :
665-670.

[13] HeJ, Zhao HY, Cao Z, Monika W, Zhao H Y. Life table analysis of the performance of aphid Sitobion avenae ( Hemiptera; Aphididae) nymphs
exposed to a static magnetic field. Archives of Biological Sciences, 2013, 65(4) . 1415-1422.

[14] HeJ, Zhao HY, Zhao HY, Monika W, Hu Z A, Hu X S. Effect of static magnetic fields (SMF) on the viability and fecundity of aphid Sitobion
avenae (Homoptera: Aphididae) under laboratory conditions. Archives of Biological Sciences, 2012, 64(2) : 693-702.

[15] GBAZEGHe, ZR7R0, sRolZd:, SR, SRR, BRI, REERE. XZ RIVAF/NE X Z KB HIENLRI TS, PEALRMBE 24l B8R
B, 2002, 30(1) : 73-75.

[16]  WHEAS, WIEA, 20RA. KO0 SRR EAE ST R R SEMRIERL, 2002, 21(2) : 140-145.

[17] Jalee C A, Gopi R, Manivannan P, Panneerselvam R. Responses of antioxidant defense system of Catharanthus roseus (L.) G. Don. to
paclobutrazol treatment under salinity. Acta Physiologiae Plantarum, 2007, 29(3) : 205-209.

(18] ZEW], FAMRET. TR0 H R 40 W DA A vk SR B A A RS M. R 255l 2002, 22(4) + 503-507.

http ; //www.ecologica.cn



414

WL 55 AR XN U B (0 R A KT B S 9

[19]

[20]

[21]

[22]

Becana M, Dalton D A, Moran J F, Iturbe-Ormaetxe I, Matamoros M A, Rubio M C. Reactive oxygen species and antioxidants in legume nodules.
Physiologia Plantarum, 2000, 109(4) . 372-381.

Kanazawa S, Sano S, Koshiba T, Ushimaru T. Changes in antioxidative enzymes in cucumber cotyledons during natural senescence: comparison
with those during dark-induced senescence. Physiologia Plantarum, 2000, 109(2) : 211-216.

XA, I, whbE A, XK, PR B G AR X KRR B S B b S AL B P A R . N AR A AR, 2013, 24(8)
2179-2185.

SR, ARG, TEL, 28, ek, TaE, MR, ARAE YIS B IR Y B AU ARG X KA B . A A
%, 2013, 33(14) . 4257-4265.

PREEE, T, UL, AR, BET, BAS, AVEn, IR, REEXT B BRSO R R . TR R A
2010, (4): 853-854, 857-857.

SKORCI. o 5 HL X SETUR T 5 2 AR S LT 7. RT3, 2008, (4) : 45-46.

Wang G X, Huang J L, Gao W N, Lu J, Li J, Liao R J, Jaleel C A. The effect of high-voltage electrostatic field (HVEF) on aged rice ( Oryza
sativa L.) seeds vigor and lipid peroxidation of seedlings. Journal of Electrostatics, 2009, 67(5) : 759-764.

BT, RN, By, RS BUNEIER AR IOBTIL. ALY, 2004, 4(4) : 13-16.

WA, K, R, I AR 50 B AL XS 3 R R LROE & A B PR IR2. FEF AL 2441, 2007, 28(1) : 86-90.
TG, B, RIBE. WRR AN T3 X 4 L AR A2 I RO AR S5 L Wy B R, 1991, 18(5) + 392-
393, 399-399.

PRIV A, BREEDT. o IR s/ N R T A b ATP 35 5 (520 (T4 ) . PHRE R 227l FARBLARR, 1993, 15(1) : 67-67.

Maevskaya S N, Nikolaeva M K. Response of antioxidant and osmoprotective systems of wheat seedlings to drought and rehydration. Russian Journal
of Plant Physiology, 2013, 60(3) : 343-350.

W/NeE, 254, RO, THE. IR A XTARIR) /N2 SRRl R T BRI PR S . TR AL R, 2008, (12) @ 38-40, 58-58.
B, s, PNRETE, XL A e A BB HO ORI RO R BT A R (0. A A 25224, 2011, 35(3) ; 322-329.
A, M, WO, R, E5s, A SRR /N W IR R R R B (R R R . 2 AER A, 2012, 32(2) : 260-264.
skotde, skile, etk R S A A AR VR LS. OB E R, 2001, 10(1) ; 44-47.

[ F5 0, Z=dh, AT 58 X ZIAR 4 e DR B M KR BT A E TR . A= 252 4k, 1999, 19(6) : 850-854.

TR, RXEHE. Zn WA 22 AT R A AL A . PEACRAMRBIER 22 4. A ARERARR, 2009, 37(11) : 131-137.

OB, R, ZEPE, BARIE, SRR, BXERAE. R BEXT R A A GRS, AEASAE, 2011, 31(23) ; 7203-7210.

He J, Cao Z, Yang J, Zhao H Y, Pan W D. Effects of static electric fields on growth and development of wheat aphid Sitobion aveanae

(Hemiptera; Aphididae) through multiple generations. Electromagnetic Biology and Medicine, 2014,

http ; //www.ecologica.cn



