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Abstract: [ Aim] Organisms (including migratory insects) on the earth are constantly affected by the
geomagnetic field ( GMF ). The migratory insects can have a long distance migration, and there is a
perceptible difference in the GMF intensity between the emigration and immigration regions, which affects
the population fitness of migratory insects. This study was carried out to clarify the magnetobiological

effect on migratory insect populations so to help predict the occurrence of migratory insect pests.
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[ Methods] The GMF intensities of the spring emigration ( Guangzhou city, GMF 45 T) and immigration
( Nanjing city, GMF 50 wT) regions of the brown planthopper, Nilaparvaia lugens, a migratory pest,
were simulated by the DC-type helmholtz coils, respectively, and the changes in the growth, development
and reproduction of N. lugens in response to the GMF intensity change between the emigration and
immigration regions were investigated. [ Results] The results showed that in the immigration region
(GMF 50 uT), the egg duration of N. [lugens was slightly shortened (0.50% ), the egg hatching rate
was significantly enhanced (6. 11% ), the developmental duration of female and male nymphs was
lengthened by 5.26% and 2. 37% , respectively, the body weight of the newly emerged female and male
adults was increased by 0. 66% and 9.56% , respectively, and the developmental duration of female and
male adults was shortened by 35. 34% and 26. 15% , respectively, as compared with those in the
emigration region (GMF 45 wT). Moreover, the fecundity of female adults was significantly enhanced
(30. 13% ) and the relative transcription level of Vg was significantly enhanced (259. 25% ).
Furthermore, compared with the GMF intensity 45 nT, the GMF intensity 50 wT significantly decreased
the egg duration (2. 52% ) and significantly increased the egg hatching rate (10. 83% ) of the F,
generation of N. lugens. [ Conclusion] The results suggest that the GMF intensity of the region where NN.
lugens is located after northward migration in spring is positive for its migration to enhance the population
fitness, further advantageous for the population occurrence and increasing the risk of population outbreak
and damage in the immigration regions in spring.
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magnetobiological effect
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Fig. 1

Effects of the change of simulated GMF intensity of spring emigration ( Guangzhou, GMF 45 nT) and

immigration (Nanjing, GMF 50 pT) regions on the hatching rate (A) and developmental duration (B) of

the eggs of the I, and F, generations of the migratory brown planthopper, Nilaparvata lugens
FE AR NG RS b 43 3 3R Rl — AN Rl b R i B2 A B 22 [B] (GMF 45 T ws. GMF 50 wT) LA K [R]— b i 5 B2 A 23R AS R AR (Fy ws.
F) Y 2z (8] 28 LSD #5622 7 .2 (P <0. 05) . Different lowercase and uppercase letters above bars indicate significant differences between different GMF

intensities (GMF 45 wT vs. GMF 50 wT) for the same generation, and between different generations (F, vs. F,) for the same GMF intensity by LSD test

(P<0.05).
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Fig. 2 Effects of the change of simulated GMF intensity of spring emigration ( Guangzhou, GMF 45 uT) and

immigration (Nanjing, GMF 50 nT) regions on the developmental duration (A, B and C) and survival rate (D)

of female (A), male (B) and total nymphs (C) of the migratory brown planthopper, Nilaparvata lugens
ARG FRE P53 59878 5] — P A (5] 3t 54 2 b B 22 8] ( GMIE 45 T ws. GMF 50 ) , LA [ — st o 560 JEE Ak BT A A 2 )
LSD #5625 57 B 3% (P <0.05) . Different lowercase and uppercase letters indicate significant differences between different GMF intensities (GMF 45 T
vs. GMF 50 wT) for the same sex, and between female and male nymphs for the same GMF intensity by LSD test (P <0.05).
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Table 2 Two-way ANOVAs(F/P values) with geomagnetic field (GMF) intensity and generation as main factors
for the effects of the simulated GMF intensity of spring emigration ( Guangzhou, GMF 45 pT) and immigration
(Nanjing, GMF 50 pT) regions of the brown planthopper, Nilaparvata lugens on hatching rate and developmental
duration of the eggs of the F, and F, generations, and two-way ANOVAs ( F/P values) with GMF intensity
and sex as main factors for the effects of different GMF intensity on the nymphal duration, body weight of the newly

emerged adults and adult longevity of females and males of the F, generation

FEES 5L iwﬁg P51 AR GMF x £ 51 GMF x 4
Population indexes GME intensity Sex Generation GMF x Sex GMF x Generation
(GMF)
B Egg duration (d) 6.94/0.009 ** 155.55/ <0.001 *** 2.94/0.88
BIEAL = Egg hatching rate (% ) 3.30/0.075 31.52/ <0.001 ** 0.40/0.53
W25 1 % 75 0] Developmental duration of female and male nymphs (d)
1 #4721 1st instar nymph 13.75/ <0.001 ™~ 1.91/0.169 7.58/0.007 **
2 #%%7 11 2nd instar nymph 0.14/0.71 0.45/0.50 0.032/0.86
3 #4751 3rd instar nymph 2.57/0.11 8.11/0.005 ** 0.045/0.83
4 {45 H1 4th instar nymph 1.13/0.29 2.30/0.13 0.79/0.38
5 %35 11 5th instar nymph 0.073/0.79 5.86/0.017 1.88/0.17
1 =5 #3711 1st - 5th instar nymph 8.79/0.004 ¢ 5.45/0.021" 1.30/0.26
P AR il ¢ L
Body weight of the newly emerged female  1.66/0.21  104.47/ <0.001 *** 1.11/0.30
and male adults (mg)
W e 1 3 i
12.50/0.001 * 1.07/0.30 0.85/0.36

Longevity of female and male adults (d)

*P<0.05, " P<0.01, "™ P<0.001.

F3 EHEFIEEHM M (GMF 45 uT) 5FENME R (GMF 50 uT) iig38 ET L5t
F, RECAEREEHH MBUBREE, BB Saw . R EE S
MEHEKEB BB MW ERFAESH(F/PE)
Table 3 One-way ANOVAs ( F/P values) for the effects of the GMF intensity of spring emigration
( Guangzhou, GMF 45 pT) and immigration (Nanjing, GMF 50 uT') regions of Nilaparvata lugens on
the developmental duration of nymphs, body weight of the newly emerged adults, adult longevity, fecundity

of female adults and population growth trend index () of the F, generation

TS %L Population indexes F{H/P {& F value/P value

2 % i Developmental duration of nymphs (d)

1 4251 1st instar nymph 11.77/ <0.001 ***

2 %4 M 2nd instar nymph 0.24/0.62

3 4451 3rd instar nymph 3.83/0.052

4 475 B 4th instar nymph 1.88/0.17

5 %5 L 5th instar nymph 0.038/0.85
WIBE R AT Body weight of the newly emerged adults ( mg) 1.09/0.30
4 Adult longevity (d) 13.38/ <0.001 ™
M B Number of eges laid per female 4.83/0.035 "
BB R 2R 1 L K 2 ik 7 Relative expression level of Vg 22.47/0.009
TR K A58 Population growth trend index 2.29/0. 14

“P<0.05, " P<0.01, ™™ P<0.001.
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Fig. 3 Effects of the change of simulated GMF intensity of spring emigration ( Guangzhou, GMF 45 uT) and

immigration (Nanjing, GMF 50 pT) regions on the body weight of the newly emerged adults of female (A),

male (B) and total (C) and adult longevity of female (D), male (E) and total (F) of the migratory

brown planthopper, Nilaparvata lugens
ARG FRE b3 5 7 [ — P A 7] Mg i 2 A B 2 3] (GMIF 45 T ws. GMF 50 wT') L% [) — Ml 5 J3E A0 B A 1 L 2 ] 28 1LSD A6

1223 B3 (P <0.05), Different lowercase and uppercase letters indicate significant differences between different GMF intensities ( GMF 45 T vs.

GMF 50 wT) for the same sex, and between female and male adults for the same GMF intensity by LSD test at P <0.05.

Helicoverpa zea 55 ) WK K E 58 BRACHT 45 O A
WON i 38 (Prolic et al., 2001; Savié et al., 2011
Polidori et al., 2012; Todorovic et al., 2012) , HZE
SR RGN B H R A W)~ 00 B2 ) 2 BN Sy Ho]
RESZIA 1 A5 ) F5E B 30 8 A PR O, Nl 25 1 L
BT i 8 % ( Eckert, 1972; Rosen and Rosen,
1990) . 5553 AH 1, vh &85k FERE S k1 B iR
WRRG R I E , I i H L AR 5 3 i ( Prolic and
Nenadovic,1995; Vdacha, 1997; Prolic et al., 2001;
Raus et al., 2009 ; Savic et al., 2011) , KRBT EIR,

5HFZRIGTE b 1% GMF 45 T A LL, #5 Kl
21T A7 GMF 50 wT 4b 3RS 2 Uy A &
FHEK G, Pan(1996) DL K Pan £ Liu (2004 ) {1
WFFEL & BB 4 375 (SMIF) [RIAE REAS AT K IR i % 7
W1, #IR e AN g (2013 ) W5 & R Z 1 37 ) A
KA gl Ao, (B 6 2458 J0 3 5, Wan 4%
(2014) W98 & B #e K EL 2838 1 ) ( NZMF < 500
n'T) Kb 3 51 I3 300 408 38 S, o e ke A o W 3 AR
7O R D AR A R AR
KEAFAH, EWIWI(2010) %5 /N3 e A1 5 v % 30
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Fig. 4 Effects of the change of simulated GMF intensity of spring emigration ( Guangzhou, GMF 45 uT) and

immigration (Nanjing, GMF 50 uT) regions on the fecundity (A) and relative expression level of vitellogenin

gene (Vg) in female adults (B), and the proportion of females (C) and the population increase trend

index (7) (D) of the migratory brown planthopper, Nilaparvata lugens
RGP IR 22 LSD K656 7 [7) i i 5 B AL PR 22 6] (GMF 45 wT vs. GMF 50 pT) 2257 i3 (P <0.05) ., Different lowercase indicate significant
differences between different GMF intensities (GMF 45 pT vs. GMF 50 wT) by LSD test (P <0.05).

Ve 2 15 Y7 5 B A 354 1 (150, 200, 300, 360 #1520
mT) , &)y U 8 Hy 3, M e e ol Hh 75 i 12 ¥
KL SRRV NS IS (1994) WF5E 0, Bk th 22
“SC-B HUFESRME” Ab R JS , )0 U™ P 19820, BB AL
AR, Ao g . AWF5E T, 5SEZEILEIE
7537 GMF 45 WT ZE3AR I, i A7 3% GMF
50 T AP 1 F, AR F, AUORIEILA, 4 1 B0
T4, A ) T B2 v B 3 5 B (R i &)y e
eIf4 B w0 B 4 JUBCRE ) o Pan (1996) 53 & IR H%
TR Wk Heliothis virescens 3] % & B IG & T
1E 1 58 1 3 v e LR R BRI O o X TS
[ i ( B2 SR i Drosophila melanogaster T v 2 G SR
W D. hydei) ,60 mT (258G 08018 1 MG AU JS
RE,IHES T E B LG (Savic e al.,
2011), [AlRE, AW o GMF 50 wT 4bBREE K T2
RO ST AR HU R R A T
A R A5 DT B e LRI R 2 A 1 T KR s O — 7

[, GMF 50 wT AbBEIAHE & T 90 PI4k sl e AR 5, 4 J
T AR, IR R R T B DR R R R T
WA, HFFE SRS Wan 55 (2014) BFFE45IEA
— B, UL T R 3 s il 0k 4 R ELR B Y IS A
JER AN

AHFFEL Bk B, GMF 45 wT 1 GMF 50 uT
E A Fn] BEIE IS 52 Ve 23K iR A 448 TR mUME
HAERKEEME, BARIIE RN E R HHE
REFORIE (HJ2 B 1& AT AL 2 Ve, TENRI A
Ve B FU B AR N> W5, Z )5 /N0 54 JBid
1 SRS F 5 e A8 i DT S B9 SR AL 25 5 SR ) o
( Hagedorn et al., 1979; Raikhel and Dhadialla,
1992; Giorgi et al., 1999; Tufail et al., 2005) , Vg
Yoz R B DR REANLS 45 A R IR R E
fig & fig & (Tufail and Takeda, 2008) . Kt , #8 K&l
WEH 28 GMF 50 pT #3570 BN 53k 77 B & b 7]
REJZ U A F M e Vg K3k & I Jt. Raikhel 4§
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(2005) WFFE L AT T RZHE 3L, Ve 196 32 3 H
B SRR, 5 R B A N B DR GITECR (It
PR TN — S 22 fRIE ) BT 2 5 45 Vg I 5% 5
7K F-( Tufail and Takeda, 2008) , H B HUA& P £ 4734
EZ 5K Vg W5 53R I8E B UEY] (Wyatt and
Davey, 1996; Raikhel et al., 2005), Tufail %
(2010) HLAGE TORYIA R AT RES 5iMEEHS CEl Vg
R S ik . Wan 55 (2015 ) X[ 41 38 3R A K 9%
OGS EL DR A I 18] B 28 3R 5K 73 D 4 SR AU S Tk —
R

Zi bAS Y R S A6 I CR U KR AR
AL L (77 M GMF 45 wT) 23T A (19 5T
GMF 50 wT) i b7 55 MR 5E T, OF Iy 3 4 St , O OE
AR T, TN 2 ORI S e H g
A HU g IISE A R I A T 4 K A HL A I ]
J HOA TR, DTt o R e 2 11 T XU 5 ol
oo A0 SN LA A 5 M ™ D i i vy, R T e
TG R TN HAT KA R A AR O
HZ R S 3 XU
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