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Effects of near-zero magnetic field on the growth and development
of small brown planthopper, Laodelphax striatellus
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Abstract [Objectives] As a vector field, the geomagnetic field (GMF) can not only provide orientation (location)
information for the creatures on Earth but also potentially affect their evolution. Studies showed that magnetic field intensity
changes could result in bio-effects on organisms’ physiology, metabolism, behavior, etc. It would help clarify these magnetic
effects with insects as model organisms by exploring how the changes in GMF intensity affect their physiological development.
[Methods] In order to explore the magnetic response strategies of migratory insects to changes in the GMF intensity, we
chose small brown planthopper, Laodelphax striatellus, which is a migratory pest on rice, as the study object and simulated the
GMF intensity absence by creating the near-zero magnetic field with Helmholtz coils system, to clarify the bio-effects
triggered by the extreme treatment of GMF intensity absence (NZMF versus GMF) on the growth, development and
reproduction of L. striatellus. [Results] Compared to the GMF control, NZMF significantly prolonged the nymphal duration
(+8.23%) as well as longevity of male adults (+35.60%), while significantly shortened the longevity (—=17.68%) of female
adults and decreased the body weight of female (—15.82%) and male (—15.21%) adults. No significant effect on the egg
duration of L. striatellus was found in this study. [Conclusion] The NZMF (versus GMF) significantly affected the growth
and development of L. striatellus, and induced a sexually dimorphic bio-effect on longevity of adult L. striatellus.
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HBR E AR Y20 52 B M KRG e, B
T 2% S [ T VP R 7 %) G 3 9 R A JEE AN AN g 2
YR iE g A% SR It 7o 1 5 SALE R WX
YRR . B VG A A AR ) A A
( Able, 1991; Wiltschko and Wiltschk, 1995;
Srygley etal., 2006; Vidal-Gadeaetal., 2015 ),
BT, CAKEW MR Y AT . A9
FRRELIE Y, Wmast  uE . Mfn . EESE
( Walker and Bitterman, 1989; Lohmann et al.,
2004 ; Johnsen and Lohmann, 2005 ; Srygley et al.,
2006; Vacha, 2006; Gegear etal., 2010 ); fH4#),
WRG ., FK. #IFIT5 (Galland and Pazur,
2005; Ahmadetal., 2007; Florezetal., 2007;
Radhakrishnan et al., 2012); /%), WkamRign
W KIBFFE 45 ( Kazumasa et al., 2001 ; Ye et al.,
2003; Faivreetal., 2010; Xuetal., 2013 ), T
THAF R Hb BR300 55, X s XK ]
78 P i R A W B S B P T b,
W 5 B —— BRI E F Wi Y ( Near-zero magnetic
field, NZMF ) [ AE )t i LT S0t g 2 o 52
UESE, WARKIAE TIEERU AT, i)
Tl 22 R G0 2377 A= RS (Bliss and Heppner,
1976; E2f5%, 2003 ; Zhang et al., 2004; Prato
et al., 2010; Mo et al., 2015), FHAHF LR
23| W50 (Fesenko etal., 2010; Moetal.,
2012); AL 2R 68 T L F WG R B 25 e\
{&{#HE ( Binhi et al., 2009; Binhi and Sarimov,
2013 ), P, JFREA SCIEFMEY T REA Y2
Wil o AIFE, A8 ) ) B b R 7 i A A ) b3k AR
YR A= 0 2 800

UEAESR, DLES SR BTN G R A )2 500
M58 E B AL D T AR SR B B ( Moderate
magnetic field, MMF; 1 mT-1 T ) X} HA: K& & Ml
FRILE BEAY S0 KL ( Todorovic etal., 2012;
Savic et al., 2011; Polidori et al., 2012); X}
T 55163 ( Weak magnetic field, WMF; <1 mT)
ol S ML % 3 ( Geomagnetic field, GMF ) i
NZMF % B B4 A BROR S8 A0 9 52 0 AT 5 L35
/b> (Zhang etal., 2012; Wanetal., 2014; X%
2L 2018 FIEHH S, 2019 ), K KA\ Laodelphax

striatellus J&F& EKREA ™= L FEMERZ —,
PTAEAR , K S HAZ R 1 1 o 3 T
T AR DX KRR A P A f S, Rk
AR RN e At T ORI (PR A,
2018 ), JK WEEF FYEH 1z, HAM A (Rp
KA A A ), JEEABGERLT WH, E
AR, IR REUCH IS G i 5L T R i AR Ak
RGN A G i — 2D 58 0 T iR R AT
T R A TR A W Y SR T AR A R
MAE, 20135 BUEMASE, 2019; 5KEHAE, 2019 ).
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VRN B REYEY) BT AR N, R WNZERREYEY) B ]
REAHE REWRIN A NIRTEDI BT (iR =25,
2011; XUHT, 2014; Bize 4, 2015; Panetal.,
2016 )o MHIRAMERTTRG LA AEAE PR 2 Hb
T 7588 B A Ak g i 7 B HL3E W SR, ASBIFSE LA
RAECHWFTE RS, il N T ARG Y AR Ak
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O R CEA K R F R, A R A
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A AT R L QR %) e i 1o L R A
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() B S 50 BE AR IE SE 56 3 2 RS o 5
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TR RO AR 1.2, K CEHL Sk B A SR 7E
GMF FI NZMF Kb P () i 1745 il 2 00 A5 R A B8
Z3[a] CRE 1.2 ffR A U #as 0] ). i AR d
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T LR 5 kA, I EsEE —IRBRRiI AL, B
PREKFEH o RS SRR BB /R
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R A AS B o AR A v FH T T A9 B
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ZL MR T R BRI AR E I, BER I R
YN BOIREA R 150 Sk, HbRg37 B DA AS
H 160 3k,

B 1 EFE#LG (NZMF) REFRRES RS (Wanetal., 2014)
Fig. 1 The NZMF and the environmental control system (Wan et al., 2014)
A, JHT NZMF KA Z I 252005 B. NZMF s 47 PR 54 i R 48
a: ITEUGIARAEHA ] b ZIE LI,
A. The Helmholtz coils used for to generate the NZMF; B. The environmental control system.
a: Effective processing space of NZMF; b: The Helmholtz coils.
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AT AT 5 — 0, B304 )R AE kBt
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TWERLH A 50 3k, BERCECH 50 Sk, Mgl T HE
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1.8 HURABESH
i F SPSS 20.0 XF A5 b pr A $dig 17 48

14381, FFH Shapiro-Wilk test 46 56859 #0 1F 25
A, FE{d ] Levene's test K5t 14 5 2255
PE(P>0.05). 733 LAREY CGEZ G Mg )
FE 0 e ) VRSP AE B 5, XK R EL
Al S 5 RN ) A o AR R AT LR 3R
ZHT, PRI TR T 22 T, LA,
it —2 R H LSD A gtk g 7 Ab B ] 22 57 o PR A
% (P <0.05),

2 HRESHH

2.1 NZMF 37 C R\ IR EA B9 &I

IEEREH MRS AT, KRBT 59 B
433 9.02 d F19.05d. H BT 208 £
b 14 S 5 B AR AR KRB P Y 52 e AN 2
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Fig. 2 Egg duration of small brown planthopper,
Laodelphax striatellus under NZMF and GMF

HE_EARA ARG F-5E R NZMF Fil GMF Ak B2 [i] 22
LSD ta4a 22w A W% (P>0.05) .
Histograms with the same lowercase letters indicate no
significant difference between NZMF and GMF
by LSD test at P > (.05.

22 NZMF MR CEEHREZ B HEHN MW

U -7 2253 B2 01, Ml b7 5 3 78 A i 3%
s 1K CEE R E DI (F=6.125, P =0.015
< 0.05, df=1), A MANZRARE (F=
1.233, P=0.269>0.05, df=1)., 5 GMF 4:FHAH
L, NZMF Ab P i 35 SR T e AR e g A
ik 8.87%H1 7.72% (P <0.05; K 3).
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Fig. 3 The female (A) and male (B) nymphal duration
of Laodelphax striatellus under NZMF and GMF

B EARAANF/NG FBER IR NZMF Hl GMF 4b#12 [
Ve U IIZE LSD iR 25 % (P <0.05) .
Histograms with the different lowercase letters indicate
significant different between NZMF and GMF
by LSD test at P < 0.05.

2.3 NZMF 3R KB B F 5 m

MR F 5 2253 P2 1, PRI K B R
M % (F=14.992, P<0.001, df=1),
iR S 5 A Ak RN M N 22 8] B A8 AR AR
ERm TR CEUR R ey (F = 17.652, P <
0.001, df=1), 5 GMF %HEZHAH I, NZMF &
EYERL T MER R A, P E R T R R
fr, A 17.68%H1 35.60% (P <0.05; & 4),
T T MR S B A AR K6 U L A 5
B CMEME RN, eAh, IEH GMF ZAEET, K
Ol e B W sl T I ISP
63.37% (P < 0.05), 1fii NZMF AP, JK R
WERE R R A o 2 (P> 0.05 &1 4),

2.4 NZMF 3t 7R R # BB R E R &

XU F- 7 2253 2 BH , M 3758 B A8 A ARt
R 7K CERIPAE R RE (F=13.473, P
<0.001, df=1), HMEREN Rz 250 (F=
49.386, P <0.001, df =1 ), 5 GMF #f It , NZMF
I 2 A TR E R P A M e A ER 43 R
8T 15.82%F1 15.21% (P <0.05; & 5), 14k,
1 GMF Fl NZMF AbBEF, K CEAT P A e
TR LA P A B AR B B 4 5 T 40.69%F11
34.64% (P <0.05; K 5),

20 -
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# s b,B
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K KENMER] Sex of L. striatellus

B 4 EFEEEFMIESMEGLET
IR C BV Y R B A
Fig. 4 The longevity of female and male

adults of small brown planthopper, Laodelphax
striatellus under NZMF and GMF

HEARA ARNG 5B KR 2 LSD K, [al—PEilfE
NZMF il GMF 4bBiZ [6] 2257 3% (P <0.05) , H LR
HAFIRE FRFRIR S LSD # i, AHFIRESA AL BT K&
TUME | A 2 [ 22 57 B2 (P < 0.05)
Histograms with different lowercase and uppercase letters
indicate significant difference between the treatments of
NZMF and GMF for female or male adults, and between

the females and male adults of L.striatellus under NZMF or
GMF by LSD test at P < 0.05, respectively.
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E 5 EE#ZMMEFLE TR CENPALRREE
Fig. 5 The body weight of newly emerged female and
male adults of small brown planthopper, Laodelphax
striatellus under near-zero magnetic field (NZMF) and
geomagnetic field (GMF)

FE A AN FRE S8R 7R 4 LSD K 504 [R] i 37 b B2
TORCEUME . AU 2E S B B EARA AN RN TR
FIA R RS 78173 ) 27 [R]— ) 2k BEZH NZMEF F1%) IR
2 GMF ZIu), LA KA [R5 Ak BT Bt UM e i e 7

A2 (B2 LSD k25 5 i3 (P < 0.05),
Histograms with different lowercase and uppercase letters
indicate significant difference between the treatments of
NZMF and GMF for female or male adults, and between

the females and male adults of L.striatellus under NZMF or
GMF by LSD test at P < 0.05, respectively.
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3 itig

HAl, X7 B HUE A= W2 800 i 5 32 i it
N THEADREG AR AT, F90 I (S 24 rh
T MMF (Im T-1T), Friffseny R g 3 a0 4% 51
U Tenebrio molitor . XI Fb WE.#% %2 Anopheles
gambiae, J# Drosophila melanogaster. i
Musca domestica, & KF|% 1 Apis mellifera, 17
45 41 Baculum extradentatum Fl4H 27% ik Heliothis
virescens 5% ( Todorovi¢ et al., 2012; Savic et al.,
2011; Polidori etal., 2012 ), AF5ERM, RiE
B A A Yl E X MMF v, A
KHEFAAL (Eckert, 1972; Rosen and Rosen,
1990 ). 5 GMF #itt, MMF &b FE2s e B s i)
WG %% (Savicetal., 2011 ), 4iNE Rk E
(Raus et al., 2009), AMFFELREN, NZMF
Xt REVAE K R B R AR 5 MMF X R U
WA AON AR, B R TR U R
B, I R P A AR, DA
KREN LB AR, AR RE R, LR
i (B NZMF ) BEAR B b TP A= P A A= 3 &
B, WG & B ha 4R 2m e 3 , I ak
M T BRI I, R 5 e 277 AR 7 R T
AE T2 i1 4324 ( Fesenko et al., 2010 )., itboh,
INA WG R , NZMF W] SE S48 K mL A O A2
KB DT, (R AR ) b A R P AR LA B
WA LB FEBE S (Wan et al., 2014 ); 5 GMF
FHH, NZMF ffi (975 K& Sogatella furcifera #
HPTBIRE R, IF 0 3 40 R T RS AR A e A Y
#fi (Wanetal., 2015), SAMFILER—F,

F—J7, AHGEFR NZMF 0] DL As fs
52877 17 (Bliss and Heppner, 1976;
Zamoshchina et al., 2012), TMiEAEEGZR (Cry)
TES R A R Oy T R E AR, Kb
YiANE T BIRRAE AR (Cry2) TR AT MY
i B AR B A el g AR 5 ( Zhu et al., 2005 ) .
VFZ W58 R WA A= W) T 5 1 28 9 43 Wb R 456 P [
YERT, Z# A Relalgi s B AN RS, W
W PR . RAIPER 4355 (Henrich et al.,
1998; Sandrelli et al., 2008; Yamanaka et al.,

2013 ) o Wi f R AR LS R L R R R &
B, XWANKERZ LIRSS Ay . A
R LUK CEWE IBFIE X4, (e g AR L R
(NZMF vs. GMF ), XK KEEPH 7 A B
B R R SR B R AR R T AT . 45 R
W8, 5 GMF ML, NZMF W KA kT
i, 456 A MR 8T, NZMF ] g i
AE O T PR DI 2% Rt S R i A fk, &
SRR TER 53 AR /D DT A 7 LA 22 ) ]
[ AR IR 56 25 SR F ) NZMF [ 25 45 % e i
JF H 1 25 B AR ME A ol iR 8, X5 Wan 5%
(2014, 2015 ) X4 CEVFI 1 REVIBFFT S
AHML. T NZMF AbPR i 3 4K T ) P A Al
A AT, 46 S R A, XK AU R A A5
e 2 00 L A — ARG, — IR R ETE
NZMF 520 T €47 88 71 248 1k i i 58 ik B
NZMF X (1 Kl “ATRE ) e B b
TRIMET (DTS5, 2016 ), XA REREAE KEUAR
P i i i ELA P ) e S

ZE Lk, AR o N TR b0 AR
fb (NZMF vs. GMF ), LUK REWE MG,
X T R T LN | 7 D 3 DL e e R o
AR E TG . S5 ERM, IETREIAN KK
AT U ) S 2 S AR T R A I
AR, EGT A Al R ) o 2 I A — R
MG, EXIEETEMALRE . RRWAETH
WE K IR AR AR AL W], Tk PR AT R 1Y
PR N RGP, B, BRATTHEN
R R LNy S L RUR LECE L EZE X5 WINI 1B AL &
HFoHSEA, FEmEHx K CaEEK AT 1
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