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Effects of heavy metal Ni’* on the development and reproductive behavior
of Ostrinia furnacalis ( Lepidoptera: Pyralidae)

CAO Hong-Mei, ZHENG Li-Xia, WEI Hong-Yi" ( College of Agronomy, Jiangxi Agricultural University,
Nanchang 330045, China)

Abstract: [ Aim] This study aims to explore the potential impacts of heavy metal nickel (Ni’") in
polluted farmlands on herbivorous insects. [ Methods] Neonate larvae of the Asian corn borer (ACB) ,
Ostrinia furnacalis ( Guenée) , were fed with the artificial diet containing heavy metal Ni’" at different
concentrations (1, 5, 10, 15 and 20 mg/kg) or without any heavy metal (as the control) under
laboratory conditions. The parameters of development and reproductive behaviors were systematically
investigated. [ Results] Heavy metal Ni’* exhibited inhibitory effects on the larval and pupal duration,
pupation rate and emergence rate of O. furnacalis. However, Ni’* promoted the female pupal weight,
and this promoting effect gradually decreased with the increasing Ni’* concentrations. The pupal weight of
male larvae exposed to the low concentrations of Ni** (1 —10 mg/kg) was higher than that of the control
while the pupal weight of male larvae exposed to the high concentrations of Ni** (15 =20 mg/kg) was
lower than that of the control. The average calling duration of female adults gradually declined with the
Ni** concentration. The calling rate of female adults exposed to Ni** and their calling peak time were
basically similar to those of the control group, but were affected by the four higher concentrations. In the
treatments of the four higher concentrations, the calling peak time appeared earlier and the highest calling

rate of female adults was less than 100% . Ni’* at the concentration of 5 mg/kg had the promoting effects
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on the orientation behavior of male adults, while the remaining four concentrations of Ni’* exhibited the

inhibitory effects. All the concentrations of Ni** showed the significantly inhibitory effects on the ovipostion

and egg hatchability of O. furnacalis. [ Conclusion] The development and reproductive behaviors of O.

furnacalis are affected by the heavy metal Ni’* | and there exists a dose-response relationship that the

partial indicator parameters change with the increasing Ni’* concentrations (except 5 mg/kg).

Key words: Ostrinia furnacalis; heavy metal; Ni°*;

behavior; fecundity; egg hatchability
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Table 1 Developmental parameters of Ostrinia furnacalis fed with the artificial diet containing different concentrations of Ni’*
Ni?*He ¥ (mg/kg) 4 BUiI(d) fLIFZE (% ) U Pupal weight (g) S (d) PE(%)

Ni%* concentration Larval duration Pupation rate 1 Female i Male Pupal duration Emergence rate

0(CK) 16.34 £0.06 d 98.43 £0.96 a 0.061 £0.009 d 0.047 £0.001 b 6.36 £0.05 e 95.45+1.31 a

1 17.04 £0.01 ¢ 97.63+0.95 b 0.071 £0.001 a 0.047 £0.001 b 7.25+0.07 d 86.80 +£2.00 ¢

5 17.84 +£0.10 b 97.03 +1.29 b 0.067 £0.014 b 0.053 £0.001 a 7.52£0.06 ¢ 92.90 +3.85 b

10 17.56 +0.08 b 95.10£2.35 ¢ 0.068 +0.001 b 0.046 £0.001 b 7.42 £0.06 ¢ 88.65+1.86 ¢

15 17.92 £0.09 ab  92.88 £0.45 d 0.063 £0.001 ¢ 0.043 £0.001 ¢ 8.04 £0.06 b 82.80+1.62 d

20 18.04 £0.11 a  92.82+2.03 d 0.063 +0.001 ¢ 0.042 £0.001 ¢ 8.61 £0.04 a 80.23 +2.69 d

KPR FE £ Pr R (BEAE R n =4) ; FIFIEERE FRAMIF R 24 Duncan [RZ H AT 2257 B3 (P <0.05) . Values in the table
are means = SE (sample replicates n =4 ), and those in the same column followed by different letters are significantly different (P <0.05, ANOVA

followed by Duncan’s new multiple range test) .
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Fig. 1 Calling rate of female adults of Ostrinia furnacalis fed with the artificial diet containing different concentrations of Ni**
HIB B R kARG 25 5 - 10 h (R, B 58 1 AREETFORWHYIEE 5 /DI IR 58 2 ARAL TR WENIE 5.5 /N R 3R, DAk
24k, £ 30 min 5% 1 YK, Bars represent the female calling rate from the 5th to 10th hour after the initiation of scotophase, the 1st bar indicates the
calling rate at the Sth hour of the dark period, the 2nd indicates the calling rate at the 5. 5th hour of the dark period,---, and so on, recording in a 30

min interval throughout the 10 h scotophase.
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Fig. 2 The highest calling rate of female adults of Ostrinia furnacalis fed with the artificial diet

containing different concentrations of Ni**
B R I + FRAETR 8 EARTR/NG PR IR 2 Duncan [KZE KKK 25 W% (P <0.05), Data in the figure are means + SE.

Bars marked by different lowercase letters indicate significant difference at the 0.05 level by Duncan’s new multiple range test.
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Table 2 Average calling duration of female adults of Ostrinia furnacalis fed with the artificial diet

containing different concentrations of Ni**

Ni%* Y (me/ke) B 1 (h) B2 (h) A3 (h) Wi 4 (h) m5H 5 (h) miH 6 (h)
Ni%* concentration Scotophase 1 Scotophase 2 Scotophase 3 Scotophase 4 Scotophase 5 Scotophase 6
0(CK) 4.63+0.33 a 4.60+0.37 ¢ 4.89+0.36 a 4.44 +£0.44 a 3.21£0.36 ¢ 1.81 £0.34 ¢

1 3.73£0.36 b 5.67+0.34 a 4.50 £0.30 ab 4.23+0.38 a 3.88£0.41 b 2.56 £0.25 ab

5 3.70 £0.42 b 5.51+0.39 a 4.56 +0.40 b 4.40+0.35 a 4.44+0.34 a 1.88 £0.26 ¢

10 3.39+0.34 ¢ 5.03+0.37 b 4.59+0.46 b 4.36 £0.45 a 3.68 £0.46 b 2.92+£0.47 a

15 3.52£0.35b ¢ 4.33+£0.38d 4.08 £0.34 ac 4.33+0.40 a 3.24 £0.44 ¢ 2.14+0.32 b

20 3.08 £0.30 c 4.15+0.39 d 3.41+0.24 d 3.33+0.35b 2.24+£0.39 d 1.89 £0.31 ¢

FPEE P £ ARMER (AT R n =3) ; FIFIEEEG 7 HAAHIF R 4 Duncan [C £ 5 LR 22 5 8.3 (P <0.05) , %3 [d, Data in

the table are means + SE ( sample replicates n =3 ), and those in the same column followed by different letters are significantly different (P <0.05,

ANOVA followed by Duncan’ s new multiple range test). The same for Tables 3.
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Table 3 Orientation behavior of male adults of Ostrinia furnacalis fed with the artificial diet

containing different concentrations of Ni**

FE (% )

Directional rate

NI (mg/ )

2 .
Ni”* concentration

S A (% )

| Average
Reaction rate &

response time

PR R IR] (s)

MRS HOEEERIER (%) BEEFERRER(%)

Landing to the

FRH(% )

Halfway to the Approaching the

pheromone source pheromone source phel‘omone sources

0(CK) 79.50 +4.79 ab 69.81 £6.50 b  17.71 +1.38 ¢
1 72.72+3.19b  72.55+4.82b 28.00+1.26 b
5 84.98 £2.70 a  80.49+3.21a 17.61 £0.78 ¢
10 64.54 +3.45 bc 62.74£2.49 ¢ 37.97+2.28 a
15 58.90 +4.61 bc 58.82%2.95d 38.77+1.83 a
20 54.90 £3.87 ¢ 45.10+4.59 ¢ 42.57+2.44 a

62.73 +4.91 b 5.24+1.03 b 54.23 +8.35 b
52.90 £4.89 ¢ 3.80£0.58 ¢ 49.10+6.39 ¢
67.73 +8.74 a 6.32+0.49 a 60.68 +6.19 a
36.90 £7.29 d 0 34.90 £5.17 cd
27.46 £3.71 e 0 27.46 £3.71 d
19.46 £2.76 0 19.46 £2.76 e
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Table 4 Fecundity of female adults of Ostrinia furnacalis from survived larvae after exposed or non-exposed to Ni**

Ni%* e (me/ke) 7= i B/ M) Fecundity (number of eggs laid per female)

Ni?* concentration Nid xNi¢ Nid xCK?Q CK& xNi@ CK& xCK¢Q
1 179.8 £10.7 b 177.2 £26.2 b 142.2£31.9 ¢ 247.9 £15.5a
5 180.2 £28.9 b 179.5 £20.5 b 136.8 £31.5 ¢ 247.9£15.5 a
10 133.2+19.8 ¢ 169.2 £28.4 b 125.0£11.32 ¢ 247.9 £15.5 a
15 129.8 £24.3 ¢ 157.3+£10.6 b 120.3 £23.2 ¢ 247.9£15.5 a
20 91.7+28.8 ¢ 150.0 £32.6 b 82.8 +28.5 ¢ 247.9£15.5 a

PR e I ME = bR (FEAR TR n =3) s [AATHUR S T BEA IR 2278 28 Duncan [R5 T LB 4625 5 B2 (P <0.05) . 35 [ Data in

the table are means = SE (' sample replicates n =3) , and those in the same row followed by different letters are significantly different (P <0.05, ANOVA

followed by Duncan’s new multiple range test). The same for Table 5.
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Table 5 Egg hatchability of female adults of Ostrinia furnacalis from survived larvae after exposed or non-exposed to Ni**

Ni2* #e B (mg/ke) DS LR (% ) Egg hatchability

Ni2* concentration Nid xNi? Nid xCK¢Q CK 34 xNi¢ CK 3 xCK®Q
1 88.8+0.8 b 85.1+0.3 be 83.8+0.6 ¢ 95.7+0.5 a
5 86.4+0.6 b 84.1 0.2 be 82.4+0.6 ¢ 95.7+0.5 a
10 75.6 £0.8 b 73.6+1.0 b 70.5+0.7 ¢ 95.7+0.5 a
15 70.8 £0.5 b 70.5+0.7 b 70.4 £0.8 b 95.7£0.5 a
20 70.4+£1.0b 68.6£0.5b 68.0+£0.8 b 95.7£0.5 a

PR PR, KB DI, 7 O 5 a2,
FEERFEAIG, BOERIG I, AR B 1S K2 B i Bk
X H5 % & (Vlahovic et al., 2009 ; Mircic et al., 2013) ,
PR EA R FRRESRNTIRE. MR,
TR T 4 et o A W IR LE T e Bl 2 ol
B e RGE, $E B U S 1Y) ) B | e 4 )
YRR A BB FETH 7 (Grzes, 20105 van Ooik
and Rantala, 2010) . ARSC5G 780 ik | Bk 458,
BIECE & Ni** A9 N ARG, 0 9 T K B8 1 &)y oy
W I TR PR 7 B e BRI AR
2 F) T R FRR B AR, JF X R 5 N
YR VIG5 mg/kg Ni* ™ AbHEAT, FEARVRE T
WK AT S BT ARG Ni* vk B8 0 A8 1k Y
FE-R N FR X — 25 Rt 5 M EE 45 (2007 ) (15K
a5 R —3.

ARSI ZE TR T, AR Ni* T A5 00
N RIE A A= K B AT g, 6 S Y R B
RS ARAT A TR B 1) 22 1) AT Rt P A s e, AR S5
SER I, T AR NI® 0l (4 SR A AT kg A0 i 14
JE AT 52 e 5 4 e B L 3 DA OG . filn,
Xt HRLLAH LE , SO e (20 mg/kg) (1 Ni** 5%t i %
TEASA 5 30T Hh 0 SR A8 45 22 i 1) R e BRI kA 1
At e 2 B L 400 4 P SR B £ R,
B 1,5 110 me/kg i Nit* Xk 7645 2,5 fi16 4
M5 30 P ) SRR ) 2 B e VR T, RS 1,
3 R4 A A P R B VR s T 15 meg/kg 1Y
Ni* " X MER B9 55 5 1 6 A5 UT A0SR A 4 252 i) [ 2 B
AR HEVERT 55 1 — 4 A5 A A U] A A
PR AT A 7 16, BR T 5 mg/kg Nit ™ X Hi = A
PRHEAE A1, At v B 110 Ni»* X i 1) 52 147 g 34
P sifE R . oA X s R R R aT e 2 07
T, 1 56, SRABA T oA Sl i A R 3 I 1) S
L5 B WOR ST AT R RN, 2 38 L i W 4
() P JE IR R 5 T A ) A Sy D g Al i J 2 e o T
HOPES B R TR A 5 B3R Al ) $R. 2 M ik 1917
(PR, 1988) o Hk, 2R R d iyt f5 B R E

TR G0 X I 0k 14 SR AR 17k M SR 110 52 il A7 M k2 % e
WESEVER, IF LIRS R At B R B RS
w2, A WA e 7% (Costa et al., 1997)
PRI, FRAT TN 52 55 245 SR v 7 9 6 A M Py e o o1
A7 Ry R 36 52 1) 47 ok A e AR — T TR AT fig S A2 %)
Ni** A2 S, S0 P 5 K IR M A 8 Rl IR R 42
BT HIR, I L Z WIS N WM G; 5
— AT e R E 4 E N RVE R A YN oK
WL ) B3 32 B S, B R T T R AR R, DTSR
AT M ARE AT R R AU o SR G T 2 4 8 X ik
S R SRAAT R/ R 04T M S AU RIF 9 oA LA 3
PRI ING® 5% SI0 9 5 A Sk SRR A8 7 Ay o e i 1
1T W sZ LA Fr it — 2P

230 0 118 € | 00| B N2 74) 2 e NG (i )
TINA R E W E 4R N HoAE K& & AT
N2 % BN, T 3% 5 Wi A5 40 4 P A R4
PN 7 10, 3054071 FH 3 2 2 AR X S0 9 5 R R 4
RGN R A R P A S S O 1 B 55 1A A
DK B A v - 40 SR AR 4 52 T (1) 328 ¥ 4 i 5 e e oK
TBSEAR/INT 100% 5 bt 1 474 32 FH0 6 W &
DR HE A7 175 I e 114 7= B9 1 R BRORR AL 3 2 I 25 R R A2
PEVEFHZRIE A < 2P 6 K BE (7% 0 o o EL A 328 T i /)
AP E 7, ARV B NP (1 ~ 10 mg/kg) Xof Ak i 20
AIEVEER . 3 H R BBR 5 mg/kg Ni°* e BEAL, 3
Oy SRR BE NI e BE B4 0 it A8 Ak B 750 - R
KR (HERBXFIG RN E4E R NG
AR HEE Y FORIEA KR BRI A B AT R A E R PILA
DAV 3 T A S 4 Ja N s )RR ML A
AR T8 .
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