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WZE. [ B8] A3E % UV-B foeE4 & Cd S E it xt & K % ¥F Sitobion avenae (Fabricius) £ ¥ X F
Fo i it %o AR UV-B Aw &4 5 Cd AR EZMMREIHA, [ F&)EEN, RAE4HEE UV-B
(0,0.1,0.2 #20.7 mW/cm’) 5 RE & EE 4 Cd (0, 20, 40, 80 F= 160 mg/kg) 4 28 5 , KA 4%
TSR A ik R R R E IR BAM LM BERFEANG T, [ER]) L KREW
B AR & HKZ UV-B 5E4E CdREMiOHmE %, L UV-B S 2 REFAEGEE A
B aZXTELECHUV-BRELECIHRAEARNAERZIRN, B—E42k CdRENR ,E
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Effects of the dual stress of UV-B and cadmium on the growth,

development and fecundity of Sitobion avenae ( Hemiptera. Aphididae)
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Zu-Qing', HU Xiang-Shun' (1. State Key Laboratory of Crop Stress Biology in Arid Areas, College of
Plant Protection, Northwest A&F University, Yangling, Shaanxi 712100, China; 2. Institute of Plant
Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, China)

Abstract: [ Aim] To explore the effects of the dual stress of UV-B and cadmium on the growth,
development and fecundity of Sitobion avenae ( Fabricius), and to determine whether there is the
interaction between UV-B and cadmium. [Methods] The age-specific life table was employed to explore
the effects of the co-stress of different intensities of UV-B (0, 0.1, 0.2 and 0. 7 mW/em’) and
concentrations of cadmium (0, 20, 40, 80 and 160 mg/kg) on the growth, development and fecundity of
S. avenae in the laboratory. [Results] The life table parameters of S. avenae were adversely influenced
by the dual stress of UV-B and cadmium, and they were affected more severely by UV-B than by cadmium

stress. In addition, there are significant interactions between the stress of UV-B and cadmium. In particular,
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under the same concentration of cadmium treatments, the effects of UV-B on the intrinsic rate of increase
(r), the finite rate of increase (), the net rate of increase (R, ), fecundity (F') , oviposition duration
and adult longevity of S. avenae showed a trend of first decreasing and then increasing, and fell to the
minimum value under the intensity of 0.2 mW/cm’ of UV-B. However, the mean length of a generation
(T) revealed an adverse trend, namely showing a trend of first increasing and then decreasing, and
reached the first peak at the intensity of 0. I mW/cm’ of UV-B. Under the same intensity of UV-B
radiation, with the increase of the concentrations of cadmium, all life table parameters of S. avenae
displayed fluctuation. Moreover, the parameters of r, A, R,, F, oviposition duration and adult longevity
of S. avenae in the combined treatments were significantly lower than those in the treatments only exposed
to different concentrations of cadmium. However, the parameter T revealed a reverse result. Every peak
point or minimum value of all above life table parameters of S. avenae exposed to the dual stress of UV-B
and cadmium was somewhat earlier than that only exposed to different concentrations of cadmium.
[ Conclusion] The growth, development and fecundity of S. avenae were significantly affected by the
stress of UV-B and cadmium. Moreover, the influences will be intensified when the two factors act in
combination, suggesting that these two factors have significant interactions.

Key words: Sitobion avenae; UV-B radiation; heavy metal; cadmium (Cd) ; dual stress; life table

ISR S P A AR 25 B R ST, X B A~ A W P R A 2
B2S T e S YN IRV S e A SN I & 71y ok & i el )
FHNL(UV) o IR, BEE MBS R BN R A
SRR, (75 2 TA L BR R T B UV 48 5 750 4 01) 2
Horp Al UV-B (280 ~320 nm ) f 4 75 1 12 4F- 3
il (McKenzie et al., 2007 ) , %4 (B3R 8) 724
PRAAL K AT R J7 AR T — € W (Nguyend et
al., 2009 ; FKAHEE, 2013 JEI&4E, 2014), ALl
FWIFER L, UV-B Al DUid i 7 A= 16 PRS00 [ i 5
BT E YA N DNA BT G T AR YL
KHs - 4% ik 4 1 25 # F0 2 B ( Yannarelli et al.,
2006; #8545, 2006; Nguyend et al., 2009 ; £} i
L, 2011) ;0 AHh, UV-B ik Al XHAE ) 14 P 2% g 5%
P LA SR o 1) 5 7 A AN () R ) R e
17 )4 S 0 AL A B 1) B8 e iy OB AT R A B AR
A A1 4 K & B ( Kuhlmann and Miiller, 2010,
2011; Hu et al., 2013)

J3—J5 1L B UV-B LIS, i TR 25 FIAL I i &
P kT 7 Kk S R B R R L B 4 R 0 Ml 1 R
T A 4 V5 g, R AR (Cd) 175 G i 3—
JUEE R ), XA G A S R S R AR
SV 5 A Z RV AR T AR B BB, 38 w] LATE i
WL R s 5 HEmRE YA BRI AR
e SAE K R T A (£ R EEE, 2005)
Gao 45 (2012) 7TEMIFE H 42 J& Cd 38 % 22 KA i A
AT SR e I, & AN (] v B o 4 8 Cd b 1R
TS e N, B AL B R T,
AZithhEeE Cd W ERdEA Ry, EaE

Cd 7 B AN 1 & A %0 B iy Ak da i fim 17 5 oK
e R ), AT R B T 0 A A g L B
i ST AR LR K A2 22 A (Ruohomiki er al.,
1996 ; Mousavi et al., 2003 ; Hayford and Ferrington,
2005; FEZ 2006, FMTEEZE, 2007; Gao et al.,
2012) . desh, B LI, KAz Bombyx mori 75 HX
BOA CdmEYE, BV BT K TR,
BILAA oA 240 B 1 R0 0 1 B A BTSRRI B (R
EF5EE, 2006) , H 6 30wk B A S, 40 i e
RSN, A0S ) BT K, T AR B Y ) -
J2 W & 2 ( Braeckman et al., 1997)

FRKAEHT Sitobion avenae J& HEj/NE LT E
B L RS - X . BRI EAR B A
i Rl A AR A B SR ) R A LB
AR N PRI A4 , S T 5T BRI W 30 AR G 10 52 3
kL, HHET,UV-B 8{E4&)E Cd KRR EZK
WM R AR AR AR S A KK B Y B s a5
M 222 WF ST IESE ( Brulle et al., 2006; Nguyend et
al., 2009 ; Kuhlmann and Miiller, 2010, 2011; Gao et
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age-specific fecundity (m,

), and net maternity ([ .m, ) of Sitobion avenae exposed to the

stress of different intensities of UV-B and different concentrations of Cd
A: 0 mW/cm? UV-B, 0 mg/kg Cd; B: 0.1 mW/cm? UV-B, 0 mg/kg Cd; C: 0.2 mW/em? UV-B, 0 mg/kg Cd; D: 0.7 mW/ecm® UV-B, 0 mg/kg
Cd; E: 0 mW/cm? UV-B, 20 mg/kg Cd; F: 0.1 mW/cm? UV-B, 20 mg/kg Cd; G: 0.2 mW/cm? UV-B, 20 mg/kg Cd; H: 0.7 mW/cm? UV-B,
20 mg/kg Cd; 1; 0 mW/cm? UV-B, 40 mg/kg Cd; J: 0.1 mW/cm? UV-B, 40 mg/kg Cd; K: 0.2 mW/cm? UV-B, 40 mg/kg Cd; L: 0.7 mW/cm?
UV-B, 40 mg/kg Cd; M: 0 mW/ecm® UV-B, 80 mg/kg Cd; N: 0.1 mW/em® UV-B, 80 mg/kg Cd; O: 0.2 mW/cm® UV-B, 80 mg/kg Cd; P: 0.7
mW/cm? UV-B, 80 mg/kg Cd; Q: 0 mW/cm? UV-B, 160 mg/kg Cd; R: 0.1 mW/cm? UV-B, 160 mg/kg Cd; S: 0.2 mW/cm® UV-B, 160 mg/kg

Cd; T: 0.7 mW/cm? UV-B, 160 mg/kg Cd.
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2.2 AEAKREEELE Cd 5ETEREHEE UV-B
rEEEREVMBEEESHNEN

H13% 1 AR, AR R Cd -5 A () e 2 o
J& UV-B a4k B 22 (A5 5, FOMD I 8508 2 o
SRS F A RBOR B H A i A 2E T 2E AR A
[l —E &)@ Cd WBEAL BT % UV-B HR A5 1Yy
S, AR R BT F A R BRI

ATAR L BLSE T FEE LT %, HAE UV-B 45 i 55
JEH 0.2 mW/em® BB ZEEAR R o[]S i
UV-B ALBER, B G Jm Cd B2 A3, 22 A8
BRI BEAE T F L5 A RO S0 A7 i 0 2 BB
Ak, W] UV-B Xt b e 5550 2 X0 52 R[]+
KRFEEE Cd BRI,
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Table 1 Comparison of the fecundity parameters of Sitobion avenae adults under the stress of different

intensities of UV-B and different concentrations of Cd

UV-B 4@ 5138 5 (mW/em? )
UV-B intensity

)R Cd W E (mg/ke)

Cd concentration

RN F

Fecundity

FHAFREL(d)

Oviposition duration

B A (d)
Adult longevity

0
0.1
0.2
0.7

45.42 +0.61 Ab
20.79 +£0.26 Cb
18.33 £0.29 Db
22.12 £0.36 Bd

15.06 £0.25 Aa
9.55+0.29 Ba
8.76 £0.47 Ba
9.58 £0.18 Bbe

19.67 £0.17 Aa
13.97 £0.13 Ba
12.33 +0.16 Ca
13.61 +0.40 Bb

0
0.1
0.2
0.7

20

49.22 +0.56 Aa
18.55 +£0.42 Ce
15.09 £0.19 Dc
29.97 £0.53 Ba

15.39 +£0.48 Aa
6.64 £0.29 Cb
5.45 +0.10 Dc

10.15 +0.24 Bb

19.72 £0.15 Aa
10.39 +£0.56 Ce
9.12 +0.08 Db
13.91 +0.05 Bb

0
0.1
0.2
0.7

40

45.36 +0.86 Ab
22.79 0.15 Ca
22.09 +£0.43 Ca
28.15 +0.60 Bb

14.39 £0.22 Aa
9.58 £0.27 Ca
8.85+0.03 Ca

11.61 £0.50 Ba

18.83 +0.19 Ab
13.30 £0.26 Ca
12.03 £0.11 Da
15.91 £0.34 Ba

0
0.1
0.2
0.7

80

47.28 +0.69 Aab
21.33 +0.84 Cab
19.90 £0.72 Cb
25.60 +£0.26 Be

14.53 £0.34 Aa
7.13£0.34 Cb
7.00 +£0.40 Cb
8.97 £0.07 Be

19.39 +0. 14 Aab
11.77 £0.61 Cb
11.53 +0.35 Ca
13.30 +0.29 Bb

0
0.1
0.2
0.7

160

49.08 £0.21 Aa
22.70 £0.22 Ba
19.58 +0.22 Cb
23.15 +0.18 Bd

15.11 £0.32 Aa
10.42 +£0.21 Ba
9.00 +£0.37 Ca
10.42 +0.08 Bb

19.25 +£0.17 Aab
14.73 £0.23 Ba
12.52 £0.39 Ca
14.36 +0.42 Bb

TP BRI EIE £ dRAERR, 0 3 WER . BAEEARIRE FEFARF—E 4R Cd W T AF UV-B 5@ 5 5RBALB B E 22 57, ARV
R R A— UV-B 3g 4t N AR E 48 Cd e B A3 A9 2 24 75 5% ( Student-Newman-Keuls ¥5:56, P <0.05, one-way ANOVA) , £ 2 [d],

Data in the table are mean + SE (n =3). Different capital letters following the data indicate significant difference under different intensities of UV-B

radiation with the same concentration of Cd, while different lowercase letters following the data indicate significant difference among different concentrations

of cadmium with the same intensity of UV-B radiation (Student-Newman-Keuls test; P <0.05, following one-way ANOVA). The same for Table 2.

2.3 AAREEEE Cd 5XFEHEE UV-B
B EEKEFHESENTNK

] — ¥ B 1 4R Cd R TRl 4R 558 Y UV-B
AP AW I, FLAN N B R r R BRI R
N HHETE R R, APPSR T R R
(%2), Ml—FE4E CAWET , Z KB B
K r ARG R A 5G4 R, g UV-B
BRSPS T R R 2 PG R BRI BTy s A R AR
UV-B f@4438 5 0.2 mW/em® B} R FF 2 A 0, HL
AL Y 0 F AR T IR, P A T
FoE b 2B LTS NS fE UV-B a3 5
0.1 mW/em® Bk E B i, Bl S F e. RIIE K
EIFFPHES Rz UV-B 52 B3 HAR LR ARRE

U 2 P, e R — @ 9 B 9 UV-B AR BEZH
B T Cd LAY TN, 22 AR W Al R P 2L
R r AR AN G R Ry FIPFI A
W T PR P, OUE 8 Ak B 2 1A E R
P ELE R r SRR A AR Ry 2 8 IR
TH—Ea)E Cd A4, i HAF AR T 2
FrETH—EE Cd A, HA NS HNIE(HE
AERUE i Ak H2H AR — T R Cd AR BEZH B
RPN R AR L A SR AT, X R )R Cd i ia Ab B
XE KA RS ECE B &, Hih T UV-B iy
FAAEMERT Cd 5 UV-B WE A H i — 4w Cd b
TEASCR 3 K U R T 22 0 A o A ) R
Rag 2R (£ 3) —3.
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Table 2 Comparison of the population parameters of Sifobion avenae adults under the dual stress of
different intensities of UV-B and different concentrations of Cd
HEJE CdIRE UV-B 4 5o B P LA KR JEI R G R SR A
Cd concentration UV-B intensity Intrinsic rate of increase Finite rate of increase Net productive rate Mean generation time
(mg/kg) ( mW/cm? ) r A Ry T
0 0.3015 +0.0013 Ab 1.352 £0.0018Ab 45.42 +0.6130 Ab 12.66 +0.0328 Cb
0.1 0.1855 +0.0010 Be 1.204 £0.0013 Be 20.79 +£0.2596 Cb 16.36 +0.0664 ABb
0 0.2 0.1797 +0.0019 Cb 1.197 £0.0023 Ch 18.33 +0.2890 Db 16.19 +0.0921 Bb
0.7 0.1864 +0.0014 Bd 1.205 +£0.0017 Bd 22.12 +£0.3569 Bd 16.61 £0.1106 Aa
0 0.3101 £0.0015 Ab 1.364 £0.0021 Ab 49.22 +0.5587 Aa 12.57 £0.0328 Cb
20 0.1 0.1929 +0.0019 Cb 1.213 + 0.0023 Cb 18.55 £0.4186 Cc 15.14 + 0.1114 Ac
0.2 0.1858 +0.0019 Db 1.204 +0.0022 Db 15.09 +0. 1873 Dc 14.61 +0.1353 Bd
0.7 0.2330 +0.0022 Ba 1.262 +0.0028 Ba 29.97 £0.5288 Ba 14.59 +0.1206 Be
0 0.3009 +0.0031 Ab 1.351 £0.0042 Ab 45.36 +0.8553 Ab 12.68 £0.0754 Cb
40 0.1 0.1848 +0.0011 Ce 1.203 +0.0013 Cc 22.79 +0.1500 Ca 16.92 +0.1120 Aa
0.2 0.2034 +0.0023 Ba 1.226 +0.0028 Ba 22.09 £0.4310 Ca 15.22 +0. 1498 Be
0.7 0.2008 +0.0014 Be 1.222 +0.0018 Be 28.15 +0.5965 Bb 16.62 +£0.2232 Aa
0 0.2800 £0.0018 Ac 1.323 £0.0025 Ac 47.28 +0.6867 Aab 13.77 £0.1419 Ca
%0 0.1 0.2079 +0.0016 Ba 1.231 +£0.0019 Ba 21.33 +0.8413 Cab 14.71 £0. 1049 Bd
0.2 0.2011 £0.0022 Ca 1.223 +£0.0027 Ca 19.90 +0.7234 Cb 14.86 +0.0380 Bed
0.7 0.2123 +0.0013Bb 1.237 £0.0016 Bb 25.60 £0.2646 Be 15.27 £0.0467Ab
0 0.3360 +0.0034 Aa 1.399 +0.0047 Aa 49.08 +0.2080 Aa 11.59 £0. 1129 Cc
0.1 0.1842 +0.0023 Be 1.202 +0.0028 Be 22.70 +£0.2196 Ba 16.96 +0.1713 Ba
160 0.2 0.1681 +0.0014 Cc 1.183 £0.0017 Ce 19.57 £0.2196 Cb 17.70 £0.1802 Aa
0.7 0.1838 £0.0018 Bd 1.202 £0.0021 Bd 23.15 +0.1825 Bd 17.10 £0. 1386 Ba
®3 AEAREELE Cd 5FREEHEE UV-B BBEEG TERKEFMFESHEF AL
Table 3 Tests of between-subject effect on the population parameters of Sifobion avenae under the dual
stress of different intensities of UV-B and different concentrations of Cd
SR Ty bt 22 J5 # Fl H B F p
Dependent variable Source Sum of squared deviations df
H4 & Cd ¢ Ji# Cd concentration 0.002 4 46.562 0.000
— UV-B 4g 5} 38 UV-B intensity 0.142 4216.477 0.000
Intrinsi(increase rate g Cd (ZUE * UV-B ﬁﬁﬁ;ﬁ\rﬁ 0.012 12 85.692 0.000
Cd concentration x UV-B intensity
' R2= Error 0.001 40
3t Total 0.157 59
F4)E Cd #JF Cd concentration 0.003 4 41.140 0.000
UV-B 5 5}55 & UV-B intensity 0.235 3 4273.303 0. 000
TR e ool e s
Finite rate of increase N K . . 0.019 12 87.208 0.000
N Cd concentration x UV-B intensity
i%7% Error 0.001 40
it Total 0.258 59
F4)E Cd ¥ JE Cd concentration 54.270 19.255 0.000
P UV-B iﬁﬁ‘ﬂi? UV-B iritensirtly A 7 540.591 3 567.299 0.000
Net productive rate ﬁ%}% G mg‘z * UV-B fﬁﬂﬂ'ﬂﬂafg 233.923 12 27.666 0.000
R, Cd concentration x UV-B intensity
=7 Error 28.184 40
JTT Total 7 856.968 59
H4 )& Cd e JiF Cd concentration 20. 340 4 116.371 0.000
UV-B 4g &F55 & UV-B intensit 121.315 3 925.432 0. 000
AL B -
Mean generation time i R X 32.144 12 61.302 0.000
T Cd concentration x UV-B intensity
"2 Error 1.748 40
ST Total 175.547 59
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A2 A R P S R, A B R R SRR
AN HHIE R Ry AP HEACSA I T 52 AN TR o 3 o
GJE Cd 5 A [ 56 S 9 B UV-B 20 25 52 2 3% (3%
2) o WA BERE A B R r R BRI R A
GRS A Ry AP AR ] T A7 WU 27 2253
A, A ) S A e 4 2R R W], R Cd R
UV-B 5o 8 LA K — 35 XU Jip 30 249 0 22 148 Wf b
MR T RERW (K 3) o WO, 5w 2T J7
AIE i 251 75 A e o 19 EE 1) 2 I < UV-B i i 5
FEXS TS B A R ) STk Bk, )R Cd ¥R
/e BT EAR AR, B4R Cd 5 UV-B &
VRIS 2 (A WF RS U R e B ol (35, IX 5 0 2
KA B4 KT 5 SR A R — 20

3 dinsitie

AT B2 RAE BF R AR e A AR b 1Y
MRS R B SR A R MBI 5 UV-B
FIEGJE Cd XU E i) LR PR AR , SR 2 AN (R 6 o
J& UV-B FIA[R B4 J@ e 5 Cd A B i) 30 22 44
MR B MBI, LK K W], UV-B
E A Cd 730 2 K 5 LR AW bs = T
W EFEIR I H DR AR R A A e S A, R
HMME AN 7 PR KA I R A R bR
S o

UV-B FIE )@ Cd Joig it B — 38 i it WU iy
18, X A W R S B S R 2 R S B
Wdsh 22 e, A —Ea)m Cd W& T, B4 UV-B 44
S B RN, 2 A AR W AR B P B R R SR
R N IR R B F FA RS SR
IS REIE BT AE A H, i a] BE R (R
I, o FAAAE UV-B B8 AR 22 KA B A9 A 1A
KH 4 UV-B g ria A ik 38— BE UG, £ K
EER R S AR ILEN A . X 5 Z AT 5kl AF
(2013) Ak — RS (2014) AUBFTE SRR, sk )€ UV-B
TR T2 KA BRI I AR KR T 5 B A —
B XATREA A WF ST BT e £ UV-B b B 7 2
AN 3 SR N L A AT 2 AN UV-B i ia 4t
H WA TSR A UV-B A (] A B 1 %
JEHITE UV-B BRFERER T, 22 KA WFal 2 A A 5
MBI ZE /% T UV-B 5857 AR 15200

[Fl— UV-B 4R T, BEH Ha )R Cd WL/
S, HE AP 2 R A SRR 14 PN BT R R PR R
NS Ry UL, 2B BT R R BT

JE T KRR SR, b AN R 4 JE Cd pyabFEgh
RAEWOR S (2012) FUBRIFFE LS AL, X 5 EZKE
UeF b RE 1 B 3 N PR T B9 AIL G G, AT RE A R AR
WS JE Cd il 22 4 I LR ™ AR 38 7 I
R, BREE XA 300 ( Axelrod et al., 2004 ) 1iij {15 X
e ZREE I TR I BT, XA B4R Cd
XFERKEGNAERKEAFRER, HEESE Cd b
ARG, SR E R A R A E Y
HE R Cd Ak 2] — & BE N, AR N RE2 )R
SIAMEBLTR , AnATLIAS P — S PR B 1 19 22 Al s E
AHOCEE PR ek B 1Y 0 RO ss: , 2013 ), LA ] o 4
J& Cd e . PRt 22 K8 WEFE RS 138 254 F
fpia i A B AR FME AL 5 2 kPR .

C AT R FE R, 2455 He A2 B0 W] ) 3 i, G
PR BB HLE S IR 2R, 1 R Z 2 TS
[vi) QTR , £ 415 2 19 4 2 v 5 W TP A R A OB AA N i
AL E R AR AR DG Y — BB Y 1 i A
BE EPR (ORABESE A A0 M 53R b BN RGO B
B L R AchE JE ) 363k K K AR
WS PESE A2 4k o 8N, Nguyend 45 (2009 ) 76X i B
AR S OB TE B 38 X D 4% KA B Macrosiphum
euphorbiae T [ T4 % 43 B A FE T, K BE UV Hi it
I FECL AR AR N 5B R A EORL RN
RE B 1% b B 20 B R A AR DG 1Y — LU Y 3 AP AE
FHIER 22 o AR T A (2007 ) A5 A1 Ak BB 5
Myzus persicae (Sulzer) J5 H L2k ARELH CO I- IT v
KA T2, AN, A BRI, UV-B X 22 K4
PUA N S AL 1A 2 A 520, X SOD, POD il CAT
SERFHTE AR b KL A SOD R (1 e ik K
TR (5 IR R A, 20105 A4, 2014),
Brulle % (2006 ) 5% & 3, £ Cd ¥ £ 2% 80 Fl 800
mg/kg AT, R B OB AL YIB LG i 1
U A4 TR A 1Y TR KT R A T AN [ R Y A
o R A (2013 ) 7RI 5E < 3 50 1 38 22 K8 1
N, R AR B i LA A S A B AL il AN L T AE
B il R R ) 238 o VAR B I ) AT TR 2R 3R K-
MG XS UV-B FIE 48 Cd BB B 2 75 AH
[F] g AN AR, ASAIFSE H 2l 22 148 BF 78 UV-B Al e
)@ Cd RCE A S, X R AR a2 & S8 2210
BT THESE, BT HAR PRSI A0 R B E L
i S AR DG AL PR e HE BT 7 i A T B R A i — 2P
PRIE , DT R 27 4 45 0 %o T 0 45 44 1 1 X AL
HET Ay 22 48 W 1 3 7 L 1 AR A 98 TN B 16 B8 0 JiR
Feih
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