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Effects of ultraviolet continuous processing on life table parameters of high

generations of Sitobion avenae ( Fabricius)

LIANG Xia, ZHAO Bei, LI Yuan, HU Zuqing, ZHAO Huiyan
State Key Laboratory of Crop Stress in Arid Areas, College of Plant Protection, Northwest A & F University, Yanglinging 712100, China

Abstract: With the appearance of the hole in the ozone and depletion of the stratosphere and the ozone, there is increasing
concern about the changing trend in UV-B radiation levels and the impact of increased UV-B on organisms and ecosystems.
As the environment is continuously being destroyed, irradiation intensity of UV-B has been enhanced. The aphid, Sitobion
avenae ( Fabricius) , belonging to the suborder Homoptera, and the family Aphididae, is distributed in wheat—producing
regions in China. Aphids are parasites of wheat, barley and oats, rice, corn, sugar cane, and grasses in southern China. In
the early stages, aphids accumulate on the front or back of leaves, and in the later stages, they accumulate in ear to suck
out the fluid, causing the injured plant to experience reduced growth, tiller reduction, 1000-grain weight. Aphids are an
important pest in grain crops, which are also the dominant plants attacked by aphids that have a short growth cycle, breed
quickly, and are highly adaptable. Studies on the effects of UV-B on insects are rare. Thus, additional studies are required
to predict the effect of increased UV-B irradiation on the genetic evolution of S. avenae ). In order to investigate the effects
of ultraviolet continuous processing on the population dynamics of S. avenae after the 20" generation, we adopted certain age

life tables to calculate the S. avenae life table parameters and used different strength UV-B (0, 0.50, and 0.70 mW/cm”)
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to treat S. avenae after the 20" generation. This analysis was intended to provide a theoretical foundation for understanding

nd

the long-term development, growth, and reproduction of S. avenae. Changes in the population parameters of the 22
generation, the 27" generation, the 32" generation, the 37" generation, and the intrinsic rate of increase from the first
generation to the 37" generation of the aphid were studied. The results showed that; (1) The average generation cycle ( T)
of treatments significantly increased and then decreased; (2) in the low-intensity treatment group, intrinsic rate of
increase, net appreciation rate, and weekly growth rate increased first and then decreased, before increasing again; in the
high-intensity treatment group, net appreciation rate, weekly growth rate, and fecundity decreased first and then
significantly increased, and they all reached the maximum in the 37" generation; and finally, (3) in the treatment group,
the intrinsic rate of increase of the aphids significantly increased and then decreased twice and then significantly increased.
Our study showed that after several generations of UV-B stress, the effect on the life table parameters was significant and the
ability of aphids to adapt to UV radiation was strongest in the 37th generation. The aim of this study was to reveal and
analyze the effects of UV stress on population dynamics of Sitobion avenae after the 22" generation. Consequently, our data
provide a long-term and in-depth understanding of the developmental effects of UV stress on the growth and reproduction of
Sitobion avenae. In addition, the findings provide experimental and theoretical bases for elucidating the dose-effect

relationship under different ultraviolet stress levels and the adaptability of a long-tube aphid to increased UV-B levels.

Key Words: Sitobion avenae; UV-B radiation; survival rate; reproductive value; life table

UV-B KA 290—315 nm Z 8] , 2 33k 4: YR AR F 22 0 R FHOERS ' . Bl# 20 tHh2 80 ARAR P i i
i X R A2 25 T APE 2 L EUZ BURE RS B0, AATTXT UV-B 4855 K R AS AL L ) UV-B X A9 A= 75 %
SRR MM E Y T TR RIS e, KA HR 0 5L 402 72 78 W, S0 ] R AR R R AR D
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WIE N, R RHMERR R RS , BRI /N2 rm ik 15%—30% , " A 35 60% , 45 )2 lof Bt ok LR Y R X ok
FRAE AN A R R A B R BRI [R5 BT RN FIASE . M BRI AR B | SR A 1 s e
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(]38 HAE MG, B85 T 0.2,0.75 mW/ em® {03 24 4 R 5 A V- 34950 5 AN R Sk A BRIELEE Tt 3 45 QR
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P AT B oy P AL ARMORE oy B A 252 2 0 8 S ) B e B R e, 220 AN TR) 58 Ah s )3 (1 0,0.50
mW/em’ 1 0.70 mW/em?) FEZEALEE 3d AY5E 16 FRE K AT I R Ir 7= 1 #8451 (1—37 AR A W g 24 28 4
RIS ) 35 450 IR 21°C s JEFAIH 16 L. 8 D3IRIE (60+5) %, 17 1R LG 2 K A5 W i A B A% 1 |
TRFRAEE ST 16 AR,
1.1.2 {3/ S

INZZ SRR EEDT 58, P AURAMRBHE R e p B de it . 35 14 H 1R & 5 /M B /N it v (it
2 =) TR AR B N AR R AR R 2 KA
1.2 SHMRGH A

0 A FE P8 H AT 4 B AMT A ( YZ10-58W 313 nm, 1 H FIZRIEABRAF]) MERGIR, Bim g
FRATEH (0.70 mW/em® ) SR 3 SZ[FIRERUAR (9 5 ST 8 K3l H BT (K58 B2 4R S 2H (0.50 mW/em® ) (BRI
JE ETF 2 BEMS A5 AMR R EE ) WSR2 SCERAMT A RIS H OGAT, X BRZFR IR 38 H G TV E A OGIR, Horpr 22
AN R S0 A0 A AR B AT 4 b ie] , 38 HOGET IS UVILEXTM 390 Z( SCHOTT Inc, H [ EiF) £
KIGH SRR HNH S ATl T Schott N-WG280 8GR B F i H T A4 b A UV-B B Bt v] LLi%&
i, B IR 75 pmol YEE T m™ - 7' [ A A RIS ( photosynthetically active radiation,
PAR) ],UV-B & 550 B R A UV-B M&E X ( VLX-3W, Vilber Lourmat Inc., 2 FEHG/RKP) &, 8560 5 K & b
BT IR B SR ILE TXTE T 07 30 em A, R ARE 73 50 7E AR 55 B2 1115 588 B2 28 0O T 4R R 48 h( 5K 16
h)  FREEAMEERS K55 57 UL AL 23830 H OGAT X B2 T #EA T4 55
1.3 A kit

JCE —)JZA R AR T IR ML AR 60 mm ,\NEST AWE AR AR o PKBCHT &L/ N0 5 FUg 4t 1 4%
AR ZE AP IR EEAL PR 48 h( 4K 16 h) T RYZZ KA RLAUR | R ™ 1 0 /N M i Bk AT Sk 57
AR E 3 AN EE A EE 20 K, B IRGERO SR K AR K RO, R R T
Py 4 B R AR BUR B8 R NI, 5 I S e /N2 i
1.4 Hdkb o

K TWOSEX-MSChart ™ {5 iL G HAAIE 3 BB E ( 0,)) (FOREWE « BB j 1A AR PR 5T
) CFIIACR () A B RR (r, ) FEBR (R,) A BRIG AR (X)) 8 I A5 10 28 iy 2 iR T 1BM
SPSS Statistics 20 735X A [7] S 41ui B2 FIHEA AT BL K 2R 07 220047, BRI R 7 227041 (- One-way ANOVA) K
H Student-Newman-Keuls( SNK) Z 8 ARG 50k 0F 1T 2 5 L8, 25 Ab B IR] 1 5 34 22 S 3930 P < 0.05 7K
SEH Sigma Plot 12.5 Mathematica YEH .

A5 I 20 FH A K (Weibull) SRS A T4UG , A5 . S, (1) =exp [ - (/b)) °1 Hor o FoRAA0G ]
b HRESH e WIBIRSHL, M e>1 I FERRIIZN 1B o= 1 I AR08 I AL 2 o<l I FRVE HIZE N
AL, WA e (EAHIE b (EAEK, TG R

2 EREH
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— AR R SRS BEACAF T BRER 22 ARALERAL A RS H(b) 35/ T X BRAL AL, o 4% A QAR B2 119 R
ZH(b) VIR T X IRAL, W] RS AN IS, 08 s AT R B w8 | A SR O G W PR 5 3 B A T A
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b AE A B ARSR AL PR AN TEAR b B Se38 KR, WA 1% R 2 BUETHR R B R a3 725 27 1UiA 3
IR H 55 32 A8 56 37 fUMH) 22 N b 3 5 S R AL BT bl — R B BT BE A I 2 A7 37
ARELB IS GERPERIN (R 1) .

F1 TREREESFEETHHEFHL Weibull R S, (1) = exp [~ (/b) ‘1 WSEMEIT

Table 1 Estimation of Weibull model’s parameters at different generations and different intensities of UV-B radiation

240 AR AR UV-B intensity/ (mW/cm? )
Parameters Generation 0 0.5 0.7
b 22 17.9535+0.30430aB 16.1281+0.19302bB 14.4557+0.13107¢C
27 16.0826+0.31566¢C 20.6411+0.17457aA 18.6556+0.05515bB
32 17.8344+0.17613bB 20.1561+0.15052aA 19.8709+0.45311aA
37 19.3908+0.47098aA 20.1654+0.17741aA 20.7509+0.30910aA
¢ 22 5.5259+0.15339aA 4.0200+0.05347bB 5.2566+0.02057aA
27 5.7513+0.09586aA 3.1989+0.11395bC 3.1650+0.13391bC
32 4.6404+0.26733aB 3.7240+0.03166hB 3.0037+0.04536¢C
37 3.5077+0.11629hC 4.5600+0.19595aA 4.9083+0.05943aB

FHREAEAEBIE AR R 0 N 3 IKREE . BIEEARRI KRG FRRR H— UV-B R E T, R E AR R 222 5% R E/NS
RANE] UV-B fEGSREE T, [A]— AR 8] ) 8 2 1 2% 5% ( Student-Newman-Keuls #53 , P<0.05 , one-way ANOVA)

2.2 UV-B fi %t 2 A4 B B RSN (E A 2

AFISREE UV-B FRGT T, 22 KA 54 B Be A= S (ELIE 4 ST I i 3 A, ELAE 308 391 A e AL, BRI RSC s S0 %
AARFPRER SRR IR . A FAE B[R — AR E N BERR HACAY TR, 18 G32.G37 s U A B A i ey 5t S5 A
R TSR BEAL PR T X R, [R]— Kb BN TGO, AP 38 b B A SO B0 A B A (S T I T R
T i S IR, A8 G37 RHE R K 11 S/ 1F , v 0 B Ak B 2H B 301 A B A (L SE R AR T e, £ G37 I
{EIR Y 12 3k/ 08, Al —Ab BN R, Bt AC R T, B sTlkibi s ks e R 1)
2.3 N[5 E SR AL B A KA WA R AR RS B0

MR 2 A RIS 5RE UV-B 30 )5 22 (A5 F T AURMHES B e Bl LA Y« [Rl— 14X, S [R) UV-B $R A5
JER A KA REAE S S RN B R (r, ) PRI BRIG IR (X)) 2 AN FISREE UV-B ALPEER 27 fCALBRAH 235

R2 ATFIESEE UV-B iHMEREREFFRMBS MR

Table 2 Comparison of the population parameters of filial generation of Sitobion avenae exposed to different intensities of UV-B radiation

3R

24 AR AR UV-B intensity/ (mW/cm?)
Parameters Generation 0 0.5 0.7
MBS KR (r,) G22 0.2686+0.00722aA 0.2223+0.00957bC 0.2497+0.00734abB
Intrinsic rate of increase G27 0.2687+0.00203aA 0.2435+0.00457bB 0.1903+0.00790¢D
G32 0.2170+0.00409aB 0.2052+0.00199hC 0.2192+0.00274aC.
G37 0.2199+0.00349¢B 0.2665+0.00279bA 0.2846+0.00423aA
HHEGEA(R,) G22 21.2680+0.95409aA 13.3548+0.99339bC 15.3564+0.81248bC
Net reproductive rate G27 17.5607+0.47306bB 25.2542+1.24262aA 14.3637+0.64644cC
G32 15.1862+0.30045cB 18.2180+0.70358hbB 21.3043+0.88265aB
G37 18.0724+1.31137¢B 25.0371+1.10077bA 30.9074£0.79566aA
SEX AR (T) G22 11.3670+0.19372aC 11.5673+0.16775aD 10.8747+0.18660aC
Mean generation Lime G27 10.6260£0.05700cD 13.1827+0.08437hbB 13.8903+0.55203aA
G32 12.4787+0.17409bB 14.0540+0.10104aA 13.8653+0.35341aA
G37 13.0577+0.14584aA 12.0563+0.03956bC 12.0410+0.11238bB
JARRERZ () G22 1.3083+0.00940aA 1.2492+0.01200bC 1.2839+0.00939abB
Finite rate of increase G27 1.3085+0.00265aA 1.2759+0.00584bB 1.20980.00958¢D
G32 1.2425+0.00509aB 1.2279+0.00244hC 1.2452+0.00341aC
G37 1.2461£0.00434cB 1.3055+0.00365bA 1.329420.00562aA

G22: 45 22 1%, the 22 generation; G27: 2 27 1% the 27" generation; G32: % 32 1%, the 32nd generation; G37: % 37 1%, the 37t generation
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Fig.1 Age—specific reproductive value (v,;) of Sitobion avenae at different UV-B treatments

G22: % 221X, the 22 generation; G27; %5 27 1%, the 27t generation ; G32: %6 32 X, the 32md generation ; G37.%6 37 X, the 37t generation

T X REZH 565 22 A8 57 32 AR 2 Ak B 2 W S T IR 2 v o AL B S5 0 IR AR L 25 SN B3, 46 37 A%
AR FRAL B & TR, XF T R A 22 4% 48 27 4% 58 32 4% 5B 37 IRAL AL S xR R 22 R L PSR
JRICT) 56 22 RS Z R 22 A8 03, 505 27 RIS 32 ARAL B 5 %) B4 2 (0] 25 55 o 25 HL B 25 T X IE 28
37 fCAC A AR T

TEARRIMEACZ 8], [F]— UV-B 48 5538 B R | AR50 3 AL BRZH P9 BLIE KR (r, ) BB R (R,) 8 BRAE K R
(A) BAEFHEJE PRSI EE HNBIGK R (r,) JARIGK R (L) 1E G37 AR KME , HHEFEA(R,)
16 G27 KB Rl SEHACE DI (T) M G22 ) G37 S T n W3 PR3 HAE 632 s 3/ k
Ho fenR B AL FRZE N B () ARG FE A (R,) JRIBRIG R (A) BTG B3 T iy i a3, HI9TE
G37 IR FE e KA, P AR (7) B e B E T F RS BLAE G27 ik IR KM, AR S5 RA
T WAL A 5 M A SHCE AR R, 30T B2 i T 58 AN BREZ I T 22 A5 W 45 4 101 1) Wi B sk iR & &
E &
2.4 N[ ERAME L 1—37 1R KA IoF PN B0 R AR R

AR, 1—37 FREZ KAF WAL FRA r, 52250 0 2 8 0 )5 T B ST 8 ST B S 3 T e i A AR,
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JERLPRL r, 75 G36 AR BN AAE, 78 G37 AU r,, i T HALAS GETHIAN AR BE AL B AE G37 35 B e R AH (1A
2)

Ry Ry Ry L 2
3 #ig5itig 0357 —o= OmWem* |
—— 0.5 mW/cm

—— 0.7mW/cm?

ABIGOh A e R TR R 2
UV-B ARBEXSH 22 {RLUR 2 KA R & IBLRA ) 5 2 oo
AW, (82037 AR R feE R BE |
JR T RIS, 7 S B A% P HI B 1] g 3 £
KRG . A B R 4% B Bk A SRR A 1 s ik, 45 B 0 2 m 20
S0 G A% AT S0 R A S A A A b HHAX Generation
FRLZE R e it BE A PR 2H 9 DTER A [H] 43 I AE G27 1 G32 ik 2 EREFEERELIMEIE T N SR RS0 (r, )
ISP NS A =0 Sl 3R RN Fig.2 Change rule of 1% to 37" generation Sitobion avenae

REFRLHFPRE S BOE- S AR (T) B2 AL exposed to different intensities of UV-B radiation
JeETHEE TR B 5HALS S HE A, X
Al BESE TR M BEEZ IR T 22 KA W 45 04 1 A it e BV MG % 8 s, AR AT A D IR 7 B 3R AT 480 — 20 i bt
52, X R E P UV-B A Bl 3 KA I & 7 DT AE R 45 SR AL, 7E G37, Kb B4 2 K A% - 2 it
R (T) 455, NEBER A (r,) FIEFER(R,) ARG R (A) B3R B 5 R AE , HALFEZH 5 % R4 [H] 22 5
3 ATREAE TR UV-B 5B 5 2K B W E N 12N, & AUERIME B e o T 2 KT ARKE
B AR NTEAR SIS A AT | 2 KA WTE G37 XHEEAMAE N i ok, & TR 2 K& ny ka2
SR AR, T IR AR LA TR IR . AR, (RS B AR B, B KR (r))) N TE R (R,) (AR
BRI R THE G T RIS A S BE AL FRA P LA R () ) AR (R,) R BRI SR ()
SRR W T A AR A AR LA SR B B S TR RS T R R A 5 AR AR O R 4 SR A — 3L
VLI K AE XTSRRI 3E W RE TT . 1—37 K WAL B r 50050 0 350 1o J5 T B ST SR B L
TR AR AR SRR A 0 i DR AT B R PR T B A 2 5 A KA I IS N R ), B I L
SRR, SRR R A 1 RN, 5B i 5, (R R 25 8 108 B, UV-B 15 R T E KA
FAYAE IO 9 ], L3 3 N A 45 T, S AR S AR KR T, 22 KA 2P Ua 3 B B 14 B A 44
BGRB8 SR S R DR 98 I i 114 348 1 7 B TR AT At —
HIRAMSE

AR PR AR BEBR T 4 h 515 A A B AL (SOD ) it Sk AU (CAT) it AL P (POD)
(G 1 K28 T IR R UK UERA T 3 AT RES 5 T Prim s B XUE 0 4 i R AT R A SR R
BT, (AR R I AR B KA 3RR  UESE 1% GST 93k 8 3% 55 1T B dnd 34 5 $00 /g I %o 55 0 S 463 40 4 FH iy
Zhk, WhHEF S H RAPD HiARNXEEAMRE LR S5 S — R KA W =10 DNA Z8M3617 175007, 1IESE
LHNE IR T A RS —, # S R SSR BAR M TR RI I 4L AE S F BRI ) DNA
AR5t BERLHT F ACHRI 7= A v AL (0 AR S B FL AR DNA B EAR S A AR GR 4 SRR, AN KT
SN B N I AT DNA F72AE — g 2 M, AR AU 8 UV-B il 22 KA — M AR R S5
AT TS, 6 A I R e i 78 b A i R S BUR A A N TR DR LG A 6 DR 350 f i A8k SRR 8RR
RAFE— RIS B AR ANE — R A T T ik — PR E . APREE AR W5 LM R N A KA
UPF A IR AR | 22 A5 I X 55 A1 4D 305 7 B 7 1G58, I IR %o 22 A I B B ¥, A0 SR 3 A g 1 A 34 e 2 Pl 3 A
RASGE M, AT LR RNA TR I kX 2 KA WA TR IR . A, AT Ay 4 T R B2 1 3R S A/ 1 % 22
AR AR R BRI S M LA, B4R AN [R50 A8 T B30 S R0 G R B 22 4 A8 IO 1 oy P 4 AR S 5 At A 0
S
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