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Effect on population dynamics of the offspring of Sitobion avenae Fabricius

( Hemiptera. Aphididae) exposed to long term UV-B stress

CHE Wenyan, LIANG Xia, WANG Ping, ZHAO Huiyan "
State Key Laboratory of Crop Stress in Arid Areas, College of Plant Protection, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract; Recently, ultraviolet-B radiation ( UV-B) has been proven to have a strong selection pressure on the biosphere
and ecological environment, significantly influencing living organisms. The rapid increase of solar UV-B reaching the surface
of the earth is owing to stratospheric ozone depletion caused primarily by the Industrial Revolution. The responses of insect
physioecology and growth to, ultraviolet radiation enhancement have received increasing attention in the scientific community.
Sitobion avenae Fabricius ( Hemiptera; Aphididae) is a common wheat pest. It affects plants by ingesting sap from the ears,
stems, leaves, and other tender plant parts. It also transmits viruses (e.g., barley yellow dwarf virus) during feeding,
thereby reducing wheat yield and quality. It is a good subject for research because of its special characteristics of
parthenogenesis and high fecundity. The increase of UV-B levels may fundamentally affect the population dynamics of S.
avenae by altering its.normal growth, development, and fecundity. The two-sex life table analysis is a common method to
indicate biological growth, development, and fecundity, and includes the entire population ( males, females, and those that
die before the adult stages) , so that the result is more realistic than analyses based only on the means of development time.
To explore the effect on population dynamics of the offspring of S. avenae by exposing the mother generation to UV-B for a
long time, the age-specific life table of S. avenae was established to evaluate life-table parameters of offspring of S. avenae.

The mother generation was radiated to different intensities of UV-B (0, 0.5, 0.7 mW/cm’) for one, six, eleven, and
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fifteen generations. The results showed that; (1) There were no significant differences in the intrinsic rate of increase (r)
and finite rate of increase (A ) among the treatment group of each generation under low intensity of UV-B, whereas the
parameters of r and A first increased and then fell with generations under high intensity of UV-B. (2) The effect of UV-B on
the fecundity ( F), net reproductive rate (R,), mean generation time ( T'), oviposition duration, and adult longevity
peaked in the seventh generation. Moreover, no significant difference was found in the seventh generation between the
control and treatment groups. (3) When S. avenae were under different intensity of UV-B radiation in the same generation,
most parameters in the treatments groups were significantly lower than those in the control except the parameter T-in the
second and sixteenth generation. However, no significant difference was found in the seventh generation between the control
groups and treatment groups, whereas F', R,, T, oviposition days, and adult longevity all had significant differences, but
there were no significant differences between other parameters in the twelfth generation. (4) The survival rate of offspring of
S. avenae exposed to UV-B stress was significantly influenced. Our research showed that the effect of long-term UV-B stress
on S. avenae was accumulated in the progeny, had different impacts in different generationst. Our research showed the
population dynamics of the offspring of S. avenae after the mother generation was influenced by UV-B; thus, the results may

provide a theoretical basis for ecological genetics and evolutionary mechanisms of aphid under adversity stress.

Key Words: Sitobion avenae; UV-B radiation; radiation intensity; parental experience ; offspring; population dynamics
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Fig.1 Age-specific survival rate(/ ) ', age-specific fecundity (m_ ) ,and net maternity (/ m ) of Sitobion avenae under different intensity
of UV-B radiation between the different generations
A: 0 mW/cm? UV-B,G2; B:0.5mW/cm? UV-B,G2; C:0.7mW/cm? UV-B,G2; D:0 mW/cm? UV-B,G7; E:0.5 mW/em? UV-B,G7; F: 0.7
mW/cm? UV-B,G7; G:0 mW/em? UV-B,G12; H: 0.5 mW/cm? UV-B,G12; I; 0.7 mW/em? UV-B,G12; J: 0 mW/em? UV-B,G16; K:0.5 mW/
em? UV-B, G165 L:0.7 mWZ/cm?® UV-B,G16
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Table 1 Comparison of the fecundity parameters of offspring of Sitobion avenae exposed to different intensities of UV-B radiation

UV-B f 38/ (mW/em? ) JLEAV BIIF FEATREd sk i/ d
UV-B intensity Generation Fecundity Ovi-days Longevity
0 G2 21.52+0.90 Aa 6.94+0.08 Aa 17.30+0.21 Aa
G7 19.06+1.07 Aa 6.33+0.29 Aa 16.97+0.23 Aa
G12 21.42+1.44 Aa 6.98+0.49 Aa 17.23+0.25 Aa
G16 16.95+0.99 Aa 6.03+0.29 Aa 16.02+0.20 Ab
0.5 G2 8.03+0.35 Bb 3.36+0.10 Cb 13.84+0.21 Bb
G7 16.62+1.77 Aa 6.33+0.49 Aa 16.05+0.24 Aa
G12 7.43+0.67 Bb 3.10+0.15 Bb 11:53%0.25 Ce
G16 7.16+1.02 Bb 3.71+0.73 Ab 13.51+0.04 Cb
0.7 G2 8.71+0.44 Bb 4.35+0.19 Bb 14.38+0.03 Bb
G7 16.36+0.13 Aa 6.17+0.30 Aa 16.54+0.38 Aa
G12 7.60£0.47 Bb 3.38+0.06 Bb 12.56+0.09 Be
G16 9.82+1.04 Bb 4.19+0.40 Ab 14.15+0.18 Bb

TR BAE A BB AR R 0 N 3 IREE . Bl G A R/NG FREFR [F— UV-B 48 38 B ] AR A 222 5 R KRS Fh 3k
RANE] UV-B R GT58 BT, [A)— AR B %) 2 35 1 25 5% ( Student-Newman-Keuls K25, P < 0,05, 0ne-way ANOVA)
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AR5 ZE N, G7 RF G12 AR W R, J5 X T, AR CTARE B e KAE, G12 ARk Bl /M ; = o i Ak
PR A AR Z ], BT OR » SR BRI R A 5208 LTS PRI S s % R S5 AR T 25k
BTG TR g T, BAE G7 AR BRI, G12 ARk B /M
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FH2E5, G12 AU IR 5 A RA [R5 8 R, AT HHACR T4 28 22 55, FLV R B 35 K TAb A
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RAENAESE-LATE 2 3R, 67 ARFE IR ARER UV-B 48 552 ma () JCHEHEAR
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Table 2 Comparison of the population parameters of the offspring of Sitobion avenae exposed to different intensities of UV-B radiation

UV-B P MRS R, ELETE TR 7

UV-B intensity/ Intrinsic rate Net reproductive Finite rate of Mean generation

AR

Generation

(mW/cm?) of increase rate increase time

0 G2 0.2691+0.0074 Aa 21.52+0.8989 Aa 1.3089+0.0097 Aa 11.41£0.1999 Aa
G7 0.2508+0.0069 Aa 19.06+1.0658 Aa 1.2851+0.0088 Aa 11.75+0.1057 Aa
Gl12 0.2646+0.0105 Aa 21.42+1.4390 Aa 1.3030+0.0137 Aa 11.58+0.2055 Aa
G16 0.2668+0.0089 Aa 16.95+0.9854 Aa 1.3059+0.0116 Aa 10.60+0.1379 Ab

0.5 G2 0.1953+0.0094 Ba 8.0306+0.3528 Bb  1.2157+0.0114 Ba 10.6873+0.2982 Aab
G7 0.2467+0.0081 Aa 16.6154+1.7648 Aa  1.2798+0.0104 Aa 11.3447£0.1270 Aa
GI12 0.2255+0.0160 Aa 7.4365+0.6735 Bb  1.2533+0.0199 Aa 8.9043+0.3661 B
G16 0.19010.0166 Ba 7.1641£1.0215 Bb  1.2097+0.0199 Ba 10.2580+0.1183 Ab

0.7 G2 0.2011+0.0062 Bb 8.7115+0.4349 Bb  1.2228+0.0076 Bb 10.7583+0.0998 Ab
G7 0.2408+0.0040 Aa 16.3606+0.1270 Aa  1.2723+0.0051 Aa 11.6107+0.2037 Aa
Gl12 0.2160+0.0094 Aab 7.6024+0.4670 Bb  1.2412+0.0116 Aab 9.3863+0.1782 Be
G16 0.2133+0.0119 Bab 9.8167+1.0398 Bb  1.2379+0.0147 Bab 10.6657+0.1113 Ab
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