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Effects of temperature on body color in Sitobion avenae (F. )

DENG Mingming, GAO Huanhuan, LI Dan, HU Xiangshun, HU Zuqing, ZHAO Huiyan "
College of Plant Protection, Northwest A&F University, Yangling 712100, China

Abstract; In this study, we investigated the effects of temperature on body color and on the population dynamics of grain
aphids Sitobion avenae (F. ). Populations of aphids were reared using two methods: a) on wheat grown in pots, and b)
single head on wheat in Petri dishes. Five constant-temperature regimes were established; 21, 23, 26, 29 C and 31 C.
In each of the treatments, measurements were made of the total numbers, and the relative proportions, of red and green
aphids in the population. We also recorded the fastest time for reproduction of the population, the average generation time,
and the stable age-distribution of the red and green aphid populations. Red aphids were present in the populations at 23 °C
and at higher temperatures ; the relative proportion of red aphids in the population progressively increased with each increase
in temperature. However, there were clear differences in the effects of temperature on the numbers of red and green aphids
in the populations. High temperatures enhanced the production of the red aphid biotype but suppressed the numbers of green
aphids so that the overall population size decreased. Although, at 31 “C, the proportion of red aphids in the whole
population was very high, the total number of red aphids in the population was lower at this temperature than at 26 “C or at
29 °C. This indicates that very high temperatures suppressed the population growth of hoth red and green aphids. In the
populations single head reared on wheat in Petri dishes, the proportion of red aphids also increased as temperature was
increased and stabilized at constant proportions of red aphids and green aphids. At 31 °C, all green aphids died so that the
population stabilized with 100% of the red aphids. As temperature was increased, the minimum time for population increase
of the green aphids initially became shorter before becoming prolonged. In contrast, the minimum time for population
increase of the red aphids was progressively more prolonged with each temperature increase. The most rapid rate of

population increase for the green aphids was observed at 26 “C. The highest temperature employed (31 °C) significantly
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inhibited population increase of both the green and the red aphids but the effect was greater for the green aphids. The mean
generation time of the green aphids exhibited a similar pattern with increasing temperature; i. e. , prolongation after an
initial reduction. In contrast, the mean generation time of the red aphids steadily increased with increasing temperature.
Thus, the growth of red aphids is able to be promoted by modestly high temperatures but is inhibited at very high
temperatures. In conclusion, we have demonstrated that the body-color of the grain aphid Sitobion avenae depends on
temperature with the red biotype being induced at higher temperatures. In the constant temperature treatments, the initial
transformation from green to red occurred between 21 °C and 23 °C. The temperature at which 50% of individuals of
Sitobion avenae posterity are the red biotype and 50% are green (T, ) was estimated to be 25. 91 “C. Very high
temperatures significantly inhibit the growth of both biotypes. These observations provide basic information that may help

understanding of the ecology, genetics, and evolution of aphid populations.
Key Words:; temperature; Sitobion avenae; body color; innate capacity of increase
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Fig. 1 Population dynamics of different body-color (red/green) biotypes Sitobion avenae at different temperatures in lab
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Table 1 The relationship model of population size and temperatures

zxul R MRE/C I YeE RN W KA 9

Body color Generation  Temperature Equation R-square K
“REA Green Fo 21 Y = 1+ (1058/10.93 —l?s)sx exp( = 0. 2806x) 0.994 1058
23 T T (1214/4. 897 —1§1)4>< exp( - 0.3875x) 0.998 1214

26 Y = T+ (1105/8.493 —ligsx exp( = 0. 3643x) 0.996 1105

2 T T T(1017/7. 643 —1?1)7>< exp( - 0. 3473x) 0.996 1017

31 Y= 1+ (183.7.0. 125618—3.17) x exp( - 0. 618x) 0.994 183.7

Fy A Y T I+ (1163/5.183 —li§3x exp( - 0.3343x) 0.997 1163

23 YT 1+ (1446/6. 303 —lﬁﬁx exp( - 0. 3746x) 0.997 1446

26 Y T 1+ (1074/6.89 —110)74>< exp( = 0. 3954x) 0.996 1074

2 YT 1+ (1145/10. 06 _114;5)( exp( — 0. 3456x) 0.996 1145

K 21 YT T (12712716, 97 —]217)2>< exp( - 0. 3482x) 0.990 1272
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B Red Fi 23 Y = 4 (504/2.959 —510? x exp( — 0.382x) 0.997 304
26 YT+ (370, 11 275330i )1 x exp( — 0. 403x) 0.997 370.1

2 YT T+ (342.5/1.709 3-421')5x exp( — 0. 3744x) 0.996 342.5

3 YT T 1 (1890.7532 —1?9; X exp( — 0. 377x) 0.997 189

F 23 Y = (#1173, 2364?1.)1 X exp( = 0. 436x) 0.995 4111

26 Y T 1+ (313.2/2. 843 3—1?.)2>< exp( — 0. 4054x) 0.991 313.2

2 YT (3202177 - ﬁox exp( - 0. 4237x) 0.994 320

31 y 180 0.997 180

T+ (180/0.7241 - 1) x exp( - 0.3612x)
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Fig. 2 Population accumulation curve of various generations with two body-color biotypes S. avenae at different temperatures in lab
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Table 2 The fastest time of two body-color biotypes S. avenae reproduction at different temperatures

21 C 23 C 26 C 29 C 31 C
L4487 Green 14.932 13.291 12.828 13.010 —
£1 447 Red — 12.264 12.819 12.953 14.952
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Fig. 3 Proportions of red aphids of Sitobion avenae at different

temperatures
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Fig. 4 Proportions (red or green/total progeny) of green aphids’ progeny in various generations at different temperatures
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Table 3 The model between ratio (red to green biotypes) of green

aphids’ progeny and different temperatures

AR (LS T FE
Generation Body color Equation Sig
Fy 2T Red y = % 0.009
2% Green y = % 0.009
F, 2T Red r = % 0.008
2 Green y = W 0.008
F, 2T Red y = lnT_'(—)# 0.009
%% Green y = % 0.009
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Table 4 Mean generation time of various generations with two body color at different temperatures/d

{Z30) MR

Body color Generation 21 C 23 C 26 C 29 C 31 C
%k Green Fy 14.02+0.725a 12.67+0.331a 11.71+0. 649a 12.31+0.328a 12.09+0.337a
F, 14.34+0. 554a 12.97+0.210a 11.38+0.285a 11.93+0.640a —
F, 10.79+0.075a 10.44+0.370a 11.01+£0.615a 10.61+£0.750a —
21 Red F — 12.02+0.320a 12.97+0.420a 13.05+0.395a 13.94+0.200a
F, — 10.1£0.020a 10.73+0. 185a 10.96+0.445a 14.39+0.771a
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Table 5 The percent of adults of different body color biotypes at different temperatures/ %

A Body color 21C 23°C 26°C 29C 31C
% Green 8.427 7.187 7.703 7.313 9.190
4T Red — 8.565 10.635 11.305 14.825
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