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Temperature-dependent development of Scizaphis graminum Rondani

and its stage emergence models
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The greenbug, Scizaphis graminum Rondani (Hemiptera: Aphididae), is a globally distributed polyphagous pest. This study
investigated the impact of temperature on the development of S. graminum, reared on wheat (Pishgam variety) under laboratory
conditions across a temperature range of 10 to 32.5°C. S. graminum successfully completed nymphal development at all tested
temperatures. Development rate increased from 10.0 to 30°C, then decreased at higher temperatures. Linear models estimated lower
developmental threshold temperatures (7min) for nymphal instars (NI-NIV) and the total developmental period as 3.1, 7.24, 6.64, 8.29,
and 6.78°C, respectively. Corresponding thermal constants were 55.19, 23.62, 26.85, 25.52, and 116.58 degree days (DD). Stage
emergence models, incorporating nonlinear development rate (Lactin 2) and a logistic distribution, were constructed to simulate
individual progression through each developmental stage. These models can be used to develop population models of S. graminum
aphids, help understand population dynamics and develop integrated management strategies for this pest in wheat and barley crops.
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Table 1. Developmental time of different nymphal and total stages of Scizaphis graminum at different constant temperatures

Temperature (°C) Nymphal stage Total nymphal
NI NII NIII NIV stage
10 9.18+£0.26 * 7.28+0.21° 7.23+£0.21° 8.48+021° 31.93+0.51°
12.5 438+0.13° 549+0.14° 470+0.12° 543+0.12°¢ 19.98+0.25°
15 443+£0.09° 3.77+£0.10¢ 3.67+0.08°¢ 4.09+0.10¢ 15.92+0.19°¢
20 3.03+0.05°¢ 1.51+£0.06¢ 2.17+0.06°¢ 1.96+0.05°¢ 8.68+0.11¢
25 2.55+0.06 1.30+0.05 ¢ 1.18+0.04 130+ 0.05¢ 635+0.10°¢
30 2.08+0.04 ¢ 1.09+£0.03 ¢ 1.28+£0.05F 1.60 +0.06 © 6.08 £0.07
32.5 436+0.18° 3.84+0.19° 3.14+0.15¢ 395+£0.75¢ 15.68 £0.75°¢
df 6, 565 6,528 6,515 6,484 6,484
F 205.59 249.57 286.78 280.57 556.11
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Means followed by different letters within the same column are significantly different (P < 0.05, Tukey’s test).
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Table 2. The lower temperature threshold (71») and thermal constant (K) estimated by linear regression
for different nymphal and total stages of Scizaphis graminum

Stages Regression parameters Tnin CC) K (DD) " P-value
a (intercept) = SE b (slope) £ SE
NI -0.056 £ 0.025 0.018 £ 0.0006 3.1 55.194 0.99 0.0001
NII -0.306 £ 0.088 0.042 +£0.004 7.24 23.62 0.96 0.0006
NIII -0.247 £0.112 0.037 +£0.006 6.64 26.85 0.92 0.003
NIV -0.368 £ 0.061 0.044 £0.004 8.29 25.52 0.98 0.001
Total nymphal stage -0.058 £ 0.007 0.009 £ 0.0004 6.78 116.58 0.99 0.0002
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Table 3. Parameter values of the non-linear developmental rate model for each nymphal and total stages of Scizaphis graminum; Lactin 2 model
(Lactin et al., 1995)

Stages Estimated value of parameter (+SE) P
p Tnax A £
NI 0.014 £ 0.002 34.092 £1.232 1.009 £ 0.819 -0.998 £ 0.042 0.92
NII 0.029 £ 0.003 24.048 £ 0.55 1.689 + 0.622 -1.222 £0.085 0.94
NIII 0.028 £ 0.003 34,771 £0.748 2.246 £0.783 -1.227 £ 0.081 0.95
NIV 0.029 +0.003 35.69 £ 0.769 3.381 £0.923 -1.266 £ 0.072 0.97
Total nymphal stage 0.007 £0.0004 36.205 £ 0.459 1.789 £ 0.238 -1.051 £ 0.001 0.99
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Scizaphis graminum
Table 4. Parameter value of the non-linear developmental distribution model for each nymphal and total stages of Scizaphis graminum

Physiological age
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Fig. 2. Cumulative proportions of development completion for each
nymphal and total stages of Scizaphis graminum as a function of
physiological age. Logistic function was applied.

0 5 10 15 20 25 30 35
Temperature (°C)

Stages Estimated value of parameter (+SE) r
o B
NI 4.085 £ 0.894 0.899 £ 0.04 0.94
NII 4.830 £ 0.804 0.887 £0.035 0.96
NIII 7.053+£1.116 0.749 £ 0.024 0.97
NIV 6219+ 1.192 0.753 £0.032 0.95
Total nymphal stage 13.345 £ 1.977 0.932 £0.012 0.94
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Fig. 1. Development rate (1/d) curves (linear and non-linear) for each nymphal
and total stages of Scizaphis graminum, as a function of temperature. Open
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