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Abstract 
Development, survival and reproductive potential of the greenbug aphid, S. graminum were studied at 

constant temperatures of 18°, 22° and 26 °C. At a given temperature, the developmental time decreased 

significantly with the increase in temperature. The longest period was recorded at 18 ºC and the shortest 

was at 26 ºC. The developmental threshold (t0) estimated as 10.37 ºC and the aphids required 103.72 day-

degrees (DD) to complete the development of the whole nymphal stage. Generation time (GT), 

reproductive potential (R0), population doubling time (DT), intrinsic (rm) and finite rate of increase (λ) of 

the pest were also computed and discussed. Based on the obtained data, temperatures ranged from 22° to 

26° were the most suitable for the development and multiplication of the greenbug aphid.   
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1. Introduction 

The greenbug, Schizaphis graminum (Rondani), is one of the most important cereal aphid 

species that infest wheat plants in Egypt [1, 2, 3]. It causes severe damages to wheat plants in all 

growth stages. This species is able to cause direct and indirect damage [4]. Their direct damage 

is caused by sucking phloem sap result in curling, chlorosis, distortion of leaves and hence 

stunted growth [5]. The aphids inject toxic salivary enzymes into the plants, interferes with the 

grain formation and resulting in less yield and lower economic return [6, 7]. Also, transmit 

several important viruses, including barley yellow dwarf [8], sugarcane mosaic [9] and maize 

dwarf mosaic [10]. The effect of temperature on the life history of pest is important and can be 

used to predict an insect’s period of occurrence and also to determine the optimal timing of 

control [11]. Therefore, the effect of constant temperatures on the development, survival, 

longevity and fecundity of the apterous form of S. graminum were studied. 

  

2. Materials and Methods 

Constant temperatures of 18º, 22º and 26 °C were used to study the development as well as the 

adult fecundity and longevity of S. graminum. 

  

2.1. Rearing technique 

The experimental colonies (apterous form) of S. graminum were collected from severely 

infested wheat plants grown at the experimental farm of Assiut University. Culture was 

maintained under laboratory conditions on wheat plants (Sids 1) for 6 months before using in 

the experiments. 

 

2.2. Effect of constant temperatures on the Nymphal stage 

First instar nymphs (<10 hrs. old) were placed in a separate petri-dishes lined with damp tissue 

papers and supplied with leaves of wheat plants (Sids 1). Leaves were replaced whenever 

necessary (about two days). Sixty nymphs were placed individually and exposed to each of the 

above-mentioned constant temperatures. Nymphs in each temperature regime were observed 

daily. Moult, development and survival until the appearance of the aptera were observed and 

recorded.
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2.3. Effect of constant temperature on the adult stage 
To study the effect of temperature on the adult stage, nymphs 

were allowed to grow to reach maturity. Newly emerged 

apterous females (<24 hrs.) were individually exposed to 

temperatures of 18º, 22º and 26 ºC until began to produce 

progeny. Females were daily observed to record the number 

of progeny per adult.  

 

2.4. Statistical analysis 

Data were subjected to statistical analysis using F-test and 

means were compared according to Duncan’s multiple range 

test of significances at 0.05 level of probability. 

Developmental thresholds (to) were calculated according to 

the method of [12] and the thermal units (TU) needed for the 

developments of each stage were calculated according to [13]. 

K (TU) = T (t-t0), where, 

K (TU) = Thermal units (day-degree), (T) = Duration (in 

days), (t) = Exposure temperature (°C), (t0) = temperature 

threshold (°C). 

Indices of Efficiency (IE) for development of the different 

stages of S. graminum were calculated according to the 

formula of [14]: 

 
 

S, is the percentage of survival, T, is the time required for 

development in days and t is the temperature in ºC. 

The obtained data were also used to calculate the following 

fecundity table parameters according to [15]. All calculations 

were executed using a QBASIC program according to [16]. Net 

reproductive rate (R0), Generation time (GT), Population 

doubling time (DT), Intrinsic rate of natural increase (rm), and 

Finite rate of increase (λ)  

 

3. Results  

The greenbug, S. graminum produces as a rule by 

parthenogenetic reproduction all over the year. It passes 

through four nymphal instars in developing from birth to 

adult. The present results show the effect of temperatures on 

the developmental periods and survival of different nymphal 

instars as well as reproductive potential of the adult stage.  

  

3.2. Nymphal stage 

The durations of each nymphal instar at various constant 

temperatures are presented in (Table 1). The data exhibit that 

the time needed for the development of nymphal instars 

decreased significantly with the increase in temperatures. 

Statistical analysis showed that the longest time for 

development was recorded at the temperature of 18 ºC while 

the shortest period was noticed at 26 ºC. Regardless of 

temperatures, increase of temperature by 4 °C decreased 

developmental time by about 1.5 folds (Table 1). Data 

presented in (Table 2) indicate that the highest percentage of 

survival (%) and Index Efficiency values (IE) were obtained 

at 22º and 26 °C.  

Data in (Table 1) were used to calculate regression equations, 

which were used in the estimation of threshold of 

development (t0). The equations (Y = a + bx) for the 

relationship between the rate of development (Y) and 

temperature (x) are shown in (Table 3). It is clear that these 

regression equations fit the observed values rather well as 

indicated by the high values of the coefficient of 

determination (R). The calculated developmental thresholds 

(t0) of 1st, 2nd, 3rd, and 4th nymphal instars were shown to be 

9.21°, 9.52°, 7.08°, and 9.51 °C, respectively (Table 4). The 

calculated developmental threshold of the whole nymphal 

stage was estimated as 10.37 ºC. By using these values as a 

base temperature, an average of 32.89, 30.13, 31.36, and 

24.81day-degrees were required, for the development of first, 

second, third and fourth nymphal instars, respectively. The 

thermal units (TU) needed for the development of the whole 

nymphal stage was 103.72 day-degrees (Table 4).  

 

3.3. Adult stage 

Data in (Table 5) show the effect of tested temperature on the 

longevity of the adult stage of S. graminum. Adult longevity 

was divided into pre-reproductive, reproductive and post-

reproductive periods. Pre-reproductive period (the period 

between the adult moult and the onset of reproduction) ranged 

between 0.30±0.59 day at 26 ºC to 2.07±0.92 days at 18 ºC. 

The mean reproductive period was 10.09±2.62, 11.83±2.80 

days and 10.95±3.04 days at 18, 22 and 26ºC, respectively. 

The post-reproductive period ranged from 0.28±0.62 day at 

26ºC to 1.51± 1.29 days at 22°C. Regardless of temperature 

the pre- and post- reproductive periods extended to the 

shortest time from the whole longevity of the adult stage 

while the reproductive period needed the longest time. The 

longest longevity of adult was recorded at 18 ºC and 22 ºC as 

12.45 ±3.62 and 13.51±3.27 days, respectively with no 

significant differences. This duration decreased to 10.95± 

3.04 days at 26 ºC, respectively.  

The number of progeny per aptera reached 15.19±5.98, 

54.95±19.05 and 44.16±15.09 nymphs / female at 18, 22 and 

26ºC, respectively (Table 5). It is clear that the mean number 

of nymphs per aptera increased as temperature increased up to 

22ºC, where the maximum number of nymphs / female 

(54.95±19.09 nymphs) was produced. There are significantly 

differences between the numbers of offspring for females 

reared at the tested temperatures.  

The calculated life table parameters which have been taken 

into consideration of the greenbug were: Generation time 

(GT), Population doubling time (DT), Net reproductive rate 

(R0) and the intrinsic (rm) and finite rates of increase (λ) 

(Table 6). 

The duration of one generation of S. graminum lasted for 

about 24, and 13 days at 18 and (22º and 26ºC), respectively. 

The population of this pest had the capacity to double every 

7.17, 2.49 and 2.56 days at 18º, 22º and 26 ºC, respectively. 

Net reproductive rate (R0) at various constant temperatures 

indicated that the pest increased by 10.96, 40.33 and 31.64 

times within a single generation at 18º, 22º and 26 ºC, 

respectively. The values of intrinsic rate of increase (rm), 

which express the relationships between fecundity, generation 

time and survival, increased by increasing in temperature up 

to 22 °C. The values of rm at 22º and/or 26 ºC (0.2775 and 

0.2706, respectively) were approximately about two times 

higher than those of the pest at 18 ºC (0.0966). If rm is a 

measure of the suitability of the environment, then the 

maximum rm values are the most appropriate reproductive 

potential under these conditions. Examination of the data 

indicates that a constant temperatures ranged from 22º to 26 

°C is the optimum temperature, as it had the maximum rm 

values. On the other hand, when the values of rm were 

converted to the finite rate of increase (λ), it was shown that 

the population of S. graminum had an ability to multiply 

about 1.1014, 1.3198 and 1.3107 times per aptera per day at 

18°, 22° and 26 ºC, respectively. This means that a population 
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of ten aptera of the greenbug could increase in a period of one 

week to become 77.09, 92.39, and 91.75 individuals at 18°, 

22° and 26 ºC, respectively. 

 

4. Discussion 

The results of this study indicated that temperature has a 

major effect on biology of S. graminum. The time needed for 

the development of nymphal stage decreased with increasing 

of temperature. This result is similar to that previously 

reported by [17] [18]. When the temperature was increased from 

10 to 26 ºC, greenbug aphid development decreased 

significantly [19]. Also, [20] mentioned that the development of 

R. padi was faster with increased temperature. In general, 

optimum temperature for the development of greenbug ranges 

from 22 - 26 ºC within the tested range of temperature. This 

result similar to [21] who obtained that the best temperature for 

development of S. graminum reared on barely was at 26 ºC. 

Previous results in another aphid species were comparable to 

our results, [22] reported that the shortest developmental period 

of the cabbage aphid was at 24±2 ºC. While, [23] indicated that 

the most suitable temperature for development of R. padi was 

28.5 ºC. The longevity of adult decreased by increasing 

temperature to 26º C, [19] revealed that Adult longevity 

decreased with increasing temperature from 10 to 26 ºC. The 

maximum number of nymphs / female was produced at 22ºC 

and 26 ºC. This result agree with [19] found that the mean total 

number of nymphs per female was highest at 26 ºC (66.14 ± 

3.47) and lowest at 10 ºC (16.38 ± 0.60). 

In our study, S. graminum has slightly higher developmental 

threshold (t0) was about 10ºC and this in similar with [24]. In 

contrast, a considerably lower developmental threshold (1.7º 

C) for the cabbage aphid was obtained from Finland by [25]. 

These results are in agreement with those of [26] who stated 

that the developmental threshold of aphids originating from 

warm summer or mild spring climates should be higher than 

those from cooler climates. Aphids originate from Upper 

Egypt (Assiut area), with its typical climate of hot summer 

and warm winters, result in a slightly higher development 

thresholds than those obtained in the cooler climate. (t0) 

values for R. maidis recorded as 6.84ºC according to [27]. The 

previously recorded (t0) of R. padi were estimated as 4.4oC on 

wheat, and 5oC on barley, respectively [28]. [27], recorded the 

(t0) values for R. padi as 5.78oC. Previous and present results 

suggest that there is differences in t0 values, may have been 

caused by the effect of host plant as well as aphid species and 

their geographical origin. The estimated (DDs) values in this 

study for whole nymphal stage was 103.72 day- degrees. 

These results go on line with those obtained by [29]. Also, our 

value was slightly higher than those obtained by [30]. [31] 

recorded that the thermal units needed for R. padi to complete 

its development were about 92.32 day-degrees using 8.89 oC 

as base temperature (t0). The lower developmental threshold 

for S. graminum reared on barley was as 5.73 oC and required 

133.33 day-degrees to complete immature life stages [21]. 

Developmental threshold and degree-day were reported 6.8 ºC 

and 109 degree-day by [32], which were lower and higher, 

respectively, than those obtained in this study. Within the 

tested range of temperature, it is clear that the mean number 

of nymphs per aptera increase as temperature increased up to 

22 ºC. This result does not agree with [33] who found that the 

highest reproductive rate for S. graminum was at 17ºC. Also, 
[21] obtained that the mean total number of nymphs per female 

of S. graminum on barely was highest at 26 ºC.  

The mean generation time and doubling time were 

significantly higher at the lowest temperature (18 ºC) and 

decreased by increasing the temperature from 18 to 26 ºC. 

This result comparable to [34] for Aphis gossypii on cucumber 

at 10 to 25 ºC and [19] for S. graminum on barley at 10 to 26 

ºC. Highest net reproductive rate (R0) as 40.33 was recorded 

at 22oC then decreased to 10.96 and 31.64 at 18 and 26oC, 

respectively. These results disagree with those recorded by [17] 

who reported that the highest R0 value (35.09) for S. 

graminum at 24 oC. On the contrary, this value was very low 

(0.19) for S. graminum on barley plants [18]. The highest R0 

value of R. padi was at 24 o and 28 oC according to [20].The 

intrinsic rate of natural increase (rm) is a good indicator of the 

temperature at which the growth of a population is most 

favorable, because it reflects the overall effects of temperature 

on development, reproduction and survival characteristics of a 

population. S. graminum reared at 22 and 26ºC had the 

highest rm-value, because of the faster development and 

higher survivorship of immature stages as well as the high 

daily rate of progeny. In contrast, the groups exposed to 18ºC 

had a prolonged developmental time, resulting in extremely 

smaller intrinsic rate of increase. [33], mentioned that the (rm) 

per day and (λ) for S. graminum were greater as temperature 

increased. In all tested temperatures estimated intrinsic rate of 

increase was greater than for the same species reared on 

synthetic hexapolid wheat (0.01) [35]. [19] calculated that rm 

values for S. graminum reared on barley were increased by 

increasing temperature and ranged from 0.06 at 10 ºC to 0.31 

at 26 ºC, respectively and the highest λ values were observed 

at 26 ºC. (rm) and (λ) values for R. padi were highest at 24°C 

and 28°C, respectively [20].  

 

5. Conclusion 

The present results showed that the nymphal stage of 

Scizaphis graminum (Rond.) passes through four instars to 

reach maturity. The lower developmental threshold (t0) of its 

immature stages was found to be 10.37 ºC. The calculated 

thermal units needed for the development from birth to onset 

of reproduction were 103.72 day-degrees. This value could be 

used to estimate the number of theoretical of generations of 

the pest which could develop in a wheat growing season 

under Assiut conditions (Upper Egypt). Also, this information 

may be useful to establish monitoring and sampling plans in 

developing IPM programs.  
  

 

Table 1: Duration (days ± SE) of S. graminum reared at different constant temperatures. 
 

Temp. (°C) Duration (days) ± SE 

1st 2nd 3rd 4th Total 

18 4.28±0.67a 3.89±0.89a 3.40±0.78a 3.18±0.65a 14.53±1.61a 

22 2.62±0.59b 2.09±0.70b 1.56±0.54b 1.74±0.48b 8.03±0.69b 

26 1.64±0.52c 1.90±0.71b 1.78±0.54b 1.56±0.61b 6.84±0.81c 

Means followed by the same letters vertically, are not significantly different at <0.05 level of probability. 
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Table 2: Survival (%) and Indices of efficiency (IE) of S. graminum reared at different constant temperatures. 
 

Survival (%) and Indices of Efficiency (IE) 

Temp. (°C) Total 4th 3rd 2nd 1st 

IE S IE S IE S IE S IE S 

5.16 75.00 28.30 90.00 27.74 94.34 23.90 98.92 22.19 95.00 18 

10.58 85.00 55.30 96.23 61.77 96.36 44.60 93.22 37.53 98.33 22 

12.18 83.33 61.63 96.15 52.17 92.86 51.70 98.24 57.93 95.00 26 

 
Table 3: Linear regression equations expressing development of S. graminum reared at different constant temperatures. 

 

Instars Regression equations (r) (R) 

1st Y= -31.76+3.45x 0.99 0.98 

2nd Y = -31.99+3.36x 0.97 0.94 

3rd Y = -23.72+3.35x 0.98 0.96 

4th Y = -38.81+4.08x 0.97 0.94 

Total nymph Y = -9.96+0.96x 0.99 0.98 

Regression equation = (Y= a + b X) 

(r) = Correlation coefficient. (R) = Coefficient of determination 

 
Table 4: Developmental thresholds (t0) and thermal units (day-degrees) needed for the development of S. graminum eared at different constant 

temperatures. 
 

Thermal units (TU) 
Temperature thresholds 

(t0) 

 
Instars 

 
Mean 

 
Total 

Temperatures (ºC) 

26º 22º 18º 

32.89 98.67 27.54 33.51 37.62 9.21 1st 

30.13 90.38 31.31 26.08 32.99 9.52 2nd 

31.36 94.08 33.68 23.27 37.13 7.08 3rd 

24.81 74.44 25.72 21.73 26.99 9.51 4th 

103.72 311.16 106.91 93.39 110.86 10.37 Nymphal stage 

  
Table 5: Reproductive potential of S. graminum reared at different constant temperatures. 

 

Temp. (°C) 

Longevity (days ± SE ) and fecundity (No progeny / female) 

Longevity 
Fecundity (♀/♀) 

Pre.- Reproductive Post.- Total 

18 2.07±0.92a 10.09±2.62b 0.47±0.74b 12.45±3.62a 15.19±5.98c 

22 0.31±0.63b 11.83±2.80a 1.51±1.29a 13.51±3.27a 54.95±19.05a 

26 0.30±0.59b 10.95±3.04ab 0.28±0.62b 10.95±3.04b 44.16±15.09b 

Means followed by the same letters vertically, are not significantly different at <0.05 level of 

probability.  
 

Table 6: Some life table parameters of S. graminum reared at different constant temperatures. 
 

Temp. (°C) 
 

(GT) 

 

(DT) 

 

(R0) 

Rate of increase 

Intrinsic (rm) Finite (λ) 

18 24.78 7.17 10.96 0.0966 1.1014 

22 13.32 2.49 40.33 0.2775 1.3198 

26 12.76 2.56 31.64 0.2706 1.3107 

(GT) = Mean generation time, (DT) = Doubling time, (R0) = net reproduction 

rate, (rm) = intrinsic rate of increase, (λ) = finite rate of increase. 
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