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Abstract  

Climate change and sustainable development have become 

among the most important global changes that have attracted the 

attention of the scientific community around the world. We aimed to 

remodel a simulation model to study the potential effect of rising 

temperatures because of the climatic change on the generation’s number 

of cotton mealybug Phenacoccus solenopsis (Tinsley) (Hemiptera: 

Pseudococcidae). Firstly, generation numbers among three periods 

including reference period (2021 and 2022), current temperature effect, 

nearby future (2021–2040), and a far-future (2041–2060), were studied 

using the future climatic data obtained based on GHG-emissions 

scenarios (SSP-4.5). Our result highlights that there is a statistically 

significant difference in the mean quantities among the various levels of 

climate and generation in the Qalubiya, Beheira and El-Fayoum 

governorates, respectively. Moreover, there is significant differentiation 

in the data distribution among DDUs-values in the future than those 

during the current climatic state compared to 2021,2040 and 2060 in 

different locations. These results show great differentiation of needed 

DDUs for each generation in 2021-2040 and 2041-2060 compared with 

the current climatic state and among each other. This is mostly related to 

the expected temperature rise with mention to the significant 

differentiation from DDUs needed for the first generation compared to 

the consecutive following generation. The value of DDUs in the future 

compared to those under the current climatic state differs in the data 

distribution. These findings offer knowledge that will influence how 

future modifications to the pest will be controlled . 
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Introduction 

One of the most significant 

vegetable crops grown worldwide is 

cucumber (Cucumis sativus). Among 

Egypt's vegetable crops, it holds a 

prominent place by Abdelatef et al. (2022). 

The plants of cucumber are infected with 

many pests, cotton mealybug, Phenacoccus 

solenopsis Tinsley (Hemiptera: 

Sternorrhyncha: Coccoidea: 

Pseudococcidae) was recorded recently for 

the first time in Egypt infesting Hibiscus sp. 
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in September 2009 by Abd-Rabou et al. 

(2010). Since 2005, this new world species 

(P. solenopsis) has emerged as a serious 

pest of Cotton in Pakistan and India, and 

now it is a serious threat to Cotton in China, 

it has been reported from 173 species in 45 

plant families and 26 countries in different 

ecological zones by Abbas et al. (2010). It 

was first recorded as a new pest on tomato, 

pepper, eggplant, and maize plants at 

Fayoum by Abd El-Wareth (2016) on 

soybean plants by El-Sarand (2017) and 

Ata (2019). A total of forty-three plant 

species from twenty different plant 

families—including ornamentals, weeds, 

shrubs, and trees—as well as field crops 

and vegetables were gathered throughout 

Southern Iran.  Furthermore, Culik and 

Gullan (2005) suggest that cotton mealy 

bug insects are carriers of plant diseases. Its 

damage increases in the hot regions due to 

the increase in the insect population, 

because of the presence of a positive 

correlation between the mealybug 

population with temperature Kumar et al. 

(2013). The temperature represents an 

important environmental factor that affects 

the development, survival, and abundance 

of mealybugs (Amarasekare et al., 2008 

and Shah et al., 2015). Zalom et al. (1983) 

reported that thermal units provide a 

valuable tool for insect pest control, in 

forecasting infestations monitoring, and 

timing of insecticide applications. 

Accumulated thermal units have been used 

to predict the seasonal development and 

emergence of various insects (Sevacherian 

et al., 1977 and Farag et al., 2009). 

Therefore, the present study was conducted 

to simulate model to investigate how 

climate change affects cotton mealybug (P. 

solenopsis) population density on 

cucumber plants. 

Materials and methods 

1. Field experiment:  

The experiment was conducted in 

three different ecosystems (Experimental 

Farm of the Plant Protection Research 

Institute, Qaha, Qalubiya Governorate; 

Nubaria, Beheira Governorate and Tama, 

El-Fayoum Governorate). Cucumber plants 

were examined during the spring season 

sampling taken (March-April-May), 

summer season, sampling taken (June - July 

– August) the autumn season, sampling 

taken (September-October-November), 

and winter season, sampling taken 

(December- January- February) during two 

different seasons 2021 and 2022 and 2022 

and 2023. Population counts of mealybugs 

(Crawler, nymph, and adult stages) were 

recorded from ten tagged plants from five 

spots starting from 18 days after sowing till 

the crop maturity at the weekly interval and 

expressed as the average number of 

mealybugs from 5 cm shoot/twig. The 

cultivated area was about 300 m2 three 

different ecosystems. All agricultural 

practices were applied except for pest 

control.  

2. Determination of degree-days units 

(DDU):  

Determination of degree-days units 

(DDU) Daily maximum and minimum 

temperatures recorded and obtained from 

the Center Laboratory for Agriculture 

Climate (CLAC) were transformed to heat 

units using the lower threshold temperature 

of cotton mealy bug (Where, t0 was 8.2 °C 

with 774.1 units for generation according to 

Shehata (2017) and the lower degree-days 

units (DDU) were calculated by applying 

the Richmond et al., (1983) formula as 

follows:  

H =Σ H J 

 (Where: H = number of degree-days units).  

H J = {(max + min)/2} – C (If max. > C and 

min. > C).  

H J = {(max. – C) 2 /2 (max.-min.)} (If 

max. > C and min. < C).  
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H J = 0 (If max. < C and min. < C). C = t0 

3. Influence of current climatic change 

on Phenacoccus solenopsis: 

These experiments were performed 

on P. solenopsis, at the Experimental Farm 

of the Plant Protection Research Institute, 

Qaha, Qalubiya, Nubaria, Beheira and 

Tama, El-Fayoum Governorates - Egypt, 

from January to December for successive 

seasons 2022 and 2023. Average 

temperatures (Daily maximum and 

minimum) were calculated according to the 

data recorded and obtained from CLAC, 

Egypt.  

4. Effect of expected future climatic 

change on Phenacoccus solenopsis: 

This study was performed to 

predicate the numbers and durations of 

generations and DDU (Accumulated 

thermal heat units) in expected future 

climatic changes in 2040s and 2060s. The 

future climatic data have been obtained 

based on the GHG emissions scenarios 

(SSP-4.5), increase the temperature (1.5 

°C) near term 2021-2040 (2.0 °C) med term 

2041-2060 (IPCC 2021). 

5. Data analysis: 

The statistical analyses of the 

present data were carried out using SAS 

program computer including F-test and 

L.S.D. value (SAS Institute, 1999). 

Results and discussion 

Data in Table (1) and Figures (1,2,3 

and 4) showed the effect of four different 

plantations on the infestation of the 

population densities. P. solenopsis was 

more abundant on summer and autumn 

plantations (206.3 and 201.3 

individual/plant) after spring plantation 

(127 individual/plant) and the smallest 

number was found on winter plantation 

(75.5 individual/leaves) (Irrespective of 

Governorates and seasons). The statistical 

analysis of the total mean number of pests 

showed significant differentiations (F-

value=15.59, L.S. D=47.9) for four 

plantations. We also find that the general 

mean number of P. solenopsis was more 

abundant at El-Fayoum Governorate (208.0 

individual /plant) comes after Qalubiya 

Governorate with means (147.9 individual 

/plant) and where we find the lowest 

numbers of the population, Beheira 

Governorate with a mean (101.9 individual 

/plant) throughout two successive seasons 

2021 and 2022 and 2022 and 2023. The 

statistical analysis of the total mean number 

of pests showed a significant difference at 

<0.0001 for three different locations (F 

value between Governorate= 27.83 and 

L.S.D =28.3). 

Table (1): Rate of season variation in the mean number of infestations Phenacoccus solenopsis on cucumber 

plants at different Governorates through two years. 

 

Plantation 

Qalyubia Governorate Beheira Governorate El-Fayoum Governorate 

 

Mean 
2021 

and 

2022 

2022 

and 

2023 

2021 

and 

2022 

2022 

and 

2023 

2021 

and 

2022 

2022 

and 

2023 

Spring 123 136 105 98 146 155 127.b 

Summer 216 198 165 148 248 263 206.3a 

Autumn 185 179 93 101 319 331 201.3a 

Winter 77 69 56 49 98 104 75.5c 

Mean 147.9b 101.9c 208.0a ----- 

F value between Governorate= 27.83***         L.S.D=28.3 

F value between plantation =15.59 ***                 L.S.D=47.9 
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These results were in line with those 

obtained by (Ben-Dov et al., 2009). Also, the 

pest has been recorded on 183 plants in 52 

families especially Malavaceae, 

Solanaceaeand Amaranthaceae families 

(Prishanthini and Vinobaba, 2014). The first 

record of P. solenopsis infestation in all of 

Egypt was recorded only on weed plants by 

Abd-Rabou et al. (2010). Abd El-Wareth 

(2016) recorded the first published record of 

tomato eggplant, pepper, and Maize plants as 

a new host for P. solenopsis in Egypt, 

especially in Fayoum Governorate. Badran et 

al. (2018) studied and evaluated some pest 

control methods on the Population density of 

P. solenopsis determined on cucumber plants 

in the greenhouse at Qaha, Qalubiya 

governorate.  Amer et al. (2023) recorded 

that P. solenopsis has three peaks of 

abundance in both seasons (2019-2020 and 

2020-2021) in the selected goldenberry 

orchards with a very low effective of the 

recorded parasitoid, Dicrodiplosis manihoti 

Harris at Qalubiya Governorate. 

1. Influence of current climatic change on 

Phenacoccus solenopsis :  

It has been projected that with a 2 °C 

temperature rise, insects might occur one to 5 

extra life sequences per season (Yamamura 

and Kiritani, 1998). The expanded populace 

model ran efficaciously for different 

locations without combatting crashes. For the 

three geographical regions Qalubiya, 

Beheira, and El-Fayoum Governorates, the 

estimated climatic changes by GHG 

emissions scenarios (SSP-4.5) for the nearby 

and far future caused in a rise of the yearly 

temperature mean between the reference 

period (2022) and the nearby (2022-2040) or 

afar future (2040–2060) of 1.0, 2.0, and 2.7 

°C, separately.  

There is a statistically significant 

variation in the mean rates among the various 

levels of climate which is superior to what 

would be assumed by possibility after 

admitting for impact of differences in 

generation (F= 40.32, P <0.0001), (f=140.47, 

P <0.0001), (F= 181.19, P <0.0001),  and (F= 

76.00, P <0.0001), (f=10.21, P <0.001), (F= 

4.15, P <0.01) in Qalubiya, Beheira and El-

Fayoum Governorates, respectively. The 

expected temperature fluctuations 

manipulated the generation's number of P. 

solenopsis during the year. Related to the 

reference period, P. solenopsis consumed 

773 DDU, 775 DDU to complete one 

generation under the current conditions on 

average of 41.0 and 51 d in Qalubiya, 

Beheira, and El-Fayoum Governorates, 

respectively. However, there is a statistically 

significant difference in the current, near, and 

remote future between climatic factors, the 

Generations number in the El-Fayoum 

governorate, and the near future 2022-2060 

(Table 2).  

Table (2): Mean of days and DDUs for Phenacoccus solenopsis under studied seasons and Governorates. 

 

 

 

 

Years 
Qalyubia Governorate Beheira Governorate El-Fayoum    Governorate 

Days DDUs Days DDUs Days DDUs 

2021 43a 775b 51a 775a 41a 773a 

2040 41b 776a 46b 772c 31b 773a 

2060 40b 773c 40c 774b 29c 771b 

F value 40.32*** 76.0*** 140.47*** 10.21** 181.19*** 4.15* 

L.S.D. 1.14 0.67 1.37 1.16 1.42 1.57 
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2. Degree-days and generation numbers of 

Phenacoccus solenopsis under climate 

season 2022 and future climate 2040 and 

2060 at different Governorates: 
Data in Table (3) showed that the P. 

solenopsis completed 6 to 7 generations/year 

on cucumber plants in Qalyubia Governorate 

with an average of 43.3 d/generation with 

774.5 DDU in current but in 2040-2060 

indicated 37.6 and 36 d/generation with 

775.8 and 773.5 DDU, respectively. In the 

current (2022), the first generation took the 

longest period (From 1/3 to 8/5) with 

durations of 69 days. On the other hand, the 

shortest generation was the fourth one (From 

9/7 to 6/8) with a duration of 34  days. the 

same results in 2040-2060, but one 

generation more in the period from (12/11to 

4/1).  

As temperature rises, the generation's 

number of pests will increase, so this could 

be explained by the fact that the low 

temperature contributed to less pest 

infestation and damage. Knowing the 

beginning and duration of the generation may 

help in early controlling to reduce the number 

of pests. 

Table (3): Degree-days and generation numbers of Phenacoccus solenopsis under climate season 2022 and future climate 2040 and 2060 at 

Qalyubia Governorate. 

No. Gen. 

Qalyubia 

2022 2040 2060 

Days Start End DDUs Days Start End DDUs Days Start End DDUs 

1 69 1/3 8/5 772 63 1/3 2/5 776 61 1/3 2/5 772 

2 39 9/5 17/6 778 38 3/5 10/6 770 38 3/5 10/6 770 

3 35 18/6 8/7 773 32 11/6 16/7 776 32 11/6 16/7 774 

4 34 9/7 6/8 778 32 17/7 19/8 778 31 17/7 19/8 774 

5 37 7/8 14/9 773 32 20/8 26/9 777 31 20/8 26/9 774 

6 46 15/9 30/10 773 37 27/9 11/11 775 35 27/9 11/11 770 

7     55 12/11 4/1 779 49 12/11 4/1 779 

8             

9             

10             

Data in Table (4) showed that the P. 

solenopsis completed 6 to 8 generations/year 

on cucumber plants in Beheira Governorate 

with an average of 50.8 d/generation with 

775 DDU in current 2022, and found in 2040-

2060, 42.6 and 36.8 d/generation with 771.7 

and 774.2 DDU, respectively. In the current 

(2022), the first generation took the longest 

period (from 1/3 to 16/5) with durations of 77 

days. On the other hand, the shortest 

generation was the fourth one (from 6/8 to 

11/9) with a duration of 37  days. the same 

results in 2040-2060, increase one or two 

generations more in the period from (23/11 to 

8/1 and 19/12 to 14/2) for 2040 and 2060, 

respectively. 
Table (4): Degree-days and generation numbers of Phenacoccus solenopsis under climate season 2022 and future climate 2040, 2060 at 

Beheira Governorate. 

No. Gen. 

Beheira 

2022 2040 2060 

Days Start End  DDUs Days Start End  DDUs Days Start End  DDUs 

1 77 1/3 16/5 773 65 1/3 4/5 773 63 1/3 2/5 775 

2 41 17/5 27/6 773 41 5/5 15/6 770 39 3/5 12/6 772 

3 38 28/6 5/8 773 40 16/6 26/7 775 33 13/6 19/7 774 

4 37 6/8 11/9 775 34 27/7 29/8 773 27 20/7 21/8 776 

5 42 12/9 23/10 777 35 30/8 4/10 770 31 22/8 1/10 770 

6 70 24/10 2/1 779 49 5/10 22/11 770 34 2/10 6/11 773 

7     57 23/11 18/1 772 41 7/11 18/12 776 

8         55 19/12 14/2 776 

9             

10             
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Data in Table (5) showed that the P. 

solenopsis completed 6 to 10 

generations/year on cucumber plants in El-

Fayoum     Governorate with an average of 40 

d/generation with 773.3 DDU in current but 

in 2040-2060 indicated 28.5 and 26.3 

d/generation with 773.3 and 770.8 DDU, 

respectively. In the current (2022), the first 

generation took the longest period (From 1/3 

to 8/5) with durations of 65 days. On the other 

hand, the shortest generation was the third 

one (From 16/ 6 to 18/7) with a duration of 

32  days. the same results in 2040-2060, 

increasing generation reach to 10 in the 

period (From 7/11 to 18/1).  

Table (5): Degree-days and generation numbers of Phenacoccus solenopsis under climate season 2022 and Future climate 2040, 2060 at El-

Fayoum    Governorate. 

No. Gen. 

El-Fayoum     

2022 2040 2060 

Days Start End  DDUs Days Start End  DDUs Days Start End  DDUs 

1 65 1/3 8/5 773 53 1/3 26/4 776 48 1/3 21/4 770 

2 37 9/5 15/6 772 33 27/4 30/5 775 33 22/4 25/5 771 

3 32 16/6 18/7 775 25 1/6 25/6 770 25 26/5 21/6 770 

4 35 19/7 24/8 773 23 26/6 19/7 770 25 22/6 17/7 774 

5 33 25/8 28/9 770 24 20/7 14/8 770 24 18/7 12/8 770 

6 39 29/9 7/11 777 24 15/8 9/9 779 23 13/8 6/9 770 

7 64 8/11 11/1 773 26 10/9 5/10 774 24 7/9 1/10 772 

8     30 6/10 6/11 773 25 11/10 14/11 770 

9     44 7/11 21/12 774 26 15/11 11/12 771 

10         36 12/12 18/1 772 

This result ties in well with previous 

studies wherein Shehata (2017). This study 

evaluated the thermal requirements for the 

development of the cotton mealybug P. 

solenopsis depending on different biological 

parameters on Okra leaves Abelmoschus 

esculentus at under two constant 

temperatures (20ºC and 30ºC). The thermal 

requirements to complete the insect 

development for one generation were 8.2ºC 

for the developmental zero and 774.1 DDs 

for the thermal constant. Based on the 

thermal requirements values, the average life 

cycle duration from January to December 

2016 was 61.78 days and the number of 

annual generations was 7.143 when the 

average annual temperature was 23.29ºC. 

Climate change may have an impact 

on pests via both intrinsic and extrinsic 

causes. To investigate the possible effects of 

increased temperatures brought on by climate 

change on the number of generations of P. 

solenopsis, we constructed a simulation 

model for our study. The mean values at 

different locations varied statistically 

significantly depending on the number of 

generations and the varying climatic 

conditions. The value of DDUs in the future 

compared to those under the current climatic 

state differs in the data distribution. These 

findings offer knowledge that will influence 

how future modifications to the pest will be 

controlled. 
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