
Heliyon 9 (2023) e13702

Available online 15 February 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Research article 

Assessment of the effects of climate change on the occurrence of 
tomato invasive insect pests in Uganda 

N’dakpaze Gno-Solim Ela a,b, Daniel Olago b, Amwata Dorothy Akinyi b, 
Henri E.Z. Tonnang a,* 

a International Centre of Insect Physiology and Ecology (icipe), P.O. Box 30772-00100, Nairobi, Kenya 
b Institute for Climate Change and Adaptation, University of Nairobi and South Eastern Kenya University, P. O. Box 29053, Nairobi, Kenya   

A R T I C L E  I N F O   

Keywords: 
Climate change 
Invasive insect pests 
Climate-pest relationship 
Uganda 

A B S T R A C T   

The shift in the geographical spread of invasive pests in Africa has rarely been linked directly to 
climate change. However, it is predicted that environmental changes play a significant role in 
spreading and expanding pests. The occurrence of new tomato invasive insect pests has been 
increasing in Uganda during the past century. Assessing the impact of temperature, rainfall, 
relative humidity, and windspeed on the occurrence of invasive tomato insect pests, gives a better 
understanding of managing and limiting the bio-invasion process sustainably. We used the Mann 
Kendall trend Test to establish trends in climate variables from 1981 to 2020 and to document the 
trend in the occurrence of new invasive pests. The relationship between climate variables and 
pests occurrence is analyzed using Pearson’s correlation and the Generalized Linear Model (GLM- 
quasi-Poisson) in R-software. The results showed that temperature and windspeed have signifi
cantly increased in both Kampala and Namutumba by 0.049 ◦C, 0.005 m s− 1and by 0.037 ◦C, 
0.003 m s− 1 per year respectively while in Mbale there was no change in wind speed pattern and a 
non-significant decrease in temperature. There was an overall rainfall increase in Kampala (p =
0.029) by 0.241 mm, Mbale (p = 0.0011) by 9.804 mm, and Namutumba (p = 0.394) by 0.025 
mm. On the other hand, humidity has decreased both in Kampala (p = 0.001) by 13.3% and in 
Namutumba (p = 0.035) by 13.2% while there was a no significant change in Mbale. The results 
of GLM showed that each variable, taken individually, had a direct effect on the pests’ occurrence 
in all three districts. However, with all these climate variables taken together, the effect on the 
pests’ occurrence varied with each of the three districts; Kampala, Mbale, and Namutumba. This 
study demonstrated that pest occurrence is different from one agroecology to another. Our 
findings suggest that climate change is a driver that favors bio-invasion of tomato invasive insect 
pests occurrence in Uganda. It calls for awareness to policymakers and stakeholders to consider 
climate-smart pest management practices and policies to deal with bio-invasion.   

1. Introduction 

Food security is threatened by several factors such as environmental degradation, transboundary diseases, and insect pests [1,2]. 
Globally, the occurrence and proliferation of insect pests are high due to the nature of these organisms, which are poikilothermic 
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species therefore very sensitive to climatic and environmental conditions [3]. Under global warming, the proliferation of pests has 
increased and the number of new invasive species discovered or reported regularly in Africa is clearly on the rise [4]. These invasive 
insect pests that are non-native in Africa are spreading or brought unintentionally by human activities such as international trade [1,2]. 
The challenge is that within the newly colonized ecozones, there are no proper natural enemies that will slow down the progression of 
those invasive pests [5]. Although many efforts have been made to manage the existing invasive pests and limit new introductions, 
climate change and climatic variability are contributing to the increase in the number of reported pests [6,7]. For example, the dry 
period that follows humid spells, characteristic of the climate in the Eastern part of Africa, is favorable for insect invasion and spread 
[8]. The report of the Intergovernmental Panel on Climate Change [9] shows an increase in the global temperature of 2 ◦C by 2100. 
Such an increase may have a drastic impact on insect pests which are essentially poikilothermic species with a high level of tem
perature dependency for their development and life history. 

Climate change impacts result in variations in the earth’s atmosphere parameters such as temperature, precipitation, wind, hu
midity, and soil moisture [7,10]. The changes in climate patterns increase the proliferation of pests and affect the ecosystem, including 
crops, animals, and human beings [7,11,12]. Therefore, climate change becomes a major threat to smallholder farmers making them 
more vulnerable to pests invasion and new diseases [13]. 

As a result of these variabilities, there have been a plethora of invasive pests in sub-Saharan Africa (SSA) in the last decade. In 
Uganda, agriculture plays an essential role in the country’s economy. Mbale and Namutumba are among the districts where most of the 
tomatoes produced in Uganda are grown [14,15]. Tomato production is the primary source of income for smallholder farmers in these 
districts. Farmers have been affected by several insect pests causing huge yield losses in the past three decades. Besides, the country has 
witnessed rainfall fluctuations, strong winds, rising temperatures, floods, and drought occurrences, especially in the recorded pests’ 
locations [16]. Also, changes in moisture content hasten the development of insects while changing the interaction between the pest, 
their natural enemies, and their hosts [1]. Moreover, pest response to increasing temperatures has an impact on the amount of damage 
to crop yields [17]. The highest proliferation of some insect pests occurs at the highest temperatures and lowest relative humidity [18, 
19]. 

Establishing the relationship between the biology of the pests and the relative humidity is crucial to understanding the fast invasion 

Fig. 1. Location of Uganda in Africa, author.  
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of a pest in certain regions [20]. However, there is limited scientific evidence that demonstrates the rate of establishment of invasive 
pests in Uganda as a result of recent climate change. To better understand the establishment of new pests and to develop more effective 
early warning and control approaches, it is key to comprehend the relationship between bio-invasion and environmental change. 
Therefore, our research aims to investigate the effect of environmental changes in the districts by assessing the trends in temperature, 
rainfall, relative humidity, and windspeed and their effects on the rate of the occurrence of tomato invasive pests. 

2. Methodology 

2.1. Study area 

The study was conducted in Uganda. Uganda is located in East Africa (Fig. 1) and is a landlocked country bordered to the North by 
Sudan, Kenya to the west, to the South by Lake Victoria, Rwanda, Tanzania, and the Democratic Republic of Congo [21]. Uganda lies 
between latitude 0.5◦ N and longitude 32.0◦ E with an elevation of approximately 1137 m above sea level [22]. Most of the smallholder 
farmers in the study area rely exclusively on rainfall for their agriculture. The common crops grown in the area are maize, beans, 
cassava, banana, and tomato. For many years, the farmers have been struggling with the invasion of their croplands by pests that cause 
between 10 and 100% crop losses. The most common ways used in the study area to deal with the pests are the use of herbicides, 
pesticides, fungicides, and insecticides. Though we used Kampala as the reference point, two regions of tomato cultivation areas were 
assessed to compare the impact within those regions. The two regions were Mbale (34.181◦E, 1.0784◦N) and Namutumba (33.6861◦E, 
0.8361◦N). The coordinates represent the centroids of the districts. 

2.2. Data collection 

The climate variables used in the study were temperature, rainfall, windspeed, and relative humidity obtained from the years 
1981–2020 to capture changes in the climate observed within the forty years [23,24]. These data were retrieved from NASA power 
(https://power.larc.nasa.gov/data-access-viewer/) at a spatial resolution of 0.5 × 0.625◦ latitude/longitude. The annual averages of 
these bioclimatic variables were used to match the number of invasive pests recorded annually [4]. The data on the invasive insect 
pests were obtained from online databases such as the European and Mediterranean Plant Protection Organization (EPPO) available at 
https://www.eppo.int/, the Global Biodiversity Information Facility (GBIF) (https://www.gbif.org/), and the Centre for Agriculture 
and Bioscience International (CABI) (https://www.cabi.org/) [25,26]. All these are huge online species occurrence databases that 
house billions of records collected globally since the 1900s [27]. The native species that were endemic to Uganda were excluded from 
the analysis. These were identified from the CABI (n = 4) databases as they are precisely categorized as native Ugandan species and 
would thus not be ideal as invasive for this current study. Elimination of native species has also been conducted in similar studies such 
as by Huang et al. [4]. The total number of species that were finally used in this analysis after elimination of the native species from the 
data obtained from the different databases were thirty eight. To standardize the data, the cumulation was estimated from year to year. 
From the European and Mediterranean Plant Protection Organization, no reported insect pest species have entirely disappeared from 
Uganda, and approximately 80% of the recorded tomato invasive insect pest’s location was in Kampala (32.59o E, 0.32o N). This was 
expected as the Kampala agricultural produce markets are central to all the agricultural products originating across the country hence 
many pests also become introduced and centralized in Kampala. Additionally, this could be attributable to the fact that the capacity to 
identify, record, and report these pests could be higher in Kampala than in other parts of the country. 

2.3. Data analysis 

2.3.1. Trend analysis 
The Mann-Kendall (MK) trend method, which is a non-parametric test, was used on the climatic variables to assess the negative or 

positive tendency in the level of temperature, rainfall, relative humidity, and windspeed over the years [28–30]. The MK analysis is 
commonly used for environmental and climate data to understand the significance level of the tendency in time series data within a 
location and to establish the occurrence of climatic changes [31,32]. Specifically, the analyzed data provided insight into whether 
there is a significant increase or decrease trend in the historical time series of the chosen variables in our case the temperature, rainfall, 
relative humidity, and windspeed. The trends can be negative, non-null, or positive. When there is a positive value of the MK test, there 
is an increasing trend while the opposite shows a decreasing trend [33,34]. 

The statistical equation (1) of the MK test is given: 

∑n− 1

a=1

∑n

b=a+1
sign=(xb − xa) (SEQ Equation \ ∗ ARABIC 1) 1 

With: 
xb = the value of the climatic variable (temperature, rainfall, relative humidity, or windspeed) data at time b (second time step e.g., 

1982) 
xa = the value of the climatic variable (temperature, rainfall, relative humidity, or windspeed) data at time a (initial time e.g., 

1981) 
where equation (2) is: 

N. Gno-Solim Ela et al.                                                                                                                                                                                               

https://power.larc.nasa.gov/data-access-viewer/
https://www.eppo.int/
https://www.gbif.org/
https://www.cabi.org/


Heliyon 9 (2023) e13702

4

sign (xb − xa)=

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

1, if (xb − xa) > 0

0, if (xb − xa) = 0

− 1, if (xb − xa) < 0

(SEQ Equation \ ∗ ARABIC 2) 2 

The Sen’s slope estimator test is used to determine the statistical significance of the tendency in climatic variables over time [35, 
36]. For a set of pairs (a, xa) the Sen’s slope equation (3) is: 

xb − xa

b − a
(SEQ Equation \ ∗ ARABIC 3) 3  

2.3.2. Statistical analyses 
The effect of climate variables on pest invasion over the years was assessed using a Generalized Linear Model (GLM) because the 

data was ‘count data’ [37,38]. This model was used to predict pest occurrence and was well suited for our count data [39]. The Shapiro 
test was first considered to test the normality of the count. Thereafter, the GLM was run using the entire dataset occurrence and in 
R-software using the package ‘quasipoisson’ and used to determine the effects of the climate variables i.e., temperature, rainfall, 
relative humidity, or windspeed on the occurrence of invasive insects’ pests [40]. Equation (4) was used to perceive the impact of the 
changes in the climatic variables over the years on the occurrence of new pests in Uganda. Quasi-Poisson models are better when 
dispersion is not close to one as assumed by the Poisson model. Equation (4) is as stipulated: 

E(Y) = μ = exp (β0 + β1x1 + β2x2 + ....+ βnxn) 4  

where.  

- βs represents the expected change in the log of the mean per unit change in X.  
- exp(β) is the effect of the independent variable on the mean. 

The Quasi-Poisson GLM that was run in R software is: glm(formula = Count ~ the value of the climatic variable (temperature, 
rainfall, relative humidity, or windspeed) data, family = quasipoisson(link = log)). 

Furthermore, Pearson’s correlation analysis was used to determine the association between the tomato invasive insect pest 
occurrence and climate variables. 

3. Results 

3.1. Assessment of the occurrence of the tomato new insect pests 

The MK test showed an increase in the occurrence of tomato new pests over the years (n = 38) (Fig. 2). 

3.2. Estimation of temperature trends 

The MK and Sen’s slope trends for the annual temperature for the three districts are presented in Table 1 and Fig. 3, respectively. 
There was a significant increase in Kampala (p < 0.0001) and Namutumba (p = 0.006) by 0.049 ◦C and 0.037 ◦C per year, respectively. 
Over the years, we observed little decrease (0.002 ◦C) with no significance in the trend variation of mean temperature in Mbale (p =
0.894) (Table 1). The highest increase in temperature occurred in Namutumba between 1981 and 2020 and reached a maximum of 
27.88 ◦C (Table 1). 

Fig. 2. Occurrence of tomato new insect pests over the 40 years (1981–2020) in Uganda.  
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3.3. Determination of rainfall trends 

The MK and Sen’s slope trends for the annual rainfall for the three districts are presented in Table 2 and Fig. 4, respectively. There 
was a significant increment in rainfall in Kampala (p = 0.029) and Mbale (p = 0.0011) by 0.241 mm and 9.804 mm per year, 
respectively. 

There was no significant difference in rainfall trends in Namutumba (p = 0.394). However, there was an increase in rainfall by 
0.025 mm per year. Overall, there was an increase in rainfall amounts in the three districts (Table 2). 

3.4. Estimation of windspeed trends 

There is a significant variation in the windspeed over the 40 years in Kampala (p < 0.0001) and Namutumba (p = 0.002) with 
increasing speed respectively, as little as 0.005 m s− 1 and by 0.003 m s− 1 per year (Table 3, Fig. 5). Higher windspeed increases insect 

Table 1 
Estimated Sen’s slope values for the temperature variable trends from 1981 to 2020 in the districts.  

Location Range Sen’s slope p-Value 

Minimum Maximum 

Kampala 21.28 24.68 0.049 <0.0001 
Mbale 17.43 21.51 − 0.002 0.894 
Namutumba 22.84 27.88 0.037 0.006  

Fig. 3. The annual temperature trends from 1981 to 2020 in Kampala (a), Mbale (b) and Namutumba (c).  

Table 2 
Estimated Sen’s slope values for the rainfall variable trends from 1981 to 2020.  

Location Range Sen’s slope p-value 

Minimum Maximum 

Kampala 923.92 1602.92 0.241 0.029 
Mbale 1187.88 2341.03 9.804 0.0011 
Namutumba 1174.05 2144.79 0.025 0.394  
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movement. However, no significant variation in windspeed was reported in Mbale (Table 3). 

3.5. Determination of humidity trends 

The last climate variable considered to affect insect pest occurrence is humidity. The abnormalities in the annual relative humidity 
trends are clear evidence of an unpredictable moisture pattern in the three districts. The MK and Sen’s slope test showed a trend in the 
time series data with a significant decrease in humidity over the years by 13.3% RH in Kampala (p = 0.001) and by 13.2% RH in 
Namutumba (p = 0.035). In Mbale, there was no significant difference in the humidity trend (p = 0.395). In Mbale, there was no 
significant difference in the humidity trend (p = 0.395). All these trends are captured in Table 4 and in Fig. 6. 

3.6. Assessments of the relationships between climate variables and the occurrence of new insect pests in kampala, mbale, and namutumba 
districts 

The results of the relationships among the occurrence of invasive tomato insect pests, windspeed, temperature, humidity, and 
rainfall assessed by Pearson’s correlation, are presented in Fig. 7. There were negative relationships between the humidity variable and 
pest occurrence in Kampala and Namutumba as well as temperature variable and pest occurrence in Mbale. The relationships among 
windspeed, temperature, rainfall variables, and pest occurrence were positive in Kampala and Namutumba. The positive relationships 
observed in Mbale were among windspeed, humidity and rainfall, and pest occurrence. The associations among all studied climate 

Fig. 4. Annual rainfall trends from 1981 to 2020 in Kampala (d), Mbale (e), Namutumba (f).  

Table 3 
Estimated Sen’s slope values for the windspeed variable trends from 1981 to 2020.  

Location Range Sen’s slope p-value 

Minimum Maximum 

Kampala 1.23 1.60 0.005 <0.0001 
Mbale 1.49 1.74 0 0.953 
Namutumba 1.21 1.49 0.003 0.002  
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variables and pest occurrence were significantly correlated (p < 0.05) in the three districts, except for humidity in Kampala, wind
speed, temperature, and humidity in Mbale. 

The results of the GLM analysis estimating the effect on pest occurrence of each climate variable are shown below (Table 5). Due to 
overdispersion with the Poisson, we used the quasi-Poisson model. The GLM was fitted to the observed rainfall, temperature, humidity, 
and windspeed in the occurrence of invasive insect pests in Kampala. Air temperature (χ2 = 31.331, degrees of freedom (df) = 1, p =
2.176e− 08), relative humidity (χ2 = 12.23, df = 1, p = 0.0005), rainfall (χ2 = 8.4699, df = 1, p = 0.004) and wind component (χ2 =

28.868, df = 1, p = 7.749e− 08) at various pressure levels were all significant in the occurrence model. Rainfall, temperature, and 
windspeed affected positively pest occurrence counts while relative humidity affected the occurrence negatively. Even though in an 
agroecology, the climate variables influence pest occurrence, windspeed (p < 2.2e− 16) is much more significant than rainfall (p =
8.310e− 12) and temperature (p = 6.144e− 08). The variations simultaneously in both windspeed and temperature are the major effect in 
the pest occurrence (p = 6.102e− 11). The concurrent variations in all the variables are likely to have a low effect on the pest occurrence 
(p = 0.054) (Table 5). 

The significance of climate variables in Mbale on the occurrence of pest counts varied in the model (Table 5). Significant differences 
in occurrence were only observed in rainfall (χ2 = 11.877, df = 1, p = 0.0007). On the contrary there was no significant influence of 
temperature (χ2 = 0.38599, df = 1, p = 0.5344) windspeed (χ2 = 0.074178, df = 1, p = 0.78) and relative humidity (χ2 = 1.4828, df =
1, p = 0.23) on the invasive insect pests counts. In this case, rainfall is the only parameter that (p < 2.2e− 16) affects the invasive insect 
pest occurrence when the variables are combined in one model. The variations in relative humidity, windspeed, and rainfall (p =
0.028) as well as the variations in relative humidity, windspeed, and temperature (p = 0.027) are the only cases of significant change in 
the pest occurrence. 

The effects of climatic variables on invasive insect pests in Namutumba have similar results in Kampala. Their shared trends could 
explain this similarity and effect (Table 5). Similarly to Kampala, rainfall in Namatumba had a significant effect on the pest (χ2 =

12.893, df = 1, p = 0.0003). Among other variables, temperature did influence pest occurrence (χ2 = 3.8541, df = 1, p = 0.04962) as 

Fig. 5. Annual windspeed trends from 1981 to 2020 in Kampala (g), Mbale (h), Namutumba (i).  

Table 4 
Estimated Sen’s slope values for the relative humidity trends from 1981 to 2020.  

Location Range Sen’s Slope p-value 

Minimum Maximum 

Kampala 69.03 79.91 − 0.133 0.001 
Mbale 72.06 84.38 0.025 0.395 
Namutumba 59.88 80.31 − 0.132 0.035  
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well as windspeed (χ2 = 9.7638, df = 1, p = 0.00178) compare to relative humidity which had no significant influence pest occurrence 
(χ2 = 2.4605, df = 1, p = 0.1167). The new occurrence of invasive insect pests in Namutumba agroecology where all the climate 
variables interact together is highly influenced respectively by windspeed (p = 7.612e− 06), rainfall (p = 0.002), humidity (p = 0.04) 
(Table 5). Similarly, the interaction between windspeed and rainfall significantly affects the probability of new pest invasion (p =
0.021). 

4. Discussion 

In this study, we provided information on climate trends and their effect on insect pest occurrence in Uganda specifically the 
cultivated tomato areas in Kampala, Mbale, and Namutumba. Our results have shown an increasing annual temperature trend in 
Kampala and Namutumba over the last forty years by 0.04 ◦C annually. 

Our study showed that the rainfall trends increased significantly in Kampala (0.24 mm) and Mbale (0.0011 mm), with a significant 
decrease in the humidity in Kampala and Namutumba confirming the findings of Ssentongo et al. [41], who reported, an overall 
decrease in the humidity in Uganda of about 12% during the past 34 years in Uganda. This variation could have been introduced by the 
differences in the sources of data. 

The trends of windspeed amplified between 1981 and 2020, our data shows an increased rate of 0.05 m s− 1 and 0.003 m s− 1, 

respectively, in Kampala and Namutumba during the study period. The rise of invasive insect pests in Uganda is wind-aided due to the 
positive relationship between the wind and pest data. This validates previous assumptions that the migration of some pests is favored 
by strong winds, which propel them [42–44]. 

The variations in the annual precipitation trends are evidence of unpredictable rainfall patterns in the study area. Therefore, it is 
evident that rainfall has a significant positive relationship with pests [45]. The increase in rainfall in these historical data indicated 
moments of flood seasons. Additionally, the analysis of rainfall variability in Uganda has proven that extreme events such as floods and 
mainly droughts have distorted tomato productivity through diseases and insect pests, calling for adaptive measures to help farmers 
mitigate these challenges [46]. A study by Khan [47] showed that the population of leafhopper and Jassid was at their highest when 
relative humidity was reduced, which confirms the negative correlation between Rh and insect pest incidence in Kampala and 
Namutumba. At the same time, Chilo partelous propagates faster when relative humidity increases which might be the case of our study 
in Mbale where there is positive correlation between Rh and pest occurrence [18]. This study established the general trend, however, 
further studies may address the specific species that decrease or increase in the variation of the climatic variables. 

Overall, the rate of pest occurrence trend increased across the three districts. The changes in the temperature and windspeed 
patterns are associated with the rise of pests. This suggests that there is a meaningful trend in the association between increasing pests 
and climate variables. Our findings are similar to those reported by Haack et al. [4] who found a positive impact of temperature on the 
increase of the establishment rate of invasive alien insects in China, the United Kingdom, and the United States. Likewise, our results 

Fig. 6. Annual relative humidity trends from 1981 to 2020 in Kampala (j), Mbale (k), Namutumba (l).  
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agree with previous results from a study by Phophi et al. [48] who concluded that climate change was the most important factor that 
influenced pests outbreaks and invasion in the Limpopo province of South Africa [48]. Scientific studies jointly done by the Inter
national Centre of Insect Physiology and Ecology (icipe) and the Centre for Agriculture and Bioscience International (CABI) have 
reported that climate change was a major driver of transboundary pests’ establishment in Eastern Africa. Besides, rainfall and tem
perature variability are susceptible to influencing pests occurrence thereby affecting tomato production [45,49]. Invasive pests such as 
leaf miner and thrips influence tomato yield loss and quality [50–52]. While the climatic conditions seemed favorable, the breakout of 
insect pests could have negatively impacted tomato production. Moreover, the GLM with quasi-Poisson results showed a significant 

Fig. 7. Associations assessed by a Pearson’s correlation analysis, among windspeed, temperature, humidity, rainfall and occurrence of tomato 
invasive insect pests (pest count) in Kampala [(m); (p); (s); (v)], in Namutumba [(n); (q); (t); (w)], in Mbale [(O); (r); (u); (x)]; r is correla
tion coefficient. 
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impact of climate variables on pests. Even though the causes of bio-invasions are multifaceted, changes in abiotic and biotic com
ponents of the environment were recognized as primary drivers of species invasion [53]. The rest of the variations in pests that the 
model could not capture as a function of the climatic variables could be explained due to other factors, such as trade and exchange of 
cultivars. Overall, extreme temperatures, changes in rainfall, and windspeed patterns increase the risk of invasive insect species 
introduction with an expansion of their geographic range [2]. 

Finally, the present study has utilized secondary data and encourages its re-use for addressing further research questions., Our 
study suggests that the increase in establishment rates of invasive insect pests in Uganda, during the past four decades can be partially 
explained by climate change given that temperature, rainfall, wind speed, humidity can facilitate bio-invasion. 

5. Conclusion 

This study examined the relationship between climate change and variability factors and invasive insect pests in Uganda. The study 
focused mainly on temperature, rainfall, relative humidity, and windspeed. The analysis was done using the MK trend and Sen’s slope 
test to observe the trends in the climate variables over 39 years from 1981 to 2020. The results showed some significant increase in the 
temperature in Kampala, Namutumba and no significant variation in Mbale, a significant increase in windspeed in Kampala and 
Namutumba with no variation in Mbale. Also an increase in rainfall in the three districts (more significant in Mbale) while a decrease of 
humidity (no significant in Mbale). This is a clear indication that climate change has occurred in Kampala, Namutumba, and Mbale. 
The GLM analysis concluded that variation in both windspeed and temperature is the major effect in the pest occurrence in Kampala. 
For Mbale, simultaneous changes in humidity, windspeed, rainfall as well humidity, windspeed, and temperature caused a significant 
occurrence of invasive insect pests while for Namutumba, it is the interaction between windspeed and rainfall. It showed that changes 
in climatic variables impacted differently the proliferation and occurrence of tomato invasive insect pests in each district. This study 
confirms that the expected occurrence curve can increase in the changing conditions. So, changes in temperature, windspeed, and 
humidity climate patterns are more conducive to the survival and occurrence of the invasive insect pest in Kampala and Namutumba 
than in Mbale, which is another stress to crop production. 

6. Limitations 

Because of the lack of information about the exact date of bio-invasion of a pest in Mbale and Namatumba, we assume the dates of 
recordings of pests’ introduction in the regions are taken to be the same date the pests invade Mbale and Namutumba. Another 
limitation of this study is the nature of data, as mentioned above, we used secondary data which may contain noises that reduce the 
accuracy of the analysis. 
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Table 5 
Generalized linear model (GLM) terms for estimating pest count, as a function of climate variables, of the three districts: Kampala, Mbale, 
Namutumba.  

Dis.  Rainfall Temperature Humidity Windsp. 
Kam LR Chisq 8.4699 31.331 12.23 28.868  

Df 1 1 1 1  
Pr(>Chisq) 0.004 2.176e− 08 0.0005 7.749e-08 

Mba LR Chisq 11.877 0.38599 1.4828 0.074178  
Df 1 1 1 1  
Pr(>Chisq) 0.0007 0.5344 0.23 0.7853 

Nam LR Chisq 12.893 3.8541 2.4605 9.7638  
Df 1 1 1 1  
Pr(>Chisq) 0.0003 0.04962 0.1167 0.00178 

Significance: ***p < 0.001, **p < 0.01 *p < 0.05. Relative humidity: Rh; windspeed: Ws; rainfall: Rf; temperature: T. 
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[2] S. Skendžić, M. Zovko, I.P. Živković, V. Lešić, D. Lemić, The impact of climate change on agricultural insect pests 12 (5) (2021). 
[3] L. Biber-Freudenberger, J. Ziemacki, H.E.Z. Tonnang, C. Borgemeister, Future risks of pest species under changing climatic conditions, PLoS One (2016), 

https://doi.org/10.1371/journal.pone.0153237. 
[4] D. Huang, R.A. Haack, R. Zhang, Does global warming increase establishment rates of invasive alien species? a centurial time series analysis, PLoS One 6 (9) 

(2011), https://doi.org/10.1371/journal.pone.0024733. 
[5] B.M. Sokame, et al., Impact of an exotic invasive pest, spodoptera frugiperda (Lepidoptera: noctuidae), on resident, S 11 (2021) 6, https://doi.org/10.3390/ 

agronomy11061074. 
[6] R. Mateos Fernández, et al., Insect pest management in the age of synthetic biology, Plant Biotechnol. J. 20 (1) (2022) 25–36, https://doi.org/10.1111/ 

pbi.13685. 
[7] N. Peace, Impact of climate change on insects, pest, diseases and animal biodiversity, Int. J. Environ. Sci. Nat. Resour. 23 (5) (2020) 151–153, https://doi.org/ 

10.19080/ijesnr.2020.23.556123. 
[8] B. Paudel Timilsena, et al., Potential distribution of fall armyworm in Africa and beyond, considering climate change and irrigation patterns, Sci. Rep. 12 (1) 

(2022) 1–15, https://doi.org/10.1038/s41598-021-04369-3. 
[9] IPCC, Summary for Policymakers, vol. 9781107025, 2014. 

[10] J. Bhattacharjee, I. Samal, Trans-boundary Pests and Diseas- Es: A Threat in Agriculture, 2020, pp. 30–31. 
[11] J. Launer, Monkey business,” Postgrad. Med. J. 91 (1072) (2015) 117–118, https://doi.org/10.1136/postgradmedj-2014-133229. 
[12] H.E.Z. Tonnang, et al., Advances in crop insect modelling methods—towards a whole system approach, Ecol. Model. 354 (2017) 88–103, https://doi.org/ 

10.1016/j.ecolmodel.2017.03.015. 
[13] A. Addisu, D. Olago, S. Wandiga, S. Oriaso, D.A. Amwata, Smallholder farmers vulnerability level to climate change impacts and implications to agricultural 

production in tigray regional state, northern Ethiopia, J. Agric. Crop 512 (2019) 237–250, https://doi.org/10.32861/jac.512.237.250. 
[14] A. Atuhaire, Knowledge, attitudes, and practices of tomato producers and vendors in Uganda, Adv. Nutr. Food Sci. 1 (1) (2016), https://doi.org/10.33140/anfs/ 

01/01/00006. 
[15] O.S. Durodola, J. Bwambale, V. Nabunya, Using every drop: rainwater harvesting for food security in Mbale, Uganda, Water Pract. Technol. 15 (2) (2020) 

295–310, https://doi.org/10.2166/wpt.2020.019. 
[16] J.S. Okonya, K. Syndikus, J. Kroschel, Farmers’ perception of and coping strategies to climate change: evidence from six agro-ecological zones of Uganda, 

J. Agric. Sci. 5 (8) (2013), https://doi.org/10.5539/jas.v5n8p252. 
[17] P. Lehmann, et al., Complex responses of global insect pests to climate warming, Front. Ecol. Environ. 18 (3) (2020) 141–150, https://doi.org/10.1002/ 

fee.2160. 
[18] M. Khan, Effect of temperature and relative humidity on the population dynamics of brinjal and tomato infesting whitefly, Bemisia tabaci, Jahangirnagar Univ. 

J. Biol. Sci. 8 (1) (2019) 83–86, https://doi.org/10.3329/jujbs.v8i1.42471. 
[19] E. Chivian, Weather Events on Productivity , Plant Diseases , and Pests Climate Change and U . S . Agriculture : the Impacts of Warming and Extreme Weather 

Events on Productivity , Plant Diseases , and Pests, January, 2000. 
[20] A. Tamiru, E. Getu, B. Jembere, T. Bruce, Effect of temperature and relative humidity on the development and fecundity of Chilo partellus (Swinhoe) 

(Lepidoptera: crambidae), Bull. Entomol. Res. 102 (1) (2012) 9–15, https://doi.org/10.1017/S0007485311000307. 
[21] O. Chombo, S. Lwasa, M. Tenywa, Spatial and temporal variation in climate trends in the kyoga plains of Uganda: analysis of meteorological data and farmers’ 

perception, J. Geosci. Environ. Protect. 8 (1) (2020) 46–71, https://doi.org/10.4236/gep.2020.81004. 
[22] C.S. Wortmann, C.A. Eledu, An agroecological zonation for Uganda: methodology and spatial information, Network 30 (30) (1999) 34. 
[23] M. Brüggemann, S. Rödder, We are Climate Change (2020) 1–30, https://doi.org/10.11647/obp.0212.01. 
[24] Y. Kim, E. Worrell, CO2 emission trends in the cement industry: an international comparison, Mitig. Adapt. Strategies Glob. Change 7 (2) (2002) 115–133, 

https://doi.org/10.1023/A:1022857829028. 
[25] S. Brunel, et al., The EPPO prioritization process for invasive alien plants, EPPO Bull. 40 (3) (2010) 407–422, https://doi.org/10.1111/j.1365- 

2338.2010.02423.x. 
[26] E. Osdaghi, CABI Invasive Species Compendium Datasheet Report for Clavibacter Michiganensis (Bacterial Canker of Tomato) Ebrahim Osdaghi Department of 

Plant Protection, University of Tehran, Karaj, 2020. 
[27] B.T. Mudereri, E. Kimathi, T. Chitata, M.C. Moshobane, E.M. Abdel-Rahman, Landscape-scale biogeographic distribution analysis of the whitefly, Bemisia tabaci 

(Gennadius, 1889) in Kenya, Int. J. Trop. Insect Sci. (2020), https://doi.org/10.1007/s42690-020-00360-z. 
[28] W. Fan, et al., Evaluation of global reanalysis of land surface wind speed trends to support wind energy development using in situ observations, J. Appl. 

Meteorol. Climatol. 60 (1) (2020) 33–50, https://doi.org/10.1175/JAMC-D-20-0037.1. 
[29] H. Ngoma, W. Wen, M. Ojara, B. Ayugi, Assessing current and future spatiotemporal precipitation variability and trends over Uganda, East Africa, based on 

CHIRPS and regional climate model datasets, Meteorol. Atmos. Phys. 133 (3) (2021) 823–843, https://doi.org/10.1007/s00703-021-00784-3. 
[30] A. Gadedjisso-Tossou, K.I. Adjegan, A.K.M. Kablan, Rainfall and temperature trend analysis by mann–kendall test and significance for rainfed cereal yields in 

northern Togo, Science 3 (1) (2021) 17, https://doi.org/10.3390/sci3010017. 
[31] Z.A. Alemu, M.O. Dioha, Climate change and trend analysis of temperature: the case of Addis Ababa, Ethiopia, Environ. Syst. Res. 9 (1) (2020), https://doi.org/ 

10.1186/s40068-020-00190-5. 
[32] M.A.A. Osman, J.O. Onono, L.A. Olaka, M.M. Elhag, E.M. Abdel-Rahman, Climate variability and change affect crops yield under rainfed conditions: a case 

study in gedaref state, sudan,” Agronomy 11 (2021) 9, https://doi.org/10.3390/agronomy11091680. 
[33] H.W. Karuri, D. Olago, R. Neilson, E. Njeri, A. Opere, P. Ndegwa, Plant parasitic nematode assemblages associated with sweet potato in Kenya and their 

relationship with environmental variables, Trop. Plant Pathol. 42 (1) (2017) 1–12, https://doi.org/10.1007/s40858-016-0114-4. 
[34] E. Chatziefstathiou, et al., New Horizons in Education and Social Studies, 1 vol. 1, July, 2020. 
[35] S.H. Gebrechorkos, S. Hülsmann, C. Bernhofer, Changes in temperature and precipitation extremes in Ethiopia, Kenya, and Tanzania, Int. J. Climatol. 39 (1) 

(2019) 18–30, https://doi.org/10.1002/joc.5777. 
[36] N. Alahacoon, M. Edirisinghe, M. Simwanda, E.N.C. Perera, V.R. Nyirenda, M. Ranagalage, Rainfall variability and trends over the african continent using 

tamsat data (1983–2020): towards climate change resilience and adaptation, Rem. Sens. 14 (1) (2022) 1–26, https://doi.org/10.3390/rs14010096. 

N. Gno-Solim Ela et al.                                                                                                                                                                                               

https://doi.org/10.1057/978-1-352-00132-7_5
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref2
https://doi.org/10.1371/journal.pone.0153237
https://doi.org/10.1371/journal.pone.0024733
https://doi.org/10.3390/agronomy11061074
https://doi.org/10.3390/agronomy11061074
https://doi.org/10.1111/pbi.13685
https://doi.org/10.1111/pbi.13685
https://doi.org/10.19080/ijesnr.2020.23.556123
https://doi.org/10.19080/ijesnr.2020.23.556123
https://doi.org/10.1038/s41598-021-04369-3
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref9
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref10
https://doi.org/10.1136/postgradmedj-2014-133229
https://doi.org/10.1016/j.ecolmodel.2017.03.015
https://doi.org/10.1016/j.ecolmodel.2017.03.015
https://doi.org/10.32861/jac.512.237.250
https://doi.org/10.33140/anfs/01/01/00006
https://doi.org/10.33140/anfs/01/01/00006
https://doi.org/10.2166/wpt.2020.019
https://doi.org/10.5539/jas.v5n8p252
https://doi.org/10.1002/fee.2160
https://doi.org/10.1002/fee.2160
https://doi.org/10.3329/jujbs.v8i1.42471
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref19
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref19
https://doi.org/10.1017/S0007485311000307
https://doi.org/10.4236/gep.2020.81004
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref22
https://doi.org/10.11647/obp.0212.01
https://doi.org/10.1023/A:1022857829028
https://doi.org/10.1111/j.1365-2338.2010.02423.x
https://doi.org/10.1111/j.1365-2338.2010.02423.x
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref26
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref26
https://doi.org/10.1007/s42690-020-00360-z
https://doi.org/10.1175/JAMC-D-20-0037.1
https://doi.org/10.1007/s00703-021-00784-3
https://doi.org/10.3390/sci3010017
https://doi.org/10.1186/s40068-020-00190-5
https://doi.org/10.1186/s40068-020-00190-5
https://doi.org/10.3390/agronomy11091680
https://doi.org/10.1007/s40858-016-0114-4
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref34
https://doi.org/10.1002/joc.5777
https://doi.org/10.3390/rs14010096


Heliyon 9 (2023) e13702

12

[37] N.E. Seavy, S. Quader, J.D. Alexander, C.J. Ralph, Generalized linear models and point count data: statistical considerations for the design and analysis of 
monitoring studies, Bird Conserv. Implement. Integr. Am. USDA For. Ser. Gen. Tech. Rep. PSW-GTR-191 2005 (2014) 744–753. 

[38] S.R.N. Gowsar, M. Radha, M.N. Devi, A Comparison of Generalized Linear Models for Insect Count Data 9 (1) (2019) 1–9. 
[39] O. Maxwell, B.A. Mayowa, I.U. Chinedu, A.E. Peace, Modelling count data; A generalized linear model framework, Am. J. Math. Stat 8 (6) (2018) 179–183, 

https://doi.org/10.5923/j.ajms.20180806.03. 
[40] R Core Team, A Language and Environment for Statistical Computing, R Foundation for Statistical Computing, Vienna, Austria., 2020. 
[41] P. Ssentongo, et al., Changes in Ugandan climate rainfall at the village and forest level, Sci. Rep. 8 (1) (2018) 1–10, https://doi.org/10.1038/s41598-018- 

21427-5. 
[42] A.A.M. Salih, M. Baraibar, K.K. Mwangi, G. Artan, Climate change and locust outbreak in East Africa, Nat. Clim. Change 10 (7) (2020) 584–585. 
[43] S.E. Nurzannah, S.S. Girsang, M.A. Girsang, R. Effendi, Impact of climate change to fall armyworm attack on maize in Karo District, North Sumatera, IOP Conf. 

Ser. Earth Environ. Sci. 484 (1) (2020), https://doi.org/10.1088/1755-1315/484/1/012111. 
[44] C.E. Wainwright, D.R. Reynolds, A.M. Reynolds, Linking small-scale flight manoeuvers and density profiles to the vertical movement of insects in the nocturnal 

stable boundary layer, Sci. Rep. 10 (1) (2020) 1–11, https://doi.org/10.1038/s41598-020-57779-0. 
[45] G. Nduru, J.M. Huho, Influence of rainfall variability on tomato production among small scale farmers in kieni East sub county, Kenya, J. Arts Humanit. 8 (2) 

(2018) 7–19, https://doi.org/10.18533/journal.v8i2.1506. 
[46] M.C. Malyse, Rainfall variability and adaptation of tomatoes farmers in santa: northwest region of Cameroon, African Handb. Clim. Chang. Adapt. (–12) (2020) 

1, https://doi.org/10.1007/978-3-030-42091-8_138-1. 
[47] M.A. Khan, W. Ahmad, in: M.A. Khan, W. Ahmad (Eds.), Synthetic Chemical Insecticides: Environmental and Agro Contaminants BT - Microbes for Sustainable 

Insect Pest Management : an Eco-Friendly Approach - Volume 1, Springer International Publishing, Cham, 2019, pp. 1–22. 
[48] M.M. Phophi, P. Mafongoya, S. Lottering, Perceptions of climate change and drivers of insect pest outbreaks in vegetable crops in Limpopo province of South 

Africa, Climate 8 (2) (2020), https://doi.org/10.3390/cli8020027. 
[49] M.B. Bisbis, N. Gruda, M. Blanke, Potential impacts of climate change on vegetable production and product quality e A review, J. Clean. Prod. 170 (2018) 

1602–1620, https://doi.org/10.1016/j.jclepro.2017.09.224. 
[50] D. Gabriel, PRACTICES AND CONSTRAINTS OF TOMATO PRODUCTION 21 (2) (2021) 17560–17580. 
[51] R.A.J. Taylor, D.A. Herms, J. Cardina, R.H. Moore, Climate change and pest management: unanticipated consequences of trophic dislocation, Agronomy 8 

(2018) 1, https://doi.org/10.3390/agronomy8010007. 
[52] M. Call, C. Gray, Climate anomalies, land degradation, and rural out-migration in Uganda, Popul. Environ. 41 (4) (2020) 507–528, https://doi.org/10.1007/ 

s11111-020-00349-3. 
[53] D. Kambrekar, S. Guledgudda, A. Katti, Impact of climate change on insect pests and their natural enemies, J. FARM Sci. 28 (5) (2016). 

N. Gno-Solim Ela et al.                                                                                                                                                                                               

http://refhub.elsevier.com/S2405-8440(23)00909-X/sref37
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref37
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref38
https://doi.org/10.5923/j.ajms.20180806.03
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref40
https://doi.org/10.1038/s41598-018-21427-5
https://doi.org/10.1038/s41598-018-21427-5
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref42
https://doi.org/10.1088/1755-1315/484/1/012111
https://doi.org/10.1038/s41598-020-57779-0
https://doi.org/10.18533/journal.v8i2.1506
https://doi.org/10.1007/978-3-030-42091-8_138-1
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref47
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref47
https://doi.org/10.3390/cli8020027
https://doi.org/10.1016/j.jclepro.2017.09.224
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref50
https://doi.org/10.3390/agronomy8010007
https://doi.org/10.1007/s11111-020-00349-3
https://doi.org/10.1007/s11111-020-00349-3
http://refhub.elsevier.com/S2405-8440(23)00909-X/sref53

	Assessment of the effects of climate change on the occurrence of tomato invasive insect pests in Uganda
	1 Introduction
	2 Methodology
	2.1 Study area
	2.2 Data collection
	2.3 Data analysis
	2.3.1 Trend analysis
	2.3.2 Statistical analyses


	3 Results
	3.1 Assessment of the occurrence of the tomato new insect pests
	3.2 Estimation of temperature trends
	3.3 Determination of rainfall trends
	3.4 Estimation of windspeed trends
	3.5 Determination of humidity trends
	3.6 Assessments of the relationships between climate variables and the occurrence of new insect pests in kampala, mbale, an ...

	4 Discussion
	5 Conclusion
	6 Limitations
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement

	Declaration of competing interest
	References


