
Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 67  
 

 

 

 
Impact of Climate Change on Pes cide Usage by Vegetable 

Farmers in Moromoro in Maiduguri, Borno State 
1Idris D, 2Sani MM, 3Abubakar MM, 1Ba’ale, B. and 4Shehu UA                                                  

1Department of Agricultural Technology, School of Agriculture and Applied Sciences, Ramat 
Polytechnic Maiduguri, 600251 Borno State, Nigeria                                                                

2Department of Agricultural Technology, School of Agriculture, Federal Polytechnic Monguno, 
1064 Borno State, Nigeria                                                                                                         

3Department of Agricultural Bio-Environmental Engineering, School of Engineering, Ramat 
Polytechnic Maiduguri, 600251 Borno State, Nigeria                                                               

4Department of Languages and Liberal Studies, Ramat Polytechnic Maiduguri, 600251 Borno  
State, Nigeria    

 
Abstract: Es ma ng the impact of climate change is crucial for determining op mum produc on poten al and developing a 
profitable strategy for managing food security. Climate change has induced food crises in some parts of the world. Also, it triggers 
security challenges in some environments due to resul ng fric on arising from the struggle to control limited agricultural 
resources. This study aimed on the impact of climate change on pes cide usage by vegetable farmer in Moromoro. The research 
also revealed that 68 respondents (85%) had no ced changes in the pest popula on, 6 respondents (7.5%) hadn't no ced any pest 
popula on, 6 respondents (7.5%) were not sure of any pest popula on, and 70 respondents (87.5%) suggested that they have 
adjusted, and 10 respondents (12.5%) haven't adjusted. It also shows how familiar the respondents are with climate-resilient 
farming prac ces that can help in reducing the impact of climate change on the crops. Out of 80 respondents, 63 respondents 
(78.75%) are familiar with climate-resilient, and 17 respondents (21.25%) are not familiar with climate-resilient and 27 
respondents (33.75%) adopted climate-resilient farming, and 53 respondents (66.25%) haven't adopted any climate-resilient 
farming prac ce. The study suggests that climate change had a significant impact on pes cide usage by the vegetable farmer in 
Moromoro, and adop on of the impact of climate change led to the reduc on of the ac ve ingredients of the pes cide, thereby 
making pest resistant and tolerant to the low-level ac veness of the agrochemical and majority of the vegetable are craving for 
support and training to curtail the impact of the climate change especial in post-insurgency era and couple with the Sahel savanna 
region. 
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Introduction  
Climate change is the most severe problem that the world is facing today (Ayinde et al., 2011). It 
has been iden fied as a more serious threat than global terrorism (King, 2004). Climate change 
affects food and water resources cri cal for livelihood in Africa, where much of the popula on, 
especially people experiencing poverty, rely on local supply systems sensi ve to climate varia on 
(Ayinde et al., 2011). The global vegetable sector is growing faster than any other agricultural 
sector; it is currently the single largest anthropogenic land user and the source of many 
environmental problems, including global warming and climate change (Keith, 2008). The switch 
in food consump on pa erns from tradi onal cereals and root crops to wheat-based processed 
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foods, high protein, and vegetable products has accentuated the demand for more vegetables. 
The importance of vegetables in providing food and nutri onal security and ameliora ng nutrient 
deficiencies has been realized worldwide (Prasad et al. 2014). They also offer opportuni es for 
higher farm income apart from livelihood security through employment genera on. The 
worldwide produc on of vegetables has increased tremendously during the last two decades, 
and the value of global trade in vegetables now exceeds that of cereals (Dhiman 2012). It is a 
challenging issue for most na ons to feed hunger-laden people. IFAD (Interna onal Fund for 
Agriculture Development) (2009) has reported that climate change is expected to put 49 million 
addi onal people at risk of hunger by 2020 and 132 million by 2050 (Devendra 2012). 
Climate change is defined as a change in the sta s cal proper es of the climate system when 
considered over long periods, regardless of cause (ENSAA, 2011; IPCC, 2001). There is 
concordance amongst scien sts that climate change encompasses atmospheric carbon dioxide 
varia ons, altered worldwide temperatures, and precipita on varia on, all directly or indirectly 
influencing sea levels and salinity, altera ons in arable land, crop yields, changes in soil quality, 
nitrogen deposi on, and plant diversity (Harvell et al., 2002; Jackson et al., 2011; Miraglia et al., 
2009). The extensively differing impact on nature, human health, and even the economy implies 
that climate change is spa ally and temporally heterogeneous (EEA, 2012; Fontaine et al., 2009; 
Harvell et al., 2002). 
Temperature, light, and water are the key elements that control the growth and development of 
organisms (Harvell et al., 2002; Chivian, 2001). Consequently, biodiversity responses that depend 
on these environmental parameters can be expected (Lepetz et al., 2009). For example, altered 
precipita on pa erns and cul va on prac ces can create a thriving environment for insect and 
pathogen a acks (Roos et al., 2011) or corresponding advances in phenology (Fontaine et al., 
2009). Moreover, the increasing climate variability (Wang et al., 2009) can induce altera ons in 
interspecific rela onships between organisms, such as compe on or preda on (Lepetz et al., 
2009), possibly resul ng in a decrease in food supplies and an increase in microbial and toxic 
contaminants in food (Kirk, 2002). 
Climate change has a powerful effect on the environmental fate and behavior of pes cides by 
altering fundamental mechanisms of par oning between the ecological compartments, also 
affec ng pes cide use (Noyes et al., 2009). A lower pes cide residue on crops due to climate 
change results in an increased vulnerability to pests and diseases, meaning that in the future, 
farmers may have to spray more o en during the growing season. A higher pest or disease 
pressure will also enhance applica on frequencies and volumes. Consequently, the detected 
residue concentra ons might double for some products, while others will disappear faster and, 
hence, do not increase crop residues. This zonal produc on disparity predates climate and 
weather condi ons' significant role and influence on agriculture prac ce in Borno State, Nigeria. 
Research for the effects of climate change is generally not limited to pes cides and, consequently, 
not very detailed in a way that only limited influencing factors or effects are described. This 
research will combine the current knowledge of possible climate change effects on pes cide use, 
and a detailed explana on of the impact on pes cide use will be dis lled. The importance of this 
effect lies in the implica ons of adapted pes cide use for consumer exposure to pes cide 
residues at the end of the food supply chain. 
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Materials and Methods 
Study Area  

An experiment was conducted in Moro-moro vegetable farm, Maiduguri, Borno State, Nigeria, 
during the 2023 rainy season to assess the impact of climate change on pes cide usage by 
vegetable farmers and the area lies within the GPS coordinate of 11.85873 N, and 13.17079 E. 

Data collec on  

The Moromoro was selected based on the degree of the total number of vegetable-cul va ng 
families from designated areas. Thus, the final sample consisted of 100 respondents. They were 
interviewed on their farming site. Before the commencement of the data collec on, the 
ques onnaires would be pre-tested to assess the suitability of the Ques onnaires. Modifica ons 
enabled the easy recording of responses from vegetable-cul va ng farmers on the impact of 
climate change on pes cide usage. The findings were based on an in-depth analysis of primary 
and secondary data sources. The secondary data was derived from exis ng published academic 
works. 

Data Analysis  

Descrip ve sta s cs was used for ques onnaires to explore the socioeconomic status of 
vegetable farmers, assess the different types of pes cides used, and analyze the impact of climate 
change on pes cide usage. Data collected were subjected to sta s cal analysis using R studio 
version 4.4. 

Results and Discussion  

Table 1 shows the respondents who responded to our ques onnaires. Out of 80 respondents, 65 
were males (85%) and 15 were females (15%). This analysis implies that more males in the study 
responded to the ques onnaire than female customers. This means that male customers are 
many compared to females. The findings are in agreement with other studies and reports. 

It also presents the age of respondents who responded to our ques onnaire. Out of 80 under 18 
were 1(1.25%), 18-30 were 35(43.75%), 31-45 were 31(38.75%),46-60 were 13(16.25%), over 60 
were 0(0). This analysis suggests that the majority, aged between 18 and 30, use pes cides on 
their vegetables. More are more likely to explicitly define higher levels of pes cide performance 
in terms of vegetables. 

 The educa onal level of those who responded to our ques onnaire. Out of 80 respondents, 
14(17.5%) possess PLSC educa on, 17 respondents (21.25%) have SSCE educa on, 3 respondents 
(3.75%) have diploma educa on, 1 respondent (1.25%) possess NCE, 0-degree respondents, 2 
respondents (2.25%) possess post-graduate educa on, 43 respondents (53.75%) possess no 
formal educa on. This analysis suggests that most respondents who responded to our 
ques onnaire have no formal educa on; the rest include PLSC, SSCE, NCE, diploma level, or post-
graduate educa on. This could indicate that most farmers regard farming as a source of life worth. 
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Table 4.1 Demographic characteris cs  

SOURCE: FIELD SURVEY, 2023 

The years of experience of the respondents are presented in Table 4.2. Out of 80 respondents, 
13(16.25%) have the experience level of less than 5 years, 34 respondents (42.75%) have the 
experience level of about 5-10 years, 22 respondents (27.25%) have the experience level of about 

SOURCE   FREQUENCY PERCENTAGE (%) 

Gender 
 
Male  
 
Female 
 
Total  
 
AGE 
 
Under 18  
 
18 - 30 
  
31 - 45 
 
46 - 60 
 
Over 60 
 
Total  
 
Level of Education 
 
PSLC 
 
SSCE 
 
Diploma  
 
NCE 
 
Degree 
 
Post graduate 
 
No formal education 
 
Total  

 
 

65 
 

15 
 

80 
 
 

1 
 

35 
 

31 
 

13 
 

0 
 

80 
 
 
 
 

14 
 

17 
 

3 
 

1 
 

0 
 

2 
 

43 
 

80 

 
 

85% 
 

15% 
 

100% 
 
 

1.25% 
 

38.75% 
 

43.75% 
 

16.25% 
 

0% 
 

100% 
 
 
 
 

17.5% 
 

21.25% 
 

3.75% 
 

1.25% 
 

0% 
 

2.5% 
 

53.75% 
 

100% 
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11-20 years, 11 respondents (13.75%) have the experience level of approximately over 20 years. 
This analysis suggests that most of our respondents have a farming experience of about 5-10 
years. 

It also presents how familiar the respondent is with the impact of climate change. Out of 80 
respondents, 3 respondents (3.75%) are not aware, 7 respondents (8.75%) are somewhat familiar, 
2 respondents (2.5%) are moderately mindful, and 68 respondents (85%) are very knowledgeable. 
This analysis suggests that most or most of the respondents are very familiar with the impact of 
climate change on their vegetable farming. 

 The respondents' opinions on observing changes in local weather pa erns over the past few 
years. Out of 80 respondents, 45 respondents (56.25%) have observed an increase in 
temperatures, and 35 respondents (43.75%) have observed changes in rainfall pa erns. This 
specifies that most of our respondents have observed the differences in local weather pa erns 
over the past few years. It also suggests whether the respondents believe climate change impacts 
agriculture. Out of 80 respondents, 10 respondents (12.5%) strongly do not believe, 3 
respondents (3.75%) disagree, 1 respondent (1.25%) is neutral, 65 respondents (81.25%) have 
accepted, and 1 respondent (1.25%) strongly agree. This analysis suggests that most of our 
respondents agree or believe climate change impacts agriculture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 72  
 

Table 4.2 Assess the trend of Climate Change  

SOURCE  
 

FREQUENCY PERCENTAGE (%) 

How familiar are you with the impact of climate change? 
 
Not familiar at all 
 
Somewhat familiar  
 
Moderately familiar 
 
Very familiar  
 
Total  
 
 
In your opinion, have you observed any change in local weather 
patterns over the past few years? 
 
Increased temperatures 
 
Changes in rainfall patterns  
 
More frequent and severe storms  
 
Others  
 
Total  
 
 
Do you believe that climate change has an impact on agriculture? 
 
Strongly disagree 
 
Disagree 
 
Neutral 
 
Agree 
 
Strongly agree  
 
Total 

 
 
 

3 
 

7 
 

2 
 

68 
 

80 
 
 

 
 

45 
 

35 
 

0 
 

0 
 

80 
 
 
 
 
 

10 
 

3 
 

1 
 

65 
 

1 
 

80 

 
 
 

3.75% 
 

8.75% 
 

2.5% 
 

85% 
 

100% 
 
 
 

 
56.25% 

 
43.75% 

 
0% 

 
0% 

 
100% 

 
 
 
 
 

12.5% 
 

3.75% 
 

1.25% 
 

81.25% 
 

1.25% 
 

100% 

Source: Field Survey, 2023 
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Table 4.3 suggests whether the respondents use pes cides in their vegetable farming prac ces. 
Out of 80 respondents, 80 (100%) use pes cides in their vegetable farming prac ces. More so, it 
shows the type(s) of pes cide use by the respondents; out of 80 respondents, 77 respondents 
(96.25%) uses chemical pes cide, and 3 respondents (3.75%) use organic/biopes cides. This 
shows that most respondents use chemical pes cides in their vegetable farming prac ces. 

 Sugges on on average how frequently the respondents use pes cides on his/her vegetable 
crops. Out of 80 respondents, 14 respondents (17.5%) uses pes cides daily, 61 respondents 
(76.25%) use pes cides weekly, 1 respondent (1.25%) uses pes cide monthly, and 4 respondents 
(5%) uses pes cides rarely. This analysis specifies that most of our respondents use pes cides 
weekly in their vegetable farming prac ces. 

Table 4.3 Effect of Climate Variability on Pes cide Usage   

SOURCE  
 

FREQUENCY PERCENTAGE (%) 

Do you use pesticides in your vegetable farming practices? 
 
Yes  
 
No 
 
Total 
 
 
What type(s) of pesticides do you use 
 
Chemical pesticides 
 
Organic/biopesticides 
 
Synthetic pesticides 
 
Total 
 
On average, how frequently do you use pesticides on your 
vegetable crops? 
 
Daily 
 
Weekly 
 
Monthly 
 
Rarely 
 
Never 
 
Total 

 
 
 

80 
 

0 
 

80 
 
 
 
 

77 
 

3 
 

0 
 

80 
 
 
 

 
14 

 
61 

 
1 
 

4 
 

0 
 

80 

 
 
 

100% 
 

0% 
 

100% 
 
 
 
 

96.25% 
 

3.75% 
 

0% 
 

100% 
 
 
 

 
17.5% 

 
76.25% 

 
1.25% 

 
5% 

 
0% 

 
100% 

Source: Field Survey, 2023 
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Table 4 suggests whether the respondents no ced any change in pest popula ons on their crops 
in recent years that could be a ributed to climate change (e.g., new pests, increased pest 
ac vity). Out of 80 respondents, 68 respondents (85%) have no ced changes in the pest 
popula on, 6 respondents (7.5%) haven't seen any pest popula on, and 6 respondents (7.5%) are 
not sure of any pest popula on. This suggests that most of our respondents no ced changes in 
pest popula on on their crops in recent years that could be a ributed to climate change. This 
table also indicates whether the respondents had adjusted their pes cide applica on prac ces 
due to changing climate condi ons. Out of 80 respondents, 70 (87.5%) suggested that they have 
adjusted, and 10 (12.5%) haven't. This specifies that most of our respondents modified their 
pes cide applica on prac ces due to changing climate condi ons (e.g., increased frequency and 
different types of pes cides). 

Table 4.4 Pes cide strategies used and their associated constraints  

SOURCE  FREQUENCY PERCENTAGE 
(%) 

Have you noticed any changes in pest populations on your 
crops in recent years that could be attributed to climate 
change? 
 
Yes 
 
No 
 
Not sure 
 
Total 
 
Have you had to adjust your pesticide application practices 
due to changing climate conditions? 
 
Yes 
 
No 
 
Total 
 
Are you familiar with climate-resilient farming practices 
that can help reduce the impact of climate change on your 
crops? 
 
Yes 
 
No 
 

 
 
 
 

68 
 

6 
 

6 
 

80 
 
 

 
 

70 
 

10 
 

80 
 
 
 
 
 

63 
 

17 
 

 
 
 
 

85% 
 

7.5% 
 

7.5% 
 

100% 
 
 
 

 
87.5% 

 
12.5% 

 
100% 

 
 
 
 
 

78.75% 
 

21.25% 
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Total 
 
Have you adopted any climate-resilient farming practices 
on your farming? 
 
Yes 
 
No 
 
Total 
 
If you haven't adopted such practices, what are the 
reasons? 
 
Lack of information 
 
Cost considerations 
 
Lack of resources 
 
Traditional farming methods are preferred. 
 
Total 
 
Would you be interested in receiving information or 
training on climate-resilient farming practices? 
 
Yes  
 
No 
 
Total  
 

80 
 
 
 
 

27 
 

53 
 

80 
 
 
 
 

42 
 

15 
 

23 
 

0 
 

80 
 
 
 
 

80 
 

0 
 

80 

100% 
 
 
 
 

33.75% 
 

66.25% 
 

100% 
 
 
 
 

52.5% 
 

18.75% 
 

28.75% 
 

0% 
 

100% 
 
 
 
 

100% 
 

0% 
 

100% 

Source: Field Survey, 2023 
 

It also shows the respondents' familiarity with climate-resilient farming prac ces that can help 
reduce the impact of climate change on crops. Out of 80 respondents, 63 (78.75%) are familiar 
with climate resilience, and 17 (21.25%) are unaware of climate resilience. This suggests most of 
the respondents are familiar with the climate-resilient farming prac ces that can help to reduce 
the impact of climate change on your crops, e.g., crop rota on, integrated pest management, & 
crop rota on. And also Sugges ons on whether the respondents adopted any climate-resilient. 
Out of 80 respondents, 27 (33.75%) adopted climate-resilient farming, and 53 (66.25%) haven't 
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adopted any climate-resilient farming prac ce. This analysis shows that most respondents haven't 
adopted climate-resilient farming in their vegetable farming. 

This point shows the reason for the respondents not adop ng climate-resilient prac ces. Out of 
80 respondents, 42 respondents (52.5%) haven't because of lack of informa on, 15 respondents 
(18.75%) haven't because of cost considera on, and 23 respondents (28.75%) haven't because of 
lack of resources. This shows that most respondents haven't performed climate-resilient farming 
due to a lack of informa on and resources. This analysis shows whether the respondents want 
informa on or training on climate-resilient farming prac ces. Out of 80 respondents, 80 (100%) 
are interested in receiving informa on on climate-resilient farming training.  

Several elements that can influence pes cide use have been presented. In the first instance, 
pes cide-producing companies will strive to supply op mal products. New pes cide-ac ve 
ingredients will have to be formulated in rain-fast products for agricultural use. For farmers, the 
reasons and ming of the pes cide applica on, seasonal precipita on, and temperature 
environmental factors will strongly influence management decisions (Nolan et al., 2008; Reilly et 
al., 2003). 

Climate change affects crop characteris cs and appearance due to lengthening ac ve growing 
seasons. Corresponding advances in phenology are expected, while clima c varia on can alter 
plant resistance to pests and pes cides. According to Reilly et al., (2003), overall climate change 
will benefit crop produc vity, despite the regional-level risks. Local climates will strongly 
determine which areas are s ll suitable for cul va ng a crop. The cri cal factor for pes cide use 
is the presence and severity of weeds, pests, and diseases in crops. These organisms are affected 
by climate change in a similar way as the crops. There is also a high likelihood of gene c 
adapta on. However, the first response is a phenology altera on or geographical redistribu on. 
Pest and disease invasions are aided mainly by temperature effects. Finally, pes cide efficiency, 
represented by the ini al deposit, pes cide fate, and toxicity, also significantly impacts pes cide 
usage. 

In general, pes cide losses of mobile ac ve substances are mainly influenced by the me gap 
between extreme weather events and pes cide applica on. In soil, the transport of pes cides is 
thus primarily driven by rainfall seasonality, intensity, and temperature increases but also land-
use changes, which indirectly impact the long-term impact. The soil's biological microbial ac vity 
is affected by moisture content and temperature. Even though some reducing effects, increasing 
temperatures overall will result in higher volumes of pes cides that must be applied more o en. 
An increased intensity of pes cide use is expected in the form of more elevated amounts, doses, 
frequencies, and different varie es or types of applied products. Adapted pes cide use will finally 
impact consumer exposure at the end of the food chain. 

Conclusion  

The study suggests climate change significantly impacted pes cide usage by the vegetable 
farmers in Moromoro. Adop ng the effects of climate change led to reducing the ac ve 
ingredients of the pes cide, thereby making pest resistant and tolerant to the low-level ac veness 
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of the agrochemical. Most vegetables craved support and training to curtail the impact of climate 
change, especially in the post-insurgency era and coupled with the Sahel savanna region.  

 

REFERENCE 

Ayinde O.E., Muchiea M., Olatunjib G.B. (2011): Effect of Climate Change on  Agricultural 
 Produc vity in Nigeria: A Co-integra on Model Approach  Journal of Human Ecology 
 35(3): 189–194. 
Ahmad, R., James, T.K., Rahman, A., & Holland, P.T. (2003). Dissipa on of the  herbicide 
 clopyralid in an allophanic soil: Laboratory and field studies. Journal of Environmental 
 Science and Health. Part B: Pes cides, Food Contaminants, and Agricultural Wastes, 
38(6),  683–695. 
Athanasopoulos, P.E., Kyriakidis, N.V., & Stavropoulos, P. (2004). A study on the  environmental 
 degrada on of pes cides azinphos methyl and parathion  methyl. Journal of 
 Environmental Science and Health. Part B: Pes cides, Food Contaminants, and 
 Agricultural Wastes, 39(2), 297–309. 
Beulke, K. Ayinde, O.E., Muchie, M. and Olatunji, G.B. (2004), “Effect of climate change on 
 agricultural produc vit y in Nigeria: a co-integra onmodel  approach”, Journal ofHuman 
 Ecology, Vol. 35 No. 3, pp. 189-194. 
Bourn C. Ayinde, A.S., Folorunsho, R. and Oluwaseun A.E. (2020), “Sea surface  temperature 
 trends and its rela onship with precipita on in the Western and  Central Equitorial 
 Africa”, Climate Change, Vol. 6 No. 21, pp. 36-51. 
Bloomfield M.K,  Adishi, E. and Oluka, N.L. (2006), “Climate change, insecurity  and conflict: 
 issues and probable roadmap for achieving sustainable development goals in Nigeria”, 
 Interna onal Journal of Social Sciences and  Management Research, Vol. 4 No. 8, pp. 12-
 20. 
Barbell T.  Idumah, F.O., Mangodo, C., Ighadaro, U.B. and Owombo, P.T. (2002),  “Climate 
 change and food produc on in Nigeria: implica on for food security in Nigeria”, Journal 
 of Agricultural Science, Vol. 8 No. 2, pp. 74-83. 
 Bailey S. (2003), “Impact of climate change on agriculture and food security in  Nigeria: 
 challenges and adapta on”, Global Advanced Research Journal of  Medicinal Plant 
 (GARJMP), Vol. 3 No. 1, pp. 1-9 

Bossi AK. Adelaja, A. and Weatherspoon, D. (2008), “Armed conflicts and food  insecurity: 
 evidence from Boko Haram's a acks”, American Journal of Agricultural Economics, Vol. 
 102 No. 1, pp. 114-131. 
Beulke W. Pon , L., d'Oultremont, T., & Ellis, C. (2006). Climate change effects  on 
 poikilotherm tritrophic interac ons. Clima c Change, 87(1), 167–192. 
Beulke, S., Brown, C.D., Fryer, C.J., & van Beinum, W. (2004). Influence of kine c sorp on and 
 diffusion on pes cide movement through aggregated soils. Chemosphere, 57(6),N481–
 490. 
Blenkinsop, S., Fowler, H.J., Dubus, I.G., Nolan, B.T., & Hollis, J.M. (2008). Developing clima c 
 scenarios for pes cide fate modelling in Europe. Environmental Pollu on,154, 219–231. 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 78  
 

Bailey, S.W. (2003). Climate change and decreasing herbicide persistence. Pest Management 
 Science, 60, 158–162. 
Barriuso N (2008) Maximizing the animal produc on value addi on chain in Nigeria. Invited 
 presenta on at Nigeria Ins tute of Animal science, Annual  General Mee ng, University 
of Calabar, July 28, 2008. 
Caceres, T.C., Megharaj, M., & Naidu, R. (2008). Degrada on of fenamiphos in  soils collected 
 from different geographical regions: The influence of soil  proper es and clima c 
 condi ons. Journal of Environmental Science and Health. Part B: Pes cides, Food 
 Contaminants, and Agricultural Wastes, 43(4), 314–322. 
Carere, M., Miniero, R., & Cicero, M.R. (2011). Poten al effects of climate change on the 
 chemical quality of aqua c biota. TrAC Trends in Analy cal Chemistry, 30(8),1214–1221. 
Dhiman J. (2012). Organic pollutants in precipita on:Monitoring of pes cides and 
 polycyclic aroma c hydrocarbons in the region of Trier (Germany). Physics and 
 Chemistry of the Earth, 28(8), 307–314. 
Devendra A. (2012), “Effect of climate change on food security in Nigeria”, Journal of 
 Environmental Science, Computer Science and Engineering and  Technology, Vol. 3 
 No. 4, pp. 1763-1778. 

Dinar M. Syrgiannis, J., Hunter, F., &Weiss, G. (2018). Agricultural pes cides threaten the 
 ecological integrity of northern prairie wetlands. Science of the Total Environment, 
231(2– 3), 173–181. 
De schampheleire, Cessna, A.J., Sverko, E., & Glozier, N.E. (2007). Pes cides in  surface 
 drinkingwater supplies of the northern Great Plains. Environmental Health Perspec ves, 
 115(8), 1183–1191. 
Delorenzo M., Spanoghe, P., Brusselman, E., & Sonck, S. (2009). Risk assessment of pes cide 
 spray dri  damage in Belgium. Crop Protec on, 26(4), 602–611. 
EEA (2012). Climate change. City: European Environment Agency. 
Eid, H.M., El-Marsafawy, S.M., & Ouda, S.A. (2007). Assessing the economic  impacts of 
 climate change on agriculture in Egypt: A Ricardian approach. The World Bank policy 
 research working paper, 4293. 
ENSAA (2011). Defining climate change. (City). 
Fontaine, J.J., Decker, K.L., & Skagen, S.K. (2009). Spa al and temporal varia on in climate 
 change: A bird's eye view. Clima c Change, 97(1–2), 305–311. 
Ficklin, D.L., Luo, Y., Luedeling, E., Gatzke, S.E., & Zhang, M. (2010).  Sensi vity of 
 agricultural runoff loads to rising levels of CO2 and climate change in the San 
 Joaquin Valley watershed of California. Environmental Pollu on, 158(1), 223–234. 
Gadgil, S., Rao, P.R.S., & Rao, K.N. (2002). Use of climate informa on for farm- level decision 
 making: Rainfed groundnut in southern India. Agricultural  Systems, 74(3), 431–457. 
Greco, L., Pellerin, J., Capri, E., Garnerot, F., Louis, S., Fournier, M., et al. (2011).  Physiological 
effects of temperature and a herbicide mixture on the so - shell clam  Mya arenaria 
(Mollusca, Bivalvia). Environmental Toxicology  and Chemistry, 30(1),  132–141. 
Gu errez, A.P., Pon , L., d'Oultremont, T., & Ellis, C. (2008). Climate change  effects on 
 poikilotherm tritrophic interac ons. Clima c Change, 87(1), 167– 192. 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 79  
 

Goel, A.,McConnell, L.L., & Torrents, A. (2005).Wet deposi on of current use  pes cides at a 
 rural loca on on the Delmarva Peninsula: Impact of rainfall pa erns and agricultural 
 ac vity. Journal of Agricultural and Food Chemistry, 53(20), 7915–7924. 
Hall, G.V., D Souza, R.M., & Kirk, M.D. (2002). Foodborne disease in the new millennium: Out 
 of the frying pan and into the fire? Medical Journal of Australia, 177(11/12),614–619. 
Harvell, C.D., Mitchell, C.E., Ward, J.R., Al zer, S., Dobson, A.P., Os eld, R.S.,  et al. (2002). 
 Climate warming and disease risks for terrestrial and marine biota. Science, 296(5576), 
 2158–2162. 
Hebert, V.R., Hoonhout, C., & Miller, G.C. (2000). Use of stable tracer studies to  evaluate 
 pes cide photolysis at elevated temperatures. Journal of  Agricultural and Food 
 Chemistry, 48(5), 1916–1921. 
Holland, J., & Sinclair, P. (2004). Environmental fate of pes cides and the  consequences for 
 residues in food and drinking water. Pes cide residues in  food and drinking water. 
John  Wiley and Sons, Ltd, 27–62. 
IPCC (2001). Climate change 2001: The scien fic basis. 

IFAD (interna onal fund for Agriculture Development)2009 

Jackson K. Fasona, M.J. and Omojola, A.S. (2011), “Climate change, human  security and 
 communal clashes in Nigeria”, A paper presented at an Interna onal Workshop, Human 
 Security and Climate Change, held at Holmen Fjord Hotel, Asker, near Oslo, 21–23 
 June 2005. 
Johnson, A.W., Wauchope, R.D., & Burgoa, B. (1995). Effect of simulated rainfall on leaching and 
 efficacy of fenamiphos. Journal of Nematology, 27(4), 555–562. 
King  T. (2004), “Climate change and food produc on in Nigeria: implica on for  food security 
 in Nigeria”, Journal of Agricultural Science, Vol. 8 No. 2, pp. 74-83. 
Keith, U. (2008), “Prospects of food self-reliance in Nigeria”, Farming and Rural  System 
 Economics, Vol. 56 No. 1, pp. 112-120. 

Kirk, S. (2002), “Food insecurity in Nigeria: an analysis of the impact of climate  change, 
 economic development, and conflict on food security”, MA Thesis  submi ed to the 
 Department of Global Poli cal Studies, Malmo University. 
Keikotlhaile, B.M. (2011). Influence of the processing factors on pes cide residues in fruits and 
 vegetables and its applica on in consumer risk assessment.  Ghent: Ghent 
University. 
Kookana, R., Holz, G., Barnes, C., Bubb, K., Fremlin, R., & Boardman, B. (2010). Impact of 
 clima c and soil condi ons on environmental fate of atrazine used  under 
planta on  forestry in Australia. Journal of Environmental Management, 91(12), 2649–2656. 
Lepetz, V., Massot, M., Schmeller, D.S., & Clobert, J. (2009). Biodiversity  monitoring:  Some 
proposals to adequately study species' responses to  climate change. Biodiversity  and 
Conserva on, 18(12), 3185–3203. 
Lewan, E., Kreuger, J., & Jarvis, N. (2009). Implica ons of precipita on pa erns  and 
antecedent  soil water content for leaching of pes cides from arable land. Agricultural Water 
 Management, 96(11), 1633–1640. 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 80  
 

Macdonald, R.W., Harner, T., & Fyfe, J. (2005). Recent climate change in the  Arc c and its 
 impact on contaminant pathways and interpreta on of  temporal trend data. Science 
 of the Total Environment, 342, 5–86. 
Midgley, G., Hannah, L., Millar, D., Rutherford, M., & Powrie, L. (2002).  Assessing the 
 vulnerability of species richness to anthropogenic climate  change in a biodiversity 
 hotspot. Global Ecology and Biogeography, 11(6),  445–451. 
Miraglia,M., Marvin, H.J.P., Kleter, G.A., Ba lani, P., Brera, C., Coni, E., et al.  (2009). 
 Climate change and food safety: An emerging issue with special  focus on Europe. 
Food  and Chemical Toxicology, 47(5), 1009–1021 
Müller, R., Bandow, C., Seeland, A., Fennel, D., Coors, A., Ebke, P.K., et al.  (2010). BiKF 
 AdaMus: A novel research project studying the response and adap ve poten al of single 
 species and communi es to climate change in combina on with other stressors. Journal 
of  Soils and Sediments, 10(4), 718–721. 
Navarro, S., Vela, N., & Navarro, G. (2007). Review. An overview on the  environmental 
 behaviour of pes cide residues in soils. Spanish Journal of  Agricultural Research, 5(3), 
 357–375 

Noyes E.  Muringai, R.T., Naidoo, D., Mafongoya, P. and Lo ering, S. (2009),  “The impacts 
 of climate change on the livelihood and food security of  Small-Scale fishers in Lake 
 Kariba, Zimbabwe”, Journal of Asian and  African Studies, Vol. 55 No. 2, pp. 298-313. 
Nolan, B.T., Dubus, I.G., Surdyk, N., Fowler, H.J., Burton, A., Hollis, J.M., et al.  (2008). 
 Iden fica on of key clima c factors regula ng the transport of  pes cides in leaching 
 and to le drains. Pest Management Science, 64(9),  933–944. 
O eno, P.O., Owuor, P.O., Lalah, J.O., Pfister, G., & Schramm, K. -W. (2013).  Impacts of 
 climate-induced changes on the distribu on of pes cides residues  in water and 
sediment  of Lake Naivasha, Kenya. Environmental Monitoring and Assessment, 185(3), 
2723–2733. 
Oliveira, M., Ribeiro, H., Delgado, J.L., & Abreu, I. (2009). The effects of  meteorological 
factors on airborne fungal spore concentra on in two areas  differing in urbaniza on 
level. Interna onal Journal of Biometeorology,  53(1), 61–73. 
Oliver, D.P., Kookana, R.S., Anderson, J.S., Cox, J.,Waller, N., & Smith, L. (2012). The  off-site 
 transport of pes cide loads from two land uses in  rela on to hydrological events 
 in the Mt. Lo y Ranges, South Australia. Agricultural Water Management, 106, 70–77. 
Paetzold, S., Klein, C., & Bruemmer, G.W. (2007). Run-off transport of herbicides during natural 
 and simulated rainfall and its reduc on by vegetated filter strips. Soil Use and 
 Management, 23(3), 294–305. 
Pa erson, D.T.,Westbrook, J.K., Joyce, R.J.V., Lingren, P.D., & Rogasik, J.  (1999).Weeds, 
 insects, and diseases. Clima c Change, 43(4), 711–727. 
Perarnaud, V., Seguin, B., Malezieux, E., Deque, M., & Loustau, D. (2005).  Agrometeorological 
research and applica ons needed to prepare agriculture and  forestry to 21st century 
climate change. Clima c Change, 70(1–2), 319– 340. 
Polkowska, Z., Kot, A., Wiergowski, M., Wolska, L., Wolowska, K., &  Namiesnik, J. (2000). 
 Organic pollutants in precipita on: Determina on of pes cides and polycyclic 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 81  
 

 aroma c hydrocarbons in Gdansk, Poland.  Atmospheric Environment, 34(8), 1233–
 1245. 
Probst,M., Berenzen, N., Lentzen-Godding, A., & Schulz, R. (2005). Scenario-based simula on 
 of runoff-related pes cide entries into small streams on a landscape level. 
  Ecotoxicology and Environmental Safety, 62(2), 145–159. 
Reilly, J., Tubiello, F., McCarl, B., Abler, D., Darwin, R., Fuglie, K., et al. (2003). US agriculture 
 and climate change: New results. Clima c Change, 57(1–2), 43–67. 
Roos, J., Hopkins, R., Kvarnheden, A., & Dixelius, C. (2011). The impact of global warming on 
 plant diseases and insect vectors in Sweden. European  Journal of Plant Pathology, 
 129(1), 9–19. 
Rosenzweig, C., Iglesias, A., Yang, X., Epstein, P.R., & Chivian, E. (2001). Climate change and 
 extreme weather events; implica ons for food produc on, plant diseases, and pests. 
Global  Change and Human Health,  2(2), 90–104. 
Roy,W.R., Krapac, I.G., Chou, S.F.J., & Simmons, F.W. (2001). Pes cide storage  and release in 
 unsaturated soil in Illinois, USA. Journal of Environmental  Science and Health. Part 
 B:Pes cides, Food Contaminants, and Agricultural  Wastes, 36(3), 245–260. 
Scherm, H. (2004). Climate change: Can we predict the impacts on plant pathology and pest 
 management? Canadian Journal of Plant Pathology-Revue  Canadienne De 
 Phytopathologie, 26(3), 267–273. 
Schummer, C., Mothiron, E., Appenzeller, B.M.R., Rizet, A. -L., Wennig, R., &  Millet, M. 
 (2010). Temporal varia ons of concentra ons of currently used  pes cides in the 
 atmosphere of Strasbourg, France. Environmental Pollu on,158(2), 576–584. 
Seeland, A., Oehlmann, J., & Mueller, R. (2012). Aqua c ecotoxicity of the fungicide 
 pyrimethanil: Effect profile under op mal and thermal stress condi ons. Environmental 
 Pollu on, 168, 161–169. 
Shakhramanyan, N.G., Schneider, U.A., & McCarl, B.A. (2013). US agricultural  sector analysis 
 on pes cide externali es — The impact of climate change  and a Pigovian tax. Clima c 
 Change, 1–13. 
Shymko, J.L., Farenhorst, A., & Zvomuya, F. (2011). Polynomial response of 2,4- D 
 mineraliza on to temperature in soils at varying soil moisture contents, slope posi ons 
and  depths. Journal of Environmental Science and Health.  Part B: Pes cides, Food 
 Contaminants, and Agricultural Wastes, 46(4), 301– 312. 
Singh, N., Singh, B., Dureja, P., & Sethunathan, N. (2003). Persistence of phorate  in soils: Role 
 of moisture, temperature, preexposure, and microorganisms. Journal of Environmental 
 Science and Health. Part B: Pes cides, Food Contaminants, and  Agricultural Wastes, 
 38(6), 723–735. 
Stenrod, M., PUSerceval, J., Benoit, P., Almvik, M., Bolli, R.I., Eklo, O.M., et al.  (2008). Cold 
 clima c condi ons: Effects on bioavailability and leaching of the mobile pes cide 
 metribuzin in a silt loam soil in Norway. Cold Regions Science and Technology, 53(1), 4 
Turner, M.H., Longstreth, J.D., Johnson, A.K., & Rosenberg, N.J. (1994). Dust  Bowl 
 migra on as an analog for possible global warming-induced migra on from Mexico. 
 Richland,WA (United States): Pacific Northwest Lab. 



Interna onal Journal of Agricultural Science and Technology           

arcnjournals@gmail.com                                                       Page | 82  
 

van Dijk, H.F.G., & Guicherit, R. (1999). Atmospheric dispersion of current-use  pes cides: A 
 review of the evidence from monitoring studies. Water, Air,  and Soil Pollu on, 
 115(1–4), 21–70. 
van Pul, W.A.J., Bidleman, T.F., Brorstrom-Lunden, E., Builtjes, P.J.H., Dutchak,  S., Duyzer, 
 J.H., et al. (1999). Atmospheric transport and deposi on of  pes cides: 
Assessment of  current knowledge.   
Vryzas, Z., Vassiliou, G., Alexoudis, C., & Papadopoulou-Mourkidou, E. (2009).  Spa al and 
 temporal distribu on of pes cide residues in surface waters in  northeastern Greece. 
 Water Research, 43(1), 1–10. 
Wassie, F. (2012). Human and environmental risks of pes cide uses in Ethiopia.  Ghent: Ghent 
 University 
Wauchope, R.D., Johnson, W.C., III, & Sumner, H.R. (2004). Foliar and soil  deposi on of 
 pes cide sprays in peanuts and their washoff and runoff under simulated worstcase 
 rainfall condi ons. Journal of Agricultural and Food Chemistry, 52, 7056–7063. 
Woodruff, L.G., Cannon, W.F., Eberl, D.D., Smith, D.B., Kilburn, J.E., Horton,  J.D., et al. 
 (2009). Con nental-scale pa erns in soil geochemistry and  mineralogy: Results 
from two  transects across the United States and Canada.  Applied Geochemistry, 24(8), 
1369– 1381. 
Yeo, H.G., Choi, M., Chun, M.Y., & Sunwoo, Y. (2003). Concentra on  distribu on of 
 polychlorinated biphenyls and organochlorine pes cides and  their rela onship 
with  temperature in rural air of Korea. Atmospheric  Environment, 37(27), 3831–3839. 
Zhang,W., Ye, Y., Hu, D., Ou, L., &Wang, X. (2010). Characteris cs and transport  of 
 organochlorine pes cides in urban environment: Air, dust, rain, canopy throughfall, 
 and runoff. Journal of Environmental Monitoring, 12(11), 2153–2160. 
Zhang, Z.Y., Zhang, C.Z., Liu, X.J., & Hong, X.Y. (2006). Dynamics of pes cide  residues in the 
 autumn Chinese cabbage (Brassica chinensis L.) grown in  open fields. Pest 
Management  Science, 62(4), 350–355. 
Zongmao, C., & Haibin, W. (1997). Degrada on of pes cides on plant surfaces  and its 
 predic on — A case study on tea plant. Environmental Monitoring  and 
Assessment,  44(1–3), 303–313. 
 

 

 


