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ABSTRACT  
 
Rainfall is an essential climate variable for plant development. Its variability has an impact on 
the plant phenology. The present study aimed to analyze the variation in rainfall in order to 
determine the climate indices responsible to the occurrence of pest and diseases in tomato 
and maize. The study was carried out at Foumbot located in the Western Region of 
Cameroon, more specifically in the Noun Division. Part of this district occupies the left bank 
of the river Noun, more precisely the Noun plain. The rainfall data was collected from the 
period of 1997 to 2019 and analyzed. The surveys were made with three groups of actors: 
the agricultural services (the Agricultural Delegation of Foumbot), the agricultural research 
services (IRAD of Foumbot), and the farmers' organizations (the Common Initiative Group 
(CIG) and cooperatives). Stratified random sampling was used for the surveys. The results 
revealed that the first cropping season from March to July is characterized by an increase in 
consecutive dry days of 5 to more than 7 days. This situation has been approved by 30% of 
the investigated actors, who mentioned that consecutive days without rain were favorable to 
the appearances of pest and diseases. The statistical analysis of rainfall data showed that 
this can be link to the prolongation of the dryness season in the cropping season which 
started in March. Therefore, the monthly SPI (Standard Precipitation Index) consider March 
as a dry month. So, March and May are not suitable for the beginning of cropping season 
due to the multiplication of drought episode. The tomato leafminer (Tuta absoluta) and the 
armyworm had been identified as the pest and disease which appear during the consecutive 
dry days. Those days are characterized by an increase in temperature. The study is useful 
for agricultural drought management and crop productivity in an unpredictable environment. 
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1. INTRODUCTION  
 
More than 40% of crop losses are due to pests worldwide [1-3]. Two factors increase the risk 
of potential pest pressure in agriculture. Climate change provides suitable conditions for 
pests to adapt across areas which were previously detrimental for their survival [4-5]. 

 Dramatic situation has been observed in specific regions due to the change in rainfall 
distribution within the cropping season [6]. Despite the relative evolution of maize production, 
producers face some diseases threats from climatic constraints [7]. Climate change will also 
have a complex interaction with the timing and severity of the disease, pests and weeds 
interactions [8]. Sub-Saharan Africa rainy agriculture will be continuously affected [9]. Crops 
such as maize and tomatoes will be highly sensitive to rainfall variability [10]. Indeed, crops 
simulation models indicate that by 2050 in Sub-Saharan Africa, average rice, wheat, and 
maize yields will decline up to 10%, due to climate change and climate variability [11].  

Diseases and pests (plant pathogens, vertebrates, insects, nematodes, weeds) are among 
the important causes of low agricultural productivity in Cameroon in general and in the study 
area, in particular. Cereals (maize, rice, sorghum, etc.) and vegetables (tomatoes, African 
nightshade, etc.) are part of the basic diet in Cameroon [12-17]. Pests and diseases affect 
maize and tomato production, either directly through crop losses or indirectly through lost 
profits. Today, changes and increased volatility of rainfall hazards increase the frequency 
and intensity of pests and diseases and thus losses, threatening food security and the 
livelihoods of rural households. The biological and environmental risks especially rainfall 
variability has an impact over all stages of crop production (maize, tomato). Due to rainfall 
uncertainty a total loss in crop production is estimated at 35-45% in Cameroon [18].  

The development of harmful pests and diseases that affect crops, particularly maize and 
tomatoes, over the production stages, their frequency and intensity of damage are increased 
as a result of the variation in rainfall. The changes in precipitations patterns alone will 
significantly increase the likelihood of crop failures, such as maize and production declines 
[19]. As a result of changes in rainfall patterns, maize post-harvest is easily contaminated 
with fungi that produce potentially lethal mycotoxins [20]. In Cameroon, few studies were 
done on the identification of pest appearance based on climate indices.  

Therefore, the study investigates the effects of rainfall variation on the appearance of some 
maize and tomato diseases, and pathogens. The objective of the study was to analyze the 
variation in rainfall in order to determine the climate indices responsible to the occurrence of 
pest and diseases. 

2. EXPERIMENTAL DETAILS  
 
2.1 Materials 
  
2.1.1 Study site 
Study was done at Foumbot (Fig. 1). It is located in the West Region of Cameroon, more 
precisely in the Noun Division. Part of this district occupies the left bank of the river Noun, 
more precisely the Noun plain. It is one of the agricultural basins of the Grass field. It is an 
old volcanic land and the fertility of the soil is the reason of the attractively of farmers around 
the neighboring cities.  
It is necessary to describe the type of climate, climatic elements, average precipitation 
values, average air temperature, relative humidity, winds, etc. 
 
2.1.2 Plant material 
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The plant material consisted of two species: tomato and maize. 
 

2.2 Rainfall data collection 
The rainfall data were collected at Institute of Agricultural Research for Development (IRAD) 
of Foumbot. These monthly and daily data cover the period from 1997 to 2019. The data 
was used to determine and characterize the monthly rainfall variation within the cropping 
season. Daily and monthly rainfall data were used as the temporal scale of analysis. 
 

2.3 Survey in the study area 
The active participatory research method and its main tools were used to collect information 
in the study area (Foumbot). These included interviews, questionnaires and direct 
observation. The survey was carried out in six villages.  
 
 

 
Fig. 1. Study area in Foumbot located in the Western Region of Cameroon. 
 
They are the area of the intense crops production (tomato and maize) following the 
guidelines defined by the heads of the agricultural services that ensures the coordination of 
farmers' organizations. Questions were focused on the agricultural activity, the production of 
maize and tomato, the difficulties faced in the production of maize and tomato, the behavior 
of seasonal rainfall, and the cropping periods, types of pestpests that affected crops with a 
particular rainfall hazard. They were also focused on the perception of rainfall variability, and 
the investigation of the climate variables which are among the first problem affecting the 
production of maize and tomato.   

Three groups of people were interviewed. These were the agricultural services (the 
Agricultural Delegation of Foumbot), the agricultural research services (IRAD of Foumbot), 
and the farmers' organizations (the Common Initiative Group (CIG) and cooperatives). The 
farmers must meet the following criteria: they must be members of the agricultural 
organization’s board, residing in the Foumbot Sub-Division, be able to provide information on 
agricultural disasters induced by rainfall variability, agriculture most be their main economic 
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activity, and they will produce maize and tomato in Foumbot. Ten agricultural organizations 
were investigated and each organization had sent three members to participate to the 
survey. The total of sixty (60) people from the ten organizations participated to the survey of 
the study (Table 1).  

At the level of the agricultural services, interviews were conducted with the 
managers of the structures, particularly the chief and five staff members. The interviews 
were focused on their perception of climate change, the types of rainfall hazardshazard 
responsible for the spread of pest and pathogens. Moreover, the interview was based on the 
diagnostic of climate variables increasing the severity of pest and pathogens in Foumbot.  

 
 
 
 
Table 1. the rural and urban area of the study area, Farmers organization and 

number of members interviewed Elements of field survey (in July 2019. ) 
 

The rural and urban area  
of the study area 

Farmers organization Nº Number of members 
interviewed 

Baïgom COOP-CA-RIFO 
COOPROMA 

10 
06 

Mongoun PROLEG-SA 08 
Mangoun GEBAM 05 

Mangoun GIC NAOUSSI 08 

GEBAC 07 

TERRA NOSTRA 05 
GEBAMENE 03 

Foumbot Coop GIJAF 3 

Fossang POTONA 05 

Total 10 60 

 

2.4 Data analysis 
 
2.4.1 Standard Precipitation Index (SPI) (Standard Precipitation Index) analysis for 
monthly meteorological drought analysis   
 

In 2009, the WMO recommended that the Standard Precipitation Index (SPI) 
(Standard Precipitation Index) would be used primarily to monitor changes in meteorological 
drought conditions [21-22]. By advocating wide use of the SPI, it pointed the way for 
countries seeking to establish some level of early warning for drought. SPI satisfactorily 
explained that the contrast, hotter and drier conditions which many already semi-arid areas 
of the world will limit the possibilities for agriculture [23]. The calculation of the Lamb's 
rainfall anomaly index, or SPI, is expressed by the equation.  

                    (Equation 1) 
 

With x : the value of the annual rainfall;    : the interannual mean value over the period from; 

S: standard deviation; Where   : the rainfall of year i at station j,   : la the interannual mean 

rainfall of station j,   : the standard deviation of the series of seasonal cumulations at station 
j and   : the number of stations of the year i. It is a very important index, to determine the 
level of dryness and wetness of the cropping season (March to November). The 
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classification adopted by the World Meteorological Organization, where seven classes of 
drought, ranging from extremely dry to extremely wet, can be distinguished (Table 2). 
 
Table 2. Drought class according to Standardized Precipitation Index (SPI) [23] 
 

 
 
 
 
 
 
 
 
 
 
2.4.2 Analysis of some climate indices link to the pest and diseases   
 
2.4.2.1 Consecutive Dry Days (CDD) 
 
The daily precipitation amount on a day in a period. Count the largest number of consecutive 
days where: 

               (Equation 2) 
 
2.4.2.2 Consecutive Wet Days (CWD) 
 
The daily precipitation amount on a day in a period. Count the largest number of consecutive 
days where: 

          (Equation 3) 
 
2.4.3 Tools and Survey data analysis 
 
The data collected from the respondents were analyzed using SPSS software (version 25.0 
for Windows). This software was used to analyze the quantitative and qualitative data from 
the survey conducted in the study area. Microsoft Excel Software was used to plot rainfall 
and some survey data. R Climdex software was applied to the rainfall data only to analyze 
extreme rainfall indices. It determines climate indices (consecutive dry days and wet days) 
which plot graph base on the daily and monthly data.   
 

3. RESULTS AND DISCUSSION 
 
3.1 Results 
 

SPI index values Drought category 

2.0 and more Extremely wet 
1.50 to 1.99 Very wet 
1.0 to 1.49 Wet 

-0.99 to 0.99 Normal 
-1.0 to -1.49 Moderately dry 

-1.50 to – 1.99 Severely dry 
-2.0 and less Extremely dry 



 

 

3.1.1 Characteristics of monthly variation in rainfall of the cropping period at Foumbot   
 
The distribution of monthly rainfall amounts during the growing season is important variables 
and should be considered in planning and managing agricultural activity. The monthly 
evolution of rainfall at Foumbot is characterized by a monomodal rainfall regime (one raining 
season and one dry season). Therefore, even though the rainfall regime shows one rainy 
season, agricultural activity is planned twice within the rainy season. At Foumbot, the 
agricultural calendar shows that the growing season starts with the first rain from 15 March 
and finishes at 15 November. The rest of the months of the years are considered as dry 
season. The figure 2 below illustrate the monthly and seasonal distribution of rainfall. 
However, the annual distribution of rainfall during the dry season and the raining season 
shows that January and December are the driest months. The raining period can be divided 
into two periods, March to July and July to mid-November. The difference in rainfall amount 
between June and July (50 mm) can be observed in the figure 2. March and November have 
a deficit in rainfall amount because they are considered as the beginning and the end of the 
cropping period respectfully. 

 
 
Fig. 2. Monthly rainfall in Foumbot, Cameroon.  
 
The monthly dryness and wetness condition is determined through the Standard 
Precipitation Index (SPI). It brings out the state (dry and wet) of each month within the 
cropping period. The month of March which was considering as the period to start the seed 
sowing of is a dry month. So, 52% of farmer sowed in March while 48% in April. March was 
affected by the prolongation of dry season that begin from 15

th
 November to 15

th
 March. So, 

it had a high sensibility to the occurrences of consecutive dry days which was the source of 
lowest moisture of April and May (Fig. 3), due to the consecutive dry days. May 
corresponded to the vegetative and jointing stage of the maize as well as the seedling period 
of tomato. Those stages of crop growth were affected by pest and diseases. For example, 
famers mentioned that in 2015 more than 50 hectares of maize was destroyed by pest and 
diseases in the area (Foumbot) during May.  
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Fig. 3. Monthly SPI of Foumbot, Cameroon. 

According to the classification of SPI, March had a moderate dryness while April and May a 
normal moisture.  

The analysis of daily rainfall from 2010 to 2018 allowed to highlight a series of consecutive 
5-day without rain and a consecutive of 7-day without rain. As a general rule, these 
consecutive rainless days are favorable to the evolution of pest and diseases in Foumbot. 
The figure 4 presents the increase in consecutive dry days from 2010 to 2019. It was 
estimated within the cropping period. While the dry days are increasing, the wet days are 
decreasing. The study area was affected by an increase in consecutive dry days and this 
climatic condition was favorable to the development of insects such as Tuta absoluta and 
borer.  

 

 

 

 

 

 

 

 
Fig. 4. Evolution of consecutive dry day and Diminution of consecutive wet day’s at 
Foumbot. 
CDD: Consecutive Dry Days; CWD: Consecutive Wet Days 

From mid-March to mid-November, an estimation of the consecutive dry days was 
performed. There is a general increase of days having less than 5 mm of rainfall (Fig. 5). 
The month of may have a mean of 9.22 days, with less than 5 mm. For the 52% of the 
farmer who sowed in March at Foumbot, the situation of crops at this month of May 



 

 

especially maize and tomato have always been difficult because with less than 5 mm of rain, 
conditions are favorable for the multiplication of pests and diseases.   

  

Fig. 5. Number of daily rainfalls with at least 5 mm at Foumbot 

The reduction in the consecutive wet days during the last decade justifies the dryness of the 
study area, especially from 2012 to 2019. This condition has been leading to the 
multiplication of diseases, insects and pathogens. As it is explained on the figure 6 
meteorological drought and agricultural drought are the cause of water stress which 
predisposed plants or crops to the plant attacks. The analysis carried out in this part was 
based on the analysis of seasonal drought manifested by the monthly drought and the 
consecutive dry days.  



 

 

 

Fig. 6. Effects of drought on plants (adapted from [24]) 

After analyzing the rainfall data, it is established that Foumbot was affected by the 
multiplication of dry spell within the cropping period. It is a favorable predisposition to the 
multiplication of diseases, insects and pathogens.  

3.1.2 Identification of pest, diseases and climatic indices responsible of their 
occurrences 
During the participative survey, the rain was mentioned by different groups of farmers as the 
most damaging climate variable in the study area. They were agreed on the fact that there is 
an increase in rainfall perturbation. Base on the different answer, it was possible to realize 
that rainfall indices are pointed out as the most dangerous problem affecting crop growth 
and production (Fig. 7).  



 

 

    

Fig. 7. Types of constraints faced by farmers during the sowing period  

Farmer’s (30%) consider the consecutive days without rain within the cropping season, as 
the origin of appearance and occurrences of pest. The expression they used is as follow: 
“when it is raining, suddenly it stops and days which follow are without rain”. Therefore, 
young plants which are at the vegetative stage are exposed to deep stress which should 
compromise their development, increasing their exposition to the severity of diseases and 
the decrease of yield. Farmer’s (13%) consider pest and diseases as one of the challenging 
difficulties affecting their activity. They have identified Tuta absoluta and borer as the most 
devastating pest and pathogens in the all area.  

Occurrences of pest and diseases due to the variations in rainfall had made maize 
producers vulnerable. They were complaining of damage from pests and diseases. The field 
survey was used to evaluate and identified which of the rainfall hazards increase the 
multiplication and the propagation of diseases, pathogens and pests. 

Table 3. climatic condition favorable to plant attack at a different stage of growth 

Rainfall Hazard  diseases, pathogens and pests Plant stage 

high humidity Mycotoxin Maturity (harvest) 

Water stress Nematode  Vegetative 

Dry and warm conditions viral epidemics Vegetative  

Consecutive days without rain Tuta absoluta (Boko Haram) 

and corn armyworm (Borer) 

Vegetative and maturity  

Floods   Crazy top and common smut Vegetative 

Drought  Tuta absoluta (Boko Haram) 

and corn armyworm (borer) 

Seedling 
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From the above table (Table 3), it can be concluded that the vegetative stage is the most 
affected by pest. Apart from the information shown in the table, there was also maize streak 
virus (MSV) with continuous whitish stripes on the leaf at the vegetative stage 30 to 50 days. 
Stem rot caused by fungi damaged grain filling and stem integrity. Inflorescence smut, 
fusiform helminthosporiasis (Ustilago maydis) on the ear and bare smut (Sphacelotheca 
reiliana) due to the pathogen (Helminthosporium turcicum) were caused by a fungus that 
attacks the ears and stems, causing malformations and black dust. All of this happens under 
seasonal drought appearances. The maize aphid (Rhopalosiphum maydis) is a sucking 
borer that feeds on juices (nutrients). Cornstalk borer (Fusarium sp) caused by fungi 
(Fusarium graminearum, Gibberella zeae) causing dark external lesions or spots at the lower 
nodes. Inside the stem, the rotten marrow tissue turns a salmon-pink color.  
The Borer attacks the stem and cobs of the maize. On the stem, from the second larval 
stage onwards, the caterpillars drill an entry hole in the epidermis and then drill the stem 
lengthwise in an upward direction. The medullary parenchyma is then consumed. The 
caterpillars complete their larval development inside the stem. As the insect approaches the 
entrance hole, the pupation occurs in a nearby cubicle inside the stem, among excrement 
and remains. Several caterpillars of the same species can be found at regular intervals along 
the same stem, whether they belong to the same species. 

 1 

  2 
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Fig. 8. Some damage to plants at Foumbot 
A: Destruction of maize plots; B: Drying up of tomato plants following attacks by Tuta absoluta  

The most common disease is Tuta absoluta (Boko haram), according to 90% of the tomato 
growers surveyed in the study area. T. absoluta has a particularly high reproduction rate. Its 
life cycle includes four stages of development: egg, caterpillar, pupa and adult. Adults lay 
between 40 and 250 eggs, most often located on the underside of leaves or the young 
tender stems and sepals of immature fruits. The females lay their egg s individually at night 
on the upper third of the plant. There is no information on the ability of this species to enter 
diapause under unfavorable conditions, such as drought and high temperatures present in 
the Sahelian region. The danger of this pest lies in the fact that it enters the stem or the 
epidermis of the leaves where it digs galleries. It causes the plant to dry out as it is observed 
on the picture below (Fig. 8). The increase in dryness accelerated the destruction of the 
plant.  
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On leaves (Fig. 9), the larvae only devour the parenchyma, leaving the epidermis of the leaf; 
the attack is characterized by the presence of irregular and discolored patches. 
Subsequently, the attacked leaflets dry out completely. The mines in the leaves take an 
irregular form of, whitish patches with the presence of excrement, gradually turning brown 
and necrotic. Heavily attacked leaves may dry out completely. In case of severe damage, 
the caterpillars can consume the entire leaf tissue, leaving large amounts of black 
excrement. 

 

Fig. 9. Tuta absoluta (Boko haram) in the leaf of Tomato 

Females prefer to lay their eggs on leaves (73%), then on stems (21%), sepals (5%), or 
green fruit (1%). On stems, flowers or peduncles, the nutrition and activity of the larvae 
disrupt the development of the organs and can cause the fall of flowers or young fruits. 
Galleries may appear on young stems, disrupting plant development. Affected fruits show 
necrosis on the calyx and exit holes on the surface of the integument. They are perforated 
by galleries that are rapidly colonized by secondary pathogens causing widespread rot and 
loss of fruit. Fruits are vulnerable from formation to maturity, but egg-laying has not been 
achieved on ripe tomatoes. One larva can cause damage to several fruits in the same 
bunch. 
Sometimes caterpillars use silk produced by their salivary glands to weave silk shelters or 
enclose shoots, peduncles or young leaves. The damage caused by Agromyzidae flies 
(serpentine leaf mines) should not be confused with that produced by T. absoluta, whose 
wider galleries then cause the necrosis and drying out of large leaf patches. In sub-Saharan 
Africa, it is possible that T. absoluta not only attacks cultivated solanaceous plants, but also 
local species of the genus Solanum, such as African eggplant (S. aethiopicum, Kumba and 
Gilo group, S. anguivi, S. americanum, S. macrocarpon, S. scabrum, S. villosum).  

3.2 Discussion 
The climate variability of Foumbot was not known [25]. The study describes the seasonal 
and intra-seasonal variation in climate parameters at Foumbot. The result indicated that 
Foumbot has a monomodal rainfall regime from March to November, which enable farmers 
to apply two cropping seasons per year. During the rainy season, there is an increase of the 
consecutive days without rain and a decrease on consecutive wet days. The monthly SPI 
consider March as a dry month even though 52% of farmers consider it as the beginning of 
the sowing period. They are following the date established by the Ministry of Agriculture and 
Rural (15 March). Earlier March to mid-April, enough long dry periods are regularly 
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observed, and when rainfalls are registered, their amount is usually very low. The period is 
very risky, no matter the abundant rainfall usually recorded at the beginning of the rainy 
season. Moreover, at the start of the rainy season, the soil is still parched and need a lot of 
water to adjust the soil water reserve lost by the evapotranspiration [26]. Indeed, the SPI 
analysis shows that the contrast, hotter and drier conditions which many already semi-arid 
areas of the world, will limit the possibilities for agriculture [24]. However, wet and moisture 
condition are also vital for the occurrence of fungal and bacterial species [27].  

In Niger and Nigeria in 2016, for example, Tuta absoluta devastated tomato fields in the 
Tahoua Region and Kaduna State, respectively. Although some plant species are tolerant of 
rainfall variability or drought [28-30], these conditions increase the vulnerability of these 
plants to diseases and pests. This study showed that from the beginning of April to the 
earlier May (5 weeks after sowing), the appearance of drought is favorable to the 
multiplication of pests which destroyed crops during their growth stages. Climate variability 
could have many effects evident in the occurrence of fluctuations in climate, prolonged 
variations and crop diseases [31-32]. The survey conducted on the field showed that the 
dryness and days with-out rain permit the occurrences of pests and pathogens. So, the 
rainfall data analysis and interviews identified dryness in the area. It has been considered as 
the most dangerous rainfall hazard impacting maize and tomato production. The same 
situation is observed in Niger by Agrhymet [33].  

Republic of Niger [34] consider drought as a climate hazard that has adverse effects on 
agricultural production. Indeed, the distribution of monthly rainfall amounts during months of 
the growing season are essential variable and should be considered in planning and 
managing agricultural activity [35-36]. These glaring adversities of climate variability are real 
in the country in general and, with particular cases, in the Savanna zone, associated with the 
Cameroon type climate in the Western Highlands [37]. Extreme rainfall events will probably 
be the most challenging for farmers and society in general under future climate change [38]. 

It is necessary to discuss these results, with emphasis on some scientific contributions made 
in tropical territories. Therefore, I recommend citing scientific manuscripts: 

Additionally, the studies carried out in tropical areas [39, 40, 41, 42] establish to contribute to 
present and future research, as well as to support specialists studying the potential impacts 
of the variability and climate change in the production of crops such as maize [43]; tomatoes 
[44] and other tropical crops [45, 46, 47].  

Despite certain efforts by various organizations aimed at initiatives by peasant communities 
and small producers to face climate change, the farmers of our study area seem not 
prepared to face the challenges of a possible effect of climate change and climate variability 
on agriculture, our results being similar to those reported in vulnerable agricultural areas [48, 
49, 50]., for this reason this study was carried out on the effects of rainfall variability on the 
occurrence of crop pests at Foumbot Subdivision and avoid a reduction in agricultural 
production due to the attack of pests and diseases under climate change scenarios. 

4. CONCLUSION 
The aim of the study was to evaluate the effects of rainfall parameters or indices on the 
occurrence of diseases and pests at Foumbot. The findings showed an increase in the 
consecutive dry days in Foumbot and the reduction of wet days. This climatic situation 
exposes the study area to the appearance of some diseases and pests, which has a huge 
impact on plant growth and yield. This result was supported by the field investigation carried 
out with some farmer’s organization (GIC) who confirm that the development of some pest 
such as Tuta absoluta and borer is the result of the consecutive days without the rain. Even 
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without climate change, pest management will face some serious challenges in the coming 
decades. The most striking is the increasing dependence on chemical treatments and rising 
costs of environmental protection and public health policies. Improved climate forecasts can 
help farmers prepare for changing seasonal-to-interannual conditions and optimize pesticide 
management while minimizing environmental damage. Coordinated research, including 
climate change, climate variability, agronomy, entomology, and food security programs, will 
be needed to improve the range of options available in the agricultural research in the 
country.  

 

REFERENCES 
 
I suggest the authors adding recent references which address the issue in 
question. suggested citations are for genuine scientific reasons that 
emphasize the current topic of study in context: 
 
1.Oerke EC. Crop losses to pests. Journal of Agricultural Sciences. 2006; 144:31–43. 
Available: https://doi.org/10. 1017/S0021859605005708 

2. Mbieji KCF, Temegne NC, Kamtchoum SM, Voula VA, Nchoutnji I, Kuate J. Bio-ecology of 
black scale insects Parlatoria ziziphi Lucas (Homoptera: Diaspididae) on three varieties of 
mandarin trees in a Foumbot orchard (West Cameroon). Journal of Entomology and Zoology 
Studies. 2020;8(3):1847-1852 Available: www.entomoljournal.com 

3. Temegne NC, Dooh JPN, Nbendah P, Ntsomboh-Ntsefong G, Taffouo VD, Youmbi E. 
Cultivation and utilization of Bambara groundnut (Vigna subterranea (L.) Verdc.), a 
neglected plant in Cameroon. Asian Plant Research Journal. 2020;4(2):9-21 Available: 
http://dx.doi.org/10.9734/APRJ/2020/v4i230081 

4. Chakraborty S. Migrate or evolve: options for plant pathogens under climate change. 
Global Change Biology. 2013;19(7):1985-2000. Available: http://doi.org/10.1111/gcb.12205 

5. Fletcher J, Luster D, Bostock R, Burans J, Cardwell K, Gottwald T, McDaniel L, Royer M, 
Smith K. Emerging infectious diseases. In: Scheld WM (ed.). Emerging infections. ASM 
Press, Washington DC, 2010; pp. 337-366. Available: 
http://dx.doi.org/10.1128/9781555816803.ch18 

6. Lamichhane JR, Barzman M, Booij K, Boonekamp P, Desneux N, Huber L, Kudsk P, 
Langrell SRH, Ratnadass A, Ricci P, Sarah J-L, Messéan A. Robust cropping systems to 
tackle pests under climate change. A review. Agronomy for Sustainable Development. 
2015;35:443-459. Available: http://doi.org/10.1007/s13593-014-0275-9 

7. Tchuenga STG, Saha F. Le maïs : une céréale à multiples usages au Cameroun sous la 
menace des contraintes climatiques et de ravageurs. Afrique Science. 2017;13(6):177-188. 
Available: http://www.afriquescience.info 

8. Fuhrer J. Agroecosystem responses to combinations of elevated CO2, ozone and global 
climate change. Agriculture Ecosystems & Environment. 2003;97(1-3):1-20. Available: 
http://doi.org/10.1016/S0167-8809(03)00125-7 

Formatted: Strikethrough



 

 

9. Rao KPC, Verchot LV, Laarman J. Adaptation to climate change through sustainable 
management and development of agroforestry systems. Journal of SAT Agricultural 
Research. 2007;4(1):1-30. Available: http://oar.icrisat.org/id/eprint/2561 

10. Cooper PJM, Dimes J, Rao KPC, Shapiro B, Bekele S, Twomlow S. Coping better with 
current climatic variability in the rain-fed farming systems of sub-Saharan Africa: An 
essential first step in adapting to future climate change? Agriculture Ecosystems & 
Environment. 2008,126(1-2):24-35. Available: http://doi.org/1016/j.agee.2008.01.007 

11. IFPRI. How Will Agriculture Adapt to a Shifting Climate? International Food Policy 
Research Institute (IFPRI); IFPRI Forum, December, 2006. 

12. Temegne NC, Ngome FA, Suh C, Youri, Basga DS. Determining appropriate fertilizer 
scheme for maize and sorghum cultivation in the Sahel Agroecological Zone of Cameroon. 
Journal of Experimental. Agriculture International. 2020;42(8):50-58. Available: 
http://dx.doi.org/10.9734/JEAI/2020/v42i830570 

13. Nuemsi PPK, Tonfack LB, Taboula JM, Mir BA, Mbanga MRB, Ntsefong GN, Temegne 
CN, Youmbi E. Cultivation systems using vegetation cover improves sustainable production 
and nutritional quality of new rice for Africa in the tropics. Rice Science. 2018;25(5):286-292 
Available: https://doi.org/10.1016/j.rsci.2018.08.003 

14. Njukeng NJ, Ngome AF, Efombagn IBM, Temegne CN. Response of African Nightshade 
(Solanum sp.) to cassava peel-based manure in the humid forest zone of Cameroon. African 
Journal of Agricultural Research. 2017;12(22):1866-1873 Available: 
http://dx.doi.org/10.5897/AJAR2017.12315 

15. Temegne NC, Tsoata E, Ngome AFE, Tonfack LB, Agendia AP, Youmbi E. Lima bean. 
In: Pratab A, Gupta S (eds). The beans and the peas - From orphan to mainstream crops. 
Elsevier, 2020; pp. 133-152 Available: https://doi.org/10.1016/B978-0-12-821450-3.00009-3 

16. Kamtchoum SM, Nuemsi PPK, Tonfack LB, Edinguele DGM, Kouahou WN, Youmbi E, 
Temegne CN. Production of Bean (Phaseolus vulgaris L.) under organo-mineral fertilization 
in humid forest agro-ecological zone with bimodal rainfall pattern in Cameroon. Annual 
Research & Review in Biology. 2018;29(4):1-11. Available: 
http://dx.doi.org/10.9734/ARRB/2018/44607 

17. Temegne NC, Taffouo VD, Tadoh TC, Gouertoumbo WF, Wakem G-A, Nkou Foh TD, 
Kenmogne NPP, Youmbi E. Effect of phosphate fertilization on growth, yield and seed 
phosphorus content of Bambara pea (Vigna subterranea) landraces. Journal of Animal and 
Plant Science. 2019;29(3):703-713. (ISSN: 1018-7081) 

18. MINADER/PLGFV. Cartographie des nuisibles et ravageurs au Cameroun. Ministère de 
l’Agriculture et du Développement Rural, Rapport final, 2015.  

19. Nelson GC, Rosegrant MW, Koo J, Robertson R, Sulser T, Zhu T, Ringler C, Msangi S, 
Palazzo A, Batka M, Magalhaes M, Valmonte-Santos R, Ewing M, Lee DR. Climate change 
impact on agriculture and costs of adaptation. Food Policy Report. 2009;1-30. Available: 
http://dx.doi.org/10.2499/0896295354 

20. FAO. Climate change: Implications for food safety.29. Tsoata E, Temegne CN, Youmbi 
E. Analysis of early biochemical criterion to screen four Fabaceae plants for their tolerance 



 

 

to drought stress. International Journal of Current Research. 2017;9(1):44568-44575. 
Available: http://www.journalcra.com 

30. Tsoata E, Temegne CN, Youmbi E. Analysis of early growth criterion to screen four 
Fabaceae plants for their tolerance to drought stress. Research Journal of Life Sciences, 
Bioinformatics, Pharmaceutical and Chemical Sciences. 2017;2(5):94-109. Available: 
www.rjlbpcs.com 

31. Molua EL. Climate variability, vulnerability and effectiveness of farm-level adaptation 
options: The challenges and im-plications for food security in South West Cameroon. 
Environment and Development Economics. 2002; 7:529-545. Available: 
http://doi.org/10.1017/SI 355770x02000311 

32. Molua EL, Lambi CM. The economic impact of climate change on agriculture in 
Cameroon. Policy Research Working Papers25, 2013. Available: 
http://doi.org/10.1596/1813-9450-4364 

33. Sarr B, Houngnibo M. Atlas agroclimatique sur la variabilité et le changement climatique 
au Niger. GCCA, Niamey, Niger, 2015. 

34. Anonymous. Concept of the National Nutrition Information Platform NIP: Three Iterative, 
Self-Sustaining Cycles. Sustainability, Report N°02 January 2020. 

35. Haruna S, Tasi’u Yalwa R. Modelling relationship between rainfall variability and millet 
(Pennisetum americanum L.) and sorghum (Sorghum bicolor L. Moench.) yields in the 
Sudan savanna ecological zone of Nigeria. Agro-Science. 2017;16(1):5-10. Available: 
http://dx.doi.org/10.4314/as.v16il.2  

36. Kamtchoum SM, Nchoutnji I, Temegne CN, Tonfack LB, Fofe L, Seutchueng TGT, 
Kemayou CM, Notche FK, Suh C, Youmbi E. Comparative effect of biological fixation of 
nitrogen and chemical fertilizer on yield optimization of two sorghum varieties in the Western 
Highlands. Asian Journal of Agricultural and Horticultural Research. 2019;4(3):1-10. 
Available: https://doi.org/10.9734/ajahr/2019/v4i33002337.  
37.Tsalefac M. Climate variability, food insecurity and adaptation of populations in the 
Western Highlands of Cameroon. Publications of the International Association of 
Climatology, Rennes, France, 2012. 
38. Rosenzweig C, Iglesia A, Yang XB, Epstein PR, Chivian E. Climate change and extreme 
wheather events: implications for food production, plant, diseases, and pests. Global 
Change Human Health. 2001; 2:90-104. http://doi.org/10.1023/A:1015086831467 
 
39. Montenegro-Gracia, E.J., Pitti-Rodríguez, J.E, Olivares-Campos, B.O. Adaptation to 
climate change in indigenous food systems of the Teribe in Panama: a training based on 
CRISTAL 2.0. Luna Azul, 2021; 51:,182-197. 2021. https://doi.org/10.17151/luaz.2020.51.10  
 
40. Bertorelli, M., B.O. Olivares. BO. Population fluctuation of Spodoptera frugiperda (J.E. 
Smith) (Lepidoptera: Noctuidae) in sorghum cultivation in Southern Anzoategui, Venezuela.  
Journal of Agriculture University of Puerto Rico. 2020; 104(1):1-16.  2020. 
https://doi.org/10.46429/jaupr.v104i1.18283  
 
41. Casana, S., Olivares, B. Evolution and trend of surface temperature and windspeed 
(1994 - 2014) at the Parque Nacional Doñana, Spain. Rev. Fac. Agron. (LUZ). 2020; 
37(1):1-25.  https://n9.cl/c815e 2020. https://n9.cl/c815e  
42. Olivares, B., Zingaretti, M.L. Application of multivariate methods for the characterization 

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Font: (Default) Helvetica,

10 pt, Not Bold

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Font: (Default) Helvetica,

10 pt, English (U.S.)

Formatted: Font: (Default) Helvetica,

10 pt, Not Bold, English (U.S.)

Formatted: Font: (Default) Helvetica,

10 pt, English (U.S.)

Formatted: Font: (Default) Helvetica,

10 pt, Not Bold, English (U.S.)

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Font: (Default) Helvetica,

10 pt

Field Code Changed

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Font: (Default) Helvetica,

10 pt, Not Bold

Formatted: Font: (Default) Helvetica,

10 pt

http://dx.doi.org/10.4314/as.v16il.2
https://doi.org/10.9734/ajahr/2019/v4i33002337
http://doi.org/10.1023/A:1015086831467
https://doi.org/10.17151/luaz.2020.51.10
https://doi.org/10.46429/jaupr.v104i1.18283


 

 

of meteorological drought periods in Venezuela. Luna Azul. 48, 172:192. 2019. 
http://dx.doi.org/10.17151/luaz.2019.48.10 
 
  

 
 42.  Olivares, B., Zingaretti, M.L. Application of multivariate methods for the 
characterization of meteorological drought periods in Venezuela. Luna Azul. 2019; 48, 
172:192. 2019. http://dx.doi.org/10.17151/luaz.2019.48.10  
 
43. Olivares, B,. Hernández, R,; Arias, A,; Molina, JC., Pereira, Y. 2018. Agroclimatic zoning 
of corn cultivation for the sustainability of agricultural production in Carabobo, 
VenezuelaZonificación agroclimática del cultivo de maíz para la sostenibilidad de la 
producción agrícola en Carabobo, Venezuela. Revista Universitaria de Geografía. 2018; 27 
(2): 139-159. https://n9.cl/i0upn  
 
44. Olivares, B.,; Hernandez, R,.; Arias, A, ; Molina , JC., Pereira, Y. 2020. Eco-territorial 
adaptability of tomato crops for sustainable agricultural production in Carabobo, Venezuela. 
Idesia, 2020;  38(2):95-102. http://dx.doi.org/10.4067/S0718-34292020000200095 
 
45. Olivares, B., Hernández, R. 2019. Ecoterritorial sectorization for the sustainable 
agricultural production of potato (Solanum tuberosum L.) in Carabobo, Venezuela. Agricultural 
Science and Technology. 2019; 20(2): 339-354. 
https://doi.org/10.21930/rcta.vol20_num2_art:1462  
 
46. Olivares, B., Paredes, F., Rey, J., Lobo, D., Galvis-Causil, S. 2021. The relationship 
between the normalized difference vegetation index, rainfall, and potential evapotranspiration 
in a banana plantation of Venezuela. SAINS TANAH - Journal of Soil Science and 
Agroclimatology, 2021; 18(1), 58-64. http://dx.doi.org/10.20961/stjssa.v18i1.50379 
 
47. Olivares B, Rey JC, Lobo D, Navas-Cortés JA, Gómez JA, Landa BB. 2021. Fusarium Wilt 
of Bananas: A Review of Agro-Environmental Factors in the Venezuelan Production System 
Affecting Its Development. Agronomy, 2021; 11(5):986. 
https://doi.org/10.3390/agronomy11050986  
 
48. Olivares, B., Cortez, A., Parra, R., Lobo, D., Rodríguez, M.F, y Rey, J.C 2017. Evaluation 
of agricultural vulnerability to drought weather in different locations of Venezuela. Rev. Fac. 
Agron. (LUZ), 2017; 34 (1): 103-129. https://n9.cl/d827w  
 
49. Olivares, B., Parra, R., Cortez, A. Characterization of precipitation patterns in Anzoátegui 
state, Venezuela. Ería. 3 (3): 353-365. 2017. https://doi.org/10.17811/er.3.2017.353-365  
 
50. Olivares, B., Hernández, R. 2019. Regional analysis of homogeneous precipitation areas 
in Carabobo, Venezuela.Análisis regional de zonas homogéneas de precipitación en 
Carabobo, Venezuela. Revista Lasallista de Investigación. 2019; 16(2):90-105.  DOI: 
https://doi.org/10.22507/rli.v16n2a9 10.22507/rli.v16n2a9 
 

 

Formatted ...

Formatted: Font: (Default) Helvetica,

10 pt, English (U.S.)

Formatted:  No bullets or numbering

Formatted: Font: (Default) Helvetica

Formatted ...

Formatted: Font: (Default) Helvetica,

10 pt, Portuguese (Brazil)

Formatted ...

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Font: (Default) Helvetica,

10 pt, Spanish (International Sort)

Formatted ...

Formatted: Font: (Default) Helvetica,

Not Bold

Formatted ...

Formatted: Font: (Default) Helvetica

Formatted: Font: (Default) Helvetica,

10 pt

Formatted ...

Formatted ...

Formatted: Font: (Default) Helvetica

Formatted: Font: Not Bold

Formatted ...

Formatted: Font: (Default) Helvetica

Formatted ...

Formatted: Font: (Default) Helvetica

Formatted: Font: (Default) Helvetica,

Not Bold, Spanish (International Sort)

Formatted ...

Formatted ...

Formatted: Font: (Default) Helvetica,

10 pt

Formatted: Justified, Indent: Left: 

2.25 cm, Right:  2.05 cm, Tab stops: 

2.96 cm, Left +  3.32 cm, Left

Formatted: Font: (Default) Helvetica

Formatted: Normal, Left

http://dx.doi.org/10.17151/luaz.2019.48.10
https://n9.cl/i0upn
http://dx.doi.org/10.4067/S0718-34292020000200095
https://doi.org/10.21930/rcta.vol20_num2_art:1462
http://dx.doi.org/10.20961/stjssa.v18i1.50379
https://doi.org/10.3390/agronomy11050986
https://n9.cl/d827w
https://doi.org/10.17811/er.3.2017.353-365
https://doi.org/10.22507/rli.v16n2a9

