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A B S T R A C T
Climatic parameters are part of the main determinants of agricultural production in many developing
countries including Nigeria. This study analyzes the vulnerability of vegetable crops to the impact of rainfall
and temperature variability and the management techniques in Kwara State agro -ecological region of
Nigeria. Data on rainfall, temperature and vegetables (tomato, pepper, okra, amaranthus and garden egg)
were collected for a period of twenty -five (25) years from the four agricultural zones of Kwara State. These
were subjected to descriptive, correlation and regression analyses. The result revealed that climatic
variables examined fluctuate but there has been constant increase in temperature over the years and year
2001 recorded the highest (40.06 oC). Vegetable crop yield also fluctuates. Correlation analysis revealed that
tomato correlates positively with rainfall, maximum and minimum temperature. Okra and pepper correlate
positively with rainfall and maximum temperature and inverse correlation with minimum temperature.
Amaranthus has an inverse correlation with rainfall and maximum temperature but correlat es positively
with minimum temperature although very low. Garden egg correlates with rainfall and inversely correlates
with maximum and minimum temperature. Hence, vegetable crops examined are vulnerable to the impact of
climatic variables but not too strong as there are other factors such as the nature of soil, specie of seedlings,
chemicals among others that contributed to vegetable crop yield. Management techniques suggested to
improve the productivity of vegetable crops in Kwara State include the use of modern agricultural
techniques such as development of irrigation and water harvesting technologies.

doi: 10.5829/ijee.2019.10.02.12

INTRODUCTION1

causes sterility in rice spikelet [5]. Furthermore, in Nigeria,
studies have shown that variations in climatic factors mostly
rainfall and temperature correlate with food crop production
and yield [6-8]. Hence, food crop consists of different
classes including vegetables.
A vegetable can be defined as an edible plant or part of a
plant. Vegetable crops can be classified as fruit vegetables
such as watermelon, tomato, cucumber, peas; root and
tuber/root vegetables such as carrot, irish potato, sweet
potato; green leafy vegetables such as amaranthus, celery,
cabbage, curry leaf and bulb vegetables such as onion and
garlic [4]. Vegetables contribute immensely to human
calorific intake and nutrition worldwide. Consumption of
vegetables makes vitamins, minerals and energy available to
human body generally.
Tomato is the most important vegetable crop worldwide
and is grown over four million hectares of land area [9]. In
Nigeria, most households rely very much on vegetables
consumption for diverse reasons. For instance, it has been
reported by Hang [10] that vegetables possess both curative
and preventive measures against diseases, and reduce
repetition of nutrition. Similarly, Sirmin et al. [11] pointed
out that high intake of fruits and vegetables reduces

A lot have been said and written about climate variability
and agricultural production in many developing countries
including Nigeria. United Nations Environment Program
UNEP [1] observed that economic and agricultural sectors in
these countries are likely to face difficulties related to
climate change. For instance, Cho [2] confirmed that if
greenhouse gas emissions continue on their current
trajectory, yields of vegetable and legume could fall by 35
percent by 2100 due to water scarcity, increased salinity and
high rate of ozone depletion. Nalik et al. [3] pointed out that
climate change influences vegetable production globally but
its nature and impact vary, depending on the degree of
climate change, geographical region, and crop production
system.
Abewoy [4] reported that changes in weather elements
experienced from 1960s to date have impacted agriculture
and human activities in different ecological zones of Nigeria.
A study conducted in Bangledesh revealed that a rise in
temperature of 1-2o C in combination with lower radiation
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cardiovascular diseases. Furthermore, vegetables provide
better balanced diet, vitamins and minerals. According to
Ogunlesi et al. [12], fluted pumpkin is about 129.39
mg/100g rich in vitamin C.
Despite these benefits, report has however revealed that
there has been an undulating pattern in the trend of vegetable
production in Nigeria, for instance about 4924.9 thousand
tonnes were produced in 2005, while 2487.7 thousand
tonnes were produced in 2006 [13]. Bhardwaj [9] opined
that vegetables are generally sensitive to environmental
extremes, and thus high temperature is a major cause of low
yields. He went further to reiterate that increasing
temperature, reduced irrigation water availability; flooding
and salinity are the major limiting factors in sustaining and
increasing vegetable productivity. In the same vein, it was
discovered that environmental factors such as temperature
and rainfall have negative effects on tomato production.
Nalik et al. [2] observed that carbon-dioxide is a major
greenhouse gas that influences growth and development as
well as incidence of insect pests and diseases of vegetable
crops. Adeniyi [14] reported that some selected climatic
elements over a period of ten (10) years have weak impact
on okra, sweet potato, pepper, and amaranthus yield in
Ilorin, Kwara State.
The question therefore is that, what impact do rainfall
and temperature have on agricultural production particularly
vegetables in the study area? Does the undulating pattern of
vegetable production in Nigeria also exist in Kwara State?
Will there be any significant difference between past studies
carried out for a period of ten (10) years in the State and the
present study? It is against this background of study that this
study analyzes the vulnerability of vegetable crops to the
impact of rainfall and temperature variability and the
management techniques in Kwara State a Guinea savanna
agro-ecological region of Nigeria.

worsening vegetable cultivation. Similarly, Abewoy [4]
pointed out that drought and salinity as a result of increase in
temperature influence the occurrences of pest and disease
host-pathogen interactions, there by becoming major setback
to vegetable cultivation. Rise in temperature during winter
usually results in increasing viral diseases of crops like
potato and sugar-beet [21].The optimum temperature range
for fruit set is 18o to 24o C [22].
According to Ernest [23], high temperature will limit
yields in many vegetables and fruits because it increased
developmental disorders in fruiting vegetables. For example
it has been reported by De Koning [24] that tomato
(Solanum lycopersicum) can compensate for variation in
temperature within a certain range and period, also thrives
well in temperature 10o C to 30o C with optimum range of
temperature 21-24o C. Mean daily temperatures of 27o C and
29o C can have adverse effects on tomato fruit set and yield
[25]. Pepper thrives well with temperature of between 18 to
27o C during the day and 15 to 18o C at night. Fertilization in
pepper is sensitive to high temperature [26]. Amaranthus
(Amaranthus hybridus) requires soil temperature of between
18o C and 25o C to germinate and air temperature of 25o C for
optimum growth [27]. Okra is a hot weather crop and the
optimum soil temperature for its growth is 24 to 32°C, while
the minimum soil temperature is 18 °C [28]. According to
MOFA [29] garden eggs (Solanum spp) prefer day warm
temperatures of (32o C) and night (21o C) for optimum growth
and development.

THE STUDY AREA
The study area for this research is Kwara State (Figure 1.)
which lies at the Guinea savanna region of Nigeria. The
State is located between latitudes 8o and 10o 041 N and
longitudes 2o 451 E and 6o 121 E. It occupies an area of
36,825km2 and consists of sixteen Local Government Areas.
The State borders Niger Sate to the North, Kogi and Ekiti
States to the East, Osun and Oyo States in the South and the
Republic of Benin in the West. Kwara State has tropical
distinct dry and rainy season with a rainy season of about
nine months between March and October or sometimes

IMPACT OF CLIMATIC VARIABLES ON VEGETABLE
CROPS
Agricultural production generally in Nigeria is rain-fed as
smallholder farmers rely heavily on the onset of rain for
cultivation. Heavy rain and flooding cause vegetable
shortage, Jayapiratha et al. [15] carried out a research on the
performance evaluation of okro (Hibiscus esculentus) under
drip irrigation system and discovered that when the
availability of moisture and moisture retention capacity
increases, the growth of the okra also increases. Chili pepper
(Capsicium annuum L) thrives well at annual rainfall amount
of between 600mm and 1250mm [16]. Okra does best in
warm moist soils and annual rainfall amount of up to 1000
mm [17]. The water requirement of outdoor grown tomatoes
varies between 4000 - 6000 m³/ha [18].
Variations in the daily mean maximum and minimum
temperature affect vegetable production because its
physiological, bio-chemical and metabolic activities are
temperature dependent. Temperature can affect vegetable
crops in so many ways: timing and reliability of plant
growth, flowering, fruit growth, and ripening [19]. Kondinya
et al. [20] reported that drought and salinity are the two
important consequences of increase in temperature

Figure 1. Kwara
Government Areas

State

showing

Source: Kwara State Ministry of Lands, 2017
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early November with a mean annual rainfall of 1,000 to
1,500 mm. Also, the dry season is about four months from
November to February and sometimes times it may extend to
early March. The temperature is usually higher during the
dry season than rainy season with a mean maximum
temperature of between 33o C and 36o Cwhile the mean
minimum temperature ranges between 19o and 24o C for a
greater part of the year (November – March). Furthermore,
the absolute minimum and maximum temperature during
this period is between 15o – 20o C and 35o C respectively.
Some of the rivers of the State include rivers Moro, Asa,
Niger, Weru, Adere and Oshin. The State is dominated by
the derived guinea savannah grasslands vegetation at the
northern part while some parts of the southern part falls
within the rainforest agro-ecological zone. This is well
suited for the cultivation of a wide variety of crops such as
rice, groundnut, maize, cassava, yams, sorghum, fruits, and
vegetables, among others.
The type of soil found in the State is ferruginous tropical
soils which are reddish in colour and have appreciable
reserve of weatherable minerals. Also, the presence of
alluvial and hydromorphic soils on the banks of River Niger
provided strong potentials for agricultural activities.
Generally, the soils in Kwara State consist of adequate
potassium, calcium, magnesium and phosphorus that can be
tapped by the crops grown on them. The high potentials for
agricultural production and because farming is the
predominant occupation of the residents justify the reason
for the choice of the State for the study.

1028.50

36.44

20.30

2003

811.75

31.17

17.50

2004

1597.40

33.33

20.15

2005

1144.50

35.90

23.90

2006

1236.99

36.47

22.79

2007

1481.63

37.08

22.50

2008

1381.90

36.00

22.00

2009

1526.57

38.00

23.40

2010

1165.70

36.00

23.30

2011

1252.80

36.00

23.00

2012

1617.80

32.40

23.70

2013

900.00

35.50

22.80

2014

1016.00

37.70

21.40

2015

806.60

37.30

22.50

2016

1747.20

35.80

21.03

2017

1504.86

39.80

21.80

Source: Kwara State Agricultural Development Project (KWADP), 2018

TABLE 2. Vegetable (Yield) Data (‘000) (1992-2017)
Year Tomato Okra Pepper Amaranthus Garden Egg

MATERIALS AND METHODS
Kwara State Agricultural Development Project (KWADP)
divided Kwara State into four (4) agricultural zones. Data on
rainfall, temperature and vegetables (tomato, pepper, okra,
amaranthus and garden egg) used for the study were
obtained from these four agricultural zones for a period of
twenty-five (25) years (See Tables 1 and 2). Zone A is
derived savanna area (Baruten and Kaiama), Zone B is the
flood plain area (Patigi and Edu). Zone C is the guinea
savannah area (Asa, Moro, Ilorin West, Ilorin East and Ilorin
South). Zone D is the rainforest area (Irepodun, Oyun, Offa,
Isin, Ekiti, Ifelodun and Oke-Ero).

Year

2002

TABLE 1. Climatic Data (1992-2017)
Rainfall (mm) Temp. Max (OC) Temp. Min (OC)

1992

1.12

0.60

1.62

5.55

3.44

1993

2.67

2.02

2.09

5.41

3.45

1994

1.94

1.38

1.44

5.27

3.46

1995

1.22

1.91

1.42

5.13

3.47

1996

3.50

2.45

2.55

4.99

3.49

1997

3.00

2.39

1.92

6.05

6.03

1998

1.53

1.83

3.47

4.20

6.04

1999

6.25

4.17

3.00

4.92

6.82

2000

3.01

3.10

5.55

1.90

4.32

2001

3.80

3.50

2.75

5.33

4.71

2002

3.21

3.49

2.91

4.25

3.64

2003

1.16

3.42

1.89

4.95

3.42

2004

3.04

5.01

1.40

4.50

4.80

2005

1.70

3.90

2.30

4.40

6.18

2006

3.10

3.90

1.30

4.50

3.80

2007

3.30

4.00

2.00

4.00

3.00

2008

4.20

3.75

2.35

4.40

3.40

1992

108.50

34.00

25.00

2009

5.59

4.14

4.31

4.60

3.00

1993

1138.12

33.60

22.40

2010

6.12

3.53

3.39

4.72

3.25

1994

1085.02

34.05

21.75

2011

5.41

4.45

4.35

4.01

3.24

1995

1211.78

33.44

24.58

2012

5.37

4.18

4.06

4.36

3.23

1996

1700.04

32.70

26.20

2013

6.23

4.49

4.48

6.10

3.40

1997

1704.18

32.86

24.45

2014

6.14

5.96

4.81

6.28

3.40

1998

1104.50

35.61

21.30

2015

5.85

4.78

4.65

6.19

3.35

1999

1292.30

34.82

21.89

2016

5.80

4.70

4.34

5.46

3.33

2000

946.70

37.93

22.08

2017

6.18

5.01

4.62

5.81

3.50

2001

907.60

40.06

19.79

Source: Kwara State Agricultural Development Project (KWADP), 2018
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Tables, trend, correlation and multiple regression analyses
were used to analyze the collected data. These will show the
pattern of rainfall, temperature and vegetables over the study
years. It will further reveal the strength of relationships
between rainfall, temperature and selected vegetables over
the period under study for Kwara State, Nigeria.

Pattern of vegetable crops yield
Vegetable yield pattern (figure 4) reveals that vegetable
production is influenced by variability in the climatic
parameters to some extent. This is to be expected since
vegetable production in this environment is more of rain fed
rather than irrigated conditions.
For instance, tomato fluctuates in its yield with lowest
value of 1.12 in the year 1992 and highest value of 6.25 in
1999. Okra has lowest yield value of 0.60 in 1992 and
highest value of 5.96 in the year 2014.
Furthermore, pepper‘s lowest yield value in the study
area was in the year 2006 (1.30) and highest value of 4.81 in
the year 2014. Amaranthus lowest yield value was in the
year 2000 (1.90) and highest yield value of 6.28 in the year
2014. This shows a significant variation. Garden egg has
lowest value of 3.00 in the years 2007 and 2009 and highest
value of 6.82 in the year 1999.

RESULTS
Pattern of rainfall
Rainfall in the years under study shows an undulating
pattern with the lowest rainfall in the year 1992 (108.0mm)
after that year, it rises up again until years 2000 and 2001
which have 946.70mm and 906.60mm, respectively (Figure
2).
Year 2002 experienced an upward trend again until year
2003 that has 811.75mm. After this year; there was an
upward trend in the rainfall till year 2017 except for years
2013 and 2015 with 800.00mm and 906.00mm respectively.
The highest rainfall was in the year 2016 with 1747.16mm
rainfall.

DISCUSSION
Relationship between climate variables and crop yield
Table 3 reveals the relationship between rainfall,
temperature (maximum and minimum) and vegetables. From
the table, rainfall has positive but weak correlation with
tomato (0.315), okra (0.341), pepper (0.038) and garden egg
(0.071) and negative correlation with amaranthus (-0.090).
The implication of this is that with relatively increase in
rainfall amount, more tomato, okra, pepper and garden egg
would be harvested but less amount of amaranthus will be
harvested.

Pattern of temperature
There is no significant difference in the degree of maximum
temperature during the period of study. It was a regular trend
except for year 2001 where maximum temperature was a bit
higher (40.06o C) than the subsequent years. The lowest
maximum temperature was recorded in the year 2003 with
31.17o C. With respect to minimum temperature, it was a
regular trend except for the years 1996 which has highest
26.20o C and 2003 which was lowest (17.50o C), respectively
(Figure 3).
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2003
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8

Year
Tomato

Figure 2. Rainfall Pattern of the study area
Source: Author’s Fieldwork/computer output, 2018

Okra

Pepper

Year
Amaranthus

Garden Egg

Figure 4. Pattern of Vegetable Yield
Source: Author’s Fieldwork/computer output, 201 8

Te mpe rature (0C)

60

y = 0.0598x + 35.537
R² = 0.0266

50

TABLE 3. Relationship between Rainfall, Temperature and
Vegetables
Max. Temp Min. Temp
Vegetables Rainfall (mm)
(OC)
(OC)

40
30
20

Max Tem p
Min Temp
Linear (Max Temp)
Linear (Min Te mp)

10

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

0

Year

Figure 3. Trend pattern of Maximum and Minimum
Temperature

Tomato

0.315

0.440

0.015

Okra

0.341

0.433

-0.327

Pepper

0.038

0.525

-0.050

Amaranthus

-0.090

-0.078

0.064

Garden Egg

0.071

-0.070

-0.044

Source: Author’s computation, 2018
*Correlation is significant at the 0.05 level (2 tailed)

Source: Author’s Fieldwork/Computer output, 2018
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This result is not in agreement with findings of Adeniyi [14]
on impact of climatic variables on vegetable crops in Ilorin,
Kwara State.
Maximum temperature correlates positive but weakly
with tomato (0.440), okra (0.433) and strong positively with
pepper (0.525). It correlates negatively with amaranthus (0.078) and garden egg (-0.070). For the minimum
temperature, it correlates positively but very weak with
tomato (0.015) and amaranthus (0.064) but negatively with
okra (-0.327), pepper (-0.050) and -0.044). This can be
linked with the fact that all vegetable crops under study
require between 10o C and 32o C to survive but lowest
maximum temperature was 31.17o C and highest 40.06o C
while lowest minimum temperature was17.50o C and highest
was 26.20o C. This result is in consonant with Ernest [23]
who opined that high temperature will limit the yield of
vegetables and fruits in his study.
On the overall, tomato correlates positively with rainfall,
maximum and minimum temperature. Okra and pepper
correlate positively with rainfall and maximum temperature
but do not correlate with minimum temperature. Amaranthus
have an inverse correlation with rainfall and maximum
temperature but correlates positively with minimum
temperature. Garden egg correlates positively with rainfall
but weak and inversely correlated with maximum and
minimum temperature. This is in support of Aondoakaa [30]
that there exist positive relationship between each climatic
element examined and crop yield but on a very weak
significance. Similarly, Awotoye and Matthew [31] also
reported that vegetable production was influenced by
variability/change in the amount of rainfall. Hence,
vegetable crops are vulnerable to the impact of climatic
variables to some extent in the study area.

Management techniques
The management techniques involved in mitigating and
coping with the adverse effects of climatic variables on
vegetable production include: development of irrigation and
water harvesting technologies adoptable to the hot and dry
condition as a long term measure. Crop diversification,
change in vegetable crop, change in planting date and
planting short duration vegetables are part of management
techniques that should be adopted to combat the likely
increase in temperature and water stress periods during the
growing season [32].
Conservation of soil moisture through crop management
practices like mulching with crop residues and plastic should
be adopted while excessive soil moisture due to heavy rain
can be overcome by growing vegetable crops on raised beds
[33].
Improved soil tillage practices, soil fertility improvement
and mixed cropping should be adopted as another adaptation
technique [34]. Grafted plants are now being used to
improve resistance against abiotic stresses like low and high
temperatures, drought, salinity and flooding in vegetable
crops [35].
Extension agents in the State should educate farmers on
improved/modern technologies and practices while research
institutions and universities should develop drought-resistant
and early maturing vegetable crop varieties.
Challenges of a changing climate can be overcome by
farmers through the development of climate resilient
vegetables such as adapted vegetable germplasm [36]. Mix
cropping and drought-resistant species should be embarked
upon by farmers in the study area.
Advanced technologies and development of genotypes
tolerant to high temperature, moisture stress, salinity and
climate proofing through conventional, non-conventional,
breeding techniques are required to complement traditional
methods, which are often unable to prevent yield losses due
to environmental stresses [37].
Farmers on the other hand should shift their crop
production activities to less flood-prone arable lands.
Government and policy makers should design an d
implement effective drainage systems .

Impact of climatic variability on vegetables (regression
analysis)
Table 4 shows that the studied climatic variables contributed
32% to tomato yield, 42% to okro yield, 28% to pepper
yield, 27% to amaranthus and 32% to garden egg. This
indicates that vegetable crops under study are vulnerable to
the impact of climatic variables although there are other
factors contributing to the yield of vegetables in the study
area. These include nature of soil, specie of seedlings, pests,
herbicides, quality and planting period among others. This
corroborates the earlier findings of Awotoye and Matthew
[31] that some non-climatic factors do contribute
significantly to crop yield.

CONCLUSIONS
In this study, an attempt has been made to analyze the
vulnerability of vegetable crops to the impact of rainfall and
temperature variability and its management techniques in the
Guinea savanna agro-ecological region of Nigeria. The
results however revealed that rainfall and temperature
fluctuate during the period under study and do have impact
on vegetable yield although other non-climatic factors such
as nature of soil, seedlings, farm techniques and pests and
diseases among others contributed to the impact.
Hence, based on the findings of the research, it is very
crucial to understand that adequate measures to adapt to the
effects of climatic variability on vegetable production should
be undertaken in order not to jeopardize nutritional security
in Kwara State and developing countries at large. Therefore,
agricultural stakeholders should adopt necessary strategies to
reduce the adverse effects of climatic variables on vegetable

TABLE 4. Regression Analysis for Vegetables
Standard Regression
PVegetables
R
R2
F
Error Coefficient
value
Tomato

0.566 0.321

1.6015

0.350

3.464 0.034

Okra

0.655 0.429

1.0241

0.422

5.507 0.006

Pepper

0.533 0.284

1.1664

0.081

2.906 0.058

Amaranthus 0.520 0.270

0.9730

0.148

-0.106 0.030

Garden Egg 0.562 0.320

1.1618

0.074

0.099 0.060

Source: Author’s Fieldwork/Computer output, 2018
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production in the study area as well as developing countries
as a whole. Off-season irrigation farming should be adopted
by the farmers to sustain food production in the area. This
can be achieved through formulation of farming groups and
cooperative societies where resources can be pulled together
to mitigate and adapt to the impact of climatic variables so
as to ensure sustainable food security in the State.
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چ کیده
 این مطال عه آسیب پذیری.پارامترهای آب و هوایی بخشی از عوامل اصلی تولید محصوالت کشاورزی در بسیاری از کشورهای در حال توسعه از جمله نیجریه است
 داده های.محصوالت گیاهی به تاثیر بارندگی و تغییرات دما و تکنیک های مدیریت در منطقه کشاورزی زیست محیطی ایالت کوارا نیجریه را تحلیل می کند
 سال از چهار منطقه کشاورزی استان کویرا جمع آوری25  بادام زمینی و تخم مرغ) برای مدت، بامیه، فلفل، دما و سبزیجات (گوجه فرنگی،مربوط به بارندگی
، نتایج نشان داد که متغیرهای اقلیمی تغییراتی را مورد بررسی قرار می دهند. همبستگی و رگرسیون تقسیم شدند، این ها به تجزیه و تحلیل های توصیفی.شد
 عملکرد محصول سبزیجات نیز نوسان می. درجه سانتیگراد) را نشان می دهد40/06(  بیشترین2001 اما در طول سال ها افزایش دمایی ثابت بوده و در سال
 بادام و فلفل همبستگی مثبت با بارش و حداکثر. حداکثر و حداقل دما رابطه مثبت دارد، تجزیه و تحلیل همبستگی نشان داد که گوجه فرنگی با بارندگی.کند
 اما با حداقل درجه حرارت بسیار پایین ارتباط، آم ارانتوس همبستگی معکوس با بارندگی و حداکثر دما دارد.دما و همبستگی معکوس با حداقل درجه حرارت دارد
 محصوالت زراعی سبزیجات تحت تأثیر مت غیرهای اقلیمی، از این رو. تخم مرغ با بارندگی همبسته است و با حداکثر و حداقل دما همبستگی معکوس دارد.دارد
 مواد شیمیایی و دیگر مواد غذایی که به تولید محصوالت گیاهی، گونه های نهال، زیرا عوامل دیگر مانند ماهیت خاک، اما ن ه چندان قوی،آسیب پذیر هستند
 تکنیک های مدیریتی پیشنهاد شده برای بهبود بهره وری از محصوالت گیاهی در دولت کوارا شامل استفاده از تکنیک های مدرن. وجود دارد،کمک می کنند
.کش اورزی مانند توسعه آبیاری و فن آوری های برداشت آب می باشد
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