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Influence of weather condition on selected tomato

varieties in response to season of sowing in akure, a

rainforest zone of Nigeria

Abstract

Most of the third world nations are more vulnerable to climate change because of their
agricultural operations depends solely on the outcome of the climatic conditions, low
levels of agro-technology skill, low levels of human and physical capital, inequitable
land distribution and poor infrastructure. Hence, solving the problem of climate
change on food production and security is one of the biggest challenges faced by
most developing nations. This study was conducted to assess the tomato crop-climate
factor relationships, the results of which will be useful components in the search for
adaptation strategies relevant to smallholder farmers in the face of a changing climate
and extreme weather and the consequences on food production and security. Four
varieties of tomato were evaluated during the rainy and dry cropping seasons on a
field in Akure, Nigeria. The sowing seasons were characterized by varying weather
events for tomato production. The sowing dates were implemented to determine the
best sowing seasons with respect to growth and fruit yield. The results show that tested
varieties perform differently in the sowing seasons for the measured growth and yield
characters, Ibadan local and Beske were the best recording 35.9% &39% of the total
yield compared to Roma VF and UC varieties. first planting (March-June) showed
more positive responses climatic variables compared to Second planting season
(August — December) especially in term of yield quantity and quality. Early season
planting recorded 16% higher amounting to about 115kg/ha in fruit weight than late-
season planting. Therefore based on desirable traits, the best varieties (Ibadan local
and Beske) are recommended to solve the problem of scarcity to ensure food security.
Information so generated from the soil-crop-climate relationships will contribute to
planning responses and strategies for adaptation to future climate change.
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Introduction

A momentous change in climate on a universal scale will impact
agriculture and accordingly affect the world’s food supply. Climate
change intrinsically is not necessarily harmful but the problems arise
from events that are difficult to predict.'! The records of inconsistent
rainfall patterns and unpredictable high temperature spells
consequently reduce crop productivity in the tropics. Latitudinal
and altitudinal shifts in ecological and agro-economic zones, land
degradation, extreme geophysical events, reduced water availability,
the rise in sea level and salinization are suggested,” unless prompt
decision are undertaken to mitigate the effects of climate change, food
security in developing countries will be under threat. In the humid
tropics, the rainy (wet) and late (dry) sowing seasons are associated
with changes in climatic attributes which to a great extent influence
the productivity of agricultural food (vegetable crops).> Crop growth
and yield response to the available environmental resources of the
growing seasons. The sowing seasons and the productivity input
determine the optimum productivity of species of any crop.

Vegetable crops production during the wet/rainy season is
becoming increasingly attractive for cash generation for farmers
of humid agro climatic zone, but, the productivity of the crop is
very low due to several production problems like high mortality of

seedlings at nursery stage, high incidence disease such as leaf curl
virus, early and late blight diseases among others, low fruit set, poor
fruit quality and non-availability of suitable adaptable varieties to
seasonal variability ( unpredictable rainy or hot and dry seasons),
thus, limiting their cultivation on a commercial scale, resulting to
high price value and a lot of dependence on other region to meet
the demand for consumption.* Vegetables are the best means of
overcoming micronutrient deficiencies and provide peasant farmers
with sustanance income and more jobs per hectare than staple crops.’
Broadly, vegetable crops are sensitive to environmental condition,
high temperatures and excessive soil moisture (rainfall),which are
the major causes of low yields in the tropics and this can be further
exaggerated by other climatic factors such as radiation and cloud
cover.® Tomato, cabbage, onion, hot pepper and eggplant are among
few important vegetables consumed and or processed for utilization
in Asia and Sub-Saharan Africa region.” Tomato (Lycopersicon
esculentum Mill.), an important horticultural crop grown worldwide
is a fruit vegetable belongs to the Solanaceae. 1t is one of the most
popular and nutritious vegetable crops all over the world including
Nigeria, a very cheap source of vitamins, important in the metabolic
activities of man.*® Tomato production in Nigeria has been reported to
be 1,701,000 tons over an area of 265,000 ha.'® yet its yield production
in the forest humid zone of Nigeria is relatively low compared with
average existing data of 14t/ha-1 from the world record.®!*!!
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The limitation in yield production had been majorly soil and
climatic factors (temperature, humidity and rainfall). In the months of
March through June, little production takes place due to high intensity
of rainfall events that exert their toll on tomato by reducing flowering,
fruit-set and yield (AVRDC 2002). The associated high humidity in the
ecological zone is accompanied by fungal diseases that attack the crop.'?
Effect of rainfall may differ depending on the rainfall characteristics
(drop size, intensity and duration) and the crop growth stage exposed
to rain. In order to improve the productivity of tomato in the various
cropping opportunities, it is necessary to understand production risks
with decision options in circumstances of soil and climatic factors of a
growing season.’ The contrasting seasonal weather conditions offered
a valuable framework for studies of the challenges and potentials of
crop-environment-management interactions to contribute to improve
understanding of tomato responses to growing season weather factors.
The objective of this study therefore, is to understudy the importance
of environmental factors, crop characteristics and fruit yield of tomato
for better performance during the rainy and late season periods in
Akure, a forest rainforest zone of Nigeria.

Methodology

Data Collection: This study was carried out at the Research Farm
of the Federal University of Technology, Akure, (lat 7.17'N, long
5.8°E), a tropical rainforest zone of southern Nigeria The climate of
the area was characterized by heavy rainfall during the months from
April to July and August to November. The sandy loam soil at the
site of study is an alfisol classified as clayey skeletal oxic- paleustalf
(USDA Soil Survey Staff, 1999). The nutrient status of surface soil
for 0-15cm at the experimental site before planting are: pH 6.8; N
(0.19 mg/kg); P (7.69mg/kg); K, Ca and Mg (1.75, 0.84, 4.39 cmol/
kg soil respectively); organic matter (2.42 g/kg), bulk density (1.28
mg/m?). The field site was manually cleared. Seeds of four tomato
varieties: Ibadan local (Ib. local), UC, Roma VF and Beske were
nursed on 5th of March, 2012 for early/raining season planting and
transplanted to the field on 2™ of April, 2012.The late season planting
was on 4" of September and transplanted to the field on 1% of October.
The experiment was repeated in the cropping seasons of year 2013.
The experimental design was a Randomized Complete Block Design
(RCBD) with three replications. The unit plot size was 2mx2m.The
tomato variety seeds were nursed in a well pulverized rich loamy soil
and was transplanted into the field after Sweeks at a planting distance
of 90cm by 30 cm. Two weeks interval records of plant height (cm),
number of leaves per plant, leaf area per plant (cm?), dry weight of
leaves and fruits per plant (g), number of flower clusters per plant,
number of fruits per plant, weight of individual fruit (g), weight of
fruits per plant (kg), weight of fruits per plot (kg) and fruit yield (t/ha)
were taken up to maturity and tomato yield was assessed at the final
harvest. Weather data includes rainfall (RR), maximum temperature
(T_max), minimum temperature (T_min) and relative humidity(R/H)

Table | Monthly data record for the year 2012 and 2013
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was taken simultaneously on weekly basis in two planting seasons.
Data were analyzed to establish the relationship between various
growth stages and weather elements considered using bi-variate
correlation method and ANOVA.

Results and discussion

The mean monthly weather observations recorded from the
meteorological unit, (Table 1) shows that higher rainfall was recorded
in the 2013 wet (489.5mm) season than in the 2012 wet (466.6 mm)
season. Dry season rainfall was very minimal. Relative humidity
for the wet season was higher (90.4% and 90.5 % in 2012 and 2013
respectively), however, it was relatively high throughout the year.
Mean temperature for the two years ranges from 21-30°C. Mean
daily sunshine was similar for both years in the dry (approximately
6.22 hrs). The result of analysis of variance on crop parameter
revealed yield differences among the tested varieties which indicate
the need for selection of suitable variety for the sowing seasons.
The mean performance of the varieties in respect of plant height,
number of branches, days to flowering, days to first harvest of fruits
after transplanting, plant stand at harvest and incidence of disease
as shown in Table 2 & Table 3. All tested varieties recorded similar
growth pattern. Among the varieties, the highest plant height (123.4
cm) was recorded in Ibadan local, followed by Beske (104.7cm), and
Roma. This trend was consistent for growth and yield parameters. The
variety Ibadan local took the earliest day to 50% time to flower (53.3
days) during the late season sowing, followed by Beske (45.3 days)
and UC (56.90 days). Late season crops flowered earlier than the rainy
season planting. Similarly, the cultivar Ibadan local took 73.14 days to
attain first fruit harvest and thus was the earliest one, while Roma fruit
harvest commenced later (83.18 days to the first harvest). During dry
season, the precipitation and relative humidity is low while they were
in the wet season, this high precipitation and relative humidity favours
the production of huge biomass, and the fruit tend to be lowered for
varieties that have no ecological adaptation. Agele et al.* reported the
effects of variations in soil moisture and thermal regimes during the
pre and reproductive stages in the respective rainy and late seasons of
sowing on the growth and yield of tomato. The days to first harvest
is envisaged as an index of earliness and plant stand at harvest in a
variety is one of the important parameters for rainy and off-season
production of tomato. These parameters determine the resistance and
tolerance of a variety to a particular environment and incidence of
pests and diseases. In Table 4 presented the relationships of growth
and yield parameters with some weather variables. The results
showed that there were strong relationships which were positive and
negative in some cases) between the tomato varieties phenological
characteristics with amount of rainfall, mean temperature and at 5%
s.g.l. However, R? values varies from high to low (strong and weak
relationships).

2012 J F M A M J J A s o N D
DWN 340 358 375 375 36.4 355 35.7 36.7 37.0 36.1 34.4 332
LWV 351 363 375 375 375 37.3 37.0 37.3 37.3 37.2 36.7 35.0
Tmean 259 265 267 26.6 26.0 252 243 246 248 25.1 25.4 252
Tmin 209 229 238 235 233 228 22.0 21.8 22.4 226 228 20.6
Tmax 304 310 307 30.6 29.6 285 27.5 28.4 28.0 28.6 28.6 29.2
RH 89.1 834 847 84.4 87.0 89.4 90.4 88.2 90.5 89.4 89.9 83.7
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2012 J F M A M J ) A S (o] N D
Rain 51.6 99.1 120.0 439.2 281.4 466.6 119.6 83.6 343.6 247.5 411.5 101.6
wind speed 1.9 22 2.4 2.1 2.0 22 2.5 2.6 22 1.9 1.8 1.9
2013
DWN 34.0 36.0 375 375 36.2 355 35.7 36.8 37.1 36.1 344 332
(A% 347 359 374 374 377 37.6 37.6 372 372 372 36.8 34.6
Tmean 25.9 26.5 26.5 26.2 26.2 25.6 24.8 24.5 24.5 25.1 25.7 25.9
Tmin 22.1 22.8 23.6 23.4 233 233 22.2 21.9 22.2 22.6 22.8 21.9
Tmax 303 311 303 299 29.8 28.8 28.4 28.0 27.8 28.3 29.2 30.3
RH 79.1 8l1.2 85.5 86.2 86.5 89.8 89.4 89.3 90.5 90.0 88.1 778
Rain 36.3 80.6 224.8 433.0 339.0 489.5 154.6 142.7 452.5 223.9 419.6 20.4
Wind speed 1.8 1.9 23 2.1 1.8 22 2.6 25 22 1.9 1.7 1.6
Table 2 Growth and yield characters of Tomato varieties as affected by cultivars and season of sowing
Tomato Root dry Shoot dry 50% flowering No of fruit/ Harvest fruit yield(t/ HI
varieties wt.(g) wt.(g) date plant Duration(days) ha)
Rainy season
Ibadan local 6.4 222 76 31 52 3.65 0.45
Beske 6.3 20 74 335 44.5 351 0.59
Roma 38 1.4 65 18 29 0.96 0.28
Uc 4.6 15.6 63 16 29.6 1.25 0.48
Lsd (0.05) 0.9 1.1 4 5.2 7 1.12 0.05
late season
Ibadan local 5.75 26.7 73 26 47 2.12 0.27
Beske 6.7 152 70 26 245 2.95 0.32
Roma 32 8.4 63 16 23 1.86 0.28
Uc 3.6 7.6 65 10 24.6 1.45 0.19
Lsd (0.05) 1.2 0.7 6 6.4 4 0.73 0.06
*significant at P<0.05
Table 3 Growth and yield early rainfed and late rainfed season of tomato
Seasons of sowing Root wt  Shoot No. of Plant height  Date o.f 50% Fl’l{it Fruit yield
(8 wt (g) branches (cm) flowering (days)  weight(g) (kg/ha)
Rainy(Rainfed) (March- June) 14.7 33.1 22 122 56 15720 4.37
Late (Rainfed) (August-December) 3.4 31.2 19 109 54 12847 3.12
Table 4 Varietal effects (across the seasons) on the performance of tomato
Varieties Root wt  Shoot wt No. of Plant height = Date of 50% Fruit Fruit yield Harvest
(2 (€3] branches (cm) flowering (days) weight(g) (kg/ha) index
Beske 11.24 1210.3 17.3 104.7 54.3 346.9 19354.7 0.31
Ibadan local 11.43 1950 21 123.4 533 369.5 20447.3 0.22
Roma vf 7.82 415.3 1.3 80 55.7 134.8 9320.2 0.33
ucC 9.9 330.5 9.7 76 56 120.2 6348.2 0.33
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There were good correlation between the weather parameters and
tomato varieties with respect to plant biomass, earliness to flower,
number of fruits/plant, fruit weight and fruit yield observed, shoot
biomass, and temperature for both sowing season was high (97%),
shoot biomass with rainfall and temperature were 98% and 97%
respectively TPLA and HI were (71%) but very weak for the fruit
weight(35%) as shown in Table 4.This may this could be attributed
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to hydrothermal sensitivity of physiological processes (production of
leaves, increase in plant height and attainment of anthesis).the report
is in line with the findings of Pressman et al., (2002) and Agele et
al."” It can also be attributed to the more favourable environmental
conditions experienced during the wet season as compared with that
of the dry season. Changes in environmental conditions have been
reported to influence growth and development of tomato Table 5.3

Table 5 Association of weather factors with crop growth and yield characters of tomato

Plant parameters/Weather factors

Regression equation

Coefficient of
determination (R?)

Shoot biomass and rainfall rsc* y=2.92x+180.3 0.98
Isc* y=1.36-8.24 0.96
Shoot biomass and mean T°C rsc y=-53.6x2+217-214 0.97
Isc y=-53.2x-148 0.97
TPLA and rainfall rsc y=0.14x+0.04 0.8
Isc y=0.57x+0.1 0.9
TPLA and meanT°C rsc y=0.08x+2.1 0.35
Isc y=0.1x+2.5 0.35
Fruit yield and rainy days rsc y=0.08x+2.1 0.35
Isc y=0.1x+2.5 0.35
Fruit yield and mean T°C rsc y=0.08x+2.1 0.35
Isc y=0.1x+2.5 0.35
HI and rainfall rsc y=0.16x+0.04 0.47
Isc y=0.21x+0.07 0.71
Hl and mean T°C rsc y=0.08x+2.1 0.35
Isc y=0.1x+2.5 0.35

TPLA, Total plant leaf area; rsc, Rainy season crop; Isc, Late season crop
Conclusion

The reproductive phase of tomato varieties shows a positive
association with the amount of rainfall during this phase this is in line
as reported by Jones et al.,2012 in Muhammad et al.,'* The correlation
between the flowering, fruiting were positive and statically significant
at 5% level. However, Roma, VF, variety has a negative correlation.
These relationships indicated that weather factors are important
to growth and processes of yield determination among the tomato
varieties evaluated. The weather indices have a direct impact on the
production of tomato.'>?!
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