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Crop Water Requirements of Early and Late-Season Tomato
(Lycopersicon esculentum) in Umudike Area of Abia State, Southeastern
Nigeria
Abstract
Water requirements of tomato planted in the Umudike area
of Abia State, Southeastern Nigeria was estimated based on a
11-year meteorological data of the National Root Crop
Research Institute, Umudike, using Penman’s equation.
Results obtained showed that seasonal crop
evapotranspiration (ETcrop) of tomato planted on 1 March
and harvested in July (early season) was 387.10 mm, whereas
that sown on 1 August and harvested in December (late
season) was 353.31 mm. The results indicated that water
requirement for early season tomato was higher than the late
season tomato. Supplementary irrigation requirements were
estimated at 11.52 mm during the initial growth stage of
early-season tomato and 126.49 mm during the productive
and maturity stages of late-season tomato. It is therefore
recommended that the early season planting be done at a
time when crop water requirements of the initial growth
stage and reproductive and maturity stages of tomato in
Umudike can be met by effective rainfall for economic
reasons. However, provision for supplementary irrigation
should be made during November and December for late-
season tomato production.
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Introduction
Crop growth periods and their water
requirements vary with climatic
conditions of an area. Irrigation
scheduling is dependent on the moisture
needs of the crop, timing and the amount
of available water to the crop. The
irrigation needs are also dependent on
the amount of available moisture unable
to be supplied by rainfall, particularly
under rain fed conditions, and therefore
represents the amount of water needed to
make up the deficit between crop water
requirement and effective rainfall (Allen

et al., 1998; Ouda et al., 2015). Broner and
Schneekloth (2003) reported that water
requirements of crops depend mainly on
environmental conditions. Adequate
moisture is however necessary for good
crop establishment, growth, yields and
quality (Machado et al., 2022).

Tomato (Lycopersicon esculentum) is
known to originate in the Western
Southone normal spaceand Central
America (Encyclopaedia Britannica, 2018),
but its cultivation and use as a crop may
have originated with the Indian people of
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Mexico (Cage, 2005) and now it is widely
grown inone normal spacemost climatic
zones of the world. The word ‘tomato’
comes from the Nahuatl wordone normal
space‘tomatl’ meaning ‘the swelling fruit’
(Merriam-Webster, n.d.; Online
Etymology Dictionary, n.d.). It is one of
the most important vegetable plants in
the world (Kimura and Sinha, 2008), and
widely used as food and research
material. The red edible fruits are a good
source of antioxidant Lycopene which
has many health benefits (Petre, 2018)
and thus an important constituent of the
dailyone normal spacediets of most
Nigerians (Ubi and Osodeke, 2009).
Tomato has interesting features such as
fleshyone normal spacefruit, a sympodial
shoot, and compound leaves (Kimura and
Sinha, 2008).

Nigeria produces about 3.78 million
metric tons of tomato annually, with
about 60% produced in the northern
regions of the country (NAERLS, 2025).
Although the crop is predominantly and
commercially grown in the northern
region of the country, its production also
occurs in the southern part, but on a
smaller scale. The lower level of
production in the southern region may be
associated with factors such as high
rainfall, high relative humidity, and other
agro-climatic and production constraints
(Ubi and Osodeke, 2009). The crop
requires well-drained and fertile soil with
pH range of 5.8 – 6.8. Tomato has a
relatively shallow root system, with more
than 70% of effective roots usually found

in the upper 2 cm of the soil depth. Its
water requirement varies with climatic
conditions, crop species, growth stage
and soil water availability (Allen et al.,
1998; Negash et al., 2024).

Water shortage during early flowing and
yield formation in tomato reduces the
number of fruits, fruit size and yield
(Raemackers, 2001; Sivakumar and
Srividhya, 2016). Thus adequate water
and nutrient supply to tomato is very
important at the early flowering and
yield formation stages. This is because
about 90% by weight of the plant tissues
are made up of water (Ridge, 1991; Hou et
al., 2020), indicating that drought
conditions can significantly reduce plant
growth and yield (Sivakumar and
Srividhya, 2016).

The primary constraint for high yields in
crops such as tomato during the late
season period is soil moisture deficit
(Nangare et al., 2016). Inadequate soil
moisture can adversely affect plant
growth, yield and water productivity,
making appropriate irrigation
management important for maintaining
adequate soil moisture, particularly in
late season (Nangare et al., 2016;
Mahmoud and Fayad, 2022; Mukherjee et
al., 2023). To cope with moisture deficit of
this season, irrigation is needed to meet
the deficit requirement that cannot be met
by effective rainfall (Du and Kang, 2011;
Nangare et al., 2016). This suggests that
crop water demand must be met through
water supplied by rainfall, irrigation and
soil-water storage within the root zone to
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satisfy evapotranspiration requirements
and prevent water stress (Allen et al., 1998;
DeJonge et al., 2024).

Tomato requires an adequate supply of
water for optimum production
(Raemackers, 2001; Sivakumar and
Srividhya, 2016). Therefore, determining
crop water requirements and the
response of tomato to soil moisture
availability at different growth stages in
both seasons cannot is essential for
efficient water management and
optimum production. This will help in
the development of suitable water
management practices for optimal tomato
production in Umudike areas of Abia
State, Southeastern Nigeria. The
information generated from this study
will also provide a basis for planning
irrigation schedules and improving the
efficient use of available water during
early and late season tomato production.
The objectives of the study were to
determine the crop water requirements
and the irrigation need of tomato for
early and late season production cycles.

Materials and Methods

The study was conducted at the Michael
Okpara University of Agriculture,
Umudike, which lies between latitude 05o
29’N and longitude 07o 33’E (Chukwu,
1999) in the humid forest zone of Nigeria
and has an altitude of 122 m above sea
level. The area has an annual rainfall
range of 1900 mm to 2200 mm which is
bimodally distributed and peaks in July
and September (Iren and Osodeke, 2006).
The soil of Umudike is sandy clay loam

(coarse textured) and classified as an
Ultisol (Njoku et al., 2001).

Crop water requirement

Crop water requirement is the total water
needed for evapotranspiration, from
planting to harvest for a given crop in a
specific climatic region, when adequate
soil water is maintained by rainfall and /
or irrigation so that plant growth and
yield are not limited (Hess, 2005). The
crop water requirement of early and late
season tomato in Umudike areas of Abia
State was estimated with 2009 to 2019
meteorological data collected from the
meteorological station of the National
Root Crop Research Institute, Umudike,
typical of the study area (Table 1). The
meteorological data contains monthly
rainfall, relative humidity (maximum and
minimum), mean temperature, sunshine
and wind speed over an 11-year period.
The data was analyzed to obtain the
reference crop evapotranspiration (ETo),
crop coefficient (Kc), crop
evapotranspiration (ETcrop), and
irrigation water requirement (IR).

A total growth duration of 135 days
(Phene, 1989) for each cropping period
was disaggregated into 30, 40, 40 and 25
days, representing the initial, crop
development, mid-season and harvest
stages respectively (Adelama and Simons,
1980; Quinn, 2000) for this study. The
crop was assumed to have been sown
within the recommended periods for the
early and late season cultivation of
tomato in the tropics (Thompson, 1996).
The early season tomato was assumed to
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have been planted on the 1st of March
and harvested on the 14th of July, while
the late season cropping was assumed to
have been planted on the 1st of August
and harvested on the 14th of December.
The estimation of crop
evapotranspiration involved three stages;
Reference or potential evapotranspiration
(ETo), crop coefficient (Kc) and crop
evapotranspiration (ETcrop).

Estimation of reference
evapotranspiration

Reference crop evapotranspiration (ETo)
is defined as the rate of evaporation of an
extended surface of 8 to 15cm tall green
grass cover actively growing completely
shading the ground and not short of
water (Doorenbos et al., 1986). It therefore
indicates the atmospheric evaporative
demand and its potential effect on crop
water use. Thus reference crop
evapotranspiration was calculated based
on Penman’s equation given as:

ETo = C [W + Rn + (1 – W) x f(u) x (ea –
ed)] - - (1)

Where;

ea – ed = vapor pressure deficit (the
difference between saturation vapor
pressure (ea) at the mean temperature of
that location and actual vapor pressure
(ed).

ed = ea X RH/100; - -
- - (2)

ea = saturation vapour pressure at the
mean air temperature of the location; and

RH = relative humidity (%).

f(u) (wind function) = 0.27 (1 + [U/100]),
- - (3)

U = wind speed in km/day measured at
2m height.

Rn (total net radiation in mm/day) = 0.75
Rs – Rnl - (4)

Where Rs is incoming short wave
radiation in mm/day.

Rs can be obtained as (0.25 +0.5n/N) Ra.
- - (5)

Ra is extra-terrestrial radiation in
mm/day, n = mean actual sunshine
duration in hr/day and N= maximum
possible sunshine duration in hr/day; Rnl
is a long wave radiation in mm/day and
is aone normal spacefunction of
temperature (Ft), a function of actual
vapor pressure ( F(ed) and sunshine
duration F (n/N)

or

Rnl = (Ft) X (F(ed) X F(n/N). - -
- - (6)

W = temperature and altitude dependent
wilting factor.

C = adjustment factor for the ratio ration
of wind speed of wind speed in the day
over wind speed at night for RH
maximum and Rs.

Estimation of crop coefficient (Kc)

The crop coefficient (Kc) value varies
with crop, development stage of the crop,
and to some extent with wind speed and
humidity. For most crops, the Kc value
increases from a low value at time of crop
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emergence to a maximum value during
the period when the crop reaches full
development, and declines as crop
matures (Doorenbos et al., 1986).

Crop coefficients (Kc) of 0.45, 0.75, 1.05
and 0.8 (Doorenbos et al., 1986), were
used for the initial, crop development,
mid-season and late season growth stages
of tomato respectively.

The Kc value at each of the growth stages
was converted to monthly Kc value as
follows;

Kc/Month = Kc growth stage X N
- - - (7)

30

Where N = number of days growth stage
lasted.

Crop evapotranspiration (ETcrop)

Crop evapotranspiration (ETcrop) refers
to conditions when water is adequate for
unrestricted growth and development
(Allen et al., 1998), i.e, when soil water is
not limited. It is also referred to as water
requirements in mm/day or mm/period.
Crop evapotranspiration (ETm or ETcrop)
was determined as:

ET crop = ETo x Kc - - -
- - (8)

Crop evapotranspiration (ETcrop/month)
was obtained as the product of the
monthly mean ETo in mm/day and the
Kc for the crop over each 30-day period.
Seasonal ET crop values were calculated
by summing the monthly values.

Irrigation water requirement (IR)

Irrigation water requirement IR was
calculated as the difference between
ETcrop and Effectiveone normal
spaceRainfall (ER) (Brouwer and
Herbloem, 1986).

Effective Rainfall (ER) was calculated
using the formulae;

ER = 0.8R – 25, if R > 75mm / month.
- - (9)

Or

ER = 0.6R – 10, if R< 75mm / month.
- - (10)

Where

R = monthly rainfall (mm).

When actual evapotranspiration (Eta) is
less than the maximum
evapotranspiration (ETm), there is
moisture deficit signifying the need for
irrigation.
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Table 1:Meteorological data of Umudike from 2009 t0 2019

Table 2: Calculated monthly crop coefficient and maximum evapotranspiration for
early and late season tomato

Months

ETo /month (mm) Kc/month

Early season tomato

March 124.00 0.45

April 117.60 0.75

May 113.70 0.95

June 102.60 0.97

Months Total
Rainfall
(mm)

Relative Humidity (%) Mean
T oC

Sunshine
Hours

Wind
speed (U)

Mean
U(day)

Mean U
(Unight)

Uday/

Unight

ETo

mm/day

ETo

mm/month

(mm) max min mean Km/hr (m/sec) (m/sec) (m/sec)

Jan. 9.10 58.30 36.70 47.50 27.00 4.80 669.60 3.40 2.00 1.70 3.58 110.98

Feb. 44.50 69.80 30.20 50.00 28.60 4.70 643.20 3.40 2.00 1.70 3.84 111.36

Mar. 86.60 76.75 46.25 61.50 28.70 4.20 736.80 3.40 2.00 1.70 4.00 124.00

Apr. 192.40 80.10 56.90 68.50 28.20 4.60 736.80 3.40 2.00 1.70 3.92 117.60

May 248.30 81.60 72.40 77.00 27.70 5.00 638.40 3.40 2.00 1.70 3.79 113.70

June 325.40 85.00 66.00 75.50 26.70 4.00 669.40 3.40 2.00 1.70 3.42 102.60

July 306.70 86.50 65.50 78.00 26.80 2.60 586.40 3.40 2.00 1.70 3.10 96.10

Aug. 346.70 84.75 74.25 79.50 25.60 2.60 849.60 3.40 2.00 1.70 2.85 88.35

Sept. 322.30 85.20 70.80 78.00 25.80 2.70 688.80 3.40 2.00 1.70 3.15 94.50

Oct. 273.30 83.14 65.86 74.50 26.60 3.70 566.40 3.40 2.00 1.70 3.42 106.02

Nov. 54.80 80.50 57.50 69.00 27.00 4.50 564.00 3.40 2.00 1.70 3.53 105.90

Dec. 4.30 72.50 45.50 59.00 26.80 5.30 626.40 3.40 2.00 1.70 3.42 106.02

Total 2214.40 943.79 687.86 818.00 325.5
0

48.70 7971.80 40.80 24.00 20.40 40.02 1277.13

Mean 184.53 78.65 57.32 66.17 27.13 4.06 664.32 3.40 2.00 1,70 3.50 106.43

ETo = Refernce crop evaporanspiration, Max= maximum, Min = Minimum, T oC = Temperature in degree centigrade, U=wind speed



Vol. 2, No.1 September, 2026

“Crop Water Requirements of Early and Late-Season Tomato (Lycopersicon esculentum) in Umudike Area
of Abia State, Southeastern Nigeria

Citation: Udo, Ndifreke S. & Afangide, Ndianabasi Victor “Crop Water Requirements of Early and Late-Season
Tomato (Lycopersicon esculentum) in Umudike Area of Abia State, Southeastern Nigeria”. Journal of People and
Worldviews (JPW), 2026: pp209-219.

Vol. 2, No. 1 September, 2026

215

July 96.10 0.37

Late season tomato

August 88.35 0.45

September 94.50 0.75

October 106.02 0.95

November 105.90 0.97

December 106.02 0.37

Table 3: Estimation of Crop evapotranspiration (ETcrop), Effective rainfall (ER) and
Irrigation requirements of Tomato
Months Crop

evapotranspiration

(ET crop) (mm)

Effective rainfall
(ER) (mm)

ER– ETcrop Irrigation water
requirement (IR)

Early season tomato

March 55.80 44.28 -11.52 11.52

April 88.20 128.92 40.72 0.00

May 108.02 173.64 65.63 0.00

June 99.52 235.32 135.80 0.00

July 35.56 220.36 184.80 0.00

Seasonal values 387.10 802.52 415.43 11.52

Late season tomato

August 39.76 252.36 212.60 0.00

September 70.88 232.84 161.96 0.00

October 100.72 193.64 92.92 0.00

November 102.72 22.88 -79.84 79.84

December 39.23 -7.42 -46.65 46.65

Seasonal values 353.31 694.32 340.99 126.49
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Results and Discussion

The meteorological data of Umudike
from 2009 to 2019 is presented in Table 1.
The table shows that rainfall amounts
(346.70mm), mean relative humidity
(79.50%) and wind speed (849.60 km/hr)
were highest in the month of August
while mean temperature (25.60 oC) was
lowest in the same month. The month of
December recorded the lowest rainfall
amount with 4.30mm only.

The daily reference crop
evapotranspiration ETo varied from 2.85
to 4.00 mm/day with a mean of 3.50
mm/day while the monthly ETo varied
from 88.35 to 124.00 mm/month with a
mean of 106.43 mm/month. Reference
crop evaporation (ETo) values were
generally higher during the drier months
of January to April, with the highest
value recorded in March (124.00 mm), but
lower in the wetter months of July and
August. with the lowest value observed
in August (88.35 mm). Similar results in
which ETo values were higher in drier
months of January to April but lower in
the wetter months of July and August
have been reported by many researchers
(Chukwu, 1999; Chukwu and Igbokwe,
2001; Iren and Osodeke, 2006). Higher
rainfall is expected to confer higher
relative humidity on the environment,
this will automatically lower the air
temperature (Singh and Dhillon, 2004)
resulting in the lower ETo of the wetter
months.

The calculated monthly crop coefficient
(Kc/month) values for the early season

and late season tomato from the initial,
crop development, mid and late season
stages are presented in Table 2. The Kc
values were the same for both seasons.
However, the Kc values increased from
low values at time of crop emergence to
maximum values when the crop reaches
full development and thereafter declines
when the crop matures. This result
corroborated the report of Iren and
Osodeke (2006), Ubi and Osodeke (2009),
and Akinwutimi (2015) who all had
similar observation of Kc values
according to the growth stages. Highest
Kc values were recorded in the months of
May and June (0.95 and 0.97) for early
season and October and November (0.95
and 0.97) for the late season tomato.
These months coincided with the
productive and maturity stages of growth
in tomato and are reportedly the most
active growth stages (Doorenbos et al.,
1986; Phene, 1989; Thompson, 1996;
Quinn, 2000).

Table 3. shows the crop
evapotranspiration (ETcrop), effective
rainfall (ER), and irrigation water
requirement of early and late season
tomato production in Umudike area.
Crop evapotranspiration for early season
was 387.10 mm while that of the late
season was 353.31 mm. The calculated
seasonal effective rainfall was 802.52 and
694.32 mm for early- and late-season
tomato, respectively. In the early season
cultivation, the calculated effective
rainfall was higher than the water
requirement of tomato in the months of
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April to July, indicating that there is no
need for irrigation in these months.
However, in the month of March, Table 3
showed a lower ER than ETcrop,
suggesting a need for supplementary
irrigation in this month. The irrigation
water requirement in the month of March
was 11.52mm. Adebola et al. (2017)
reported similar results where
supplementary irrigation for tomato
production was needed in the month of
March. With regards to the late season
production phase, effective rainfall was
lower than the water requirement of the
crop in the months of November and
December. Thus, the need for
supplementary irrigation in these months.
The irrigation water requirements for
tomato in the months of November and
December were 79.84 and 46.65
respectively.

Conclusion

Results showed that supplementary
irrigation will be needed during the
initial growth stage in the early season
cultivation phase of tomato planted in 1
March in Umudike area. In the late
season phase, supplementary irrigation
will be necessary during the productive
and maturity (most active) growth stages.

The findings also showed that the
seasonal crop water requirement of
tomato was higher during the early
season than during the late season in the
study area.

It is therefore recommended that the
early season planting be done at a time

when crop water requirements of the
initial growth stage and reproductive and
maturity stages of tomato in Umudike
can be met by effective rainfall for
economic reasons. However, provision
should be made for supplementary
irrigation in the months of November and
December.
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