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ABSTRACT

This research presents the effects of water stress on crop yield and water productivity of two local
varieties of pepper (Capsicum spp.) under various drip irrigation regimes in Southwest Nigeria.
Study Design: The study was conducted during the 2018 and 2019 cropping seasons at the
Teaching and Research Farm of Agricultural and Bio-Environmental Engineering of Federal
Polytechnic, llaro, Nigeria.

The experiment was a 2 x 4 factorial experiments arranged in a randomized complete block design
(RCBD) with two varieties of pepper (Capsicum chinense and Capsicum frutescens) and four drip
irrigation regimes: 100%, 75%, 50% and 25% of actual crop evapotranspiration (ET4q0. 75 50 25) and
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replicated four times. The experiment was repeated in the second year late season. Water was
applied from 3 weeks after transplanting (WAT) after which growth parameters, crop water
productivity and crop yield were monitored and subjected to statistical analyses.

The water productivity, crop yield and other crop growth parameters such as plant height, number of
leaves, fruit length and weight were higher during the two seasons for the two pepper varieties
under ETqo and ET5 irrigation regimes compared with ETso and ET,5 respectively. A significant
difference (p<0.05) was observed in the growth parameters in all the treatments. However, there
was no significant difference (p>0.05) in the water productivity components for ET1q9 and ETzs
irrigation regimes. The best water productivity was observed for the ET5 drip irrigation regime.
Therefore, the ET75s regime was recommended for the two pepper varieties to ensure sustainable
cultivation and production of the two varieties in the study area.

Keywords: Drip irrigation; Capsicum chinense; water productivity; water stress; Capsicum frutescens.

1. INTRODUCTION

Peppers (Capsicum spp.) belong to the family
Solanaceae. It is a vital vegetable crop majorly
consumed worldwide as a spice. It is a native of
tropical South America specifically Brazil which is
known to be the natural home of peppers [1]. It is
extensively cultivated in every country of the
world [2]. There are about 25-30 species of
Capsicum with Capsicum annuum being the
most extensively grown and cultivated species
[3]. Capsicum chinense is produced in the
derived Savanna and drier Savanna zone areas
of the southwestern Nigeria [4]. The production
of pepper has increased in recent years with
Nigeria globally recognized as one of the highest
producers [5]. Pepper as a fruit vegetable formed
portion of the cropping system being a
constituent of local foods across Nigeria [6]. The
favourable climatic condition in Nigeria supports
its growth and production. Peppers are tropical
crops and grow best within temperatures range
of 18 and 30°C. The crop can acclimatize to
different soil types but grow better in a well-
draining sandy soil with a pH between 6 and 7.
Pepper is required to be planted in a raised bed
and in areas that receive full sunlight for most
hours of the day [1].

Water resources are now under increasing
pressure due to the rapidly increasing population
and competing demand from other water
consuming sectors. As a result, water-saving
agriculture is becoming the most effective way to
solve the problem of water shortage and
competition in agriculture. Drip irrigation is a well-
known and established method for attaining high
efficiencies in water use of crops by drenching
only a restricted part of the root zone [7;8]. This
system of irrigation contributes to the sustainable
use of water resources for agriculture. With the
drip irrigation systems, application of both water

and nutrients can be carried out directly to the
crop at the root level, with observable effects on
the vyield and water savings consequently
increasing the irrigation performance [9;10]. The
efficient and cost-saving use of water for
irrigation is becoming increasingly necessary.
The aspect of agronomic management of water
utilization by the crop is commonly referred to as
water-use efficiency (WUE). This WUE can be
achieved through application of deficit irrigation,
irrigation  scheduling, and other improved
agricultural practices aimed at increasing crop
yield [11;12]. Also, in terms of water and
increased yield, drip irrigation has been verified
to be a success [9].

Pepper can be cultivated as a rain-fed crop or
raised fully under irrigation in areas with a very
little or unsteady amount of rainfall [13]. The
moisture content of the soil and the predominant
temperature has significant influences on the
growth and yield of pepper [13]. The amount of
stored soil moisture for the cultivation of peppers
may not be adequate for higher yield under
varied soil and agroclimatic conditions.
Availability of ecological resources and stress
factors of the growing season affects the growth
and vyield response of crop species differently as
there are disparities in prevailing soil and climatic
atmospheres at diverse seasons of sowing [14].

Inadequate water results in water-stressed crop.
Precise water use consumption of pepper must
be known and sustained for its growth,
development and yield. Many aspects of plant
physiology are affected by water stress. Water
stress reportedly affects photosynthetic rate,
chlorophyll  content, transpiration, stomatal
conductance and crop growth [15;16]. It also has
effects on yield because whenever actual
evapotranspiration (ETa) is less than maximum
evapotranspiration (ETnax.), evapotranspiration
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deficit (ETd) occurs and yield is reduced below
the maximum vyield (Ynyax.) [15]. Water deficit is
an imperative factor in deciding the responses
and adaptations of a species to water stress.

Attempts have been made to grow pepper under
deficit irrigation in some parts of Nigeria but none
of this attempt has been made in llaro, Ogun
State, Nigeria [17;18;19;20]. The objective of this
study was to determine water use efficiency and
productivity of two species of peppers under
different irrigation regimes of water application
rates relative to actual crop evapotranspiration
needs.

2. MATERIALS AND METHODS

2.1 Study Area

The study was carried out during the dry seasons
of 2017/2018 and 2018/2019 respectively, at the
Training and Research Farm of the Department
of Agricultural and Bio-Environmental
Engineering, Federal Polytechnic, llaro, Ogun
State, Nigeria. llaro is located on latitude
6°53'11.5" N and longitude 3°1'13.8" E and at an
altitude of 89 m above sea level. The location of
the experiment is in the sub-humid area with two
distinct seasons. The rainy season commences
in April and ends in early November while dry
time of the year commences from early
November to March. The climate is favorable for
pepper cultivation under supplementary or full
irrigation regimes. In recent time, there is
inconsistency in the monthly distribution of
rainfall. This is making it difficult to predict the
real amount of rainfall contributing to the crop
water use during both wet and dry seasons of the
year.

2.2 Pre-cropping Soil and
Analysis

Sampling

The core soil samples of the experimental site (0-
15cm) were taken randomly by using soil
auger in September 2017, a month before
ploughing and other land preparations were
carried out.

This was done in the month of August 2017. The
core samples were bulked, mixed thoroughly and
sieved through 2 mm sieve. The composite
samples were subjected to routine laboratory
analysis for the following: pH, soil organic matter,
sodium, nitrogen, phosphorus, potassium,
magnesium content and others. The textural
classification was determined for both the

nursery and permanent site using sieve analysis
and categorizes with USDA textural triangle. The
result of the analysis is presented in Table 1.

The mean annual rainfall in llaro ranged from
1,200 to 1,350 mm, while the mean temperatures
during wet and dry seasons are 23.6 and 36.2°C
respectively. Table 1 show the physicochemical
and granulometric compositions of the soil in the
study area.

2.3 Description of the

Procedures

Experimental

Land preparation began with ploughing and
harrowing of the experimental field in both
seasons follow by field layout.

2.3.1 Experimental design and layout

The experiment was a 2 x 4 factorial experiment
arranged in a randomized complete block design
(RCBD) with two varieties of pepper (Capsicum
chinense and Capsicum frutescens), four drip
irrigation regimes: 100% (ETq00), 75% (ET7s),
50% (ETss) and 25% of actual crop
evapotranspiration (ET.). The experiment was
carried out in 2017/2018 late season and
repeated in the late season of 2018/2019. The
experiment was replicated four times. The two
pepper varieties selected were Capsicum
chinense and Capsicum frutescens locally known
as “Atarodo” and “Sombo” respectively.

Experimental field of 12 by 23 m was prepared
and divided into two blocks. Each block was
divided into four plots as shown in Plate 1
representing each treatment. The first block
served as the control for the experiment. Each
plot consists of three drip lines spaced 40 cm
apart and the dimensions of the plot were 12 by
2 m. A buffer zone of 1 m was provided between
plots in the block. Also, each plot was subdivided
into four sub-plots of 3 m long. Two pepper
varities Atarodo (A) and Sombo (S) were planted
in alternate order on each plot as S-A-S-A .

The irrigation system was a gravity-fed surface
drip irrigation system that consisted of an
electrically operated submersible pump to lift
water from Borehole sited about 300 m away
from the experimental plot to an overhead tank of
25 m’ capacity. The yield of the well and its
water quality were adequate for irrigation
demand of the crop under investigation.
The drips types were pressure compensatory
with a diameter of 16 mm discharging at a rate of
5/hr.
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Table 1. Physico-chemical and granulometric compositions of the soil in the study area

pH Textural Sand Silt Clay Organic matter P N Total Organic carbon Bulk density EC Mg Ca Na K
Class porosity
.......................................... [ TP (° 14,4 )] (mg/m°) d/S/m) ...........(mol/kg) ..........
6.2 Loam 76.68 9.84 1348 2.28 10.36  0.43 48.24 1.32 1.43 8.10 1.89 791 0.69 0.76

Note: pH (H20); P, N, EC, Mg, Ca, Na, K = available phosphorus, available nitrogen, Electrical Conductivity, Magnesium, Calcium, Sodium and potassium, respectively
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The drip emitters spacing is 40 cm and the drip
lines are spaced 50 cm apart to give plant
population of 50,000 stands per hectare as
recommended [17]. Water meters were installed
to quantify the amount of water applied in every
irrigation operation which usually lasts for sixty
minutes. The quantity of water applied was
selected based on the agronomical requirements
of the capsicum annuum at effective rooting zone
depth of 0.31 m and wetting diameter of 41.67
m/km [18]. Pepper seeds used were obtained
from the National Institute of Horticulture
(NIHORT), Ibadan, Nigeria to ensure the seeds
were of pure and good quality.

The seeds were nursed and transplanted at 6
weeks after planting (WAP). Poultry manures
were applied and incorporated into all bed across
the treatments before transplanting seedlings
using standard practices. There was no fertilizer
application throughout the crop growing seasons.
Standard methods of pest management practices
and manual methods of weed control were
adopted in controlling the pests and weeds
respectively, in the plot.

2.3.2 Application of Irrigation

Irrigation was applied uniformly to all plots for 3
weeks after transplanting (WAT) in order to
ensure proper crop establishment. Irrigation
regime treatments were imposed from 9 WAP
(i.e 3WAT) in both cropping years. The irrigation
interval was fixed. Irrigation was performed daily
by varying the water depth applied as a function
of the crop evapotranspiration, except periods
that had rainfalls.

2.4 Data Collection
2.4.1 Irrigation related parameter

Amount of rainfalls were measured with the aid
of rain-guage during the experiment. Soil
moisture content was monitored on weekly basis
from one week after transplanting (WAT) using a
hand-held digital soil moisture meter-Lutron PMS
— 714 developed in Australia. The moisture meter
was calibrated against the gravimetric method.
The mean absolute error (percent difference
between the Lutron PMS - 714 and gravimetric)
was 15%.

Actual evapotranspiration was used in obtaining
the ETa used for the study based on submission
of [17]. The equation was stated as:

ETa=1+P+D+R£AS (1)

Where: ETa = Actual evapotranspiration (mm)

| = Irrigation (mm), P = Precipitation (mm), D
= Drainage (mm), R = Runoff (mm) and =
Change in soil water storage (mm).

2.4.2 Growth and yield measurements

The growth parameters such as plant height,
stem diameter and number of leaves per plant
were measured. Two plants were tagged per plot
for weekly growth parameter data collection.
Plant heights were measured with measuring
tape and stem girth was measured with digital
Vernier caliper. Growth parameters were
obtained from 3 weeks after transplanting (3
WAT) when the irrigation regime was imposed.
Harvestable yields of the two peppers varieties
were determined on weekly interval starting from
when harvesting began at 10WAT (16 WAP).
Matured fresh peppers were hand-picked for 5
successive weeks and cumulative values for
each treatment combinations were documented.
The weight of harvested fruits obtained from
each plot was recorded for every harvest and the
total yield per treatment plot in kg was calculated
as described by [20].

2.5 Statistical Analysis

Growth and yield parameters collected were
subjected to Analysis of variance (ANOVA) and
significant means separated using Duncan
Multiple Range Test at 5% probability level.

3. RESULTS AND DISCUSSION
3.1 Climatic Data

The study was conducted to evaluate response
of two local varieties of pepper to water stress
during the dry season under surface drip
irrigation. During the cropping seasons, the
average temperature, relative humidity and wind
speed recorded during 2017/2018 and
2018/2019 cropping seasons were 29.2°C,
53.5% and 2.5 m/s and 29.7°C, 66.9% and 2.7
m/s while the total precipitation was 136.9 mm
and 126.2 mm for 2017/2018 and 2018/2019
cropping seasons, respectively as shown below
in Fig. 1a & 1b. This necessitated growing the
crop under irrigation. The climatic data observed
during the two cultivation periods (October to
April) 2017/2018 and 2018/2019 are shown in
Figs. 1a and 1b. The highest rainfall of 87.4 and
79.5 mm was observed in the month of October
2017 and 2018 respectively as revealed in the
Figs. 1a and 1b.
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Fig. 1a. Monthly temperature (°C), relative humidity (%), rainfall (mm) and wind speed (m/s)
during the 2017/2018 cropping period
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Fig. 1b. Monthly temperature (°C), relative humidity (%), rainfall (mm) and wind speed (m/s)
during the 2018/2019 cropping period

These measured weather data fall within the
acceptable values recommended for the
cultivation of Capsicum spp in the tropics
especially during the dry season. The plant has
been reported to grow well in warm climate
especially at temperature range of 18 to 27°C
during the day and 15 to 18°C at night [21;20].

3.2 Soil Moisture Monitoring

The average moisture monitored for the soil
depth of 0 - 15 cm commencing from 8 weeks
after planting in the experimental plots for the two
growing seasons were shown in Figs. 2a - 2d.

The soil moisture results indicated that the
highest moistures were stored in plots with ET4q
irrigation regime. The least average moisture
values were obtained in plots with ET,s5 irrigation
regime which has the least water application in
both seasons.

3.3 Growth Parameters

3.3.1 Plant height under variable water
application/irrigation regime

The irrigation regime significantly affected the
height of both pepper varieties (Figs. 3a and 3b).
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There was a gradual and steady increase of value of 132.1 and 115 cm were obtained under
plant heights in all the treatments during the ETos regime in Atarodo (Capsicum chinense) and
cropping seasons. From 12 WAP, the plant Sombo (Capsicum frutescens), respectively.
heights were significantly impacted by the water Growth of plant was influenced by the
application regime. Irrigation regime ETqqq differ irrigation regime and level of available soil
significantly from ET,s regime, there were no moisture. Plant height was better with higher
significant differences (p>0.05) in plant height level of irrigation water applied. This agrees with
among other treatments. At 18 WAP, Irrigation the finding of [22] in which a decrease in
regime ETyo resulted in the highest average irrigation water applied resulted in a significant
plant height of 192.5 and 158.3 cm with the least  decrease in plant height.
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Fig. 2a. Soil moisture stored under Atarodo pepper variety at various WAP for the different
irrigation regime (A= ET,o9, B= ET75, C= ET5y, D= ET,5) in 2017/2018
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Fig. 2b. Soil moisture stored under Sombo pepper variety at various WAP for the different
irrigation regime (A= ETq9, B= ET75, C= ETso, D= ET,5) in 2017/2018
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Fig. 2c. Soil moisture stored under Atarodo pepper variety at various WAP for the different
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Fig. 2d. Soil moisture stored under Sombo pepper variety at various WAP for the different
irrigation regime (A= ETo9, B= ET;5, C= ET5o, D= ET,5) in 2018/2019

Average plant height (cm)

250

200

150

100

(%]
o

o

12 13 14 15 16 17 18

Weeks after planting

Fig. 3a. Weekly average plant height of Sombo pepper variety as influenced by irrigation
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3.3.2 Stem diameter

The results of the average stem diameter for all
the treatments in the two pepper varieties are
shown in Table 2. Increase in the stem diameters
was recorded with an increase in water applied in

Atarodo (Capsicum chinense) variety during
cropping seasons. However, in Sombo
(Capsicum  frutescens), increased  water

application regime did not translate to significant
increase in stem diameter. Irrigation regime
ETi00 has the highest value of stem diameter
while the least was recorded for ET,5 regime in
Atarodo (Capsicum chinense) variety whereas in
Sombo (Capsicum frutescens) variety, irrigation
regime ETzs resulted in the highest stem
diameter with the least value recorded under
ETo5 regime.

The highest stem diameter of 2.1 and 2.4 cm and
minimum values of 1.9 and 1.7 cm were
obtained in Sombo (Capsicum frutescens) and
Atarodo (Capsicum chinense), respectively
during the cropping seasons. The results

obtained were comparable to the findings of
[23;17] that soil nutrients and quantity of applied
water could influence growth and development of
the crop.

3.3.3 Number of leaves per plant

The average number of leaves per plant is as
shown in Table 3. Average number of leaves in
Sombo (Capsicum frutescens) variety ranged
from 38 to 54 at maturity stage with highest
numbers of leaves recorded with irrigation
regime ET,q and least average values obtained
in treatment irrigation regime ET,s. Similarly, in
Atarodo (Capsicum chinense) variety, irrigation
regime ET;q resulted in the highest number of
leaves (47) and minimum leaves number of 32
was obtained with irrigation regime ETys.
According to [17], water and nutrient application
influence the growth parameters especially the
number of leaves. This result also corroborates
the assertion made by [24], that soil moisture
variability strongly influenced post-germination
growth.

Table 2. Average weekly values of stem diameters (cm) as influenced by irrigation regime

Irrigation regime Weeks After planting

8 9 10 1 12 13 14 15 16 17 18
Sombo (Capsicum frutescens)
A 0.8 09 1.0 1.1 1.2 1.3 14 1.5 1.7 1.9 2.0
B 0.8 1.0 1.1 1.2 1.3 14 1.6 1.7 1.9 2.0 2.1
C 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.6 1.8 1.9
D 0.7 0.8 0.9 1.0 1.1 1.1 1.2 1.5 1.6 1.7 1.8
Atarodo (Capsicum chinense)
A 0.9 1.1 1.2 1.3 14 1.6 1.8 1.9 2.1 2.2 24
B 0.8 1.0 1.1 1.2 1.3 1.5 1.6 1.7 1.8 2.0 2.1
C 0.8 09 1.0 1.1 1.2 1.3 14 1.6 1.7 1.9 2.0
D 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Table 3. Average number of leaves in all the treatments against week after planting
Irrigation regime Weeks After planting
8 9 10 11 12 13 14 15 16 17 18
Sombo (Capsicum frutescens)
A 15 18 22 27 31 34 37 40 44 49 54
B 13 15 20 24 28 32 35 39 42 46 51
C 12 14 16 19 21 24 29 33 38 41 44
D 10 13 14 18 21 25 27 30 32 35 38
Atarodo (Capsicum chinense)
A 14 17 21 23 25 27 30 34 37 41 47
B 13 15 18 21 23 25 27 29 32 37 41
C 10 12 15 18 10 22 24 26 30 34 37
D 8 11 13 16 18 20 22 25 27 30 32
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3.3.4 Number of fruits per plant

The number of fruits harvested per plant was
higher with increase in water application for both
varieties during the cropping seasons (Fig. 4a
and b). However, there was no significant
difference in the number of fruit per plant at 5%
probability level in both seasons. An upsurge in
fruit number is one of the greatest significant
factors influencing yield. According to [22], to
avoid deprived fruit size and shape with increase
yield, an even supply of soil water all through the
growing season is required [25].

During the cropping season, irrigation regime
ET100 with high water depth application produced

40 -
35 -
30 -
25 -
20 -
15 4
10 1
5 4

Average mumber of Fruits

the highest average fruit number of 32.2 and
37.1 in Sombo (Capsicum frutescens) and
Atarodo (Capsicum chinense), respectively.
The lowest average fruits numbers of 13.6 and
12.1 were recorded with irrigation regime ET,s in
both varieties during the cropping season. There
is a positive response in number of fruits per
plant to quantity of applied water. [26], observed
that soil moisture lower than 65% of field
capacity decreased the number of fruit and
increased the percentage of malformed fruit in
tomatoes under drip irrigation in the greenhouse.
Limiting the supply of irrigation water to crops is
known to have immediate consequence on
carbohydrate concentrations in the leaves and
fruit [27].

0 0 T T
12 13 14

15 16 17 18

Weeks After Planting

Fig. 4a. Average fruit number for Sombo pepper variety as influenced by different irrigation
regimes

35 1
30 1
25 A
20 A
15 +
10 +

Average number of fruits
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Fig. 4b. Average fruit number for Atarodo pepper variety as influenced by different irrigation
regimes
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Table 4. The response of fruit parameters to variable water application

Irrigation Sombo (Capsicum frutescens) Atarodo (Capsicum chinense)

regime Fruit Fruit  Fruit Fruit WUE Fruit Fruit Fruit Fruit WUE
length width weight Yield (kg/ha length width weight Yield (kg/ha/
(cm) (cm) (9) (tha) /mm) (cm) (cm) (9) (tha) mm)

A 9.60 1.80 12.04 19.75 31.85 3.20 210 9.58 21.20 34.19

B 10.10 2.20 14.89 1435 30.86 3.60 220 1175 15.15 32.58

Cc 8.60 1.70 9.26 8.35 26.94 290 1.80 8.01 9.90 31.94

D 7.70 1.00 6.06 3.10 20.00 2.70 1.70 712 485 31.29

3.3.5 Fruit characters

The response of fruit length and other fruit
characters to variable water application is shown
in Table 4. There was progressive increase in
fruit length, fruit width, fruit weight and fruit yield
when the amount of water applied increased. In
Sombo (Capsicum frutescens), the fruit length
varied from 7.7 to 9.6, fruit width varied from 1.8
to 1.0, fruit weight varied from 6.06 to 12.04 and
fruit yield varied from 3.10 to 19.75. Highest
average values were obtained with irrigation
regime ETy o and least with irrigation regime
ET,. In the case of Atarodo (Capsicum
chinense) variety, the fruit length ranged from 2.7
to 3.2, fruit width ranged from 1.7 to 2.1, fruit
weight ranged from 7.12 to 9.58 and fruit yield
varied from 4.85 to 21.20. Highest average
values were obtained irrigation regime ET4 and
least with irrigation regime ETs.

There was no significant difference in fruit length
under the various irrigation regimes at a 5%
level. Similar results were reported by [28], who
observed that there was no significant difference
in fruit length and other fruit parameters
observed during cropping season with various
treatments carried out on pepper. Insufficient
water supply lessens the length and weight of
pepper fruits. This is in line with the findings of
[29], that irrigation treatments influenced pepper
fruit number, yield, and fruit size.

3.2.6 Water supply and productivity

In the Atarodo (Capsicum chinense) variety, the
water application that Provided the highest yield
value (0.424 kg plant "; 19.75 t ha™') was 105.76
mm (ET400) and the least (0.097 kg plant'1; 485t
ha'1) was 26.4 mm equivalent to ET,s. Likewise,
Sombo (Capsicum frutescens) variety, the water
application that Provided the highest yield value
(0.395 kg plant’; 19.75 t ha'1) was 105.76 mm
(ET100) and the least (0.062 kg plant”; 3.10 t
ha'1) was 26.4 mm equivalent to ET,5 as shown
in Table 4.

141

4. CONCLUSION

The results indicated that Water use efficiency
(WUE) and fruit yield of pepper were influenced
by the different irrigation applications. The
optimum yield of the two studied peppers can be
obtained under ETqq irrigation regime. Also, the
yield parameters of the pepper reacted positively
to variable depth of water applied. However,
there was no significant difference in WUE of
irrigation regime ETqo and ETys). It is inferred
that irrigating at 75% ET (ETzs) in the study area
will result in water-saving and maximum
sustainable production of these pepper varieties.
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