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ABSTRACT

Field experiments were conducted to assess the effects of differential irrigation on the growth,
stress development and water- yield functions of dry season fadama-grown pepper in a humid
rainforest zone of Nigeria. The aims were to characterize water productivity of pepper (crop yield
production functions) and develop the drought response factor K, in relation to irrigation (/r) and
total crop water-use (ETc). Four irrigation treatments were studied based on the restoration of
depleted soil moisture (the levels of cumulative pan evaporation: Epan). These were 100%, 80%,
60%, and 40% of EPan which indicate relative water deficit of 0, 0.2, 0.4 and 0.6 respectively in
order to attain maximum and minimum plant water stress conditions. Irrigation was fixed at 5 days-
interval at EPan coefficient (Kcp) of 0.70 and accumulated pan evaporation. The amount at each
irrigation and seasonal sum of irrigation were 4.82 |/day; 127500 mm and 1.93 I/day; 20400 mm for
the respective well irrigated control (Dly) and the more stressfull (Dl,) treatment. Fruit yields of
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7.1 tha™).

pepper plants declined with increasing soil moisture deficits. Highest fruit yields were obtained
under the well watered control (Dly; 11.2 t/ha) and lowest under the highest deficit irrigation (Dly;
Maximum water use efficiencies (IWUE and WUE) were observed in D14 (0.88 and
1.52 kg. m‘3) and minimum in D1, treatments (2.73 and 1.33 kg. m‘3). The values of irrigation and
crop water use (evapotranspiration) efficiencies were (IWUE; 0.80, 1.12, 1.81 and 2.73; WUE
(ETEg;); 1.34, 1.54, 1.56 and 1.61 mm of water per ton dry matter respectively. The moisture stress
sensitivity indices (drought response factor, k,) were computed from a: the relative yield (Ya/Ym)
and the relative evapotranspiration (ETa/ETm) and b: relative yield (Ya/Ym) and soil moisture
deficit (SAWa/SAWm) relationships of the water production models. The mean ky were 0.92 and
2.25 for the respective a and b models and 1.79 and 2.30 for the respective DL and DI,
treatments. The results indicated that the adopted models (a and b) are valid to be used to predict
pepper yield under different irrigation applications.

Keywords: Drought response factor; water productivity; irrigation; pan evaporation; pepper.

1. INTRODUCTION

In the humid tropics, the soil and water resources
of inland valley swamps (inland floodplains) is
important to the attainment of year round
production (food and nutritional security) of crops
especially vegetables. The agricultural potentials
of tropical inland wetlands/flood plains (Fadama
ecosystem) can be harnessed for improved
agricultural livelihoods and contribute to
productive  wetland based farming via
management of soil and water resources. It is
imperative therefore, to develop management
guidelines for sustainable exploitation of soil and
water resources of inland valley swamps to meet
year round crop production and for the
attainment of food and nutritional security,
improved agricultural livelihoods and contribute
to productive wetland based farming. There is
inadequate information on the management of
soil and water resources of inland wetlands/flood
plains via irrigation strategies for enhancing
water productivity of dry season fadama grown
vegetables especially pepper.

Crop yield completely depends on the available
moisture to crops if climatic and agronomic
conditions are adequate. There are strong
relationships between crop yield and water use.
Under normal condition, when environmental
conditions do not restrict crop production, crop
yield is at maximum when the crop water
requirement is met [1].

Certain growth stages of crops are more
sensitive to water deficits than others. In fruit
vegetable crops, the vegetative and flowering
stages are very sensitive to water deficit [1,2].
Crop water use depends mainly on the climate
and the soil conditions of an area. The efficient
use of evapotranspiration data in solving

irrigation problems requires a satisfactory
characterization of the effective soil moisture
reserve or storage. Crop evapotranspiration
(consumptive water use; ET) is the sum total of
water lost through transpiration by crop and
evaporation from the soil or exterior portion of the
plant where water may have accumulated.

Crop water use efficiency (WUE) can be
calculated as the ratio between total yield
harvested (kg/ha) and crop evapotranspiration
(ETc) as calculated using pan evaporation and
also from the ratio between marketable yield
(kg’/ha) and crop evapotranspiration (ETc).
Irrigation water use efficiency (IWUE) can be
calculated as the ratio between total yield
harvested (kg/ha) and total volume of irrigation
water applied [1,3]. The knowledge of marginal
productivity of water allocated to a crop is
required in order to arrive at an optimal set of
decision making with regard to irrigation water
management.

The relationship between crop yield and water
use is called the yield response factor (water
production function). Numerous attempts have
been made to develop production functions for
irrigated crops. One of the most comprehensive
studies of yield and transpiration relationship
using wide range of data collected for common
field crop grown in containers by De Wit [4]. The
determination of crop water production function
for a specific location is recommended [5,1,3].
Two approaches are adopted in the estimation of
crop-water production function in literature. The
approaches are based on the assumption that
crop yields are directly influenced by quantity of
the irrigation water applied and used by the crop
(ETa). One approach synthesizes production
functions from theoretical and empirical models
of individual components of the crop water
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process [5,2]. The second approach estimates
production functions by statistical inference from
observations of the effect of different water
applications on crop yield [6]. This approach
estimates direct relationships between irrigation
water applied and crop yield.

Regression analysis are also commonly used to
evaluate the water use-yield relationships (yield
response factor: ky) derived from seasonal crop
evapotranspiration and yield data obtained from
experiments. Crop water use function (known as
crop yield water use models) in which crop yield
is related to water inputs, provides the needed
information for scheduling irrigation that promises
a high economic return.

The yield response to water deficit for different
crops is of major importance in production
planning. The yield response factor (water
production function) had been frequently used in
the scheduling available but limited water supply
in order to obtain highest yields [1,7,8]. The
water production function is a useful input in
planning, design and operation of irrigation
projects and allows the quantification of water
supply and water use in terms of crop yield and
total production for the project area.

Crop water production function is expressed on a
relative basis where actual yield (Ya) is divided
by maximum vyield under a given management
condition (Ym) and actual evaportanspiration
(ETa) is divided by crop evapotranspiration for
non-limiting water condition (ETm). Doorenbos
and Kassam [1] developed the most simple and
common used model for quantifying water
productivity. The yield response factor (ky) also
represent the relationship between relative yield
reduction [1- (Ya /Ym)] and relative
evapotranspiration deficit [1-(ETa/ETm)].

Ya ETa

(- e ) = ky (1) (1)
Ym ETm

Where, ETa and ETm are the actual and
maximum seasonal crop evapotranspiration
values (mm), respectively, and Ya and Ym are
the corresponding actual and maximum  yields
(kg ha™') and ky is the yield response factor to
water deficit.

Mathematical models such as Penman-Monteith
are useful in the calculation of crop
evapotranspiration (ETa) in water productivity
models. The evapotranspiration models such as
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the FAO Penman-Monteith  combination
equations [9] are based on real-time weather
data to be obtained from weather station close to
a field. It means that crop evapotranspiration
cannot be estimated in cases where no weather
station close to a field. The seasonal values of
the vyield response factor (ky) can also be
quantified using a modified version of FAO model
for quantifying water productivity [10]. The
modified model uses soil moisture data instead
of meteorological data.

Where, SWa and SWm are the actual and
maximum sea-sonal avaialble soil water (mm),
respectively, and Ya and Ym are the
corresponding actual and maximum yields (kg
ha’1) and Ky is the yield response factor.

The parameters to be estimated are the stress
sensitivity factors (water yield function; ky) for a
particular growth phase of the entire growth
cycle.

Water stress is imposed at a given period by
withholding irrigation either during a specific
growth phase or entirely during growth in order to
quantify threshold of crop water stress sensitivity
indices. Crop water stress sensitivity indices is
measured as the evapotranspiration deficit
relative to the evapotranspiration of the non-
stress treatment, and the maximum seasonal
yield (Ym) is wusually associated with the
scheduling treatment that satisfies maximum
evapotranspiration rate, which also accumulates
the maximum seasonal evapotranspiration (ETm)
[2,1].

Scarcity of water resources and growing
competition for water in many sectors reduce its
availability for irrigation hence the need for
approaches to develop efficient management of
water for crop production. Achieving efficient and
effective use of water may be achieved via
increased crop water productivity (WP) and
drought tolerance either by genetic improvement
or physiological regulation [11]. But only high
water productivity values carry little or no interest
if they are not associated with high or acceptable
yields [11]. Thus, in the circumstances of
increasing challenge of producing more food and
fioer with limited or even reduced available
water, it is imperative to improve the
understanding of the factors affecting water
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productivity and the possible techniques for its
improvement.

The effects of deficit irrigation on growth, yield,
stress development and water-yield functions of
dry season fadama-grown pepper (Capsicum
annuum L.) in the rainforest zone of Nigeria was
investigated. Four irrigation treatments based on
the restoration of depleted soil moisture via
evapotranspiration  (ETa) were  studied.
Differential irrigation was therefore designed to
evaluate pepper's response to irrigation
applications, and to evaluate water- Yyield
functions and the threshold of crop water stress
sensitivity indices to schedule irrigation for

pepper.
2. MATERIALS AND METHODS

A field experiment was conducted as part of a
wide research programme to assess the effects
of differential irrigation on the productivity of
pepper in a humid tropical environment. The
study was carried out in an inland valley swamp
(inland flood plain) within the Teaching and
Research Farm of the Federal University of
Technology, Akure (7°51°N; 15°101'E), A
rainforest zone of Nigeria. Irrigation was fixed at
5 days-interval at EPan coefficient (Kcp) of 0.70
based on the restoration of cumulative pan
evaporation (EPan) [12,9,13]. The irrigation
treatments examined were based on the
restoration of depleted soil moisture via
evapotranspiration (ETa) were studied between
January to May, 2010 and 2011 respectively.
Four levels of irrigation based on the restoration
accumulated EPan were imposed. These were
100%, 80%, 60%, and 40% of EPan which
indicate relative water deficit of 0, 0.2, 0.4 and
0.6 respectively in order to attain maximum and
minimum plant water stress conditions. Pepper
plants were therefore drip-irrigated based on
levels of cumulative pan evaporation (Epan)
values of 1.0 Epan (DIl;), 0.8 Epan (Dl,), 0.60
Epan (DI3) and 0.40 Epan (Dl,). The amount of
irrigation at each event and seasonal sum of
irrigation amount were (4.82 l/day; 127500mm)
and (1.93 I/day; 20400mm) for the respective
well irrigated control (Dly) and the more stressfull
(Dly) treatment. Treatment DI, had the maximum
water deficit and was used to determine the fully
stressed baseline while DIy suggest that the
irrigation water applied was adequate to meet the
full crop water requirements was selected in
order to determine non-crop water stressed
baseline.

The soil of the site of experiment is sandy-clay-
loam with relatively high water holding capacity.
Available soil water in the upper 0.60 m of the
soil depth is 187mm. the percent soil moisture
contents at field capacity and permanent wilting
point are 21 and 10 % respectively. Mean bulk
density was 1.25g.cm™.

One plant-pan coefficient was evaluated to
determine the irrigation levels (K., = 0.70).

EPan * ch =ETO (3)

Where Epan is Pan evaporation, kcp is
coefficient

pan

Daily irrigation amount (l,,y) was calculated as:
lamt = Kep * EPan ™ irrigation interval (days)

Where K, is pan coefficient and EPan is Pan
evaporation. This corresponded to 7.14 mm
(1.93 l/day), 10.7 mm (2.90 I/day), 14.28mm
(3.86 l/day) and 17.85 mm (4.82 l/day) for the
respective 0.4, 0.6, 0.8 and 1.0 EPan. The total
amount (volume) of irrigation water applied per
treatment was calculated using equation:

V=P*A*EPan* DI (4)

Where, V, is the volume of irrigation water (L); P,
wetting percentage (taken as 100 % for row
crops); A, is plot area (m?); Epan, the amount of
cumulative evaporation during an irrigation
interval (mm); DI, irrigation levels (0.40, 0.6, 0.8
and 1.0 EPan). Irrigations occurred on the
respective treatments when Epan reached target
values.

In order to attain good plant stand, a pre-
treatment total of 135 mm of irrigation water was
applied equally to all treatment plots in several
applications. Thus soil water in the 0.60 m profile
depth was replenished to field capacity in all
treatments. The differential irrigation treatments
which commenced on January 15" following the
pre-treatments of 4.82 l/day for 4 days, was
terminated on 10" of May, 2011. The amount of
water applied per irrigation and seasonal
irrigation amount varied from a maximum of 4.82
l/day and 127500 mm (DI, level) to a minimum of
1.93 I/day and 20400 mm (DI, level). Irrigations
continued until one week before the final harvest.

Class-A evaporation pan (121 cm in diameter
and 25.5 cm in depth) was used to determine
evaporation during pepper growth cycle. Daily
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crop evapotranspiration was estimated using the
pan evaporation data, pan factor and crop
coefficient [14,12]. A drip irrigation system which
supplied water to plant roots via drippers was
used. One drip lateral served each plant row.
Single drip lateral line was laid for each plant
row, and inline emitters with discharge rate of 2 L
h' were spaced at 0.40 m intervals on the
lateral. The system was operated at 150 kPa
throughout the growing season. A totalizing
inflow meter was installed at the control unit to
measure total flow distributed to all replications in
each treatment.

Actual crop evapotranspiration (ET) of pepper
plants under varying irrigation amounts was
calculated with the water balance equation
(equation 5) [2,15].

ET=1+P+AS-Dp-Rf (5)

Where, ET, is actual crop evapotranspiration
(mm); I, the amount of irrigation water
applied (mm); P, the precipitation (mm); AS,
changes in the soil water content (mm); Dp, the
deep percolation (mm); Rf, amount of runoff
(mm). Since the amount of irrigation water was
controlled, deep percolation and run off were
assumed to be negligible.

2.1 Soil Moisture Determination

Soil water content was measured within the top
soil layer (0 - 20 cm) by gravimetric method and
at fortnight interval during pepper growth. Soil
sample were taken from four sampling points per
treatment and within the 0 — 20 cm depth for the
determination of the moisture content using soil
auger. As earlier assumed, soil moisture content
would attain field capacity in two days since the
soil is sandy clay to silty clay loam [15]. The
samples were taken two days after and just
before the next irrigation. The difference in
moisture content between the two sampling
periods was taken to be the moisture used. That
is, the evapotranspiration by the crop for that
period. Since it was assumed that drainage was
negligible (no drainage), the moisture change
was principally attributed to evapotranspiration.

2.2 Crop Yield as a Function of Water
Use (Yield Versus Water Deficit) and
Water Yield Functions

Seasonal values of the yield response factor (ky),
which represent the relationship between relative

yield reduction [1- (Ya /Ym)] and relative
evapotranspiration deficit [1-(ETa/ETm)]. The
yield response factor (ky) was therefore
determined using equation 1 as: [1- (Ya/Ym)] =
ky [1-(ETa/ETm)] (after 1) where, ETa and ETm
are the actual and maximum sea-sonal crop
evapotranspiration values (mm), respectively,
and Ya and Ym are the corresponding actual
and maximum yields (kg ha) and ky is the
yield response factor to water deficit.

The seasonal values of the yield response factor
(ky) was also quantified using a modified version
of FAO model for quantifying water productivity
from the relationship between relative yield
reduction [1- (Ya /Ym)] and relative soil water
deficit [1-(SAWa/SAWm)]. The yield response
factor (ky) was determined using equation 2 as:
[1- (Ya /Ym)] = ky [1-(SAWa/SAWm)] after[10]
where, SWa and SWm are the actual and
maximum sea-sonal avaialble soil water (mm),
respectively, and Ya and Ym are the
corresponding actual and maximum yields (kg
ha') and Ky is the yield response factor. The
modified model uses soil moisture data instead
of meteorological data and the model was
validated using dry season grown pepper in an
inland swam (inland flood plain). For both models
(equation 1 and 2 ), the relative yield (Ya/Ym)
and the relative evapotranspiration/soil moisture
deficit (ETa/ETm; SAWa/SAWm) terms of the
models were obtained from the yields and
evapotranspiration measured data while the
stress sensitivity factor for the model was
obtained by using multiple linear regression
technique.

2.3 Irrigation (IWUE) and Crop Water Use
(WUE) Efficiencies

Water use efficiency (WUE, kg/m3) can be
calculated as the ratio between total yield
harvested (kg/ha) and crop evapotranspiration
(ETc, m%ha, as calculated using pan
evaporation) and also from the ratio between
marketable yield (kg/ha) and crop
evapotranspiration (ETc). Irrigation water use
efficiency (IWUE) can also be calculated as the
ratio between total yield harvested (kg/ha) and
total volume of irrigation water applied (mm).
Water use efficiency (WUE) and irrigation water
use efficiency (IWUE) was calculated as crop
yield divided by seasonal crop evapotranspiration
(ET) and total seasonal irrigation water applied,
respectively [15].
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Data collected were subjected to analysis of
variance (ANOVA) while significant treatment
means were separated using the Least
Significance Difference (LSD) test at 5% level of
probability. The results of each year’s experiment
were separately analyzed, and were not
significantly different from one year to the other.
Therefore, data collected o for the two-years of
study were averaged and means are presented
in tables and figures in the text.

3. RESULTS AND DISCUSSION
3.1 Weather Condition of the Site of Study

The weather conditions at site of study during
pepper growth is shown in Fig. 1. November
marks the onset of the dry season which span
December of a year to April of the following year.
The period of experiment (January to May) falls
within the dry season which is characterized by
low amount of rainfall from transplanting to fruit
filling (1 - 10 weeks after transplanting, WAT)
while the average temperature was 29°C with
high air vapour pressure deficits.

3.2 Trends of the Soil Profile Moisture

The changes in profile (0 -20 cm depth) soil
water storage during pepper growth for each
irrigation level in comparison with field capacity
and permanent wilting moisture contents is
shown in Fig. 2. Across the irrigation treatments,
soil water contents in the 0.60 m soil depth were
kept fairly constant until 15 days after
transplanting (DAT) during which 0.60 m depth
was replenished to field capacity in all
treatments, before the commencement of the
differential irrigation treatments The differential
irrigation commenced on 15" January, 2011,
thereafter, available soil water varied under the
different irrigation levels. In the non-water stress
(Dly) treatment soil water contents remained
fairly high as compared to water stress
treatments (DIl3 and Dl,). Available soil water in
DIy and DI, treatment plots remained above 50%
throughout the growing season In the water
stress treatments (DIl; and Dly) available water
fell below 50% after 40 DAT during the growing
season and hence the resultant lower yield
presumably due to moisture stress occurring
prior to flowering. Soil water contents in the 0.60
m profile decreased gradually from DAT 17 until
90 DAT then started to increase slightly until
harvest period in growing seasons. The period at
the beginning of the flowering period is most
sensitive to water shortage and soil water
depletion in the root zone during this period

should not exceed 25%. For high yields, an
adequate water supply and relatively moist soils
are required during the total growing period.

Good water management practice is important at
all stages of plant development due to the
influence of water on establishment and yield
[14,2]. Reduction in water supply during the
growing period in general has adverse effect on
yield and the greatest reduction in yield occurs
when there is a continuous water shortage until
commencement of fruit harvest [16]. Water
shortage just prior and during early flowering
reduces the number of fruits [1]. Jones et al. [17]
stated that water deficit during this period would
have the greatest negative impact on yield and
quality. Optimum soil water content during
flowering was at 60% of the available water and
that either higher or lower water content resulted
in suboptimal fruit yields. Soil water should be
maintained between 65 and 80% of field capacity
[17]. The gradually increasing water stress in the
lower irrigation treatments caused significant
reductions in fruit yield, whereas higher levels of
irrigation created a favourable soil water
environment for pepper growth resulting in higher
yields [18].

3.3 Pepper Growth and Fruit Yield
Characters

The occurrence of 50% flowering stage of pepper
was earlier dates in the lower irrigation levels
(Dl3 and Dl,) compared with the unstressed
treatment (DIl;) (Table 1). This was most
probably due to the lowest amount of irrigation
water applied in this treatment. Irrigation levels
significantly affected fruit yield of pepper. This
observation agrees with those of [19] on onion
and [20] on cucumber. As the irrigation level
decreased pepper yields decreased S|gn|f|cant|y,
the hlghest yield averaging, 11.2 t. ha', was
obtained in DI1 and followed by declining order
DI, (9.1 t. ha™), DI, (8.3 t h a’) and the lowest
minimum in DI, (7.6 t.ha' )- Duncan grouping of
pepper yields from the treatments indicated that
yield from highest irrigation level (Dly) was in the
first group. Thus, an irrigation level of 0.4EPan
(1.93 l/day) was found to be unsuitable for drip-
irrigated pepper in the study area. Patané et al.
[21] assessed the effects of deficit irrigation upon
water productivity and final biomass of pepper.
Their results recommended 50% reduction of ET
application to save water, improving pepper use
efficiency, minimizing fruit losses and maintaining
high fruit quality levels.
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Table 1. Growth and yield characters of pepper as affected by irrigation levels

Irrigation Root Rootdry Shootdry Leaf Days to No. of Fruit yield Harvest
regimes length weight weight area 50% fruits (t/ha) index
(cm) (@) (9) (cm®  flowering harvested

100 EPan 17.8 26.5 143.2 0.19 72 35 11.2 0.53

80 EPan 19.3 3238 137,7 0.15 68 31 9.1 0.55

60 EPan 229 376 132.3 0.10 65 28 8.3 0.56

40 EPan 254 414 128.9 0.07 62 26 7.6 0.57
LSD (0.05) 3.7 6.4 5.1 0.04 4.1 1.8 2.1 0.03

3.4 Crop Evapotranspiration, Efficiencies
of Irrigation and Crop Water Use and
Crop Production Functions (ky: Yield
Reduction — Evapotranspiration/Soil
Moisture Deficit Relationships)

The trends in crop water use (ETa) which was
determined using the water budget method is

presented in Fig. 3. The values of seasonal crop
water use (ETa) varied between 621 and 515

mm (Table 2). The highest seasonal
evapotranspiration was recorded for the
reference treatment (Dly; higher amount of

irrigation 612 mm) while the least was recorded
for the highest water stress treatment (Dly;
limited irrigation 516 mm). Under the limited
irrigation treatments, pepper plants had access
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to less available moisture in the rootzone than
their requirements. The recorded values of
seasonal evapotranspiration in the reference and
in the water stress treatments were however
higher than the range of seasonal water
consumption for pepper given as 480 — 530 mm
[13].

The levels of irrigation imposed significantly
affected crop water use (WUE) and irrigation use
(IWUE) efficiencies values (Table 2). Crop water
use efficiency (WUE) values ranged from 1.34 g
m™ in DI, to 1.37 kg m™® in the Dl,. Irrigation use
efficiency (IWUE) decreased with increasing
irrigation level, the values varied from a minimum
of 0.88 kg m™ in DI to a maximum of 2.73 kg m*
in Dl. In general, water use efficiency on fresh
yield basis increased under the more deficit
irrigation (Dly) and thus it decreased with
increasing irrigation levels. Both the crop water
use and irrigation use efficiencies values
increased with increasing irrigation level. Dukes
et al. [22] reported higher IWUE values for drip-
irrigated pepper ranging from 16.0 to 52.6 kg m*
for marketable yields in Florida, USA. Karam et
al. [23] Reported WUE values for fresh pepper
yield ranging from 5.9 to 7.8 kg m=.

The trends in the relationships between yield and
the efficiencies of irrigation (IWUE) and crop
water use (WUE) is presented in Fig. 4 and 5
The relationships between vyield and the
efficiencies of irrigation use (IWUE) as vy = -
0.02x + 1.41, R® = 0.98, and crop water use
(WUE) as y =-0.07x + 3.96, R® = 0.97.

The effect of differential irrigation on pepper yield
was quantified as the relationship between
relative yield decrease and the relative
evapotranspiration or soil moisture deficits deficit.
The relationship gave the empirically derived

yield response factor (the crop water production
function; ky). Table 2 presents the percent yield,
yield reduction and seasonal evapotranspiration
and soil moisture deficit as measured from the
experimental plot. The crop water production
function relative values of K, increased as soil
moisture deficit stresses increased. For the
respective a: (1 — (Ya/Ym) = ky (1 — (ETa/ETm)
and b: (1 — (Ya/Ym) = ky 1 — SAWa/SAWm)
models, the values of water production function
(ky) were 0.84, 0.93 and 0.98 and 1.79, 2.30
and 2.60 for the DI, DI; and DI, while the
mean Ky values across irrigation levels were 0.92
and 2.25 for the respective a and b models .The
yield response factor for pepper obtained from
the two (a and b) models were close to those
obtained by Datta et al [24] and Sezen et al. [13].
The relationships between relative yield
decrease (1 - Ya/Ym) and relative
evapotranspiration (1 — ETa/ETm) and between
relative yield decrease (1 — Ya/Ym) and soil
moisture deficit (1 — SAWa/SAWm).

The yield response factor (ky), which is the slope
of the relative ET deficit versus relative yield
reduction relation, for pepper was found to be
1.08 whole growing season Doorenbos and
Kassam [1] reported the yield response factor for
pepper as 1.1 for whole growing season. Sezen
et al. [13] obtained Ky factor of 1.14 in Turkey.
These values are similar to our findings.
Treatment DI, had higher response values and
appeared to suffer greater yield loss than those
with a lower values (Dly). The yield response to
water deficit of different crops is of major
importance in production planning and also
important in the scheduling of available but
limited water supply in order to obtain highest
yields [1].
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Fig. 3. Irrigation effects on the time trends in crop water use (ETa) during pepper growth
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Table 2. Irrigation effects on fruit yield, crop evapotranspiration and efficiencies of irrigation and crop water use of pepper

Irrigation Seasonal Relative Crop ET Relative Fruit yield Water-yield Irrigation water use Crop water use
levels irrigation (mm) irrigation (%) (mm) ET (%) function (ky) efficiency (Kg/ha/mm) efficiency (Kg/ha/mm)
100 EPan 127500 1.0 621.0 11.2 100 1.89 0.88 1.52
(4.82 l/day) (1.79)*
80 EPan 81600 0.8 594.0 9.1 0.82 1.48 1.12 1.39
(3.86 l/day) (2.60)*
60 EPan 45900 0.6 552.6 8.3 0.74 1.48 1.81 1.35
(2.90 l/day) (2.28)*
40 EPan 20400 0.4 515.7 7.6 0.68 1.15 2.73 1.33
(1.93 l/day) (2.28)*

*Values in brackets are the stress sensitivity factor (ky) for b model (1 — (Ya’Ym) = ky 1 — SAWa/SAWm)
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Fig. 4. Irrigation effects on efficiencies of irrigation and crop water use

Crop water production functions are very useful
in determining irrigation strategies when water
supply is limited. The determination of crop water
production function for a specific location is
recommended [25,1,3].

The yield reduction versus evapotranspiration
deficit function was obtained as:

(1-Ya/¥Ym) = 3.5743&1 — ETa/ETm) + 0.0832;
R®=0.8935 (7)

The yield reduction versus soil available moisture
deficit function was obtained as:

(1 - Ya/Ym) = 3.5743(1 - SAWa/SAWm) +
0.0832; R® = 0.8935 (8

It would be observed that the equations are close
and linear which shows direct proportionality
between relative yield and relative seasonal
evapotranspiration. However, the relationship
between relative yield and relative seasonal
evapotranspiration is not strictly or entirely
proportionate as to give a 1:1 fit graph that would
have passed through the origin hence the
intercept of 0.0832 which for practical purposes
can be considered very small and real zero. This
supports Hillel and Guron [26,27] argument on
yield and evapotranspiration relationship. In
some cases, the Ky values were more than one,
which indicate the high sensitivity of pepper to
soil moisture deficits. Allen et al. [9] found that
the relationship considers only water stress as
the factor affecting crop yield and assumes the
other factors affecting crop vyield as fixed.
Moutonnet [28] found that when good
environmental conditions are exist the slope is
steeper than unfavorable conditions. Also,

Rhoads and Bennet [29] indicated that soil
physical properties and soil water contents
directly affect evaporation from the soil and
indirectly regulate crop transpiration through their
influence on crop water status. The results
indicated that both models adopted ((1 — Ya/Ym)
= ky (1 — ETa/ETm); (1 — Ya/Ym) = ky (1 —
SAWa/SAWm) are valid to be used to predict
pepper vyield under different irrigation
applications. Omran [13] studied the relation
between yield reduction and water deficit using
two models depicted in equation 1 and 2, and
concluded that both models and for scheduling
irrigation based on crop evapotranspiration and
soil moisture measurements. Therefore, it could
be concluded that monitoring soil moisture
content is relatively easier and reliable than ET
calculated by mathematical models using a large
number of meteorological data.

Linear relationships were found between yield
and evapotranspiration, and also that between
yield reduction and evapotranspiration/soil
moisture  deficits. These findings are in
agreement with those of [1,24,30,13]. Based on
the range of levels of irrigation application (0.4 to
1.0 EPan) evaluated, the results show that
applying water more than 100% of soil available
water is not logic from economic view, because it
causes water losses without any improve in
obtained yield [19,31]. Also, applying water less
than 40% of available water causes potential
reduction of crop yield and the relationship will
change from linear to non-linear [32]. Moutonet
[28] found that the linear relationship of the FAO
crop response model is only valid within 50
percent water deficit, for most crops.
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The maximum fruit vyield (Ym) is usually
associated with the scheduling treatment that
satisfies maximum evapotranspiration rate which
also accumulates the maximum seasonal
evapotranspiration (ETm) [2,1,25].

4. CONCLUSION

This study was conducted as part of a wide
research programme to assess the effects of
differential irrigation on the productivity of pepper
in a humid tropical environment. The results
showed that differential irrigation affected growth,
water - yield functions and stress development of
dry season pepper grown in an inland swamp
(inland floodplain). The amount of irrigation at
each event and seasonal sum of irrigation
amount were 4.82 l/day; 127500 mm and 1.93
I/day; 20400 mm for the respective well irrigated
control (Dl;) and the most stressfull (Dly)
treatment. Seasonal crop evapotranspiration
(ETe) (including the contribution from soil water
storage) were 612 and 516 mm for the respective
reference treatment (well irrigated control; Dly)
and the highest water stress treatment (limited
irrigation; Dly). Fruit yields of pepper plants
declined with increasing soil moisture deficits.
Highest fruit yields were obtained under the well
watered control (Dl;; 11.2 tha') and lowest
under the highest deficit irrigation (Dl,; 7.6 t.ha™).
Maximum water use efficiencies (IWUE and
WUE) were observed in D/ (0.72 and 1.34
kg m‘3) and minimum in D/, treatments (2.73 and
1.37 kg m™) crop water sensitivity indices (ky)
were 1.79 and 2.30 for the respective DI, and D/,
treatments. The values of irrigation and crop
water use (evapotranspiration) efficiencies were
(IWUE; 0.72, 0.1.08, 1.81 and 2.73; WUE (ETg;);
1.34, 1.54, 1.56 and 1.61 mm of water per ton
dry matter respectively. The effect of differential
irrigation on pepper yield was quantified via the
moisture stress sensitivity indices (drought
response factor, K;) from the relative yield
(Ya’Ym) and the relative evapotranspiration
(ETa/ETm) and relative yield (Ya/Ym) and soil
moisture deficit (SAWa/SAWm) relationships of
the water production models. The stress
sensitivity factor (ky) for each model was
obtained by using multiple linear regression
technique. The mean values of water production
function (ky) were 0.92 and 225 for the
respective (a:1 — (Ya/Ym) = ky (1 — (ETa/ETm)
and (b: 1 — (Ya/Ym) = ky 1 — SAWa/SAWm)
models. The results indicated that the adopted
models (a and b) are valid to be used to predict
pepper yield under different irrigation

applications. Regression equations were worked
out between yield of pepper and seasonal
evapotranspiration, and between irrigation and
the efficiencies of crop water (WUE) and
irrigation use (IWUE). The crop water stress
sensitivity index that was developed is useful in
fruit yield monitoring and can thus be used as
tool for enhancing the precision of irrigation
scheduling and for integration into agricultural
water use models.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the Senate
of the Federal University of Technology, Akure,
Nigeria, for the opportunity of a University Senate
Research Grant Number
URGC/MAJOR/2007/179.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Doorenbos J. Kassam AH. Yield response
to water Irrigation Drainage Paper No. 33,
Rome, Italy. 1979;193.

2. Stegman EC. Irrigation scheduling: Applied
timing criteria. Advances in Irrigation.
1983;2:1-30.

3. Kipkorir PJ, Bordowsky DG. Linancre ET.
Plant and Soil water use: A modern
synthesis. McGraw-Hill Book Company,
New York. 2002:482.

4. De wit CT. Transpiration and crop yields
Handbook irrigation No 64. Wageningen,
the Netherlands; 1958.

5. Stewart JI, Hagan RM, Hall WA. Water
production  functions and Irrigation
programming for greater economy in
project and irrigation system design and for
increasing efficiency in water use. Report
14 — 06 — D — 7329. Univ of California,
Davis. CA. 1973;200.

6. Knapp KC, Rhoades JD, Naship T.
Production functions relating crop yield,
water quality and quantity, soil salinity and
drainage volume. Agric. Water Manage.
1990;19:51-56.

7. Simone E, Dukes M, Hochmuth R, Studstill
D, Avezou G, Jarry D. Scheduling drip
irrigation for bell pepper grown with

430



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Agele et al.; ARRB, 5(5): 419-432, 2015; Article no.ARRB.2015.045

plasticulture. J. Plant Nutr.
2006;29(11):1729-1739.
Ferreira TC, Gongalves DA. Crop-

yield/water-use production functions of
potatoes (Solanum tuberosum, L.) grown
under differential nitrogen and irrigation
treatments in a hot, dry climate. Agric
Water Manage. 2007;90(1-2):45-55.

Allen R, Pereira LA, Raes D, Smith M.
Crop evapotranspiration. Irrigation and
Drainage Paper No. 56. FAO, Rome; 1998.
Omran WM. Qauntidying Medicago sativa
yield under deficit irrigation technique in
sandy soil. IJPSS. 2013;2(2):202-211.

Ali MH. Talukder MSU. Increasing water
productivity in  crop  production—A
synthesis. Agric Water Manage.
2008;95(11):1201-1213.

Locascio SJ, Smajstrla AG. Water
application scheduling by pan evaporation
for drip-irrigated tomato. J. Am. Soc. Hort.
Sci. 1996;121:63- 68.

Sezen SM. Celikel G. Attila Yazar A. Tekin
S, Kapur B. Effect of irrigation
management on yield and quality of
tomatoes grown in different soilless media
in a glasshouse. Scientific Research and
Essay. 2010;5(1):041-048.

Hansen VE, Israelsen OW, Stringham GE
Irrigation principles and practices. The 4th

Edn. John Wiley and Sons, USA.
1980;417.
Agele SO, Iremiren GO, Ojeniyi SO.

Evapotranspiration, water use efficiency
and yield of rainfed and irrigated tomato in
the dry seaosn in a humid rainforest
zone of Nigeria. International Journal of
Biology & Agricultural Sciences.
2011;13:469-476

Sezen SM, Yazar A, Canbolat M, Eker S,
Celikel G. Effect of drip irrigation
management on yield and quality of field
grown green beans, Agric. Water Manage.
2005;71(3):243-255.

Jones T, Bessin R, Strang J, Rowell B,
Spalding D. Kentucky pepper integrated
crop management. Cooperative Extension
Service, University of Kentucky, College of
Agriculture. 2000;38.

Sezen SM, Yazar A, Eker S. Effect of drip
irrigation regimes on yield and quality of
field grown bell pepper. Agric. Water
Manage. 2006;81(1-2):115-131.

Kumar S, Imtiyaz M, Kumar A. Singh R.
Response of onion (Allium cepa L.) to

431

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

different levels of irrigation water. Agric.
Water Manage. 2007;89(1-2):161-166.
Zeng CZ, Bie ZL, Yuan BZ. Determination
of optimum irrigation water amount for drip-
irrigated muskmelon (Cucumis melo L.) in
plastic greenhouse. Agric. Water Manage.
2009;96(4):595-602.

Patané C, Tringali S, Sortino O. Effects of
deficit irrigation on biomass, yield, water
productivity and fruit quality of processing
tomato under semi-arid Mediterranean
climate conditions. Scientia Horticulturae.
2011;129:590-596.

Dukes MD, Simonne EH, Davis WE,
Studstill DW, Hochmuth R. Effect of
sensor-based high frequency irrigation on
bell pepper yield and water use. Water for
Sustainable World-Limited Supplies and
Expanding Demand. Second Int. Conf. on
Irrigation and Drainage. Phoenix, Arizona.
2003;665-675.

Karam F, Masaad R, Bachour R, Rhayem
C, Rouphael Y. Water and radiation use
efficiencies in  drip-irrigated  pepper
(Capsicum annuum L.): Response to full
and deficit irrigation regimes. Eur. J. Hort.
Sci. (2009);74(2):79-85.

Datta AD, Thompson K, Jeffers DW.
Effects of soil moisture regimes on the
growth of tomato. Agron J. 1997;67:430-
433

Geerts S, Raes D, Deficit irrigation as an
on-farm strategy to maximize crop water
productivity in dry areas. Agricultural Water
Management. 2009;96:1275-1284.

Hillel D, Guron V. Relation between
evapotranspiration rate and maize yield.
Water Resources. 1973;9:743 — 748.
Hanks RJ, Gardner HR. Plant growth
evapotranspiration relations for several
crops in the central Great plains. Agron J.
1969;60:30 — 34.

Moutonnet P. Yield response factors of
field crops to deficit irrigation. In Deficit
Irrigation Practices. FAO Water Reports.
2000;22.

Rhoads FM, Bennet JM. Irrigation of
Agricultural Crops. In: B. A. Stewart BA,
Nielsen DR. eds. American Society of
Agronomy, Agronomy Madison 30, Crop
Science Society of America and Soil
Science Society of America. 1991;569-
596.

Imtiyaz M, Mgadla NP, Chepete B.
Manase SK. Response of six vegetable



31.

Agele et al.; ARRB, 5(5): 419-432, 2015; Article no.ARRB.2015.045

crops to irrigation schedules. Agric. Water
Manage. 2000;45(3):331-342.

Wang Z, Liu Z, Zhang Z, Liu X. Subsurface
drip irrigation scheduling for cucumber
(Cucumis sativus L.) grown in solar
greenhouse based on 20 cm standard pan

32.

evaporation in Northeast China. Scientia
Horticulturae. 2009;123(1):51-57.

Vaux HJ, Pruitt WO. Crop water production
functions. Advances in Irrigation.
1983;2:61-97.

© 2015 Agele et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=794&id=32&aid=6786

432



