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ABSTRACT
The field experiment was conducted during the 2011 dry season at the Irrigation
Research Fields of the Institute for Agricultural Research (IAR), Samaru, Nigeria, to
evaluate yield and soil water balance of two cowpea varieties under deficit irrigation and
mulch using locally assembled weighing- type micro lysimeter. The treatments
comprised of three levels of irrigation water application depths (50%, 75% and 100% of
weekly reference evapotranspiration (WRET0)) and two levels of mulch (No mulch-
NM, and black polyethylene mulch -BPM) and two varieties of cowpea (SAMPEAY and
9) laid in a group balanced block on split-plot design. The result showed that the yield of
the cowpea pods ranged from 0.29 t/ha to 1.29 t/ha. The highest yield was obtained from
SAMPEAT treatment irrigated at 100% WRETo with BPM. The drainage depth ranged
from 3.9 mm to 89.5 mm with the least value obtained by SAMPEA9 at 50% WRETo0
and NM. The highest depth was by SAMPEA9 at 100% WRETo0 and BPM. In
comparison, SAMPEA7 gave less drainage water compared to SAMPEA9. The study
showed that crop water use of cowpea ranged from 187.6 mm to 335.6 mm for
SAMPEAQ9 and 191.3 mm to 315.8 mm for SAMPEAY with the least values occurring at
50% WRETo and NM. The estimated values of Kc for the two cowpea varieties at
initial, crop development, mid and late season stage were 0.32, 0.58, 0.63 and 0.39,
respectively for SAMPEAY and 0.32, 0.63, 0.72 and 0.34, respectively, for SAMPEA9
varieties. The highest crop water use efficiency (CWUE) and irrigation water use
efficiency (IWUE) were 3.76 kg/ha-mm and 2.11 kg/ha-mm, respectively, for
SAMPEAT7 variety and 2.94 kg/ha-mm and 1.68 kg/ha-mm, respectively, for SAMPEA9
variety. The crop yield response factor (Ky) was found to be 1.10 for the BPM

treatments and 1.22 for the NM treatments. In conclusion, SAMPEAT variety irrigated at

vii



75% WRETo with BPM gave the highest WUE of 2.11 kg/ha-mm which translates to

highest yield per unit depth of water-use.
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CHAPTER ONE
INTRODUCTION

1.1  Background

Cowpea is one of the most widely adapted, versatile and nutritious of all the cultivated
grain legumes (Dugje et al., 2009). With the increasing need of this crop, it is necessary
to accelerate and expand its production all year round. This could mean making an effort
to grow the crop under irrigation so as to have more than one cropping season in a year

which would increase its production.

Nigeria has two distinct seasons — the rainy season, lasting from mid of March to the end
of October, and the dry season, lasting from November to March. In the dry season,
there is virtually no rain and irrigation remains the only option for crop production.
There is stiff competition for water by the agricultural, domestic and industrial users
during the dry season, hence there is the need for farmers to conserve and make

judicious use of the available water (Adekalu and Okunade, 2006).

Studies are needed to increase the efficient use of the available water. Regulated deficit
irrigation with mulching is one among many practices that is fast gaining ground, and it
appears a very promising option at achieving the goal of more crops per unit volume of
water, if properly adopted. The development of new irrigation scheduling techniques
such as deficit irrigation and identifying the sensitive crop growth stage to water stress is
one way to enhance crop productivity with less water (Bekele and Tilahun, 2007).
Regulated deficit irrigation scheduling practice is a technique of withholding or skipping
irrigation, or reducing the amount of water applied per irrigation at some stages of the

growth with the aim of saving water, labor, and energy without adverse effect on yield



performance. This practice leads to some degree of moisture stress on the crop and likely

reduction in crop yield (Smith et al., 2002: Prichard et al., 2004; Zhang et al., 2004).

The objective of regulated deficit irrigation is to save water by subjecting crops to
periods of moisture stress with minimal effects on the yields. The water stress results in
less evapotranspiration by closure of the stomata, reduced assimilation of carbon, and
decreased biomass production. The reduced biomass production has little effect on
ultimate yields where the crop is able to compensate in terms of reproductive capacity

(Stone et al., 2001).

Mulching involves the use of materials to cover the cropped soil surface with the aim of
reducing evaporation, conserving soil moisture, modifying soil temperature, structure
and improving aeration. It also suppresses weeds and reduces erosion. (Hassan,1996
Plauborg et al., 1996). A better understanding of crop yield-water application interaction
and the effects of irrigation levels and mulch (covering the soil surface) on the
relationship between transpiration, evaporation and evapotranspiration for various crop
IS necessary to improve the management of irrigation water resources (Kadayifci et al.,

2004).

Furthermore, evaporation and transpiration occur simultaneously and there is no easy
way of distinguishing between the two processes directly on the field. The amount of
water required to compensate the evapotranspiration loss from the cropped field is
defined as the crop water requirement. Although the values for evapotranspiration and
crop water requirements are identical, crop water requirement refers to the amount of
water that needs to be supplied, while evapotranspiration refers to the amount of water

that is lost (Richard et al., 1998). The water balance method provides a simple but robust



means of continuous measurement of evapotranspiration (ET) from different species of

vegetation (Granier et al., 1990; Gholipoor, 2007).

The Institute for Agricultural Research (IAR), Samaru has released several varieties of
cowpeas in the last 15 years. Although some of these varieties are planted under
irrigation, the irrigation water requirements and their crop coefficient (Kc) values have
not been systematically evaluated. A systematic evaluation of these parameters involves
an isolation of the crop growing medium, which is the soil, so that water input and
output into and out of the system will be effectively monitored. By so doing, the soil
water balance components will be appropriately determined. One device that can be used

for such study is the soil lysimeter.

1.2  Statement of the Problem

Despite the potentials and importance of cowpea, there is little, if any documented
research information on cowpea production under irrigation in Nigeria. Production
practices of a crop under irrigation must necessarily be stated independently from the
rain-fed crop because the two seasons are not comparable. Most of the agronomic
research to date on cowpea has been focused on the rain-fed crop by the Institute for

Agricultural Research (IAR), Samaru Zaria (Mohammad, 2011).

It is an established fact that one of the important factors limiting the development of
agriculture in the semi-arid region is water. Samaru which is located within this region is
one of agricultural areas in Zaria, Kaduna State. However, there are large potentially
irrigatable lands which are not irrigated due to insufficient or lack of irrigation water,
which led to the necessity of optimizing and managing the use of water for agricultural
production (Oiganji, 2010). There is also uncertainty as to the availability of water in

adequate amounts and times, especially where storage facilities such as dams are absent.



This necessitates development of water management strategy to avert water stress in
crops; which if proven advantageous, could assist farmers as most of them are at

subsistence level and they are economically weak with low ability to withstand risks.

With the recent screening and release of improved cowpea varieties that are high yield
photo-insensitive and early maturing, nine varieties of cowpea for different ecologies
have been developed and released for production by IAR. The most popular are
SAMPEAG6 and SAMPEA7 which are resistant to many stress factors, and SAMPEA9
which is dual purpose (high grain and fodder yields) (Agricultural Research Council of
Nigeria, 2017). The study therefore applied the use of a weighing-type soil micro-
lysimeter to study the yield and water balance of two varieties of cowpea (SAMPEA7

and SAMPEAD9), under mulch and deficit irrigation.

1.3 Justification of the Study

In Nigeria, the greatest production of cowpea comes from the northern region. The north
produces about 1.7 million tonnes from 4 million hectares. This represents over 60% of
total production (FAO, 2005). During the dry season, water is usually provided from
both irrigation facilities and residual moisture of wetlands (Inaizumi et al., 1999). But
water is a limiting factor in the expansion of irrigated areas and in the production of
food. As the population increases, greater competition for the water supply makes

conservation and efficient use of water imperative (Eric et al., 1981).

Rising cost of Irrigation pumping, low commodity prices, inadequate irrigation system
capacities and limited irrigation water supplies are the reasons for which many irrigators
deliberately apply less water than is required for maximum yield. (Craciun and Craciun,
1999). One means of determining when irrigation should be supplied is through the use

of a soil water balance or soil water budget (Tim, 1996). Cowpeas are exposed to



varying levels of environmentally induced stresses during their growth stages, and
limited information exists on reliable estimates of evapotranspiration (ETo) to be used
for forecasts, to achieve high irrigation water use efficiency in semi-arid environment,
particularly under micro-irrigation (MI) system, such as in IAR Research Farm at

Samaru Zaria.

Improved irrigation management requires adequate information on the nature and degree
of responses of various growth stages to water stress. Hence, with the changes that have
taken place in the global climates in the last one decade, and with new varieties of crops
released, there is the need to re-validate the existing body of information on crop water
requirements, crop coefficients and the water stress coefficients. The reason for this is
because these parameters depend on climatic factors and crop characteristics. With these
background considerations, a comprehensive field investigation was undertaken to study

the water balance components of two IAR cowpea varieties under Irrigation.

1.4 Aim and Objectives of the Study
The aim of this study was to evaluate the yield and water balance of two IAR cowpea
varieties (SAMPEA7 and SAMPEA9) under mulch and deficit irrigation using
weighing- type micro-lysimeters.
The objectives are;
a) To determine grain yield and crop water use of the cowpea varieties under
different water application regimes and mulch practice.
b) To develop crop coefficient curve for the cowpea varieties under limited and
unlimited water supply conditions.

C) To express the yields and water use relationship for the cowpea varieties.



CHAPTER TWO

LITERATURE REVIEW

21  Cowpea

Cowpea (Vigna unguiculata [L.] walp) is a warm-season, annual herbaceous legume.
Plant types are often categorized as erect, semi-erect, prostrate or climbing (Davis et al.,
1991). Cowpea generally is strongly tap rooted. Maximum effective root depth has been
estimated at 0.5-0.7 m, (Richard et al., 1998). They are grown under rain fed conditions
as well as irrigation or residual moisture along river or lake flood plains during the dry
season, provided that the range of minimum and maximum temperatures are between 28
and 30°C (night and day) (Davis et al.,1991). It performs well in agro ecological zones
where the rainfall range is between 500 and 1200 mm/year. However, with the
development of extra-early and early maturing cowpea varieties, the crop can thrive in

the Sahel where the rainfall is less than 500 mm/year.

Cowpea is drought tolerant and well adapted to sandy and poor soils, being deep-rooted
cowpea performs well in sandy soils and is more tolerant to drought than soya beans, and
does not tolerate excessively wet conditions or water-logging (Dadson et al., 2003).
However, best yields are obtained in well-drained sandy loam to clay loam soils with

soil pH between 6 and 7.

2.2  Cowpea Varieties Released

Nine (9) varieties of cowpea for different ecologies have been developed and released
for production by IAR. The most popular are SAMPEA6 and SAMPEA7 with yield
potential of 1.5 t/ha and resistant to many stress factors (Augustine, 2011). Two new
varieties SAMPEAS8 and SAMPEAS9 have also been released. SAMPEAS is extra-early

in maturity while SAMPEAZQ is dual purpose (high grain and fodder yields).



SAMPEAT (IT90K-82-2) is early maturing (70days), erect and a medium sized brown
seed that is moderately resistant to insects, pests and diseases. Its yield is about 1.5t/ha
and a good crop for dry season farming. SAMPEA9 (IT90K-277-2) is medium maturing
(75-80 days), a semi-erect and a medium white seed that has some level of resistance to
insect and diseases (Utoh, et al., 2005) and its yield is about 1.3-1.5t/ha (Augustine,
2011). For optimum productivity of cowpea, be it entirely irrigated or partly rain fed, it
requires 360-450mm of water per season (Krishna, 2010). Short season summer crop of
cowpea needs irrigation between 250-360mm during the season. Hall and Patel (1985)
reported that early and erect cowpeas are preferred in dry environment and under

irrigation because they flowered earlier (about 30days after sowing).

2.3 Soil — Water — Balance

Measurement of the soil water balance may be undertaken for several purposes. Several
studies have shown that the amount of dry matter produced by crops is directly
proportional to the amount of water transpired (Gregory, 1991). Estimates of
evapotranspiration are frequently obtained from the soil water balance equation and the
development of the neutron probe has greatly facilitated this approach because routine
measurements of change in soil water storage with a degree of spatial integration have
been possible. In some soil however, the change in soil water storage is difficult to
measure accurately and estimates of evapotranspiration are complicated by continued
drainage and runoff (Gregory, 1991). Moreover, when crop canopies are sparse,
evapotranspiration may be a poor indicator of crop productivity. The mass balance for
soil water in the root zone is:

I+U=E+T+D+R+As (2.1)



Where;

I is Irrigation; U is upward capillary flux into the root zone; E is direct evaporation from
the soil surface; T is transpiration; D is drainage out of the root zone; R is surface runoff;
and As is the change of water stored in the root zone (Gregory, 1991). In the simplest
case, U, D and R are assumed to be Zero so the water use (ET) is readily estimated from
I. while As is measured with a neutron probe. Actual Evapotranspiration (ET) is the most
difficult parameter to estimate accurately in the hydrological cycle. Hitherto, Actual ET
was determined by rather complex micro-meteorological and soil physical methods
(Shuttleworth, 1988). Similar methods have been presented where approximate estimates

of Actual ET are calculated based on potential ET (Veenendaal et al., 1996).

2.3.1 Evapotranspiration (ET)

Evaporation and transpiration occur simultaneously and there is no easy way of
distinguishing between the two processes. Apart from the water availability in the
topsoil, the evaporation from a cropped soil is mainly determined by the fraction of the
solar radiation reaching the soil surface (Richard et al., 1998). ET depends on the density
of vegetation cover and its stage of development. Thus, we distinguish between potential

and actual evapotranspiration.

2.3.2 Separation of evaporation and transpiration

In many arid and semi-arid regions, evaporation (E) from the soil surface is a substantial
component of the total crop water use (ET), and yield and water use are frequently
unrelated (Gregory, 1991). The ability to independently measure soil water evaporation
(E) and canopy transpiration (T) is important when examining energy and water balances
of sparse vegetation. However, lack of an adequate measurement technique has limited

scientists to measurements of ET and daily E.



Reliable measurements to separate E and T are difficult to make and are very time —

consuming.

2.4 Crop Response and Soil-Water-Balance under Deficit Irrigation Scheduling
Deficit irrigation, the deliberate and systematic under-irrigation of crops, is a common
practice in many areas of the world (Tyagi, 1987; English et al., 1990; Trimmer, 1990;
Jurriens and Wester, 1994). A number of researchers have analyzed the economics of
deficit irrigation in specific circumstances and have concluded that this technique can
increase net farm income (Dudley et al., 1971; Stewart et al., 1974). The potential
benefits of deficit irrigation derive from three factors: increased irrigation efficiency,

reduced cost of irrigation and the opportunity costs of water (English et al., 1990).

Yield reduction in deficit irrigation is minimized through the cost of the water saving or
yield increase from new command areas out of water savings from deficit irrigation
(English, 1990). The water stress in plant has an important effect on water consumption
and yield. Depending on the decrease in the water that can be used in soil, physiological
formations in plant damage, the growth slows down and yield decreases (Korukcu and

Kanber, 1981; Koksal et al., 2001).

Ziska and Hall (1983) reported that cowpea had the ability to maintain seed yields when
subjected to drought during the vegetative stage provided subsequent irrigation intervals
did not exceed eight days. On the other hand, Turk et al., (1980) showed that cowpea is
highly sensitive to water stress during the flowering and pod-filling stages. It’s apparent
that the sensitivity of cowpea yield to drought during different stages of growth has not

been adequately established.



2.5  Crop Coefficient

To account for the effect of the crop characteristics on crop water requirements, crop
coefficients (Kc) are determined to relate reference crop ET (ETo) to actual crop ET
(ETc). The effect of crop characteristics on the above relationships is associated with the
resistance to transpiration, such as closed stomata during the day, waxing leaves, crop
height, roughness, reflection and ground cover (Doorenbos and Pruitt, 1984). It is
necessary to collect local data on growing season and rate of irrigated crop development

in order to draw a crop coefficient curve (Allen et al., 1998).

The Food and Agriculture Organization (FAO) and WMO (World Meteorological
Organization) experts have summarized such evolution in the “crop coefficient curve” to
identify the Kc value corresponding to the different crop development and growth stages
(initial, middle and late, hence it has Kcin, KCmid, KCeng) (Tarantino and Spano, 2001).
Values of Kc for most agricultural crops increase from a minimum value at planting until
maximum Kc is reached at about full canopy cover. The Kc tends to decline at a point
after a full cover is reached in the crop season. The declination extent primarily depends
on the particular crop growth characteristics (Jensen et al., 1990) and the irrigation
management during the late season (Allen et al., 1998). A Kc curve is the seasonal

distribution of Kc, often expressed as a smooth continuous function.

2.6 Single Crop Coefficient Approach

In the single crop coefficient approach, the effect of crop transpiration and soil
evaporation are combined into a single Kc coefficient. The coefficient integrates
differences in the soil evaporation and crop transpiration rate between the crop and the
grass reference surface (Gerson et al., 2004). As the single Kc coefficient averages soil

evaporation and transpiration, the approach is used to compute ETc for weekly or longer

10



time periods. Kc is used for planning studies and irrigation system design where the

average effects of soil wetting are acceptable and relevant.

2.7  Dual Crop Coefficient Approach (Kcb + Ke)

In the dual crop coefficient approach, the effect of specific wetting events on the value of
Kc and ETc is determined by splitting Kc into two separate coefficients; the basal crop
coefficient (Kcp) representing the transpiration of the crop; and the soil water evaporation
coefficient (Ke) (Gerson et al., 2004). The single Kc coefficient is replaced by:

Kc = ch + Ke (22)

Where; Kb is the basal crop coefficient and Ke is the soil water evaporation coefficient.
The K is defined as the ratio of ETc to ETo when the soil surface layer is dry, but
where the average soil water content of the root zone is adequate to sustain full plant
transpiration. If the soil is wet following rain or irrigation, Ke may be large. However,
the sum of K¢, and Ke can never exceed a maximum value, K¢ max determined by the

energy available for ET at the soil surface (Richard et al., 1998).

The computation of (K + Ke) approach may lead to more accurate estimates of daily
ETc than using the time averaged single Kc because it takes better into account the
dynamics of evaporation from the soil during the earlier phases of a crop, when a
significant fraction of the soil surface is exposed to the solar radiation (Allen et al.,
2005). The dual Kc approach is generally advantageous to incomplete cover crops and to
drip irrigated crops, which concentrate soil evaporation from the fraction of the ground
wetted by irrigation (Howell et al., 2004). Many studies report the application of the dual
Kc methodology to several crops, including for cereals, Liu and Pereira (2000), Pereira
et al., (2003) and Liu and Luo (2010) for the wheat and maize crop sequence of North

China; Tolk and Howell (2001) for sorghum, Zhao and Nan (2007) for maize, and
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Lépez-Urrea et al., (2009) for wheat. Hay and Irmak (2009) report its use for non-
growing “dormant” periods. The use of the dual Kc methodology is more demanding
than the single Kc approach, which justifies the need for implementing an appropriate
model application. However, few model applications are available (Jiang et al., 2008;

Hillyer and Sayde, 2010).

2.8 Crop Coefficient Curve.

After the selection of the calculation approach, the determination of the lengths for the
crop growth stages and the corresponding crop coefficients, a crop coefficient curve can
be constructed. The curve represents the changes in the crop coefficient over the length
of the growing season (Richard et al., 1998). From the curve, the Kc factor and hence
ETo can be derived for any period within the growing season. Figure 2.1 illustrates

typical shapes for the Kcp, Ke and single K¢ curves.

Kc = Kcb + Ke

=
N
1

=
N}

Kc 1.0% /__ o
ARSI
) r; “‘ “F ~‘

o
~

o

I I time (days) I I
| <« Intial —» | e P I 4— Mid - Season—p | «— Late Season—» |

I
(Richard et al., 1998)

Figure 2.1 crop coefficient curves showing the basal Kc, (Thick line), soil evaporation
Ke (Thin line) and the Corresponding single K¢ = K¢y + Ke curve (dashed line).
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2.9 Water Stress Coefficient (Ks)

The effects of soil water stress on crop ET are described by reducing the value for the
crop coefficient. This is accomplished by multiplying the crop coefficient by the water
stress coefficient (Richard et al., 1998).

ETc adj = (Ks Kep + Ke) ETO . (2.3)
Where ; ETc adj is the effect of soil water stress, Kep is the basal crop coefficient and Ke
Is soil water evaporation coefficient. For soil water limiting conditions, Ks<1. Where
there is no soil water stress, Ks = 1. Ks describe the effect of water stress on crop
transpiration. Where the single crop coefficient is used, the effect of water stress is
incorporated into Kc as:

ETc adj = KsKc ETo (2.4)
Because Ks impacts only on crop transpiration rather than evaporation from soil,

Equation (2.3) is generally more valid.

2.10 Penman — Monteith Equation

Owing to the difficulty of obtaining accurate field measurements, ET is commonly
computed from weather data. A large number of empirical or semi- empirical equations
have been developed for assessing meteorological data (Richard et al., 1998). Some of
the methods are only valid under specific climate and agronomic conditions different
from those under which they were originally developed. As a result of an expert
consultation held in May 1990, the FAO Penman- Monteith method is now
recommended as the standard method for the definition and computation of the reference

evapotranspiration (ETo). The FAO Penman — Monteith equation is given by;

0.408A (Rn—G)+y% U2(es—ea)

ETo = (2.5)

A+y(140.34U2)
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Where;

A= Slope of saturation vapour pressure curve (Kpa°C™),
Rn= Net Radiation (MJmday™),

G= soil heat flux [MJ m™ day™],

y= psychrometric constant [kPa °C™],

T= air temperature [°C],

U= wind speed at 2 m above ground surface [m s],

(es-ea)= saturation vapour pressure deficit (Kpa)

2.11  Weighing- Type Micro Lysimeter

Many observations of ET are made in soil containers variously known as tanks,
evapotranspirometers and lysimeters in which ET is computed by maintaining a water
budget (Paola and Gianfranco, 1999). The first two terms customarily refer to containers
with sealed bottoms, while lysimeter has pervious bottoms or a mechanism for
maintaining negative pressure at the bottom. Lysimeter is a device that allows an area of
a field to be isolated from the rest, and yet experience similar conditions (Paola and
Gianfranco 1999). The weighing lysimeter continuously weighs water contained inside

the lysimeter.

All the methods for determining ET have some limitations and superiorities.
Evapotranspiration determination includes various measurement techniques and
modeling techniques (also direct and indirect), which simulate evapotranspiration as a
biophysical process or calculate it using the empirical methods (Rana and Katerji, 2000).
Some of which include; the direct measurement at the plot scale (weighing lysimeter),
indirect measurement at the plot scale (micrometeorological approach), and

measurement based on the soil water balance, measurement on the plant scale, the direct
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and indirect estimation of ET. Weighing lysimeters are the most accurate and direct

method (Jensen et al., 1990).

Weighing lysimeters can provide precise information on soil moisture changes for daily
or even hourly periods. The weighing lysimeter is placed inside another tank which is in
contact with the surrounding soil. The inside container is free for weighing by scales.
Also, the weighing lysimeter tank can be floated in water; a suitable heavy liquid
(ZnCly) is used whereby the change in liquid displacement is a measure for the water
gain or loss to or from the lysimeter tank. Apart from the high cost, the major problems
with weighing lysimeters are the restricted root growth, the disturbed soil structure in the
lysimeter causing changes in water movement and possibly the tank temperature regime,
resulting in condensation of water on the walls of the container. Harrold and Dreilbelbis
(1967) estimated that errors due to dew formation were in the order of 250 mm per
annum. Other limitations include the 'bouquet effect’ whereby the canopy of the plants
grown in the lysimeter is above and extends over the surrounding crop, resulting in a
higher evapotranspiration rate. In spite of these limitations, it is the best technique for

precise studies on evapotranspiration.

2.12  Controlled Deficit Irrigation Practices

With increasing municipal and industrial demands for water, its allocation for agriculture
is decreasing steadily. Therefore; innovations are needed to increase the efficiency of use
of the water that is available. There are several possible approaches. Irrigation
technologies and irrigation scheduling may be adapted for more effective and rational
uses of limited supplies of water. Deficit (or regulated deficit) irrigation is one way of
maximizing water use efficiency (WUE) for higher yields per unit of irrigation water

applied (FAO, 2002). Irrigation scheduling based on deficit irrigation requires careful
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evaluation to ensure enhanced efficiency of use of increasingly scarce supplies of

irrigation water.

Ziska and Hall (1983), reported that cowpea had the ability to maintain seed yields when
subjected to drought during the vegetative growth stage provided subsequent irrigation
intervals did not exceed eight days. Thomas et al., (1976) found that plants that suffered
a gentle water stress during the vegetative period showed higher tolerance of water
deficit imposed later as a result of adaptation to existing soil water status. Where water
scarcity exists at the regional level, irrigation managers should adopt the same approach
to sustain regional crop production and thereby maximize income (Stegman et al., 1980).
This new concept of irrigation scheduling has different names such as; regulated deficit
irrigation, pre-planned deficit evapotranspiration and deficit irrigation (English et al.,

1990).

2.13 Use of Lysimeters to Estimate Soil Water Balance

Direct measurement of soil evaporation is difficult. The most common and direct method
Is using a weighing lysimeter. However, this method has several disadvantages and a
simple measurement of evaporation is often preferable. The use of micro-lysimeter has
been introduced and analyzed as detailed by Boast and Robertson (1982). Since then, a
number of researchers have employed this method. Some worked on the internal
diameter, the depth, and the lifetime of the micro-lysimeter (Allen et al., 2005). The
good agreements were gotten between soil evaporation from bare soil determined by
micro-lysimeter and those measured by other methods, such as the large weighing
lysimeter method (Batchelor, 1992), the water balance method (Allen et al., 2005), and

the infrared thermometer method (Matthias et al., 1986).
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Martin et al., (1985) found that micro-lysimeter over-measured soil evaporation beneath
a growing crop because plant extraction of moisture was excluded. Also, Allen et al.,

(2005), found the micro-lysimeter technique to be reliable only during rain-free periods.
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CHAPTER THREE

MATERIALS AND METHODS

3.1  Description of the Study Area

The study was conducted between February to May, 2011 dry season at the Irrigation
Research Farm of IAR Samaru Zaria ( latitude 11°11°N,longitude 7°38’E at altitude 686
m), above sea level within the Northern Guinea Savannah ecological zone of Nigeria
with a semi-arid climate. Several meteorological information of the site were collected
from the Institute for Agricultural Research meteorological station located 150m away
from the experimental plots as shown in Table 3.1.The table shows that maximum
temperature ranges from 36-39°C, while minimum temperature ranges from 18-23°C,
which is quite high considering the range of minimum and maximum temperatures for
cowpea production of 28-30°C (Dugje et al., 2009). Table 3.2 presents information on
physical properties of the experimental plot which was predominantly sandy loam in
texture.

Table 3.1 Average Monthly Weather data for Samaru, (Feb;-May, 2011) irrigation
cropping season.

Month Max.Tempt. Min. Humidity Sun Windspeed Solar ETo°

°Cc Tempt. (%) shine  (Km/day) Rad.? (mm)

°C hrs MJ/m?/day
February 36.4 18.3 20.4 7.4 131.9 19.3 6.3
March 38.6 19.6 13.0 7.1 161.1 20.1 8.8
April 38.4 22.3 31.6 6.7 187.5 20.1 8.2
May 38.4 22.3 64.5 7.0 212.1 19.9 5.7

Source: 1.A.R Meteorological Station

a. Average monthly Solar radiation for 10 years (2000-2010), using Modified
Penman Monteith
b. Average monthly ET, for 10 years (2000-2010) using Modified Penman Monteith
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Table 3.2 Physical Properties of soils at various depths at IAR Irrigation Research Farm.

Depth FC  PWP Bulk Density Clay Silt Sand Textural Class 2 K

(m (%) (%) (@em’) (%) (%) (%) (cm/s)
0-30 1472 9.42 1.58 12 30 58  SandyLoam  0.32
30-60 14.81 10.16 1.61 16 30 54  SandyLoam  0.27
60-90 17.74 13.47 1.62 32 24 44 Clay Loam  0.07

a. Based on USDA textural classification.

3.2  Treatments and Experimental Design

A three-factor experiment comprising of two cowpea varieties (IAR SAMPEA7 and 9),
three levels of deficit irrigation (water application depths 100%, 75% and 50% of weekly
reference evapotranspiration (WRET,) applied on weekly basis, referred to as lioo, I75,
and lsp) and two levels of mulching (No mulch NM and Black polyethylene mulch
BPM), making a total of twelve (12) treatments, were used in this study. The treatments
were replicated three times and laid in a Group Balanced Block superimposed on the
Split-plot Design resulting in what is generally called the Group Balanced Block in
Split-plot Design (Kwanchai and Arturo, 1983). Further description of the experimental
treatment is shown in Table 3.3. The experimental field was prepared into ridges 38m
long each, and at an intra-row and inter-row spacing of 25cm and 75cm respectively. A
total number of 22 ridges were made, occupying a total area of about 605 m? (0.06ha)
surrounding the lysimeters. In practice, this irrigated area is maintained around the
lysimeters to ensure they are in an environment similar to large-scale irrigated
agriculture. This helps to promote representative measurements of the crop ETc (Linda
and Clawson, 2009). The field was further divided into six (6) sub- plots measuring
about 4.8m? (0.0005ha). All agronomic practices for the cultivation of cowpea were

followed and Figure 3.1 shows the field layout.
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Table 3.3 Description of the experimental treatments

Treatment  Treatment Description of treatment combinations

No. label

1. V1,l100,NM SAMPEA 9 Variety, 100% weekly EToand no mulch

2. V1,l100,BPM  SAMPEAQ9 variety, 100% weekly ET, and black
polyethylene mulch

3. V1,l75,NM SAMPEA 9 Variety, 75% weekly ET, and no mulch

4, V1,l75,BPM SAMPEA 9 Variety, 75% weekly ET, and black
polyethylene muich

5. V1,l50,NM SAMPEA 9 Variety, 50% weekly ET, and no mulch

6. V1,150,BPM SAMPEA 9 Variety, 50% weekly ET, and black
polyethylene muich

7. V2,l100,NM SAMPEA 7 Variety, 100% weekly ET,and no muich

8. V2,l100,BPM  SAMPEA 7 Variety, 100% weekly ET, and black
polyethylene muich

9. V2,l75,NM SAMPEA 7 Variety, 75% weekly ET, and no mulch

10. V2,175,BPM SAMPEA 7 Variety, 75% weekly ET, and black
polyethylene muich

11. V2,150,NM SAMPEA 7 Variety, 50% weekly ET, and no mulch

12. V2,150,BPM  SAMPEA 7 Variety,50% weekly ET, and black

polyethylene muich
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3.3 Calibration of the Micro Lysimeter

Prior to field installation of the lysimeters and planting of crops on the field, the
relationship between lysimeter load and the height of water displacement in the
manometer tube was determined. This was carried out by loading and unloading the
lysimeter with blocks of known weights (ranging from 6.20-7.00 kg), while the height of
water in the manometer tube was recorded. The maximum weight loaded in the
lysimeter tank ranges from 98.75-105.15 kg. The blocks were loaded one at a time in
two piles inside the lysimeter tank and then in like manner, unloaded and carefully
removed from the tank. Similarly, the calibration was also done on the field using soil
excavated from the field. The water level in the manometer tube for each weight of soil
placed was recorded every time the lysimeter tank was loaded or unloaded as shown in
plate 1. The calibration, however, showed some hysteresis in the height of the
manometer water level when loading and unloading the lysimeter tank, so the average

height of water level was used. A graph of the weight of lysimeter tank against the

height of water level is plotted to determine the calibration function.

Plate | Calibration of lysimeter on the field
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3.4 Setting up the Micro-lysimeters

The weighing type micro-lysimeters were made from locally available materials. It was
set up to estimate the evapotranspiration of cowpea. The lysimeter setup consisted of a
lysimeter tank, weighing system, wooden platform, run off and drainage collectors. The
lysimeter tank is a plastic container measuring 50cm by 42cm depth and diameter,
respectively. Several Holes were drilled on the lysimeter tank bottom, to provide outlets
for runoff and drainage water. The outlets were covered with filtering materials (wire
mesh) to prevent soil particles from entering the collectors while still allowing water
flow. The runoff and drainage collectors are also plastic containers (buckets) of depths
32cm and 12cm, respectively and of diameters 28cm and 25cm, respectively. The runoff
water from the lysimeter tank flow under gravity into the runoff collector (placed at a

lower elevation) through the plumb fittings and rubber hose connecting them.

The weighing system of the lysimeter comprises of a water-filled size 13 rim Michelin
automobile tube connected to a graduated manometer glass tube using a rubber hose.
The valve cover and the valve of the tube were removed and the tube filled with water
through the rubber hose connected to its mouth and the other end to the mouth of the
nozzle of the water sprayer. The water-filled tube was then connected to the manometer
glass tube through the rubber hose. Care was taken so that much water in the tube was
not lost in the process of fixing the rubber hose to the glass tube. The valve cover of the
tube was also used to cover the top of the glass tube to prevent precipitation from
entering into it, and also to minimize evaporation in it which would affect the accuracy

of the weighing system.

The manometer glass tube was fixed to a graduated pole in a vertical position to aid easy

and accurate reading of the water displacement in it. The graduated pole was laminated
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to prevent rainfall from washing away its calibration. The pole was constructed from a
soft wood (2cm thick and 180cm long) and was driven into holes dug from the soil
which was later cemented for stability. The platform upon which the lysimeter tank and
the weighing system rest was constructed from hard plywood 2cm thick, of length 60cm
and width 40cm which was wider than the base of the lysimeter tank. A hole (25cm in
diameter) was made at the middle of the platform. The water from the lysimeter soil
under saturation condition drips into the drainage collector below the edge of the hole.

Plates Il, Il and IV further illustrate the micro-lysimeter setup.

E

Plate Il The Weighg unit of the micro-limeter .
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* (a) = wooden pole, * (b) = glass manometer tube, * (c) = lysimetre tank, * (d) =
wooden platform, * (e) = automobile tube, * (f) = plastic runoff collector
Plate 111 The Micro-lysimeters set-up

Plate IV Crops growing in the micro-lysimeters and surrounding field
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3.5  Agronomic Practices

All the agronomy practices carried out in the field was also done at the same time to the

crops in the micro-lysimeters.

3.5.1 Land preparation

The experimental sites were ploughed, harrowed twice and then divided into three
replications with each consisting of two sub-plots of about 9.6 m2. The experimental
field was surveyed to mark the length of the pit to be excavated with respect to the row
crop. To excavate the marked area, a digger and a shovel was used to excavate the 400
cm long, 120 cm wide and 80 cm deep pits. An 80 cm deep pit was dug by summing up
the depth of the lysimeter bowl, the height of the wooden stand (platform) of which the
lysimeter rests upon, and the height of the tube. They were of equal dimensions across
the six pits so chosen. The depth of the pit was dug such that the soil in the lysimeter is

at the same level and height with that of the ridges when installed.

3.5.2 Planting of cowpeas

The lysimeters were filled with repacked soil and effort was made to simulate the
environment cropped with cowpeas in which the lysimeters was to be installed. Six (6)
micro-lysimeters were constructed and installed in the middle of the six (6) sub-plots.
Thirty-six (36) micro-lysimeters were installed in the main plot, one lysimeter for each
variety, to measure the evapotranspiration. Three (3) lysimeters were installed (without
crop) in the farm to estimate the rate of evaporation. A total of Thirty-nine (39) micro-
lysimeters were used for the set up. Cowpea seeds were sown by hand, 3 to 4cm deep in
the field and also in the micro-lysimeter tanks filled with soil from the field on the 22"

February, 2011.
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3.5.3 Mulch application

After the establishment stage at fifteen days after planting (15 DAP), black polyethylene
sheet and the deficit irrigation was introduced to the crops planted in the lysimeter tank
.The mulch plastic was cut into strips of about 0.40 m x 0.40 m and placed as a cover to
the lysimeter tank, to prevent evaporation.

3.5.4 Weed control

Weeding was done manually and adequately controlled during the entire growth stages
of the plant. Also weeds growing in and around the micro-lysimeters were removed as
they appear.

3.5.5 Fertilizer application

Single super phosphate (SSP) fertilizer application of 30 kg/ha was applied on the 12%"
March 2011, at least fifteen days (15 DAP) after planting, as recommended by the Food

and Agriculture Organization (FAO, 2005).

3.5.6 Pests and disease control

75 ml of Dimethrin insecticide and 30 g of Benlate (Benomyl) were also applied by
spraying, twenty-one days (21 DAP) after planting to control insect pests and diseases.
The insecticide spraying was done at two weeks interval until sixty-four days (64 DAP)

after planting.

3.5.7 Harvesting

The crops attained physiological maturity at about 70 days after planting and were

harvested at 90 days after planting.

27



3.6 Water Application

Surface irrigation method was used to convey water through field ditches which ran
parallel to the crops planted in the field surrounding the lysimeter installations. Water
was released from the main canal into a lateral ditch which conveyed the water by
gravity to the field ditches which service the experimental plots. The crops surrounding
the lysimeter installations were given full irrigation at li0o. However, the crops in the
lysimeter tank were irrigated manually using graduated plastic buckets to apply the
depth of water. The irrigation interval was seven (7) days and water application depth
per irrigation were obtained from a computation of weekly reference evapotranspiration
for a period of ten years data (2000-2010) for the study area using Modified Penman -
Monteith equation. The order of irrigation and water application depth per irrigation for

the season are shown in Table 4.1.

3.7 Data Collection

Data were collected on drainage water, irrigation water applied and the change in water
level in the manometer glass tube at an interval of 24 hours (evapotranspiration), the soil
evaporation component and the cowpea crops harvested both in the lysimeter and on the
field. The drainage water was collected in the calibrated plastic buckets and later poured
into a laboratory measuring cylinder calibrated in millimeters. Weather data from the
IAR meteorological station was also obtained for the purpose of computing the irrigation
water applied. The evapotranspiration (ETc) was obtained from the change in water level
inside the manometer tube (cm) and then converted to millimeters (mm) of water using a
conversion factor (3.8 mm). The evaporation component was obtained from the change
in water level inside the manometer tube of the lysimeter tank containing only soil with

no plants in it.
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After harvesting, the yield of the crops were converted to tons/ha by multiplying net plot
yield by a factor which was obtained by dividing 10,000 m? by the net plot areas and

multiplied by yield of each net plot.

3.8 Data Computation
3.8.1 Reference evapotranspiration (ETo)

The daily ETo was computed from the data of 2000-2010 using equation 2.5

To_0.408A(Rn—G)+yT3_2(; ~U2(es—ea)

A+y(1+0.34U2)

(3.1)

3.8.2 Conversion of weight of lysimeter tank and drainage volumes to millimeter
depth of water.

When plants are irrigated, the lysimeter tank containing the soil and crop vegetation
increases in weight and exerts pressure on the water-filled tube of the weighing system.
It then displaces certain volume of water which was indicated in the rise of the level of
water in the graduated manometer glass tube. As the crop used water, the water level in
the glass tube falls with time due to decrease in weight of the lysimeter tank resulting
from loss of water from the soil and plant foliage by evapotranspiration and from that
which goes out as runoff and drainage. The daily water displacement in the glass tube
was noted during the early hours of the day (7:00am) at an interval of 24hours and the
weight of the lysimeter tank at this interval was determined from the function,

Y = 2.2085x — 44.982 (Kg) (Which relates the weight of the tank to the water
displacement in the glass tube) derived from the calibration of the micro-lysimeter. The
daily water use from the lysimeter was determined by multiplying the daily differences
in weight of the lysimeter tank by a conversion factor of (3.8) which converts the weight
to millimeter depth of water. Thereafter, the daily evapotranspiration of the test crop was

computed using equation (3.2).
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Since there was little or no change in the lysimeter soil, the daily change in weight of the
lysimeter tank was due to the daily water use. The density of water is 1kg/l, which
implies that one litre of water weighs one kg. In converting one kg of water to mm depth
of water, its equivalent in cubic meter (0.001m®) was divided by the area of the lysimeter
tank (0.2639 m2) to obtain the conversion factor in meter which was further converted to
mm depth of water. The conversion factor obtained was 3.8 mm depth of water.

Therefore, one kg of water with respect to the micro-lysimeter tank was 3.8 mm.

3.8.3 Evapotranspiration (ETc)

The daily evapotranspiration (ETc) was obtained from the water balance method re-
arranged as:

ET =1; =Ry — D; = (W; — Wiy1)cf (3.2)
Where;

li= Irrigation water applied (mm) of day i

Ri = Runoff (mm) of day i

Di= Drainage (mm) of day i

Wi= Weight of the lysimeter soil on day i

Wi+1= Weight of the lysimeter soil the next day at an interval of 24hours.

cf= Conversion factor expressing the change in weight of lysimeter tank to mm depth of
water, obtained as 3.8 mm.

ETi= Evapotranspiration of day i (mm)

3.8.4 Computation of single crop coefficient (Kc)
The single crop coefficient estimated as a ratio of the ETc to ETo as given by Allen et

al., (1998)
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_ ETc
ETo

Kc (3.3)

Where;
Kc= Crop coefficient, ETc= Crop evapotranspiration (mm/day), ETo= reference crop

evapotranspiration (mm/day)

3.8.5 Computation of dual crop coefficient (Kecb + Ke)

For Kcp and Ke to be obtained, T and E components must be separated. The transpiration
component (T) was obtained from the treatments that were mulched. Using the black
polyethylene plastic mulch eradicates the evaporation component (E). The E component
was obtained from the lysimeter tanks that had no plants in them. Therefore, Kc, and Ke

were estimated as a ratio of;

T
ch: E_To (34)
_E
Ke = TTo (3.5

(Allen et al., 1998)

Where;

K= basal crop coefficient, Ke= soil evaporation coefficient, T= Transpiration
component (mm/day), E= Evaporation component (mm/day) and ETo = reference

evapotranspiration (mm)

3.9  Computation of Water Stress Coefficient (Ks)

The water stress coefficient (Ks) integrates the crop and soil factors that make the actual
crop water use of the deficit irrigated condition differ from crop water use under fully
irrigated condition. Richard et al., (1998) stated that, when the potential energy of the

soil water drops below a threshold value, the crop is said to be water stressed. The
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effects of soil water stress are described by multiplying the crop coefficient by the water

stress coefficient (Ks) and determined using equation (2.4).

3.10 Determination of Yield Response Factor
Doorenbos and Kassam (1979) introduced the yield response factor (Ky) which relates

the decline in yield per unit decrease in seasonal consumptive water use (SCWU) to

describe the relationship between SCWU deficit (1 — %) and yield reduction
(-7

(1-5) =Ky (1 - =2 (37)
Where;

Ya = actual yield for each treatment (t/ha)

Ym = maximum vyield obtained (t/ha)

SCWUveericit= seasonal consumptive water use of the deficit irrigated treatments (mm)
SCWU-= crop water use of the fully irrigated treatment ((mm)

Ky = yield response factor.

3.11 Determination of Crop Water Use and Irrigation Water Use Efficiencies

The crop water use efficiency (CWUE) was determined as the crop yield divided by the
seasonal crop water use (seasonal evapotranspiration) in line with (Flenet et al., 1996),
and the irrigation water use efficiency (IWUE) was evaluated as the crop yield divided
by the total irrigation water applied in line with (lbragimov et al., 2007, Howell et al.,

1990) and the values were recorded.
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3.12 Crop Data

Grain yield was estimated from seed weight per net plot. This was determined by
harvesting the pods in the net plots, dried, threshed and then measured using a weighing
balance.

3.13 Data Analysis

The data collected were statistically analyzed using the analysis of variance procedure of
S AS. Significant treatment means were compared using Duncan Multiple Range test

(DMRT) at 5% level of probability.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Grain Yield

Table 4.1 shows the grain yield obtained in tons per hectare (t/ha). SAMPEAT variety
under full irrigation of 100% weekly ETo (li00) produces the highest yield of 1.29 t/ha
for the BPM treatments while the treatment under deficit irrigation of 50% weekly ETo
(Iso) produced a lower yield of 0.42 t/ha for the BPM crop. It could be deduced that the
BPM treatments produced higher yields than the NM treatments with a percentage
difference of about 14%. Tolk and Howell (2001), Liu and Luo (2010) have concluded
that mulching increases soil moisture and nutrients availability to plant roots, in turn,
leading to higher grain yield.

Table 4.1 Classification of cowpea and dry matter yields in tons/hectare

S/INO Varieties Treatments Grainyield (t/ha) Dry matter (t/ha)
1 V1,l100,NM 0.83 3.06
2 Vi,l75, NM 0.53 2.64
3 SAMPEA 9 V1,150, NM 0.29 2.49
4 V1,l100,BPM 1.12 3.22
5 Vy,l7s, BPM 0.76 3.13
6 V1,ls0, BPM 0.63 2.73
7 V2,l100, NM 1.04 3.36
8 V2,175, NM 0.87 3.30
9 V2, Iso, NM 0.54 2.68
10 SAMPEA 7 V2,l100, BPM  1.29 3.83
11 V2, lzs, BPM 1.14 3.37
12 V2, Isp, BPM  0.42 2.80
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SAMPEAO9 variety under full irrigation of 100% weekly ETo (l100) produced a high yield
of 1.12 t/ha for the BPM treatment and 0.29 t/ha was produced by Iso for the NM
treatment. The BPM treatments also produced higher yields than the NM treatments with

a percentage difference of about 34%.

The impact of deficit irrigation on grain and dry matter yields of SAMPEAT variety
ranged from 16 to 48% and 2 to 20%, respectively for the NM treatments, a range of 12
to 68% and 12 to 30% for the grain and dry matter yields respectively of the BPM
treatments, with the highest values in the range occurring at 50% weekly ETo (Iso). This
confirmed that grain yields and dry matter yields of cowpea SAMPEA?7 could be
reduced by up to 48% and 20%, respectively for the NM treatments, 68% and 30% for

the BPM treatments due to deficit irrigation.

Similarly, the magnitude of impact due to deficit irrigation on grain and dry matter
yields of SAMPEAO9 variety ranged from 36 to 65% and 14 to 19%, respectively for the
NM treatments, a range of 33 to 44% and 3 to 15% for the grain and dry matter yields
respectively of the BPM treatments, with the highest values in the range occurring at
50% weekly ETo. This entails that grain yields and dry matter yields of cowpea
SAMPEA9 could be reduced by up to 65% and 19%, respectively for the NM
treatments, 44% and 15% for the BPM treatments due to deficit irrigation. Abbas et al.,
2017 reported the impact of deficit irrigation on cowpea grain yields at the range of 4 to

58.8%.

According to the results of this study, cowpea grain and biomass yields decreases with

increasing moisture stress because of the intense heat in the months of March and April
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during growth period and reduction in the flowering. Turk and Hall (1980) reported that
irrigation stress reduces yield during flowering and grain filling about 44 and 29%
compared to full irrigation system, respectively. Acosta-Gallegos and Adams (1991) said
that water stress significantly reduces grain yield and yield components in beans. The

results of this study are consistent with the results of the presented investigations.

SAMPEA7 variety performed better than SAMPEA9 variety with a percentage
difference of about 21% at the same agronomic conditions. The highest yield of 1.29 t/ha
was lower than that of farmer’s practice (1.5 t/ha) as reported by Dugje et al., (2009),
under rain fed conditions. Similarly, Faloye et al., (2015), obtained a range of 0.62 —

1.27 tons/ha for ife brown cowpea variety, under sprinkler irrigation.

Table 4.2 shows the mean grain and dry matter yields of cowpea as affected by variety,
irrigation and mulch during the 2011 dry season. Statistically, it was observed that
treatment means of cowpea grain and dry matter yield were significantly different at 5%
level of probability with respect to the varieties, deficit irrigation levels and mulch.
Yields of treatments at 1100 are significantly different from that of I7s and Iso. In general,
the cowpea vyield declined with decrease in percent irrigation levels from 100-50%.
There was no interaction among the tested factors for grain yield and dry matter yield

respectively.

Under the cowpea varieties, the treatments means of SAMPEATY (V) performed better
than SAMPEAY9 (V1) with the highest grain and dry matter yields of 0.88 t/ha and 3.22
t/ha, respectively. Considering the irrigation treatments, the highest grain and dry matter
yields were obtained at 1100 with 1.07 t/ha and 3.37 t/ha, respectively, followed by Iz

with 0.82 t/ha and 3.11 t/ha and the least at Isp with 0.47 t/ha and 2.68 t/ha.
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Under mulching, there was significant difference (at p>0.05) between the BPM and NM
treatments. It was noticed that the highest grain and dry matter yield was obtained by the
BPM mulched treatment which recorded 0.89 t/ha and 3.18 t/ha, respectively.

Table 4.2 Mean grain and dry matter yield of cowpea as affected by variety, irrigation
and mulch during 2011 dry season

Treatment Dry matter yield (t/ha) Grain yield (t/ha)
Variety

SAMPEA 7 3.223a 0.88a
SAMPEA 9 2.877b 0.69b
SE+ 0.045 0.025
Irrigation

1100 3.37a 1.07a
175 3.11b 0.82b
Iso 2.68¢ 0.47c
SE+ 0.056 0.031
Mulch

BPM 3.18a 0.89%a
NM 2.92b 0.68b
SE+ 0.045 0.026
Interaction

Vxl NS NS
VXM NS NS
IxM NS NS
VXxIxM NS NS

Means followed by the same letter(s), in a column of any treatment group are not significantly different at
5% probability level, NS- Not Significant, 1100=0% deficit, 175=25% deficit, 150=50% deficit; NM= No
mulch, BPM= black polyethylene mulch

In general, SAMPEAT7 at 100% ETo and using the BPM mulch gave the highest yield
compared to SAMPEAQ at any irrigation and mulch levels. The increased grain yield

was mainly due to adequate soil moisture availability to the growth stages of crop and
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effective nutrients uptake throughout the crop growth stages since both the inputs

exerted beneficial effect on yield contributing factors.

4.2 Soil Water Balance Components

4.2.1 Irrigation water applied in the micro-lysimeters

Table 4.3 shows the total irrigation water applied during the cropping season in relation
to the various treatments at 100%, 75% and 50% irrigation levels and mulching. The
highest irrigation water applied under irrigation treatment was at lipo with 545 mm and
the least was at Iso with 275 mm. Hall and Patel (1985), reported that most short duration
cowpea cultivars require 600 mm rains per annum while medium to long duration
cowpeas require 600 —1500 mm rains. It would be noticed that the peak amount of water
applied was at the mid-season stage across all treatments in both varieties. This was
because of high crop water requirement at the mid-growth stage and climatic factors
such as high temperature, sunshine hours and wind speed in the months of March to

April, 2011 in Samaru, Zaria.

Considering the trend along the different irrigation levels indicated that the irrigation
water applied, decreases with increase in deficit irrigation. While the irrigation water
applied increases, along the plant growth stage from the initial stage to the mid-season
stage and declines towards the late-season stage. The highest irrigation water applied
was 63 mm/day at 50-59 days after planting (DAP) for the lioo treatments in both
varieties. The least water applied was 14 mm/day at 1-5 DAP for the Iso treatments in

both varieties.
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Table 4.3 Growth stages and seasonal irrigation water applied (mm)

Treatment Initial stage Development stage Mid-Season stage Late-Season
stage

DAYS AFTER PLANTING
1-5 6-14 15-21 22-28 29-35 36-42 43-49 50-59 60-63 64-70 71-79 80-90 Total

NM  lio 28 45 42 45 48 44 49 63 48 40 48 45 545
I75 21 34 32 34 36 33 37 48 36 30 36 34 411
Iso 14 23 21 23 24 22 25 32 24 20 24 23 275

V1
BPM 100 28 45 42 45 48 44 49 63 48 40 48 45 545
I75 21 34 32 34 36 33 37 48 36 30 36 34 411
Is0 14 23 21 23 24 22 25 32 24 20 24 23 275
NM oo 28 45 42 45 48 44 49 63 48 40 48 45 545
75 21 34 32 34 36 33 37 48 36 30 36 34 411
Iso 14 23 21 23 24 22 25 32 24 20 24 23 275

V2
BPM 100 28 45 42 45 48 44 49 63 48 40 48 45 545
I75 21 34 32 34 36 33 37 48 36 30 36 34 411
Is0 14 23 21 23 24 22 25 32 24 20 24 23 275
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4.2.2 Drainage obtained from the micro-lysimeters

Table 4.4 shows the weekly and total drainage per treatment along the growth stages,
during the period of the study. The seasonal drainage ranged from 3.9 to 88.6 mm for
SAMPEAY and 6.0 to 89.5 mm for SAMPEAO9, with the highest range occurring at the
mulched treatments. A comparison of the weekly water lost to drainage on the bases of
irrigation treatment indicated that weekly and total drainage water decreased with
increase in deficit irrigation. Similarly, in comparison of the drainage water on the bases
of mulched treatments indicated that drainage increases with the BPM treatments than

the NM treatments.

The decrease in drainage due to increase in deficit irrigation ranged from 40 to 95% for
SAMPEATY variety and 18 to 93% for SAMPEAO9 variety, with the highest values in the
range occurring at Isp treatments with no mulch (NM). The pattern of decrease in
drainage as a result of deficit irrigation was expected since deficit irrigation reduces the
amount of water available in the soil and as such, little or no drainage will be available.
The study however reveals that applying water at Iso reduces peak drainage in the two

cowpea varieties by about 94%.

A careful study of the trend of the total drainage reveals that for the two varieties, the
drainage of the BPM treatments, irrespective of irrigation regime, were about 47%
higher than the NM treatments at the initial and 84% higher at the development stages of
the plant. At mid-season stage, the drainage of the BPM treatments was 72% higher than
the NM treatments and 53% higher than the NM treatments at the late-season stage. This
confirms that much drainage water was lost by the BPM treatments when compared to

the NM treatments, particularly at the development stage of the plant.
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Table 4.4 Growth stages, weekly and total drainage (mm)

Initial stage Development stage Mid-Season stage Late-Season stage
DAYS AFTER PLANTING
Treatment 1-5 6-14 15-21 22-28 29-35 36-42 43-49 50-59 60-63 64-70 71-79 80-90 Total
NM  lio 0.0 0.0 5.0 4.9 3.7 1.4 2.4 114 0.0 0.0 0.9 3.2 32.9
Ils 0.0 0.0 0.7 0.0 0.0 0.0 51 0.0 4.2 0.0 7.2 0.8 18.0
Ilso 0.0 0.0 0.2 0.0 0.0 0.0 1.9 1.0 0.0 0.0 0.5 2.4 6.0
V1
BPM 10 0.0 0.3 1.1 6.2 15.0 15.0 12.5 165 35 10.4 5.0 4.0 89.5
Ils 0.0 0.0 1.2 2.1 9.2 16.8 102 7.8 0.0 4.7 17.8 3.4 73.2
Ilso 0.0 0.0 4.1 0.0 0.0 1.1 2.5 0.0 0.0 0.8 0.0 1.8 10.2
NM  lwo 0.0 0.0 1.3 4.2 6.6 1.9 2.0 7.3 0.0 0.0 0.0 1.6 24.9
Ils 0.0 0.0 0.2 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8 5.2
Iso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.9 3.9
V2
BPM 10 0.0 0.0 4.2 8.1 19.6 21.1 105 5.2 4.7 4.1 7.8 3.3 88.6
s 0.0 0.0 0.0 34 10.2 145 121 49 2.7 0.0 3.4 1.5 52.9
lso 0.0 0.0 3.9 2.0 2.3 5.2 3.7 0.0 0.4 0.9 2.6 1.1 22.1




This implies that the higher the irrigation water applied, the higher the drainage volume
obtained. This was further supported by the use of the black polyethylene mulch which
reduces the evaporation component, thereby conserving more moisture within the
lysimeter. At the same depth of water applied, SAMPEA7 gave less drainage water

compared to SAMPEADO.

4.2.3 Evapotranspiration (ETc)

Table 4.5 shows the weekly and total (ETc) of the various treatments (mm) across the
various growth stages. It shows differences in the amount of water consumed daily by
cowpea due to transpiration through the plant foliage and evaporation from the surface
of the leaves and adjacent soil surface. There was a gradual rise in the ETc for the NM
treatments from the initial stage to the mid-season stage, this was due to high wind
velocity, increases in the available soil moisture and loses of water from the plant foliage
thereafter, and the ETc starts declining immediately after the mid-season stage across the
two cowpea varieties.

The total ETc ranged from 187.6 to 335.6 mm day? across the two varieties
(SAMPEA’s 7 and 9). This range of values are much higher than those seasonal ETc
range of 131 to 255 mm and 159.5 to 262.5 mm reported by Moroke et al., (2011),
Adekalu and Okunade, (2006), respectively and a much lower value than the result of
457.70 mm reported by Hashim et al., (2012). A comparison of the weekly and total ETc
on the bases of irrigation treatment indicated that weekly crop water use (ETc) decreased
with increase in deficit irrigation. The average daily peak consumptive use of the
treatments given full irrigation (I100) was 5.3 mm day™ and 6.3 mm day! at the mid-

season stage for SAMPEAY and SAMPEAOY, respectively.
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Table 4.5 Growth stages, weekly and total ETc (mm)

Late-Season

Treatment Initial stage Development stage Mid-Season stage stage
DAYS AFTER PLANTING
1-5 6-14 15-21 22-28 29-35 36-42 43-49 50-59 60-63 64-70 71-79 80-90 Total
Vi NM  li0 109 20.1 204 26.0 29.0 332 36,5 564 253 35.6 246 176  335.6
ls 126 203 183 208 217 228 26.2 411 191 246 212 183 267.0
Isp 109 209 18.1 15.7 16.5 16.8 175 279 122 17.3 12.9 13.5  200.2
BPM lwo 109 208 189 152 184 197 202 303 135 199 18.7 18.2 2247
s 10.8 209 185 150 163 1838 206 31.2 138 197 185 16.0 220.2
lso 11.2 209 17.3 149 140 144 152 251 122 156 134 135 187.6
V2 NM 0 114 209 181 264 27.0 295 31.7 482 211 337 280 199 3158
ls 112 21.2 180 21.3 225 236 260 40.0 182 255 208 189 267.1
Isp 114 214 178 15.7 16.8 154 170 265 120 16.1 14.0 129  197.0
BPM li0 112 209 173 154 18.1 19.4 19.7 291 127 209 18.6 18.0 2213
ls 114 203 184 152 162 179 195 290 128 207 185 16.1 216.0
Iso 11.2 206 176 153 158 1538 156 251 113 1538 136 136 1913
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Liyanage et al., (1992) observed that lysimeters measurement showed a peak daily
evapotranspiration of cowpea during early pod filling stage and averaged to be about 8
mm. The highest ETc obtained show that Cowpea needs much more application of water
during the fruiting stage than at emergence (initial stage) and senescence. Similar
observation was reported by (Aboamera, 2010; Souza et al., 2005). They reported an
increase in evapotranspiration of cowpea, during the fruiting (mid season stage) using
the water balance method. The decrease in crop consumptive use due to deficit irrigation
ranged from 2 to 37% for SAMPEAY and 1 to 40% for SAMPEAY, with the highest

values in the range occurring at Iso treatments.

The pattern of decrease in consumptive use (ETc) as a result of deficit irrigation was
expected since deficit irrigation reduces the amount of water available in the soil for
plant uptake. The study however reveals that applying water at 75% ETo, reduces peak
consumptive use of the cowpea crop by about 15% in SAMPEA7 and 20% in
SAMPEAO9. More so, if water is applied at 50% ETo, the peak consumptive use of the

cowpea crop will be reduced by about 37% in SAMPEAY and 40% in SAMPEAZO.

However, a careful study of the trend of the weekly ETc reveals that in the two crop
varieties, the total ETc of the NM treatments, irrespective of irrigation regime, were
about 1 to 2% higher than the mulched treatments at the initial stage, 33% higher than
the mulched treatments at the development stage, 36 to 43% higher at the mid-season
stage and 10 to 17% higher at the late-season stage. At the development stage, both

SAMPEA’s 7 and 9 were 33% higher than the mulched treatments.

4.2.4 Transpiration (T) and evaporation (E) components
The transpiration (T) and evaporation (E) components are shown in Table 4.6. The

transpiration components were obtained from the mulched treatments (BPM) while the
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Table 4.6 Transpiration (T) and evaporation (E) components (mm)

Initial stage Development stage Mid-Season stage Late-Season stage
DAYS AFTER PLANTING
Treatment 1-5 6-14 15-21 22-28 29-35 36-42 43-49 50-59 60-63 64-70 71-79 80-90 Total
E lwo 114 198 254 187 176 175 17.5 17.3 169 10.7 13.7 149 2013
ls 107 204 204 186 153 150 149 148 124 127 116 123 179.1
Iso 108 20.2 16.9 152 123 123 123 122 106 9.8 10.2 105 1533
V1
T lwo 109 208 189 152 184 197 202 303 135 199 18.7 182 2247
ls 108 20.9 185 150 163 188 206 31.2 138 197 185 160 220.2
Iso 11.2 209 17.3 149 140 144 152 25.1 122 156 134 135 187.6
E lwo 114 198 254 187 176 175 17.5 17.3 169 10.7 13.7 149  201.3
s 10.7 204 204 186 153 150 149 148 124 127 116 123 179.1
lso 108 20.2 16.9 152 123 123 123 122 106 9.8 10.2 105 1533
V2
T lwo 11.2 209 17.3 154 181 194 19.7 29.1 127  20.9 18.6 18.0 2213
ls 114 20.3 184 152 162 179 195 290 128 207 185 161 216.0
Iso 112 206 17.6 153 158 15.8 156 25.1 11.3 158 13.6 13.6 191.3
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evaporation components were computed from the uncropped lysimeters. The total E
ranged from 153.3 to 201.3 mm with the least occurring at Isop and the highest at 1100
across the irrigation regime. The deficit irrigation and mulching were imposed on the
treatments at 15 DAP until harvest. The E of l100 treatment achieves its peak of 25.4 mm
at the initial stage and continually decreases along the growth stages until the late season
stage. This is because when the crop is small, water is predominately lost by soil
evaporation but once the crop is well developed and completely covers the soil,
transpiration becomes the main process (Richard et al., 1998). It would be noticed that

the E also decreases as the deficit irrigation increases.

The T component however, shows an inverse relationship with the E component. While
the E component decreases along the crop growth stages, the T component increases.
This was as a result of growth increase in the crop and plant foliage therefore leading to
more water losses. The trend of the T component also indicates that it decreases along
the irrigation regimes as the deficit irrigation increases. The total T component was
higher than the total E component by 15% in both SAMPEA7 and SAMPEAY. This
implies that water lost through transpiration was 15% higher than that lost from

evaporation.

4.3 Irrigation Water Use Efficiency (IWUE)

Table 4.7 shows the irrigation water use efficiency (IWUE) of cowpea SAMPEA7Y and
SAMPEAOY. The IWUE ranged from 1.52 kg/ha-mm to 2.77 kg/ha-mm and 1.06 kg/ha-
mm to 2.30 kg/ha-mm for SAMPEA7 and SAMPEAO9 respectively. 75% weekly ETo
with BPM gave the highest IWUE in SAMPEAY and 50% weekly ETo with BPM gave
the highest IWUE in SAMEADQ. This result confirms that limiting soil evaporation with

mulches is a key action to save irrigation water and to improve the IWUE.
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Table 4.7 Irrigation water use efficiency for cowpea SAMPEA7 and SAMPEA9

Treatments IWUE kg/ha-mm
V1 NM l100 1.53
175 1.29
Is0 1.06
BPM l100 2.06
175 1.84
Iso 2.30
V2 NM l100 1.90
75 2.12
Is0 1.52
BPM l100 2.36
I75 2.77
Is0 1.98

Furthermore, the increase in IWUE due to black polythene mulching occurred from
better moisture utilization by checking evaporation loss and fall of soil temperature
during winter and lesser competition of weeds. Similar results were also reported by

Saifullah et al., (1996) and Pessala (1994) in tomato, cabbage and kohlrabi, respectively.

44  Crop Water Use Efficiency (CWUE)

Table 4.8 shows the CWUE for both SAMPEA7 and SAMPEA9 cowpea varieties. It
was deduced from Table 4.8 that the average water use efficiency ranged from 2.18
kg/ha-mm to 5.82 kg/ha-mm for SAMPEA7 and 1.45 kg/ha-mm to 5.01kg/ha-mm for
SAMPEAO9, with the highest values in the range occurring at 100% weekly ETo and
BPM treatments. The highest CUWE obtained from this study were higher than CWUE
of 1.15 kg/ha- mm obtained by Binny et al., (2016) for cowpea, under sprinkler

irrigation.
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Table 4.8 Crop water use efficiency of cowpea for SAMPEA7 and SAMPEA9

Treatments CWUE kg/ha-mm
V1 NM l100 2.49
I75 1.98
Iso 1.45
BPM l100 5.01
I75 3.34
Iso 3.37
V2 NM l100 3.29
175 3.27
Is0 2.18
BPM l100 5.82
I75 5.26
Is0 2.76

Among the two cowpea varieties, the CWUE for SAMPEAT7 was higher than the CWUE
for SAMPEAS by about 16% at 100% weekly ETo. The highest CWUE values produced
by SAMPEAY according to Blum (2005), may be probably due to cowpea SAMPEA7
ability to reduce their crop water use, which is reflected in higher water use efficiency,
and is generally achieved by plant traits (for example, small plant size, small leaf area,
reduced growth, etc.) and environmental responses that reduce vyield potential.
Considering the trend along irrigation levels indicated that the CWUE decreases with
increase in deficit irrigation. The increased CWUE at 100% weekly ETo was mainly due
to adequate soil moisture available to the growth stages of crop and increased nutrients
uptake throughout the crop growth stages since both the inputs exerted beneficial effect

on yield contributing factors. The observed results are inconformity with the findings of
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Singh et al., (2006) and Abu and Malgwi, (2012). The lower CWUE were ascribed to
reduction in grain yield under limited irrigations (50% weekly ETo) and NM.

45  Biomass and Grain Yield — Seasonal Crop Water Use

The biomass and grain yield — seasonal crop water use relationship were established
using the least square method. The line of best fit was drawn to establish linear
relationship between biomass yield, grain yield and seasonal crop water use for the no
mulch treatments. A linear relationship was found between the yields and seasonal crop
water use as;

Biomass yield (BY) = 1.685 + 0.004ETc (4.2)
Grain yield (GY) = —0.339 + 0.003ETc 4.2)
From figure 4.1, it reveals that an evapotranspiration threshold of 146 mm is required

before grain yield initiation. Water use also had a positive correlation with the grain

yield.
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Figure 4.1 Biomass, grain yield and seasonal crop water use relationship for No mulch.
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These relationships gave a regression coefficient (r?) which shows that, about 50% of
total biomass yield and 60% grain yield of the NM treatments were due to limited soil
water as a result of regulated deficit irrigation by lzs and Isp treatments. This effect
caused reduction in the biomass yield and grain yield of SAMPEA7 and SAMPEA9
cowpea varieties. Seed yield variation is related to the amount of moisture available to
the crop; in the late season cropping period, declining status of stored soil water from
irrigation and increasing intensities of stressful situations had profound effect on cowpea
biomass and seed vyields. Pressman et al., (2002) also attributed low crop yield to
extreme weather condition enhanced dehydration of pollen and poor pollination and

embryo abortion.

Figure 4.2 is the biomass yield and grain yield of black polyethylene mulch (BPM)

plotted against the seasonal evapotranspiration.
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Figure 4.2 Biomass, grain yield and seasonal crop water use relationship for BPM mulch

The relationship gave the linear equation below;

Biomass yield (BY) = —0.428 + 0.017ETc (4.3)
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Grain yield (GY) = —2.212 + 0.014ETc (4.49)

The seasonal evapotranspiration ranged from 187 mm to 225 mm and the grain yield
ranged from 0.42 t/ha to 1.29 t/ha. The biomass yield and grain yield also show a
positive correlation with the crop water use under the BPM treatments. They gave a
correlation (r?) value of 50% and 60% for the biomass and grain yield respectively. This
was because the use of black polyethylene mulch (BPM) improved soil water storage in
all the growth stages of the cowpea varieties, resulting in higher yields compared to the

no mulch (NM) treatments.

4.6  Yield Response Factor

Table 4.9 shows the relative decreases in seasonal crop water use and grain yield. The
computation of the relative yield decrease was done with reference to the fully irrigated
treatment in order to be consistent.

Table 4.9 Relative yield and relative seasonal crop water use of cowpea crop for
SAMPEA’s 7 and 9.

Varieties Treatments Relative SCWU Relative decreasing yield
deficit

V1,l100,NM 0.00 0.00
V1,175,NM 0.20 0.21

SAMPEA 9  Vi,l50,NM 0.40 0.51
V1,l100,BPM 0.00 0.00
V1,175,BPM 0.33 0.32
V1,ls0, BPM 0.39 0.43
V2,l100, NM 0.00 0.00
V2,175, NM 0.15 0.16

SAMPEA 7 V3,ls0, NM 0.38 0.47
V2,l100, BPM 0.00 0.00
V2,l7s, BPM 0.33 0.31
V2,150, BPM 0.40 0.47
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The relative yield decrease (1 — :—; ) and relative seasonal crop water use (SCWU) —

(1 —%) deficit were noticed to increase with increase in irrigation deficit in the

mulched and or no-mulch practices. It may be noticed from Table 4.9, that relative
decreases in seasonal crop water use of the Iss treatments were only between 12 and
26%, while the relative yield decreases were also between 11 and 22% for SAMPEA7
treatments. The relative decreases in SCWU of the 15 treatments ranged between 30 and

31% and relative yield loss of 33%.

It was observed that the Iso treatments had no much difference in SCWU and yield losses
when compared with the NM and BPM. While for SAMPEAS9 treatments, the relative
decreases in SCWU of the I7s treatments were between 15 and 25%, and the relative
yield decreases were between 14 and 21%. The relative decrease in SCWU of the Iso
treatments was approximately 30% and relative yield loss of between 29 and 35%.
Figures 4.3 and 4.4 show the yield response factors (Ky) for NM and BPM treatments,
respectively, obtained by plotting the pooled data of the relative yields and relative
seasonal crop water use. The Ky values were obtained as 1.22 and 1.10 for the NM and

BPM, respectively.

The Ky values obtained from this study closely agree with Doorenbos and Kassam
(1979) which gave seasonal Ky value of cowpeas as 1.15. The coefficient of
determination (r?) for the NM was 0.991 and 0.977 for BPM treatments. Before
implementing a deficit irrigation programme, it is necessary to know crop yield
responses to water stress, either during defined growth stages or throughout the whole

season (Kirda and Kanber, 1999).
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Figure 4.3 Yield response factor (Ky) of the no-mulch treatment.
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Figure 4.4 Yield response factor (Ky) of the black polyethylene mulch treatment.

The treatment with the higher ky value will suffer a greater yield loss than the treatment
with a lower ky value. When different crops are cultivated, yield response to water
deficit in different individual growth periods is of major importance in the scheduling of
available but limited supply in order to obtain highest yield. According to Doorenbos
and Kassam (1979), Ky < 1.0 indicates that the decrease in yield is proportionally less

with increase in water deficit, while yield decrease is proportionally greater when Ky >
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1.0. The results of this study show that with or without mulch, the yield decreases of the
cowpea crop were proportionally greater with increase in evapotranspiration deficit. It is
however noticed that the Ky value of the no-mulch treatment was higher than the
mulched treatment by about 10%. This implies that the proportional decrease in yield
under the no mulch condition was much higher than the mulched condition. It also
suggests that mulching helped to cushion the impact of the deficit irrigation on yield.
Among the two cowpea varieties, SAMPEAY cushioned the relative decrease in yield as
a result of water deficit more than SAMPEAS. This further confirms that SAMPEAT is
more tolerant to water stress than SAMPEAD.

4.7  Single Crop Coefficient (Kc) for Irrigated Cowpea under Full Irrigation
Conditions.

Table 4.10 (a and b) show the crop coefficient values for the growth stages of the two
cowpea varieties for 2011 irrigation season.

Table 4.10a The average Kc values for SAMPEAY variety developed at the end of the
study

GROWTH STAGES

Initial Development Mid-season Late-season
Treatment  (0-21) DAP (22-42) DAP (43-70) DAP (71-90) DAP

Kc of NM treatment

l100 0.34 0.59 0.64 0.42

Kcdeficit of NM treatment

NM Iz 0.34 0.48 0.52 0.34
Is0 0.34 0.34 0.34 0.23
V2
Kc of BPM treatment
100 0.34 0.37 0.40 0.31
BPM Kcdeficit 0f BPM
175 0.34 0.35 0.39 0.30
Iso 0.33 0.33 0.32 0.24
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Table 4.10b The average Kc values for SAMPEAS9 variety developed at the end of the
study

GROWTH STAGES
Initial Development Mid-season Late-season
Treatment (0-21)  (22-42)DAP  (43-70) DAP (71-90)DAP

Kc of NM treatment
l100 0.34 0.63 0.73 0.36

Kcaeficit of NM treatment
NM 175 0.35 0.46 0.53 0.34
Iso 0.33 0.35 0.36 0.22

Kc of BPM treatment
1100 0.34 0.38 0.40 0.32

Kcaeficit of BPM treatment
BPM 75 0.34 0.37 0.40 0.30
Iso 0.33 0.31 0.33 0.23

The Kc of the fully irrigated treatments for SAMPEA7 NM treatments are 0.34 for the
initial stage, range of 0.34 to 0.59 for the development stage, 0.34 to 0.64 for the mid-
season stage and 0.23 to 0.42 for the late-season stage. The SAMPEA7 BPM treatments
have a Kc range of 0.33 to 0.34 for the initial stage, 0.33 to 0.37 for the development
stage, 0.32 to 0.40 for the mid-season stage and 0.24 to 0.31 for the late-season stage.
While the Kc of the fully irrigated treatments for SAMPEA9 NM treatments ranged
from 0.33 to 0.35 in the initial stage, 0.35 to 0.63 in the development stage, 0.36 to 0.73

in the mid-season stage and 0.22 to 0.36 in the late-season stage.

The SAMPEA9 BPM treatments have a Kc range of 0.33 to 0.34 for the initial stage,
0.31 to 0.38 for the development stage, 0.33 to 0.40 for the mid-season stage and 0.23 to
0.32 for the late-season stage. The least values observed in the ranges above were either
the Kc at the beginning of the season (which may be taken as the Kcinitial) Or the end of

the season (which may be taken as Kcend), While the highest values were the peak Kc
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which may be taken as the Kcmia. The Kcmig values were recorded at the latter part of
pods formation to earlier part of pods enlargement stages in both varieties. Declining Kc
values during maturity stage might be due to reduced sensitivity of the stomata as leaves
begin to senescence (Fraust, 1989). The Kc result show that the highest water

requirement occur at flowering and pod formation (mid season) stage.

The mean Kc values of the no-mulch (NM) of l100 treatment for four growth stages of
the crop: initial, development, mid-season and late-season stages were found to be 0.34,
0.59, 0.64, 0.42, respectively for SAMPEAY and 0.34, 0.63, 0.73, 0.36, respectively for
SAMPEAO9. The mean Kc values for the four growth stages of the BPM of 1100 treatment
for SAMPEAT7 were 0.34, 0.37, 0.40 and 0.31 for the initial, development, mid-season
and late-season respectively, while for SAMPEAY the values were obtained as 0.34,

0.38, 0.40 and 0.32, respectively.

The largest Kc value of 0.73 was recorded from SAMPEA9 at the mid season stage
where it witnessed its peak water use, while the Kc value of 0.64 was recorded from
SAMPEAT7 as shown in Figure 4.5. Aboamera, (2010) also obtained a Kc of 0.67 for
Cowpea at the mid Season stage under irrigation system. These Values were quite lower

than Kc Value of 1.05 as recorded by Allen et al., (1998).

A comparison of the Kc values of the different management conditions showed that for
SAMPEAY7, the Kc values of the NM treatment were higher than the BPM treatment by
about 22.2%, 22.5% and 9.3% for development, mid-season and late-season stages,
respectively. While for SAMPEADJ, the Kc values of the NM treatment were higher than
the BPM treatment by about 26.1%, 37.3% and 1.4% for development, mid-season and
late-season stages, respectively. These findings agrees with (Allen et al., 1998) which

suggested that Kc values of horticultural crops at mid- and late-seasons under plastic
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mulch may be less by 10 to 30% compared with no mulch condition, depending on the
frequency of irrigation. The decrease, they said, is associated with reduction in soil

evaporation.
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Figure 4.5 Kc curve for SAMPEA7 and SAMPEAQ for the NM Treatment.

4.8  Single Crop Coefficient (Kc) for Irrigated Cowpea under Deficit Irrigation
Conditions

Table 4.10 (a and b) also shows the crop coefficient values under deficit irrigation
conditions for the different management practices (Kceeficit) and the two cowpea
varieties. It can be noticed that crop coefficients were affected by irrigation deficits, as
the values decreases with increase in deficit irrigation. A comparison of Kc (fully
irrigated treatments) and Kcgeficit Showed that the mean values of Kc were higher than
Kcgeficit for SAMPEAT by about 8.7% and 16% for the I75 and Isp NM treatments and 1.4
and 4.2% for the l7s and Iso BPM treatments. The peak Kc values of the respective mulch
management conditions were observed to be higher than the peak Kc deficit values by

about 1.3 — 21%. Whereas for SAMPEAY, the mean values of Kc were higher than
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Kcudeficit by about 11% and 18% for the I7s and Iso NM treatments and 0.0 and 4.4% for
the I75 and Isp BPM treatments. The peak Kc values of the respective mulch management
conditions were noticed to be higher than the peak Kc deficit values by about 0.0 — 25%.
This suggests that under deficit irrigation, peak crop coefficient values may be reduced

by up to 25%.

The mean Kceficit Values of the no-mulch treatment for four growth stages of SAMPEA7
crop as shown in Table 4.10a were; 0.34, 0.41, 0.43 and 0.29 for initial, development,
mid-season and late-season respectively and 0.34, 0.34, 0.36 and 0.27 for BPM
treatments. While the mean Kcaeficit Values of the no-mulch treatment for four growth
stages of SAMPEA9 crop as shown in Table 4.10b were; 0.34, 0.41, 0.45 and 0.28 for
initial, development, mid-season and late-season respectively and 0.34, 0.35, 0.37, and
0.27 for BPM treatments. It was noticed that there was no much differences among the
mean Kcgefict values of mulched and no-mulch treatments, which implies that mulching
did not necessarily influence crop coefficient under deficit irrigation.

4.9  Direct Evaporation (Ke)

Table 4.11 shows the direct evaporation (Ke) values obtained from the three bare micro-

lysimeters installed on the field.

Table 4.11 Direct evaporation (Ke)

Stages of water application

Initial Development Mid-season Late-season
Ke

0.33 0.38 0.33 0.24

It would be observed that the mean Kc values of SAMPEAT7 variety (from table 4.10a)

for the four growth stages are higher than the Ke values by percentage difference of
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about 1.5, 21.6, 32 and 27.3% at the initial, development, mid-season and late-season
stages respectively for the NM treatments and 1.5, 0.0, 9.6 and 12.7% for the BPM
treatments. This confirms that the use of plastic mulch helps to conserve water by
reducing evaporation from soil surface, controlling weed growth and reducing soil
compaction. According to Ramakrishna et al., (2006), evaporation from the soil accounts
for 25-50% of the total quantity of water used. The Ke also vary with the frequency of
precipitation or irrigation (Jagtap and Jones, 1989). Following the crop emergence,
transpiration is limited and soil evaporation constitutes the major part of ET, especially

following an irrigation or rainfall.

4.10  Dual Crop Coefficient (Kcb+Ke)

Table 4.12 (a and b) shows the dual crop coefficient (Kcb+Ke) values computed for
cowpea SAMPEA’s 7 and 9. At the initial growth stage, Ke is almost equivalent to Kc
for the NM treatments; this implies that all the water losses incurred at the initial growth
stage of the crop was as a result of evaporation effect (Ke). As the crop matures into the
development stage and bearing its leaves, Ke decreases steadily while Kcb increases.

Table 4.12aThe mean dual crop coefficient (Kch+Ke) values computed for cowpea
SAMPEA7

Treatments Kcbini  Kcbmia Kcbend Keini Kemida Ke end
NM l100 0.19 0.40 0.31 0.35 0.33 0.24
175 0.18 0.39 0.30 0.27 0.25 0.18
Iso 0.17 0.32 0.24 0.18 0.18 0.12

V2
BPM 1100 0.36 0.40 0.31 0.00 0.00 0.00
75 0.35 0.39 0.30 0.00 0.00 0.00
Is0 0.33 0.32 0.24 0.00 0.00 0.00
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Table 4.12bThe mean dual crop coefficient (Kcb+Ke) values computed for cowpea
SAMPEA9

Treatments Kcbini  Kcbmia Kcbend Keini Kemida Ke end
l100 0.20 0.40 0.32 0.35 033 024
NM 175 0.20 041 0.30 0.27 025 0.18
Iso 0.16 0.33 0.23 0.18 0.18 0.12
V1
l100 0.36 0.40 0.32 0.00 0.00 0.00
BPM s 0.37 0.41 0.30 0.00 0.00 0.00
Iso 0.32 0.33 0.23 0.00 0.00 0.00

Kcb increases rapidly towards the mid-Season stage as a result of the full effect of
transpiration. Towards the late season stage when the leaves began to wither, Ke and
Kcb decreases. The Kcb of the fully irrigated treatments for SAMPEATY ranged from
0.19 to 0.40, 0.31 to 0.40 for the NM and BPM treatments, respectively. While the Kcb
of the fully irrigated treatments for SAMPEA9 ranged from 0.20 to 0.40, 0.32 to 0.40 for
the NM and BPM treatments, respectively. The Kcbmig value of 0.40 obtained under the
no-mulch condition was lower than the Kcbmig of 1.00 reported by (Allen et al., 1998).
While the Kcheng value of 0.31 closely agree with the Kcbeng 0f the range between 0.25-
0.55 as obtained by (Allen et al., 1998). Some studies, carried out in different regions of
the world, have compared the results of Kcb using the approach described by Allen et

al., (1998) with those resulting from other methodologies, such as the sap flow method.

From this comparison, results that some limitations should be expected in the application
of the dual crop coefficient FAO 56 approach. Dragoni et al., (2004), measured actual
transpiration in an apple orchard in cool, humid climate (New York, USA) and showed a
significant overestimation (over 15%) of basal crop coefficients by the FAO 56 method
compared to measurements (sap flow). Similarly, Benli et al., (2006) and Paco et al.,
(2006) reported basal crop coefficients higher with respect to those tabulated by (Allen

et al., 1998). Er-Raki et al., 2009 concluded that Kcb value of 1.00 reported by FAO 56
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bulletin cannot be utilized in all climatic regions of the world. Furthermore, the basal
crop coefficient is affected by variability due to climate conditions and crop

management.

A comparison of Kcb (fully irrigated treatments) and Kcbgericit Showed that the mean
values of Kcb were higher than Kcbgeficit for SAMPEAT by about 3% and 23% for the I7s
and lso NM treatments and 3% and 20% for the 75 and Iso BPM treatments. The peak
Kcb values of the respective mulch management conditions were noticed to be higher
than the peak Kchgeficit values by about 8-11% in both varieties, which suggest that under
deficit irrigation, peak basal crop coefficient values may be reduced by up to 11%. The
mean Kcbeeficit values of the no-mulch treatment for the initial, mid-season and end-
season stages (taken as Kchini, Kcbmig and Kcheng respectively) were found to be 0.18,
0.36 and 0.27 respectively for SAMPEA7 and 0.18, 0.37 and 0.27, respectively for
SAMPEAO9. The mean Kchgeficit Values of the treatment mulched with black polyethelene
were also found to be 0.34, 0.36 and 0.27, respectively for SAMPEA7 and 0.34, 0.37

and 0.27, respectively for SAMPEAO.

Table 12 (a and b) revealed that there were differences among the mean Kcbgeficit values
of mulched and no-mulch treatments at the Kcbini only. The Kcbmig and Kcbend did not
show any difference among the two cowpea varieties which implies that mulching
influenced basal crop coefficient under deficit irrigation only at the initial stage. Wen et
al., (2017) reported that basal crop coefficients for initial, mid and late stage were
separately 0.10, 0.75 and 0.30 for spring wheat without mulch and 0.15, 0.90 and 0.70
for spring wheat with mulch. The basal crop coefficient in mid stage was relatively

lower in this research compared to the recommended value in FAO-56 due to the
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difference in variety, district and climate. The larger basal crop coefficient for plastic
mulch led to a higher transpiration of spring wheat in the whole stage, which adjusted

the structure of evapotranspiration efficiently.

The evaporation component (Ke) of the fully irrigated treatment ranged from 0.24-0.35
in both SAMPEAT and 9, for the NM treatments. The least Ke value occurred at the late
season stage referred to as Keie, While the peak Ke value of 0.35 was recorded at the
initial stage referred to as Keini. It was observed that the Ke values decreases with
increase in deficit irrigation and also decreases along the plant growth stages across all
treatments. It would be noticed also that the Ke components of the BPM treatments were
zero (0.00) for both varieties, because mulching reduces evaporation from the soil
surface. These findings agree with (Allen et al., 1998) which suggested that evaporation
occurs predominantly from the exposed soil fraction. Hence, evaporation is restricted at

any moment by the energy available at the exposed soil fraction.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary
Field experiment was conducted in 2011 dry season at the Institute for Agricultural
Research (IAR) Irrigation farm in Samaru, Zaria and studied the water balance
components of two IAR cowpea varieties (SAMPEA7 and 9), the effects of deficit
irrigation and mulch levels on vyield, crop coefficient, crop and irrigation water use
efficiency and yield response factor using the micro-lysimeter. The micro-lysimeters
were set up using locally available materials. The set up consisted of a lysimeter tank
filled with soil where the cowpea crop was grown, under limited and unlimited water
supply conditions. The treatments were replicated three times and laid in a Group
Balanced Block in Split-plot Design.
The cowpea vyields were found to vary from 0.29 t/ha to 1.29 t/ha. The maximum
cowpea Yyield of 1.29 t/ha was obtained when the crop was irrigated at 100% WRETo0
using black polyethylene as mulch material, while the lowest crop yield of 0.29 t/ha was
obtained when the crop was irrigated at 50% deficit irrigation level, and without mulch.
The Crop water use was found to vary from 187.60 mm/season (V2,ls0,BPM) to 335.60
mm/season (V1,l100,NM). It was deduced that SAMPEAQ recorded the highest water use
than SAMPEA7. The irrigation water use varies from 275 mm/season to 545
mm/season.
The Kc values range from 0.32 to 0.63 for SAMPEAY variety and 0.32 to 0.72 for
SAMPEAO9 variety. The highest crop water use efficiency and irrigation water use
efficiency was from SAMPEA?7 variety with 3.76 kg/ha-mm and 2.11 kg/ha-mm,
respectively. However, the highest IWUE was at I7s for the irrigation treatment means

with 2.01 kg/ha-mm. The mulched treatment means of the BPM with 4.16 kg/ha-mm
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and 2.14 kg/ha-mm CWUE and IWUE, respectively were higher than the NM treatment
means. The Ky values obtained were 1.22 for the NM treatments and 1.10 for the BPM
treatments.

5.2 Conclusion

The following conclusions were drawn from the results of this study:

1. The highest yield of 1.29 t/ha for cowpea SAMPEAT variety was obtained using BPM
and the least was 0.42 t/ha with 100% and 50% WRETo, respectively. The highest yield
of 1.12 t/ha for cowpea SAMPEAO9 variety was obtained using BPM and the least was
0.29 t/ha with 100% and 50% WRETo, respectively. Also, the highest crop water use
(CWU) for cowpea SAMPEA7 was the NM with 315.8 mm and the least was the BPM
with 191.3 mm of 100% and 50% WRETo, respectively. While the highest CWU for
cowpea SAMPEA9 was the NM with 335.6 mm and the least was the BPM with 187.6
mm of 100% and 50% WRETo, respectively.

2. The crop coefficient curve for both SAMPEA7 and SAMPEA9 were developed at the
end of the study. The average Kc values of SAMPEAT7 variety for the full irrigation
(l100) and NM were, 0.34, 0.59, 0.64 and 0.42 for the initial, development, mid-season
and late-season stages, respectively. The BPM Kc values were 0.34, 0.37, 0.40 and 0.31
for the initial, development, mid-season and late-season stages, respectively. While the
average Kc values of SAMPEAO9 variety for the full irrigation (l100) and NM were 0.34,
0.63, 0.73 and 0.36 for the initial, development, mid-season and late-season stages,
respectively. The BPM Kc values were 0.34, 0.38, 0.40 and 0.32 for the initial,
development, mid-season and late-season stages, respectively.

3. The yield-water use relationship for the cowpea varieties were established with the
correlation values (r?) of 0.53 and 0.65 of total biomass and grain yields, respectively for

the NM treatments, 0.54 and 0.55 of the total biomass and grain yields, respectively for
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the BPM treatments. A linear relationship was found between the yield and seasonal
crop water use. It reveals that an evapotranspiration threshold of 146 mm is required
before grain yield initiation. Water use also had a positive correlation with the grain
yield. The yield response factor (Ky) were obtained as 1.22 and 1.10 for the NM and

BPM respectively.

53  Recommendations

Cowpea SAMPEA7 recorded much higher yield of about 55% of the total yield and
relatively resistant to water stress. It is thus recommended for areas with relatively low
rainfall events and most suitable for irrigation practices. The crop should be irrigated

with 75% WRETo, using the BPM at 7 days irrigation interval.

The following recommendations are presented for consideration of future work relating
to different irrigation levels and mulch practice.
1. Different crops and other improved varieties of cowpea should be used under
different irrigation levels and different mulch materials to obtain the best
combination of mulch and irrigation level without adverse effect on the crop

yield.

2. The aspect of soil temperature as affected by the black polyethylene mulch

should be incorporated in the calculation of crop water use.
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Appendix | Seasonal ETc for the various treatments.

S/NO. Treatments ETc (mm)
1 V1,1100,Nm 335.6
2 V1,1175Nm 267.0
3 V1,150,Nm 200.2
4 V1,1100,BPm 308.7
5 V1,175,BPm 206.3
6 V1,150,BPm 187.6
7 V2,1100,Nm 315.8
8 V2,175,Nm 267.1
9 V2,150,Nm 197.0
10 V2,1100,BPm 301.3
11 V2,175,BPm 202.0
12 V2,150,BPm 183.3
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Appendix Il Average weekly ETc for the various treatments

Treatments WEEKS

1 2 3 4 5 6 7 8 9 10 11 12
V1,11000Nm 22 22 29 37 41 47 52 56 63 51 27 16
V1,175,Nm 25 23 26 30 31 33 37 41 48 35 24 17
V1,150,Nm 22 23 26 22 24 24 25 28 31 25 14 12
V1,1100,Bpm 22 23 27 35 38 42 44 50 57 45 26 17
V1,175Bpm 22 21 22 22 26 25 28 31 26 22 20 15
V1,150Bpm 22 23 25 21 20 21 22 25 31 22 15 12
V2,11000Nm 23 23 26 38 39 42 45 48 53 48 31 18
V2,175,Nm 22 24 26 30 32 34 37 40 46 36 23 17
V2,150,Nm 23 24 25 22 24 22 24 26 30 23 16 12
V2,1100,Bpm 22 23 25 33 36 40 41 49 54 43 26 16
V2,I75Bpm 23 23 21 22 23 25 27 29 26 22 21 13
V2,150.Bpm 22 23 25 21 20 20 22 23 28 22 15 12
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Appendix 111 Average weekly deep percolation for the various treatments

Treatments WEEKS

2 3 4 5 6 7 8 9 10 11 12
V1,1100,Nm 06 10 13 16 17 18 21 15 13 11
V1,175,Nm 05 07 10 13 15 15 16 14 10 10
V1,150,Nm 04 06 07 09 11 11 14 12 08 038
V1,1100,Bpm 01 10 11 22 22 23 24 31 19 13 11
V1,175,Bpm 06 08 13 21 21 21 27 19 1.3 1.0
V1,150,Bpm 05 06 10 14 17 14 19 14 12 10
V2,1100,Nm 04 09 11 14 17 18 3.0 15 13 1.0
V2,175,Nm 04 07 10 12 15 15 16 12 09 07
V2,150,Nm 04 06 08 09 11 11 13 11 07 07
V2,1100,Bpm 10 12 21 22 23 24 30 19 1.3 1.0
V2,175,Bpm 05 08 15 21 20 22 27 16 07 09
V2,150,Bpm 04 05 10 13 05 15 15 13 09 0.7
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Appendix 1V Average weekly Kc for the various treatments

Treatments

V1,l100,NM
V1,l75,NM
V1,ls0,NM
V1,l100,BPM
V1,l75,BPM
V1,l50,BPM
V2,l100,NM
V2,175,NM
V2,150,NM
V2,l100,BPM
V2,l75,BPM
V2,l50,BPM

WEEKS

1

2

3

4

5

6

7

8

9

10

11

12

0.44
0.50
0.44
0.44
0.44
0.44
0.46
0.45
0.46
0.45
0.46
0.45

0.29
0.30
0.30
0.30
0.30
0.30
0.31
0.31
0.31
0.31
0.30
0.30

0.29
0.26
0.26
0.27
0.27
0.25
0.26
0.26
0.25
0.25
0.26
0.25

0.61
0.48
0.36
0.36
0.36
0.35
0.62
0.50
0.37
0.36
0.36
0.36

0.62
0.46
0.35
0.39
0.40
0.29
0.57
0.48
0.35
0.38
0.34
0.33

0.65
0.45
0.33
0.39
0.40
0.28
0.59
0.47
0.31
0.38
0.35
0.31

0.70
0.50
0.34
0.38
0.40
0.29
0.60
0.50
0.32
0.38
0.37
0.30

0.73
0.53
0.36
0.39
0.40
0.32
0.62
0.51
0.34
0.38
0.37
0.32

0.75
0.56
0.36
0.40
0.41
0.36
0.62
0.53
0.35
0.38
0.38
0.33

0.75
0.53
0.37
0.42
0.41
0.33
0.72
0.54
0.35
0.44
0.43
0.34

0.47

0.41

0.24
0.37
0.36
0.25
0.55
0.40
0.26
0.36
0.36
0.27

0.25
0.27
0.20
0.26
0.23
0.20
0.29
0.27
0.19
0.26
0.23
0.20
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Appendix V Calibration of the micro-lysimeter on the field.

Height (cm) Weight(Kg)

18.40 0.00
22.00 7.00
25.90 13.85
29.00 20.05
32.70 26.25
36.30 33.25
39.30 39.25
43.30 46.15
46.20 52.95
48.80 59.55
52.00 65.95
54.70 72.55
58.00 79.55
60.50 86.15
61.20 92.35
62.30 98.75
62.60 105.15
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Plate VI Digging of pits Plate V11 Micro-lysimetres installation

ot

Plate VII1 Experimental field after irrigation
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