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ABSTRACT
Relationships between crop yields (dry matter and grain yields) and
seasonal evapotranspiration for wheat in Samaru- Zaria, Nigeria, under conditions
of moisture stress caused by evapotranspiration deficits a four growth stages of

the wheat crop are presented. Wheat, (Triticum aestivum L.CV. sete ceros) was

planted in the Institute for Agricultural Research (1..R.) farm during the 1995/96
cool harmattan season, under irrigation. Evapotranspiration deficits were created
by withholding irrigation for some days in excess of the regular 7 day irrigation
interval at each of the four growth stages considered. The resultant moisture
stress affected grain and dry matter yields. Crop water use was monitored
throughout the season for each treatment and grain and dry matter yields were
recorded at harvest.

Two multiplicative crop yield models. Jensen(1968) and Minnas et a
(1974); and two additive models. Stewart et a (1977) and Bras and Cordova
(1981) were evaluated using the experimental data, and their stress sensitivity
factors estimated for the four growth stages considered. Their accuracy and
predictability of crop yields were also tested. The results indicated that strong
linear relationships exist between grain and dry matter yields and seasond
evapotranspiration within the limits tested. An evapotranspiration (ET) threshold
of 69.3mm is required for dry matter yield initiation, while an ET threshold of
145mm is required for grain yield. Thereafter, an increment of 10.2 kg/ha in

grain yield and 22.5kg/ha in dry matter yield is expected for every mm of crop

Vi



water use. The four models, using the estimated stress sensitivity factors, were
found to adequately predict crop yield. However, the Jensen (1968) and Bras and
Cordova(198l) models predicted closer results than the others.

The grain yidd losses due to the moisture stress caused by the
evapotranspiration deficits were relatively equal to the dry matter yield losses at
booting to heading stage, and at soft dough to hard dough development, while
moisture stress at flowering to milkdough development had greater yield reduction

effect on the grain yield than dry matter yield.
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INTRODUCTION

The first step in cnergy and water conservation in irrigation is (he
elimination of needles wastes. A sound management of irrigation entails an
irrigation schedale which requires giving the right quantity of water to the crops

L]

at the right time such that crop yield is not affected as a result of moisture stress
or waterlogging. Moisture stress herein is as defined by Cratt (1968) as the state
a plant enters when the water potential is sufficiently low to inhibit normal plant
physiological processes. Generally, when full crop water requirement is not met,
waler deficit in the plant can develop to a point where crop growth and yields are
adversely affected. The manner in which deficit affects crop growth and yield
varies with the crop species, the crop growth stage and the degree of the deficit
(Uu-urcnbus and Kassam, 1979). Thus, water supply 1s adequate only if irrigation
is scheduled such that the soil water content in the crop root zone, throughout the
crop growing season, can be at levels which do not limit crop growth and yield.

The ultitnate objective of an irrigator is to schedule his irrigation in order
to maximize his profit from the irrigated crop production. In order to do this, he
requires knowledge both of the cost of applying each increment of water and the
additional benefit arising from the increase in yield associated with each
increment of weter applied. He needs a quantitative information concerning crop
response to water deficit due to both magnitude and time of occurrence.
Although, the upper limit of crop yield is set by the climatic conditions and the

genetic potential of the crop, the extent o which this limit can be reached will



always depend on how finely the engineering aspect of water supply are in tune

with the biologica. needs for 'wa,ter in crop production. Therefore, cfficient use

of water in crop production can only.bc attained when the planning, design and

operation of the waier supply and distribution systems are geared towards meeting
L]

in quantity and time the crop water ne';zds required for optimum growth and high

yield.

According to Singh (1981), water management which uses potential
evapotranspiration (ETP) as a guide to irrigation for lnugh yields is applicable
when land is limited and water supply is unlimited. [n arid regions where water
must be carefully managed, an optimization approach applicable to the of a
limited water sapply is sugpgested. The approach is tw increase water use
efficiencly by raising the crop yicld and simulianeously applying waler in amounts
less than the acwal seasonal evapotranspiration (SET) requirement. Such
manhgement of a limited water supply results in an incvitable introduction of
some cvapotranspiration deficits (ETd) during the c'ropping period. Thus, the
optimal timing or sequencing of the desired ETd which resulis in definable
migimum reduction in yield below the maximum (Y m) becomes important. This
requires the quantitative knowledge of the critical growth stages for the crop and
the order of their relative sensitivity to water deficit.  Thus, the relationship
between water use and crop yield are of great importlance.

According to Minhas et al (1974), in studying the question of economic

optimal use of water, we need to know the exact shape of the crop response

s



function w different quantitiés of water use by the crop ll1r0ugl16ut the growth
. '
stages. It is a well known fact that certain growth stages of crop are more
sensitive to waler deficits than others. Thus, a knowledge of the marginal
productivity of water allocated to each crop at different stages of its growth is
»
required to arrive at an optimal set of decisions. Minhas et al (1974) and Stewart
¢t al (1973) stated that this knowledge is also required in determining the
command area of an irrigation system , and concluded that a production function
for each crop in which yield is related to water inputs will provide such
knowledge. These functions they further stated can offer extremely powertul tool
for a rational design and effective production and mangement ol irrigation
systems. Crop-watcr production functions derived from cxperiments are
usuaily valid only near the location where they are provided (Taskiris, 1982).
This is because the absolute quantity of water to produce a given yield ditfers
. d'
gredtly between locations, Moreso, since no crop*wa'ter production function (also
referred to as crop-yieid model) is presently universally applicable to all crops,
growing seasons and climaies (Rhenals and Bras, (981), it becomes necessary to
formulate, validate or cvaluate crop yield models tor different locations and
Crops.
Rescarch studies on the effects of moisture stress on yield and yield
components of wheat crop have been carried out at the Institute for Agricultural

Research ([.A_R.) Samaru by some investigators (Datiri, 1982, Chari, 1980; and

Falaki, 1994). Apart from the fact that some of these works were carried out at



Kadawa [rrigation Rescarch Project in Kano state where there is the problem of
high waler table, no attempt was made in any of these work to relate the crop
yield to cvapotral‘lspiration, a term considered as a better predicator of crop yield
(Rhenals and Bras, [981(). Thus, an arca of research study in wheat production
L]
yet unexplored in this area is the aspect of crop yicld-waler use relationships by
which crop yields and yield decreases due to plant water deficits can be
quantified. Jensen(1975) stated that the reason why irrigation farm
managers/operators are not greatly receptive lo any particular irrigation
scheduling, despite their availability, is that yield reduction caused by delayed
irrigation, improper fertilization and excessive irrigalion are not easily recognised
or quantified by them. Such recognition and quantification are made possible and
practicable by using crop water production tunctions. The results of suchs study
therefore, will go a long way (o assist in the planning and design of irrigation

e

systems  and  scheduling strategics under limited water supply or where
maximizing yiele per unit of water use is a desired objective. Extension workers
can also use the resulis of this study to assist-farmers to easily recognise and

forecast yield expected from an irrigation scheduling method under limited water

supply.



[.1 Objectives:

The general objective of the study reported herein is to study and establish

L)
' "

relationships between crop yield (both total dry matter and economic grain yields)
and crop water use for wheat crop in Samaru under moisture siress conditions
+ : .

caused by evapotranspiration .deficits at four gro.wth slages.

The specific objectives are: . ’

L. To establish a relationship between crop yield (grain and dry matier yield)

and seasonal evapotranspiration of the wheat crop.

- 2. To evaluate some crop yicld-waler use modeis by studying their
parameters and test their applicability and accuracy lor four
selected growth stages of the wheat crop

3. To study the cffects of the cvapotranspiration deficits on grain

yield, dry matter yield, and water use efticiency (WUE) of the

wheat crop.



2. REVIEW QF LITERATURE

. 4

f
+

2.1 Introduction:

Walter performs a vital role as a solvcnt.of nﬁne;al nutrient being translocated in
solution ®throughout the plant body. It is essential for the plantl to support the
continuous metabolic activities insi;ie the tissues such as regulation of body
temperature and maintenance of the thermal balance of the plant at levels suitable
for sustaining life and growib (Sla'tycr, 1967). Water is thus an important
elements that determines the leyel of crop yield. According to Doorenbos and
Kassam(1979), when climatic and agronomic conditions are adequaie, crop yield
becomes completely dependent on the amount of water available for use by the
Crops. V;v'hen cconomic conditions do not resirict crop production and in a
constraint - free condition, crop yield is at the maximum when full water
requirement are met. When full water requirement are not met, water deficit ip‘
the plant can develop to a point where crop growth and yield are adversely
affected.

The relationship betweecn water and crop yield i1s not a simple one. In
addition to soil m'oislurc, several variables which includes: climatic factors such
are temperature, solar radiation, wind velocity, relative humidity; genetic and
physiologicai factors; discases and pests: and hydrometeorological hazards, also
affects crop production. Some of these variables are even difficult or impossible
to control. Despite the influence of these variables, a great deal have been

publishcd on tle aspects of water relations in crop growth, and attempts (0



understand crop response to water through crop growth modelling have been
successiul (Doorenbos and Kassam, 1979).

A-cca:l)rding t0 Vaux Jr. and Pruitt (1983), Scientific research on the
rclationsilip between crop yield and waler use liave been motivated by the desire
to determine th2 quantity of water that a plant requires if water is not to limit
growth or productivity. They classified scientific literature on crop-water
production functions into three @ early related studies which physically tried to
related crop yield to water use with the objective of determining the minimum soil
water content or soil water potentials at which the maximum yield could be
achieved; the physiological approach methods; and, the scmi em;')irical approaches
which are those characterised by eitorts to relate crop yield to either soil moisture
content, or soil moisture tensions; transpir:.nicm (');- evapotranspiration; or applied
irrigation water. Presently, most of the semi-empiricai models found in literature
are those that relate crop yield to transpiration or evapotranspiration (Vaux and
Pruitt, [983). This swdy is directed towards studying some of these semi-
empirical models in which crop yields are directly relaied to evapotranspiration

or evapotranspiration deficits.

2.2, Moisture Stress and Development in Plants.
Moisture stress refers to the physiological condition of water in plants
which are not favourable for optimal plant growth. It is a state when moisture

supply I8 inadequale or a state a plant aitains when the water potential is



su-['['icicmly low to inhibit normal plant processes (Craft, 1968). This condition,
according 1o Taylor (1968) is not the same for all plant species and varieties, and
méy even be different within the same plant at different tuimes or growth stages.
Moisture stress is influenced directly by plant water status and indirectly by soil
L4 .
water status. (Datiri, 1982) Moisture stress occurs as a result of the development
of plant water deficit and not necessarily soil water deficit since with adequate
soil” moisture sul;ply, plant water deficit can still occur as a result of high
evaporative demand of the atmosphere. Thus, al any given soil water condition
the plant may show no symptom of stress if either the atmospheric desiccating
conditions are low, that is, high humidity, moderate to low temperature and no
wind; or if the internal solute concentration of the tissues is high (Taylor, 1968).
However, stress due to high solutc concentration of the plant tissue, that is, high
salt concentration or high sugar content of the cells and tissues, causes the plant
-

to develop thick and heavy cell walls and exhibit no visible symptom. Stress due
to water deficic or high evaporative demand may induce moderate to scvere
wilting symptoms in the plant.

Water deficit development in plant is said (o be as a result of an inevitable
consequence of water flow along a‘pathway {root-tissues stem z;nd leaf) in which
frictional resistances and gravitational potentials have to be overcome (Javis,
1975). As water evaporales from the mes;uphyl'l' celis of the leaves, the water

potential of the cell wall matrix adjacent to the liquid-air interface falis, and water

moves towards the interface from sources of higher water potentials distributed



both throughout the plant and in the soil. ('.nnscciucm‘ly. a progressive reduction
in the soil water content and soil water potential results (Begg and Turner, 1976).
Since there must be a potential gradient through .lhc pathway, from the soil to the
almusph(irc to provide a driving force for water o flow, it follows that there is
usually a concomitant water potential decline as evapotranspiration progresses
which results in the development of an internal water deficit in the leaf, stem and
root tissues (Slatyer, 1967). Slatyer (1967) turther emphasised that the degree to
which an internal water deficit develops in the leaves ol a plant depends on the
evaporative demand, the soil water potential at the root surtace and the gradient

of water potential within the plant.

2.3. Effects of Moisture Stress at Various Growth Stages on Yield Wheat.

Moisture stress in wheat generally reduces yield. The degree of yield
reduction depends on the environmental condition, soil, crop variety and the
growth stage at which the stress occurred (Lehane and Staple, 1962). According
to Stegman et al (‘1 980a) growth limiting stress causes reduced leal area and plam
size if it occurs in the early vegetative period. This is because water stress at this
stage effects the morphological processes by suppressing cells division and
clongation, suppressing tillering and increasing tiller senescence especially the
ones that emerged just before the stress was imposed. Water stress in wheat
imposed betore heading also reduces plant height considerably (Datiri, 1982),

causing marked reduction in dry matter yield.

9



Al the jointing stages moisture stress reduces crop yield due tqlreduction in plant
size, the number of effective tiller, and the number of spikelet per head (Days
and Intalap, 1970). Falaki et a] (1.979) found that moisture sI‘ress at flowering
ini‘!ucnccﬁ the number of effective heads and the number of  seeds per head,
Hutcheon and Rennije (1960} as reported b}} Cani[;bell (1968) found that a single
stress at any stage of g,mwm.ol’ wheat signiﬁcanliy decreased grain yield,
especially if the stress was applied at the doughing stage. Bunting and Drenmand
(1966) also found that moisture stress at grain filling stage including both milk
- and hard dough stages, reduced yield due to reduction in grain size. Robins and
Domingo (1962) reported a yield reduction ot 19 to 35 % in irrigated wheat
resufting (rom severe stress imposed during and afier flerescence emergence.

El- Nadi (1969) reported that yield was not reduced during the vegetative
period if the crop received favourable water regime thereafter; and Hsaio (1973)
supporied this in s report that growth himiting stress in the carly vegcta[ivé.
period causing reduced leaf area and plant size will often minimally affect yield
of a reproductive organ because reduced leaf area can allow greater canopy light
penetration to maintain assimilative capacity. This is consistent with the findings
of Lehane and Staple (1962) that moisture stress at an early stage of growth-does
ot appreciable affect grain yicld.
2.3.1. Critical Growth Stages of Wheat

Singh (1931} defined the critical growth stage of a crop as that stage of

growth in the plant when it is most sensitive to moisture stress, causing severe

10



reduction in yizld. Days and Inwalap (1970} reported that the jointing swage of
growth is the most sensitive (critical) in wheat since moisturie stress at this stage
reduces crap yicld due 1o reduction in plant size, photosyn:hetic area and seed per
spikc. However, Salter and Goode (1967) in their extensive review of literature
*
on yield response to water deficit, concluded that {or wheat, the stem elongation
and heading stages of growth are particularly sensitive 10 water stress, since the
_size and fength of spike and the number of spikelets per spike are nutiated and
formed at these stages. Also, Misra gt al (1969) sug;gested that the vegetative and
soft dough period are most sensitive. Wardlaw  (1971) reported  that
evapotranspiration deficit for even a short period after heading  significantly
reduces the grain weight per head. In Nigeria, Falaki et al. (1979}, Chari (1980)
and Dadiri (1982) reported that the critical growth stage of wheat 15 the flowering
stage, but Surma et al., (1980) reporied that the jointing Stage is the most
. -~
sensitive to water stress.

The difterent conclusion reached in the subject of critical growth stage can
be mainly attributed to difterent definitions of the iength of the growth stages and
the degree of stress imposed. Other factors such as root development and water
use efficiency can also be significant.

2.3.2. Crop Ilarvest Index (Ill)’ . .

General'y, for any crop only a part of the total dry matter is harvested.
When wheat is grown for grain, only a I'rbm:l.imi of the total dry matter, that is,

economic grain yield is harvested. The ratio of the net harvésted yield (the grains

11



only) and the net total above ground dry matter is known as the Harvest Index
(H1), that is, ) '

_ EBconomic grain _ vield
HI Toil dry mateer 77T (2. 1)

The Harvest Index is the fraction of the total plant assunilate that was converted
to grain during the growing season. For high yicelding variety of wheat under
irrigation, the Harvest fudex ranges from 0.3 to 0.4 (Doorenbos and Kassan,
[679).

2.4.  Evapotranspiration

Evapotranspiration (ET) is the sum totai of water lost by transpiration
from the crop and evaporation from the soil or exterior portion of the plant where
water may have sccumulated {from rainfall, dew or exudation from the interior of
the plant. The word consumplive use (or water use) for all practical purposes is
identical with evapotranspiration. It may difter by the inclusion of waler retainegﬁ
m the plant tis;iucs, which is always insignificant when compared with
evapotranspiration (Jensen, 1968).

Potential evapotranspiration (ETp) is defined by Burman et ai (1983) as
the maxiunum rate at which water, if fully available would be removed from the
earth’s surface and transpired by the plant, expressed as the latent heat transfer
per unit area or its equivalent depth of water per unit area.___'l‘hus, it is the
evapotranspiration that occurs when the vapour pressure at t‘llrc evaporating
surface is at the saturation point,

Maximum evapotranspiration (ETm), as defined by Doorenbos and

12



Kassam (1979) is the crop waler requirement ncedcq for unre"stricled optinum
growth and yield of crop. It rcpfcsanﬁ the rate of evapotranspiration of a healthy
crop, growing in a large field under 'Uplilllt‘ll'n agronomié and irrigation
- management. This level of evapotrangpiraiion has bccn‘ shown to be related to the
evaporat:ve demand of the aimosphere which is the potential evapotranspiration
(ETp). For a given climate, crop .- and crop growth stage, the maximum

evapotranspiration (ETm) in mm/day of the period considered is, (Doorenbos and

Kassam; 1979),

ETm = K¢ x Elp e 2.2
in which Kc ts ait ecmpirically determined crop coeflicient,

Actual evapotranspiration (ETa) refers to the actual crop water use at a
given time. The demand lor water by the crop must be met by the soil water via
the plant-root sys.em. The actual rate of waier uptake by the crop from the soi! -
at a given time in rclation to its maximum evapotranspiration is determined by the
amount of water in the soil (Doorenbos and Kassam, 1979), Theretore in order
to determine actual evapotranspiration, the leve! of the available soi water must
be considered. Actual cvapotranspiration(ETa) will be equal to nmxiinum
evapotranspiration (ETa = ETm) when the available soil water is unlimited.
Maximum evapotransptration will be maintained when a field is irrigaied untit a
fraction of the available water is depleted, after which actual evapotranspiration
becomes increasingly smaller than the maximum until the next irrigation or heavy

rain. The magnitude of £Ta will now depend on the remaining available waler

13



L e

in the soil and the cvaporatjve demand of the atmosphere.
2.4.1. Relative Evapotranspivation Deficit,
Doorenbos and Kassam (1979) expressed the relative evapotranspiration
deficit (E0d,) as
*

ET4 Ela )

S

in which ETa and ETm are as defined previously.

As the soil water content decreases due to evapotranspiration, and is not

replenished by rainfall or irrigation, the eficctive hydraulic resistance increases

greatly. Thus, evapotrauspiration begins to fall below the actval demand or
requircment of the crop. This deficit results n var?ous degrees of plant v;'ater
strc;s depending on the evaporative demand and plant characteristics and grbwlh
stage (Jensen, 1968), and conscquently causes reduction in crop yield below the
maximum or level attainable when such deficit does not occur.
2.4.2. Evapeotranspiration Measurenment

The basic principles and methodology of evapotranspiration measurements
are broadly classified as actual evapotranspiration methods and  potential

evapotranspiration methods {Bungwon 1993). These principles and mcthodology

not reviewed in this work as more detailed discussions are readily available in the

- Iiterature (Tanner (968 and Jensen 1968). Only the soil water budget approach

used in this study is reviewed.The water budgel method is a direct method of

measuring cvapotranspiration which is suitable for arcas where soil is fairly

1
+
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uniform and the depth of ground waier 1s such that it will not influence the
changes it soil moisture fluctuation within the root zone (Michael, 1978). It
involves monitoring the changes in soil moisture coment between irrigations in
the majnir root zone depth. Evapotranspiration is regarded as the change in
moisture depth between successive measurement dates of soil moisture content.

The expression is given by (Michael, 1978):

oM - MG
ET - L A S T AT 2) E 2.4
DI )4
Where : ET = evapotranspiration in the entire root zone depth
M, = Qravimetric sofl moisture content on day 1

MC,, = gravimetric moisture content on day i-i

As, = Specific gravity of soil layer j

D = Depth of layer |

n = number of depths within the profile under
consideration

The soil water budget method of estimating evapotranspiration as
expressed in Eq 2.4 assumes that drainage losses are ncgligible so ihat
evapotranspiration is the only depietion mechanisin of the soil moisture content
of the soil profile. Soil moisture content determination is therefore advised to be
taken some two or three days afler each heavy irrigation so as to give enough
time for tree drainage within the crop root zone, This method of measuring
evapotranspira:ion is cheap and easy but changes in moisture content within the

soil profile depth is greaty influgnced by movement of water within the profile,
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2.5.  Crop Yield as a function of Water use,

Attempts to develop production functions for wrigated crops are numerous.
As reported by Barrett and Skogerber (1980), one of the most comprehensive
studies of the dry matuter yield and transpiration relationship was that of Dewit

L]

(1958) who studied a wide range of data collected for common ficld crops grown
in containers. In the few cases where the relationship deviated trom linearity,
Dewitt (i958) attr buted such to poor aeration of the root system.. Arkley (1963)
plotted dry matter yield versus transpiration corrected for mean relative
atmospheric humidity during the period of the most active growth. All the graphs
plot;ﬂd from sites around the world and for a wic.lc range of crops ncluding
wheat, oats, muize, millets, alfalia and carrots showed linear relationships with
very high correlation coefficients. In most cases, the line of best fit passed
through the origin showing that dry matter yield was directly proportional to the
transpiration(Barrctt and Skogerber, 1980). Similar refationships between dry
matter yield and wranspiration were obtained by Hanks et. al (1969) for sorghum,
wheat, oats and millet at Akron, Colorado. However when the dry matier yield
was plotied against evapotranspiration, the relationship, though linear, did not
pass through the origin; but to the right, Hillel and Guron’s (1973) experimental
results showed that there appears to be a distinct intercept or threshold value of
evapotranspiration below which crop yield is negligible. They concluded lhzﬁ crop
yield is not proportional to cvapoiranspiraliun as it is of*en assumed, and thal

even if crop yield appears to be lincar with evapotranspiration, the function does

L}
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not pass through the origin. The threshold evapotranspiration value may be due
largely to the water loss caused by direct evaporation from the soil surface before
the plant cover begins to accumulate measurable dry matter or grain yield, and

perhaps, from senescing plant after the cessation of growth.
v

According to Stegman gl al (1980a), plotting the ratio of actual yield to
maximuin  yield (Ya/Ym) versus actual evapotranspiration to maximuim
evapotranspiration (ETa/ETm) is a better way of gencralising yield function since
site - specific variable such as climate may produce diffefcnt absoiﬁle
evapotranspiration values for the same amount of growth. Thus, the use of
relativc. evapotranspiration should permit some degree of site transferability for
the production function. The fitted curve of the relative refationship also does not
pass through the origin but intersects the ETa/ETm axis at a value of the order |
of 0.05 - 0.10 (Hanks et al, 1969}, and may be as high as 0.25 - 0.50 (Stegman
et Ial, 1980b). The intercept tends to occur at the lower end of this range when
the crops are strzss tolerant or wllc;1 stresses are ideally distribﬁtcd between. tllle'
vegctative,. feproductivc and grain filling stages,‘and at the higher end . of tho;
range when stresses are extreme and or occurreﬁ at the most sensitive grou;'th
stages of the sensitive crops (Stc.gmali et al, 1980). ' s

2.6.  Crop Yield - Water Use Models.

Numerous expressions have been suggested in an attempt to relate crop

" yleld to water use. Some investigators related yield to transpiration or

gvapotranspiration; others to water applied, and some still, to some factors such

S
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as soil moisture depletion, climatic and cultural factors. Vaux Jr. and Pruitt
(1983) Lroadly classified these functions into what they calied “agronomic
formulations" and "economic formulations”, The economic formulated models
are based on the premise of conventional economic theories which provide an
v
adequate frame work for analysing crop-water production relation. The agronomic
formulated oncs are those derived empirically trom irrigation experiments
designed o determine crop sensitivity factors 10 water deficits at specified periods
of growth which usually coincide with the phenological stages of the crop. Only
the agronomic formulated models are considered in this study. The four growth
stages considered were: stem elongation to booting initiation; Booting to full
lieading; flowering 10 milk-dough development; and soft dough 1o hard dough
development. These growth stagcs: were sclecicd because, accofding to Singh

L

(1981), in plannir g strategies for efficient use of limited water supplies, the crop
o
response to an cvapotranspiration deficit at j(.)intling (stem elongation), heading,
flowering and early grain d'cvc_lupmen[ stages of a .crop are ilrnporlam since
moisture stress at these stages causes 'signir'icam reduction 0;' the crop yields. The
crop water production functions are [ormulated by postulating that water deficits
in each period (growth stage) has unique eftect on crop vield and the effect of
wéi[cr deficit at one growth stage is independent of the others, but they have a
multiplicative or additive effect on the total crop yield. That is, crop water

deficit in two o more periods may reduce yield in a multiplicative or additive

manner (Taskiris, 1982).
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For this study, two of the muliplicative types of crop yield models:
Jensen (1968) and Minhas ¢t al (1974); and two of the additive models: Stewart
et al {1977) and Bras and Cordova (1981) were considered. 1n these models,
grain yieald were related to evapotranspiration in cach case.

2.6.1 The Multiplicative Models

- Jensen (1968) developed a crop production function which divided the crop
growing season into stages, with evapotranspiration deficit i cach stage having
a unique effect on yield. The funciion expresses relative grain yield (ratio of
actual grain yield, Ya,to maximum yield, Ym) as a function of rclative
evapolranspiration {actual cvapotranspiration  ETa  divided by maximum

evapotranspiration, ETm). The expression is given as (Jensen,; 1968)
L

- (Llay™ > 6
ym f=l il
-
Where: A = the relative sensitivily of the crop 1o waler siress in the

growth stage and 13 a parameter (o be estimated.

i

n the number of growth stages considered,

I

{

multiplicative sign, and the other terms are as defined

previously.
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Minhas et al 's (1974) production tunction s also based on relative

evapolranspiration, given as : (Minhas et al, 1974)
be
n M Al
_ _ EEE_? i "
y"n D ]-JL 0 l 0 _Eﬁm } """""""" 2.7

in which is b, the parameter to be estimated, defined as the relative sensitivity
factor of the crop to water stress in the ith growth state, and the other terms as
previously defined.

For the multiplicative expression, the crop yield becomes Zero if

evapotranspiration becomes Zero at any growth stage,

2.6.2. The Additive Models.

The Bras and Cordova’s (1981) model is given by the expression

ya _ Ela
)7?;:_,2 ’(EL i 2.8

B

*

in which A, is the crop sensitivity parameter (o be estimated, and the other
terms as previously defined.

Stewart gt al (1977) gave a generalised crop production function which
relate dry matter yield to total seasonal evapotranspiration with no reference o

irrigation tuning relative to the crop growth stage, expressed as (Stewart et al.,

1977).
ETi
(1 D;m) = B, (1 - Elan) ........ 2.

in which B, is a coefficiemt known as the yield respouse factor or yield
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reduction ratio describing the sensitivity of the crop to moisture siress applied;
DMa is the actual dry mauer yield; DMm is the maximum dry maucer yield, and
the other terms are as previously detined.

Lquation 2.9 was described by Hanks and Hill (1980) as a simple modcl

L

and could be used for many situations where timing of irrigation is aot practically
importani, and can be applied dircctly where total dry matter is the desired
product. For grain production, irrigation timing, rclative 1o crop growth stages
is very importard, Consequently, Eq.2.9. was modified by Stewart et al. ([977)

to allow for growth stages - evapotranspiration deficit effects. The modified

expression, as sited by Stegman et al (1980b) 1s:

(1-2 - pp (PR 2
where: B, = yield scusitivity i'act_or ol evapetranspiration ldeficit in growth
stage i o “‘
ET = actual cx@putranspiralibn al 'g'ruwth stage |
Etm, = maximum evapotranspiration at grlow(h' stage i
Etm = total maximum evapotranspiration accumulated during the

growing season of the crop, Yg and Ym are as previously defined.

Equation 2.9 is developed for predicting dry matter yield while Eq.2.10
is to be used for grain yield. However, Hanks and Hill (1980) suggested that
Lq.2.9 can also be used for grain yield prediction,

In the work presented herein, Egs. 2.6, 2.7, 2.9, and 2. 10 were studied

for grain yield and Tig. 2.9 for dry matier yield, The (easibility of using Eq. 2.9
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for grain yield analysis was alsu ¢xamined.

2.7. Water Use Efficiency (WUL)

Vs:atcr use efficiency is defined as the mass ratio of crop yield to water use
{Viet, 1962}, The yield can be characterised by the end product of a plant such
as grain, seed or lint, or by the vegetative component or a combijnation of these
representing the total biological yield, while the water use can be characterised

by transpiration or evapotranspiration.

The expression is given as;

- -y...:. . k
Wuk 77T 2.

in which Y is crop yieldtkg/hayand ET is evapotransptration in mun.

Water usc ctficiency can be increased either by wicreasing the numerator
or decreasing the denominator. Hillel and Guron (1973) argued that it appears ™
more promising to attempt to increasc WUE by niucreasing crop yicld than by
decreasing evapotranspiration since plant growing in the field are subject to an
externally imposed evaporative demand. Plant may curtail transpiration when the
supply of soil water becomes luniting, but curtailing transpiration often entails
restricting growth and subjecting the plants to stress during the growing period.
The water stress may be temporary but can sull reduce production, whereas the
maintenance of & relatively moist root zone by trequent irrigation at a rate ncarly
commensurate with poteutial evapotranspiration can tcrease crop production,

perlaps, even Cisproportionately o the increased water use, thus, increasing
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WUE. However, Howell and Hiller(1975) and Stewart et al (1983) argued that
Hhitlel and Guron's (1973) statement is only valid for well-watered crop regiimes
but does not fully explore the possible implications of limited irrigation regions
of Short and ur' costly water supplies. Limited irrigation  will presumably

L
decrease crop, therefore, for an area where land 1s not himited but water 1s,
emphasis should be given to developing systems that reduces all losses other than
transpiration waich is possible with less frequent of irrigation,

2.8. Experimental Design Approach.

According to Stegman (1983), two types of experimental designs have
been used in the past decade to study irrigation scheduling etfects on seed or
grain harvested crops. Only the design used in the work reported herein is
reviewed.

In this design the crop growing scason may be divided into stages, such
as: vegetative, fowering, pollination, and sced hlling periods. Water stress is
imposed in a given period by withholding irrigation .(sylllllulis.cd by letter "0O")
either entirely or to a quantified stress level before relief. lrrigation or
maintenance of non or Im_v stress  level l)cI'oﬁ: or aiter the stress period

(symbolised by letter "I"). Irrigation treatments therefore, may range from fuil
irrigation, that is maimntenance of maximum evapotranspiration rate, in all growth
stages symbolised by "[11" 1o a non-irrigated or all growih stages stress treatments

symbolised by "0O00" and all combinations such as Oll, OOI, O1O and others

in between. Stress imposed 1s normally limited o one growth period with



irrigation withheld either entirely or until a quantified degree of moisture deficit
occurs, usually measured as the evapotranspiration deficit relative to the
evapotranspiration of the non-stress treatment, and the maximum scasonal yield
(Ym) is usually associated with the scheduling weatment JH which also
L3 " N
accumulates the maximum scasonal evapotranspiration (ETm) (Stegman et al,
1980; Stegman; 1983; Bungwen, 1993). In the study reported herein, the above
experimental design approach was used with tlic growing season of the wheat
crop divided mio four gmwxl; stages: stem elongation to booting initiation:
booting to full heading; flowering to milk dough development; and, soft dough

to hard dough siages.



3. MATERIALS AND METHODS
3.1 Introduction

The experiment was conducted at the Institute for Agricultural
Rcsearch‘(l.A.R.J irrigation tarm in Samaru, Zaria, which is on latitude 11°
LI'N, longitute 7°37°E, and at an altitude 675m above mean sea level, during the
cool, dry harmattan season between November 1995 and March 1996.
3.2 Climatic Condition of the Experiment Site:

The climate of Samaru is described as dry, sub-humid with a severe deficit
in rainfall from October to May and a surplus frun? June to September with an
average annual rainfall of 1000mm (Kowal and Andrew, 1973). The average
incoming solar radiation ranges from 16.5 MJm'/day in August to 20.9
MJ/m#/day in March, The range in the solar radiation implies that light and
temperature do not greatly limit potential crop production at any time of the year
(Kowal and Andrew, 1973), The average mean daily temperature from November
to Mid-February is generally fow and ranges from [9°C 1o 23°C, while for the
remaining mon.hs of the year, the daily temperature ranges between 23" C and
32°C. This temperature regime throughout the year is suitable for growing
tropical crops such as maize, sorghum, rice, groundnut and others, under ram-
fed conditions, and subtropical crops such as wheat, tomaco, onion, cabbage and
other during the irrigation season :.'vf November o April.

The meteorological data for the period of '111:: study was obiained from the

fnstitute for Agricultural Rescarch metcorological station located 150m away from
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the experimental plots and given in Table 3.1, Also included in the .able is the

average mean monthly values for 5 years (1989 to 1994). The result shows that

the weather condition for the season did not differ widely from the previous

years.
-

Table 3.1 Meterological Data during the Crop Growing Season.

Mean monthly values

Dec, Jan. Feh.

March

Maximum temperature ('C)
Minimum temperature (°C)
Wind speed (kim/hr)
Relative humidity (%)

Pan evaporation (mm/day)

29.6 28.9 31.9
(28.9)  (27.3) (30.9)

1i.1 13.5 15.7
(12.2) (13.1) (16.8)

197.5 127.4 138.1
(195.1) (132.4)  (144.0)

37.0 22.% 17.8
(38.0)  (22.4) (]15.5)

0.8 €3 (0.0
(10.8) (9.0) (1i.7)

336
(33.4)

17.2
(16.4)

130.1
(133.1)

15.5
(14.3)

4 1
(12.4)

The tigure in bracket is the average for a period of five years (1989 - [964),

3.3, Soil Condition of the Experimental Site

The soil of Samaru has been classified as a leached ferruginous tropical

soil freely draining with its surface covered by fine acolian materials with an

upper 300mm of surface soil capable of holding a large amount of available water

of between 60-300mm (Kowal and Andrew, 1973). The soil is described by

Kowal (1968) as a "loess plant” formed by the addition of fine drift materials into

a sedentary soil derived from cambrian basement complex formation and have a

high proportion of fine sand at or near the sarface. The clay content increases



with depth and consequently” the water available for plant use decreases and
becomes inc::reasingiy difficult to be extracted by the plant. 'I"hc soil is underlain
by a basement complex rock resistant (o weathering, with a thin and clayey
mantle of weathering material, which can retain large quantitics of water (Kowal
L

“and Andrew, 1973). 1t is also characterised by high capillary conductivity with
low infiliration rate and high run off, Table 3.2 and 3.3 show some physical and
cht‘;mical properties of the soil in the experimental plot, respectively.
3.4  Field Preparation and Layout

A land area of 800m? was ploughed and harrowed, and divided into three

biocks laid along the general stope of the ficid in order to ensure as much
hemogenous soil conditions as possible within the block. Each block was divided
into fourteen basirs, corresponding to the number of treatment which were then
laid in two rows of seven basins each. The basing were spaced 1.0m apart and

* the blocks (replicaiions) I.5m apart o create a buffer zone betweeir basing and
blocks in order to reduce possible seepage of water from one basin to another as
a result of laterzl movement of water. [Each row of basins was served water
through a furrow running along the sfope adjacent the basins and a basin is
opened at one point to allow water o flow in rapidly until it is adequately
ponded, after which it is closed. The field layout is as

shown in Fig 3.1,
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Table 3.2. Physical Properties of Soil in the Experimental Plot.

Suit suction x 10 kPa Bulk density | Suil eat, cluss
glom’
(L1 .0 3.0 s.0 1o} £5.0

Depthéinm) % Moisture centent {dry weight)

0-150 4.0 1.4 1.7 16 34 3.1 1.58 loam
150 - 300 12.0 17 10.0 (%] 0.2 4.5 1.0k clay loam
300 - 450 . 16.9 147 14.3 129 10.3 8.7 .61 clay loum
450 - 600 | 21.4 19.2 15.0 14.5 t3.3 100§ 1.62 clay

Table 3.3. Chemical Propertics of the Soil in the Experimental Plot,

p" in water 5.60
- p' in 0.0lm cacl, . 4.85
% organic carbon (.50
Available phosphorus (img/l) 4,73
% total Nitrogen 0.07

Exchangeable cation (Meg/100g of soil)

Ca**{mg/l) 3.03
Mg** (mg/l) 0.02
K* (mg/h 0.26
Na* (mg/l) 0.12
CEC(%) 5.24

Source: Nwokeocha (1995)
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3.4.1 Field Operations

The basing were seeded o wheat (Fridcum agstivum L. CV. Sete ceros)

on 25th November, (995, by hand- drilling in rows at a rate of [00kg/ha. A pre-
planting irrigation was done two days before planting 1o give a wet soil regime
to enhance seec. germination. The spacing between planting rows was 250mm
and a total of eight rows per basin were planted. The plant population per row
was approximately uniform as was observed. Compound fertilizer (NPK
15:15:15} de applied at a rate of 50kg/ha of Nitrogen, phosphorus and
potassium at planting and NPK 25:10:10 was used for top dressing four week
after planting to raise the leve! of Nitrogen applied to 120kg/ha 1w line with
recommended practice (Bungwon, 1993). Weeding operation was donc at thfee
weeks after germination and thereafter, no weed was found growing within the

basin except on the basin embarkments and these were removed from time to
-

time.

3.5 Experimental Treatiments
A total of fourteen treatments were considered in the study. The treatment

variable being tie time of w'zi[elr application only. Al agronomic practices that

were needed for good crop growlh'und yield were obscr;cd as practicable as

possible for all the treauments and replications. The (reatments were replicated

three times in a randomized block design. After germination, a 7-day irrigalion

interval was observed until the crops were fully cstablished at 30 days atter

planting. therea'ter, the various moisture stress treatments were unposed. The
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moisture stress treatments used for this study were related to four growth stages
of the crop given in Table 3.4.

L

Table 3.4. Description of Growth Stages Considered in the Experiment.

. Period
Growth Stage Description » (days after planting)
I Stemn elongation to
booting initiation 30-44
I} Full booting to full
heading / ‘ 45 - 58
H A Flowering to milk-dough
development 59-72
v Soft dough to hard dough
developmeni 73 - 86

The divisions and description ol these growth stage were closely related to tllosg
suggested by Zadok ct al., (1974) and Yayock and Kumar, (1980). Stage I
coincides with Zadok et al’s (1974) stage 3 and half of stage 4; and Yayock and
Kumar’s (1980) stages 3.4 to 4.2. Stage Il coincides with the other half of stage
4 and stapge 5 of Zadok et al (1974), and also with Yayock and Kumar’s (1980)
stages 4.5 to 5.5, Stage I coincides with stages 6 and 7 ol Zadok et al (1974)
and Yayock and Kumar's (1980) stages 6.1 to 7.2. Stage IV coincides with
Zadok ct al’s (1974) stapes 8 and 9, and Yayock and Kumar's (1980) 8.1 t0 9.0.
It should be pointed out that the periods, that is, days afier planting, of each

stage did not completely coincide with those given by Yayock and Kumar (1980),
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but were very close to those of Zadok et al (1974).

The treatment pattern tollowed the experimental design approach reviewed
in Section 2,7. It involved irrigating at 7-day interval after the crop
establishment; which is the recommended irrigation interval for wheat in Samaru

L]

(Chari, 1980);for all the growth stages except at the particular growth stage at
which stress treatment was imposed. The stress was imposed by withholding
irrigation for additional days in excess of the regular 7-day trrigation interval.
It was expected that by withholding irrigation from the crop at any of the stages
for a given number of days in excess of the regular irrigation mtervals, while the
control treatment was irrigated, an cvaputrunspirm{un deficit will occur n the
stressed plots resulting to moisture stress which could affect the crop yield. Three
levels of moisture stress were considered for each of the four growth stages. The
three levels were: lrrigation withheld 4 days, 7 days and 9 days in excess of the
T-day irrigation interval, and labelled "a", "b" and "¢", respectively at the gmw{hﬂ
stages 1, 11, H] and IV. In the dry treatment (labelled 14) the crop was stressed
to level b in all the four growth stages. This was to enable us compare the effect
of single stress and siress throughout the growing season on the crop yield. Table
3.5 gives the treatments’ description.

After the days of stress were over, the crops were therealter irrigated at 7-day
intervals, for the rest of the growing season. Each treatment was stressed once
except treatment 14 that was !ith!SlSL‘l] o level "d" at all fuuf stages, and was

labelled dry treatment. The control treatment was irrigated at 7-day



Table 3.5 Description of the Imposed Treatment N -. ;

Growth Treatment Treatment
Stage Label Description
.
Contral L Repular 7-day irrigation inerval for the season
1 2 [rrigation withheld once to level "a” at stage 1 only

Irrigation withheld once t level "b” at stage 1 only

4 [rrigation withheld once w level “c” at stage [ ouly
5 Iretgation withheld once to level *a’ at stage [1 only
1 6 ’ Irrigation withheld vuce 1o Jevel "b" at stage 11 vnly
7 ¢ Irrigation withlicld onee to level "¢” at stage 11 only
8 | Terigation withheld onee 1o level "a” at'stage 111 only
W 9 ‘11'1‘ig:uinn withiticld ouee w level "h" ac stage 111 only
10 Irrigation withheld once to level "¢ at stage 1 only
I Irrigation withheld onee to level "a® at stage IV only
v i2 Ivigation withheld once to level "b" ag stage 1V unly
13 [rrigaton withheld omee to level "c” at stage 1V only

Dry treat. 14 [rrigation withheld 1o Jevel "b" at all four stages,




interval for the entire growing scason.
3.6 Irrigation Method

Irrigation was by check basin method. A basin to be irrigated was opened
at a point by brzaking the basin embarkment and water allowed in until the basin
was adequately ponded, after which the basin was closed by replacing the soil
taken out of the embarkment. The quantity of water applied at each irrigation
could not be measured due to lack of water measuring instrument. To ensure that
crops were not under irrigated at each irrigation the basins were always ponded
such that the soil moisture level was raised to lield capacity as indicated by
comparing moisture content obtained two days after _irrigal ion with a Laboratory-
determined moisture content at a soil suction of 30.0kPa using the pressure plate
apparatus, [rrigation was cut off 90 days after planting to allow the crops to dry
in readiness for harvest which was done 105 days after planting.
3.7 Soil Moisture Determination

Soil moisture was monitored throughout the irrigation season for each
treatment by collecting soil samples for sotl moisture determination two days after
irrigation and just before the next irrigation.  Soil samples were collected from
a soil depth of 0 - 600mm at an incremental depths of 150mm in two replications
for each treatment using an avger, and were dried in the oven at 105°% for 24
hours to determine the soil moisture content. The difference in moisture contents

between the two sampling periods was regarded as the moisture use, that is,

i4
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evapotranspiration, by the crop for that period in finc with the water budget
method described, in section 2.4.2. It was assumed (hat drainage was nbgligiblc
aftc; the soil has attained the field capacity. Moisture change, therefore was
principally attributed to evapotranspiration. Since the crop used water for the two
days before the soil sampling was done, evapotranspiration for these two days
was assumcd to be at maximun since soil water was adequate. Thus, the value
of evapotranspiration for the two days estimated from open pan evaporation dala
was added to the measured evapotranspiration to obtain the total moisture used
for each period.

3.8 Determination of Yields and Harvest Index.

Harvesting was done from 6th (o 9th March, [996. The total above -
ground dry matter was cut manually using a sickle, from an area of 2.5 x 1,0m’
which consisted of the four middie rows of cach basin, so as to eliminate error |
due to border effects. Harvest from the four rows were tied together and weighefj
to obtain the diy matter yield, and then ll_lrc'shci._i to obtain the, grain. Harvest
Index (HI) for cach treatmemt was calculated using Eq.2.1.

3.9.  Yield - Water Use Relationships. 1

The relationship between grain yield and seasonal evapotranspiration; and
dry malter yiele and scasonal cvapotranspiration w  established wsing the ficld
data obtained as explained in section 3.7 and 3.8. Using the least sqaures method,

the best fit curves were drawn to establish linear relationships between grain yield

and scasonal evapotranspiration; and between dry matier yield and scasonal
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evapotranspiration. The relative yields and relative evapolranspilralion
relationships were also established using the least square method. The yield from
the control treatment and its seasonal evapotranspiration was taken 10 be
maximuin yield {Ym) and maximum evapotranspiration (ETmy), rcspccl'ively.

.

3.10 Models Parameters Determination,

The parameters to be estimated in each of the model under study is the
stress sensitivity factors for ihe four groivth stages considered in this work. The
relative yield (Ya/Ym) and the relative evapotranspiration (Eta/ETm) terms of the
model expressions were obtained from the yiclds and cvapotranspiration data
measurcd as explained in sections 3.7 and 3.8, The stress sensitivity factor for
each of the growth stages for each modcl were obrained by using the multiple
lincar regression technique. The r:lwltipliculivc type model equzitions were 1rst

r

transformed to logarithmic equations for the rcgressifm analyses. Data from eight
. -
treatments selected randomly were taken at two lreatment levels per growth stage,
in addition w0 the control treatment and used to cslimalcr the  sensitivity
parameters, Fhe remaining data w.crc then used o Lest the applicability and
accuracy of the estimated parameters in predicting grain yield.,
The coctficient of Stewart elﬁlal’s (1977) expression (Eq. 2.9) were also
determined for dry matter production and for grain yield by plotting the relative
yield reduction, (1-Ya/Ym) versus scasonal relative evapotranspiration deficit,

(I-ETa/ETm) on a linear graph paper and by using the least squarcs method, the

line of best-fit was established. The slope of the fitted line is the yiceld response
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factor (Doorenbos and Kassam, 1979}, In the same manucr,.the eight rzuidomly
sclected treatments used in estimating the scnsi‘livily parameters ol llllc; (-).illlcr
models were alse used, and-the resulls oblained were tested using the relative
cvapolral‘!spiration deficit lcrms' of the other treatments (0 see how elfectively
closely the expression can predict relative yields of dry matter and grams. Field
-measured relative yields and the models cstimated relative yields were then
compared at 0.05 level of significance using the statistical "t" test.
3.11 Water Use Efficiency (WULE)

Water use efficiencies were calculated for gramn using Eq.2.11.Grains
yield wer.c expressed in Kg/ha and the scasonal evapotranspiration expressed in

mm, thus, water use efficiency was obtained kg/ha-mm.




4. RESULTS AND DISCUSSION
4.1  Introduction.

The relationship between cru|; yield and water use 15 very unique. When
climatic and agronomic conditions are adequate, crop yield completely depends
on the amount of water available for use by the crops. According to Doorenbos
and Kassam (1979), when economic conditions do not restrict crop production,
and in a constraint -free condition , crop yield is at maximuni, when tull water
requirements are met. When water supply does not meet crop water requirement,
actual evapotranspiration (ETa) will fall below maximum evapotranspiration
(ETm) resulting o a water deficit in plant which may develop to a point where
crop growth and yield are adversely affected. The effect of the magnitude and the
timing of occurrence of water deficit on crop growth and yield is therefore of
major importance in scheduling available but limited water supply for the growing
period of the crop and in determining the priority of water supply amongst
different crops dLlring the growing season.

Relationships between crop yields (both grain and dry matter yields) and
scasonal evapotranspiration for wheat i Samaru, Zaria, under conditions of
moisture stress caused by evapotranspiration deficits at four growth stages of the
crop are discussed below.

4.2.  Crop Water use

Table, 4.1. shows the water used by crop as measured on the field using
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Table 4.1 Growth Stages and Seasonal Evapotranspiration(mm) Measured
on the Experimental Plots.

Growth I 11 11 1v Seasonal
Stages: ET
Treat/-
ment Stress/- Days after Planting
fevel
1-29  30-44 45-58 59-72 73-86 8793 1-93

| Control 41,4 0dll 920" 99. 1" §3.2 29.7 409
2 a 37.3  56.0 NeLd 96.1 N2.8 29.9 Rhi
3 h Ju.8  48F 85.5 98.4 N1.0 29.5 RER)

c 40.2 45.% 85.0 922 K16 309 375
5 i 433 6de 72.¥ 90,5 82,2 4.0 87
6 b 56.0 618 60,77 97.4 824 36.9 378
7 ¢ 40.6  62.2 559 85.8 84,00 3L0 360
b i 8.0 620 57.9 4.3 76.0 .7 R
Y b 3.2 6l.7 . 8.6 619 76.3 30.0 A58
10 ¢ 387 584, Nu.6 Ly o 70 EER 350
11 a 42.1 61,0 9.0 97.1 65,22 29.2 A84
12 h 40,7  5K.6 8.7 NN 5817 300 376
13 C AS.6 6i.0 R7.1 896 5.8 378 R
14 "Iy 453 4oy 61.7 647 569 159 291

Callstages) . !

X - heighest evapotranspiration vajues at the growth stape
y - evapotranspiration measured m those treatments undergeing stress at that growth Stage
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the water budget method for the growth stages under consideration and for the
entire season, Tredtments labelled 5 and 7 recorded the highest measured
evapotranspiration value at growth stage [ and 1V, respcctive]y,‘ while the control
treatment Jabelled 1 had the highest evapolranspi?alion value at stages 11 and IlI.
It can l:c obszrved from tabie 4.1 that the ‘cvapolranspiraliml ol slfusscd
treatments could'nol reach (lie maximum accun:lulaw(_l cvapotranspiration of the
next growth stage after the slrt':ss has been removed from them. At (he stages
wliere the water stress was severe or had scverc impact on the crop, the
evapotranspiration from such treatments were markedly reduced for the rest of
the growing season even when the crops were adequately watered. This was
particularly noticed in treatments 7 al growth stage [l and treatments 8, 9, and 10
at growth stage i[l. This clearly shows that severc moisture slreglsf_ a late

B L

vegetative and flowering growth stages will reduce crop evapotranspi.rali(;n even
after the stress 1s removed trom the crops. The highest evapotranspiration am(sun:
obtained from treatment 7 at stage [V is as a result of high direct evaporation
from the basins because the plant cover was markedly reduced due to tiller
senescence resulting from moisture stress at stage 11. The high evapotranspiration
amounts recorded at 87-93 days afler planting in all treatments can be attributed
to direct evaporafiun from the basins as crops were already drying at this period,
Table 4.2 shows the growth stages and seasonal relative evapotranspiration
deficits calculated using Eq.2.3. The evapotranspiration deficits indicate the

degree of severity of the moisture stress at a growth stage.
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Table 4.2: Growth Stages and Seasonal Relative Evapotranspiration

Deficits(%).
Growih Treatment Stress level Growth Seasonal
stage Stage ET ET deficit
deticit
L]
Control i
| 2 A 12.3 4.9
3 h 24.3 (.3
4 C 20.0 8.3
11 s i 21.5 54
(0 h 34.0 8.3
7 C 393 12.0
11 8 a 251 0.3
9 h 37.6 13.2
10 e 41.7 14.3
v I a 2.4 6.0
12 b 30,9 8.7
13 i7.2 0.7
Dry 14" hi 21.7 28.3
treatment bl 32.9
hill 34.7
hIV 32.3

Treaument 14 was stressed at level "™ inall the four growth stage.
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It can be observed from Table 4.2 that the (reatments with the same stress,
level that is, number of days in which irrigation was withheld i excess of the
regular irrigation interval, at different growth stages had different
cvapotra.nspiration deficit.  Sesonal evapotranspiration deficit rose to a peak
valuc of 14.3 % at stage 11l and dropped again to 6.0% at growth stages IV. The
seasonal evapolranspiration deficit for the dry treatment was 28.3%. It can be
observed that even the Evapotranspiration deficit at stress level "a" at growth
stage ([ was higher than that of stress level”d” at stage IV, and levels "b" and
"¢* of stages 1I. Generally, higher evapotranspiration deficits were recorded at
growth stape 1Il because the crop peak consumptive use s at this stage, so that
when irrigation is withheld, a sharp drop in evaportranspiration compare to the

maximum results, thus making that growth stage more critical (o moisture stress

than others.,

4.3.  Grain and Dry Matter Yields o

Tables 4.3 and 4.4 show the grain yield and dry matter yield for cach
repfication and the average yield for cach treatment, respectively, and Table 4.5
and 4.6 shows the analysis of variance for the mean grain and dry matter yields
respectively. Table 4.5 shows that the grain yield mean differnces of the growth
stages were highly significant, and the mean differences of the stress levels were
only significant at 0.05 level of siginificance. These results show that the

vartation in grain yicld was highly influenced by the growth stages at which stress
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Table 4.3.

Grain Yield Obtained from the Experiment.

Growth stage

Treatment

Replication Yield

(g/2.5m")

Average Yield

L]
Control

Il

1

Dry Treat.

A B
691.6  701.6

638.6  596.2
043.0  617.6
624.2 06224

575.0 6354
623.8  S558.0
542.0 4484
551.0 5188
478.5  546.0
5425 4314
605.5  600.5

553.7 620.7
5068.7 612.6

427.5 3774

631.0

635.6
587.1
500.0

647.0
575.0

553.0

509.8
478.5

514.3

645.8

6G1R.7

596.2

378.0

624.4
615.9

612.2

619.1
S8S5.0
516,2

520.5
501.0
4906. 1

617.4

591.7

592.5

394.1

2.07

2.00
1.98

rd
N
-~
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Table 4.4: Dry Matter Yield Obtained from the Experiment.

Growth Treamment Replication Yields (kg/2.5m0°) Average Yield
Stages
¢ A B C kp/2.5m*  t/ha
controi i {85 220 .80 1.95 7.80
2 .70 1.80 .70 1.73 6.92
1 3 1.70 1.90 1.70 1.77 7.08
4 1.7¢ I.80 .60 i.70 * 6.80
II 5 1.75 1.80 .85 - 1,80 7.20
4] [.65 1.75 [.55 1.65 6. 00 !
i .50  1.40 160 1.50 6.00
H 8 1.80 1.60 [.7¢ 1.70 0.80
' 9 .40 .75 1.6S 160 6.40
14 1.440 .70 §.70 1.60 06.40
LV | 1.8C .90 1,9 1.87 7.48
12 1.GS 1.70 1.80 1.72 0.88
13 1.75 1,75 1.7¢ 1.73 6.92
14 1.30 1,25 .25 1.27 5.08
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Table 4.5

Analysis of Variance For Grain Yield

Source S8 MSS F Remark
Replicativn 2 48.8 24.4 0.02 NS
Growth Styge 3 63970.5 213235 12.8 *
Stress Level 2 12036.6 6(18.3 3.60 *
Interaction btwa
Growth stage and
Stress level ] 8555.9 [431.0 0.9 NS
Contol rreaument o
VS Sress treat-
ety ! 27426.8 274268 16.5 o
Dry treatient VS
Stressed 1reat-
ment 1 900306.5 900636.5 54.4 **
Error 26 43319.4 1666.2

11

Mean Rauking:

Growth Stape
l,+
li,
111,
Iv,,

Stress level
i,
b,,
Cy

N = Mo sigrificant
& = Highly significam

* = Nignificant st 0,03 fevel

+ = Chrowtl stages or stress fevel widh the sune ferter ae mot significant.
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Table 4.6  Analysis of Variance For Dry Matter Yield.

Source D 58 MSS F Remark
Replication 2 0.06 0.03 3.00 NS
Growil Smye 3 0.12 0.04 4.00 .
Stress Level 2 0.12 0.06 6,00 ik
Interaction brwn
Growth stage and
Stress level G 0.08 0.01 1.00 NS
Contol treaunent
VS Sress treat-
nients | 0. 18 U.18 18.00 s
Dry treatment VS
Stressed treat-
ment | 0.51 0.51 51.0 -
Error ) .34
41
Mean Ranking:  Growth Stage Stress level
I+ a; )
I, h,
m, A
Iv,

NN = NMon sipzoifcand
** = Highly symficant
* = Signlicant at 005 level

-

+ = Growth stages or suess level with the same letter are not sigmificant.
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was imposed, and fairly influciced by the degree or the severity of the stress
imposed. The mean ranking for the growth stages shows that the mean grain yicld
at growth stage [, that is, sltem elongation 10 booting iniliation was not
significazltly different from that of stage 1V, that is, soft dough to hard dough
development, but wa$ significantly different from stages 1l and I, The mean
yield for stage lII was however significanily different from the other three growth
stages. The mean ranking for the stress level shows that the mean yicld lor siress
level "a" was not significantly different from that of stress level "b", but was
significantly different from stress level "¢”.

_Table 4.6 shows that the dry matter yield mean ditferences for the stress
levels were highly significant, while the growth stages were only significant at
0.05 level of significance. ‘This result shows that the dry mauter yield was highly

influenced by the degree of stress and fairly by the growth stage. The dominating

o

influence of the stress level over the dry matter yield can best be cxplained in the
hght of the fact that at any growth stage severe stress can either suppress
tillering, reduce number of effective tillers or cause tilier/stem senecence, thus
reducing dry mauer yield.

Table 4.7 shows the average yields (t/ha), percent grain yield reduction
(OyR); percent dry miatier yield reduction (DMR); and the Harvest Index¢H1) for
each treatment. Grain yield reduction was less thian 10% for the three leveis of
moisture stress at growth stage [ and for stress level "a" at growih stages H and

V. However, moisture stress level "a" at stage Hi resulied o a2 22% yield loss.
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Table 4.7:

Percent Yield Reduction and Harvest Index(HI)

Growth Treatment | stress | % SETd G/Y, DMY. Il GYR DMK
stage level tiha 1V ha % %
contral ¢ ! 2.70 7.80  0.35
| 2 a 4.9 2.50 6.90 0.36 7.4 1.5
3 b 6.3 246 7.08 035 89 100
4 C 8.3 2.45 O 80 036 9.3 12.8
1) 5 1 5.4 248 7.20 0.34 8.2 7.7
6 h 8.3 2.34 6.60 035 132 154
7 (5 12.0 2.07 6.00 0.35 233 25.1
11 8 a 9.3 2.11 6,80  0.31 22.0 12.8
9 b 13.2 200 6,40 0.3] 26.0 18.0
10 € 14.3 .98 0.40 031 2067 18.0
v 1 a 6.0 2.47 7.48 0.33 8.5 4.1
12 h 8.7 2.39 6.88 .35 1.5 11.8
i3 C 9.7 2.37 6.2 0.3¢ 122 [1.3
Dry Treat. 14 b (all 28.3 1.58 508 0.31 41.5 35.0
stages
ETd = Ceason BT dehicit
QY = Grain Yield
DMY = Dry matter Yield
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This shows that growth stage 111 i1s more sensitive to moisture stress than the
other growth stages considered i this study.

Evapotranspiration deficits of 9.3%, 13.2% and 14.3% during growth I
caused grain yield reductions of 22.0%. 26.0% and 26.7%, while dry matter

L] : .
yield reductions were only 12.8%, 18.0% and 18.0% respectively. This implies
that the evapotranspiration deficit at this stage h'as greater effect on grain yield
than dry matter yield accumulation. The dry nﬁ:tlcr_yir:ld reductions were also
observed to be higher than g,rai'n yi€ld reduction at growth stage 1, which is the
carly vegetative growth stage. This too implies that moisture stress imposed has
greater effect cu dry matter accumulation than grains at this stage,

The Harvest indices were found to range from 0.31 - 0.36 which agrees
with the findings of Doorenbos and Kassam’s (1979) that HI should be in the
range of 0.3 - 0..4. Harvest indices for growth stage 111 were at the lower end of
the range which indicate that less assimilate was converted to grain at this stage
due to the imposed moisture stress. This is in agreement with the findings of
Mcpherson (1975) that moisture stress occurrence at the reproductive stage of a
crop will markedly reduce photosynthate translocation to the reproductive parts

of the plant.
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4.4  Crop Yields and Evapotranspiration Relationships
Table 4.8 shows the grain yield (GY), dry matter yield(DM), seasonal
evapotranspiration (SET), relative grain yield (Ya/Ym), relative dry matter
(DMa/DMm) and relative seasonal evapotranspiration (E'Ta/ETm).
s
Figures 4.1 a and b are the graphs of grain yield and seasonal
evapotranspiration; and dry matter yield versus_seasona] evapotranspiration
respectively. Strong linear relationships were found between crop yields and
seasonal evapotranspiration. The linear rcgres-ion equation for the dry matier
versus seasonal evapotranspiration relation is given as :
DM = 0.0225LF--- 1.56, ---en--- (4.1)
with a correlation coetticient "r” of U.9365; while the regression cquation for
grain yield versus scasonal evapotranspiration is given as :
GY = 0.0102ET --- .48, --------- {4.2)

with a correlation coefficient, r, of 0.9524

where DM = dry matter yield {(t/ha)
GY = grain yield (t/ha)
ET = scasonal evapotranspiration(mim)

F
»
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Table 4.8 Crop Yield and Seasonal Evapotranspiration Measured from the

* Field.

Growthstage Treament  GY DM SET Ya/Ym Dma/DMm  Ew/ETm
tha  tha min)

Control | 270 7.80 409.0 1.0 1.00 1.00
| 2 2,50 690 3800 093 (.89 0.95
3 246 7.08 3830 091 0.91 0.94
4 2.45 G, 80 375.0 )49l (.87 0.9
1" 5 248  7.20 387.0 092 0.92 0.95
[§] 2.34 660 375.0 (.87 ().85 0.92
7 2,07 600 360.0 0.77 0.77 0.88
1 8 211 680 369.0 0.78 0.87 0.90
9 200 640 3550  0.74 0.82 0.87
10 1.98 640 3500  0.73 0.82 0.86
v 1 2.47 7.48 384.0 0.92 0.96 0.94
12 239 6.88 376.0 (.89 (.88 0.92
13 237 692 369.0 0.88 0.89 .50
Dry treatment 14 .58 5.08 2910 0.59 .65 0.71
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Equation 4. | reveals that an c“.'apulranspirnliun (ET) threshold of 69.3mm
is required to initiate a dry matter yield, and from Eq.4.2, an evapotranspiration
(ET) threshold of 145 mm is required to imtiate grain yield. This implies that
though dry matter and grain yield will rise linearly with evapotranspiration, there

.
is a distinct intercept or threshold value of evapotranspiration below which
production is negligible. Evapotranspiration amount of 6%mm is found to be 17%
of the total maximum evapotranspiration of the adequately rrigated treatment
while the 145 mm ET threshold required for first grain yield mcrement is 35%
of the 409mm average evapotranspiration of the adequately irrigated treaument.
The 35% value compares favourably with 30% of the maximum
evapotranspiration reported by Howell (1980) for irrigated wheat based on data
from Bushland, Texas, 1956-1959,

-~ 'The slrun'g linear relationship found between crop yields (grain and dry
matter) and seasonal evapotranspiration, indicates that about 10.2 kg/ha of grain
could be expected for each millimeter of evapotranspiration above the threshold
value of 145mm, and a dry matter yield of 22.5kg/ha could be expected for each
millimeter of evapotranspiration above the threshold ol 69.3mm.

Fig.4.2 a and b are the graphs of relative grain yield versus relative
evapotranspiration, and relative dry matter yield versus relative evapotranspiration

respectively. The regression equation for relative grain
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yield versus relative evapotranspiration is given as:

- GYR 1.57 ETR--- 0.563 -—(4.3)

It

with a correlation cocfficient, r of (,9476; while the relative dry matter yieid
versus relative seasonal evapotranspiration relation s given as:

.

DMR = 1.23ETR---- (1.247 ----(4.4)
with a correlation coefficient "r” of 0.9357

where GYR = relative grain yicld (Ya/Ym)

DMR

1

relative dry matter yicld(DMa/DMin)

ETR

relative seasonal evapotranspiration{ETa/ETm)

Equations 4.3 and 4.4 show that the relationship between the relative crop yields
and relative seasonal evapotranspiration did not pass through the origin as a 1:1
fit which is an indication that the relationship between crop yield and
gvapotranspira:ion is not entirely a direct proporrtional relationship. This supports
Hillel and Guron (1973) and Hanks et al's( 1%‘.)) argunient on yield an:i"
gvapotranspiration relationships. The curve (;I‘ the relative grain yicld versus ETR
intercept the ETa/ETm axis‘al-UJS: while that of the dry‘matlelr yield intercept
the ETa/ETm axis at 0.20. These valucs are found fo be close to, and in the
range of 0.25 - 0.50 given by Stegman ct al(1980 bjrespectively, (sce section
2.5). 1t can theretore be concluded tlfmt the stresses imposed were casily tolerated
by the dry matier, that is, stressed imposed were not too severe for dry atter

production. However, the siresses imposed were extremely severe for grain

production especially at the crop most sensitive growtl: stage.



4.5, Grain yield - Water Use Models Parameters.

Table 4.9 shows the relative grain yicld and the relative evapotranspiration
data at various growth stages used for evaluating the sensitivity factors of the
models under consideration as explained in section 3.10. The highest

.
evapolranspiration value in a growth stage was taken to be maximum
evapotranspiration (ETm).

Table 4.10 shows the yield models’ parameter (the stress sensitivity
factors). The result given in Table 4.10 show the dominating influence of the
growth stage 11, that is, the flowering to milk dough, development on wheat
grain production. Fhis stage had higher sensitivy factors than the others. It is
followed by the booting to heading stage {11),sott dough to hard dough{lV) and
lasdy, the stem elongation 10 boot:ing initiation (1) growth slagc; However, the
results show that moisture stress. at any of the four .:;Iagcs will have significant
effects on grain yield. "The coefficient "B, bf‘ the multiplicative models was a“
"dummy regression cocf‘l‘icieﬁl"‘ (Howell and Hiler,” 1975.'s tcrml) which did not

alfect the resulting equation since (he Bo, is approximately
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Table 4.9 Relative Grain yield and Growth stages Relative ET

Treatment | Relative  Growth Stages Relative ET (ETa/ETm),
Yield 1 Il 11 v
1. 1.00 0.99 1.00 1.00 0.99
I 2. 0.93 0.88 0.94 0.97 0.98
4. 0.91 0.71 0.92 0.93 0.97
5. 0.92 1.00 0.97 0.91 0.98
7. 0.77 .97 0.6l (.87 1.00
0. .74 .97 (1.95 .62 0.91
10, 0.73 0.91 0.97 (.58 0.84
. 0.92 0.94 0.98 0.9% 0.78
12. 0.89 0.92 0.97 1.00 0.69

Table 4.10 Estimated Stress Sensitivity factors for the Models.

Stress Sensitivity  Factors

Maoddel g Crop Growth Stages

Constant [ 1l I v T
Jensen (1968) H, A A Ay A

0.0029 (1, 105 0.357 (.498 0.268 (1. 9806
Minhas et al
(1974) B3, b, b b, b,

U013 (U, 590 i.231 |.d4064 0.817 (.98 [8
Stewart et al
(1977) B B, B, i fi,

0.0098 0,748 }.625 2.232 P46l 0.9777
Bras and
Cordova (1981) " A, A, A, Ay

-0324 0.145 0,403 1.471 0.320 £.9804




zero given an exponential value 1.0. Also the coefficient B, of the Stewart et al’s
(1977) model is approximately Zero, thus did not affect the resulting equation.
However, the coefficient "Ao’ of the Bras and Cordova’s (1981} model must be
included.in the model expression. Table 4.11 gives the general outlook of the
models expressim.
4.6 Grain Yicld model Predictions

Table 4:12 shows the remaining field data (relative evapotranspiration)
which were used to test the accuracy and predictability of the stress sensitivity
factors. Measured relative yicld and mode! calculated relative yield results for
each model are also shown.

It can be observed that each yield model simulated the field results equally
well. The absolute mean differcice between the measured and c‘:alculated relative
yield are: Jensen: 0.002; Minhas et al: 0,034; Stewart et al: 0.008; and Bras and
Cordova: 0.002. A “t" test statistical a’nzllysis‘ was carried out between the
me_asured relative yield and each of-the model calcullated relative yield. There
was no significant differcnce between the measured and calculated relative yields
at 0.05 level of significance. This indicates that each of the model adequately
predicted relative grain yield and that the sensitivity factors estimated for each
model are reliable. However, from the results of the absolute mean differences

shown above, Jensen (1968) and Bras - Cordova (1981) models predicted closer

and more accuiate results, with Minhas ¢t al {1974) been lcast.
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Table 4.11: Models Expressions with their sensitivity factors.

Jensen (1968) 2w (Z)010% L (20 L (2 (2) 9268
Yo 3 X
Minhas st al (1974) =& = (X090 , (02332, (bees o ()90
[ X fil mn W
Stewart . . Yo a3 . B 5 T
S LT (1 i 0.748 (W), +1.625 (W), +2.232(W);,, +1.461 (W),
Bras qnd Y A A58 » B , pos "
. 28 = -0.324 +0.145(2), + 0.403(2),;, + 0. 2) s55 * 0.32
Cordova(1981) . Ya (2) ! 12 431 £t
- ETa,
B ﬁmm.au -
X & [0 = 1.0 = Syt
[ =l

W o= _” Xz M“_
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Table 4,12,

Yield using Models Equations

Measured Relative Grain Yield and Calculated Relative Grain

Treat | Growth Stages Relative ET Measured Cal. Rel. yield
ment Rel. Yield
I 1 11 v J M S BC

T 076 093 099 0096 |09l 0.93 096 093 0.93
6 0.97 0.66 0.98 0.98 | 0.87 0.85 0.86 0.86 (.86
8 0.97 0.96 0.75 .90 0.78 (.83 0.89 (.82 (.84
13 0.99 0.95 0.90 .63 0.88 (.82 0.87 0.82 0.83
14 0.73 0.67 0.65 0.68 .59 .61 0.63 0.56 (.58

J=Jensen (1968)

M= Minlas et al (1974)

S=Stewart ¢t al (1977)
BC=Bras and Cardova (1981)
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4.7  Dry Matter Yield Model

Table 4.13 shows the data used in evaluating Eq. 2.9 tor both dry matter
and grain yield. The yield reduction factor, that is, the stress sensitivity factor,
B, is ufe slope of the graph of relative yield decrease versus relative
evapotranspiration decrease as shown in Fig. 4.3a for grain and Fig. 4.3b for dry
matter yield.

[Figure 4.3a shows the relationship between relative grain yield decrease

and relative evapotranspiration deficit with a regression equation given as:

(g - Py & 20600 - By g 0 ;s peeseean s a.s

ym E?in)
and a correlation coefficicnt, r, of 0.9689.

Figure 4.3b is the relative dry matter yield decrease versus relative
evapotranspiration deficit with a regression equation given as:

DM

DM | ETa
DM

= 1.45 C0.0045 ... 4.
1.45(1 - 2o} + 0.004 4.6

(1

and a correlation coefficient, r, of 0.9067.

The predictive accuracy of Egs. 4.5 and 4.6 was tested with the remaining
field data as explained in section 3.10. Table 4.14 shows relative
evapotranspiration (ETa/ETm) measured,and calculated relative grain and  dry
matter yields using Eq.4.6 and 4.7

The absolute mean difference between measured relative dry matter yield
and calculated relative dry mater yield was 0.016, while the absolute mean

difference between relative grain yield and calculative relative grain yield was

6l



Table 4.1 Relative Yields Reduction and Relative Seasonal Evapotranspiration

Deficits
Treatment I-Ya/Ym 1-Drna/DMm L-ETa/ETm
! (L00 0.00 .00
.
2 0.07 011 0.05
4 0.09 0.13 0.08
) 0.08 0.08 (.05
7 0.23 (.23 012
9 .20 0.18 0.13
10 0.27 0.18 0.14
11 0,08 {'m-l T 0.6
12 011 0.12 _ (.08

Table 4.14 Measured Relative Yields and Caleulated Relative Yields using Equations
4.5 and 4.6

Relative Grain Yieldiya/ym) Relative Dry Matter
YieldtDMa/DMunn
Treatment | Seasonal Measured Calculated Measured Calculated
Ew/ETm
3 0.94 (.91 0.91 0.9] 0.91
6 0.92 0,87 0.87 0.85 (.88
8 0,90 0.78 (.82 0.87 .86
13 0.90 (.88 0.82 0.89 0.86
14 0.71 0.59 0.43 .65 (.58
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0.036. A statist'cal analysis showed that there was no significant difference
bewween the measured and unlculeucc] relative yiclds of dry‘mallcr, and ol grain
at 0.05 signiticant level. This implies that the model adequatcly predicted dry
matter yield and grain yield. However, while the constant coefficient part of
Eq.4.6 can be neglected, been approximalely Zero the constant coefficient part
of Eq.4.5 is necessary for fair prediction of grain yield.
4.8, Water Use Efficiency (WUE) of the Crap
Table 4.15 shows the water use efficiencies for grain yield expressed in
kg/ba-mm, The highest value was 6.61 kg/ha-mm for grain yicld which was
recorded in the control treatment, and the least value (5.43kg/ha-mm) were
recorded in the dry treatment. Table 4.16 shows the analysis of varaince for the
water use efficiencies. The result shows that the mean dilterence between the
waler use effeiciency of the control treatment and the stresses treatment was
i o
significant at 0.05 level of significance. The mean difference of the water use
efticiency of the dry trcaument versus the stressed treatment was bighly
significant. This result illustrate the importance of attaining refatively high yicid
for high water use efficiency. It also ecmphasizes thie importance of limiting thic
duration and severity of moisture stress and attaining relatively high yield when
limited irrigation manapement is practiced. The highest water use etficiency of
6.61kg/ha-mn. for grain yield was found to be approximately equal to the
6.6kg/ha-mm of water obtained by Chaudhury and Kumar (1980) for wheat under

moisture stress in Kadawa Kano state.,
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Table 4.15  Water Use Efficicncy,

Growth Treat SET ay WUE
Stage ment (1) (kg/lia) kg/ha-nun
wontrol 1 409.0 2700 6.61
2 3R9.0 2500 6,44
i 3 383.0 246U 6.43
4 375.0 2454 6.54
5 387.0 2480 0.42
11 ) 375.0 2340 6.24
7 360.0 2070 5.76
[ 8 369.0 2110 5,72
9 3:55.0 200(') 5.04
1) 350.0 1980 5.05
v 11 384.0 2470 6.44
12 376.0 2390 6.30
3 309.0 2370 6.45
Dry
treatment i4 2910 £580 5.43
GY = Graii yield WATTD = grain walet tse efliciency

SET = Scasunal Evapolranspiruion




Table 4.16 Analysis of Varaince for Water Use

Efficiences
Source 134 S8 MSS I Remark
Replication 2 0.005 0.003 0.01 NS
Stressed
Treauncent 11 4.32 0.39 2.29 NS
Control Treamment
VS Stressed
Treatment | .52 .52 3.06 -
Dry treatment
VS Suressed
Treatunent I 1.52 1.82 8.04 b
Error 26 4.43 (.17

41

NS = Not signilicant
* o= Bigmlicant s 0.05 Jevel

** = Highly significam

66



5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

h
e

Summary:

A farm land of 800m° was seeded to wheat (I'ricwn aestivum L. CV,
L3

JCle ceros) in clu.:ck basins of size 2.5 x 2.0 m* during the 1995/96 cool,
harmattan season, under irrigation at the Institute of.Agricui!ural Research farm.
L he crop was subjected to three levels of moisture stress by withholding irrigation
tor 4 days, 7days and 9days in excess of the regular 7days irrigation interval at
each of the four growth stages considered, while a control treatment plot was
irrigated at 7day interval for the entire growing season ol the crop. The moisture
stress on the crop caused a reduction in grain and dry matter yields. Crop water
use was monitored throughout the growing season of the crop for each treatment,
and grain and dry matter yields were recorded at harvest.

Two mu luplicative type of crop yield models: Jensen(1968), and Minhas
et al (1974); and two additive type of crop yield models: Stewart et al (1977) and
Bras-Codova (1951) were evaluated using the experimental data, and their stress
sensitivity factors were estimated Ifur the four growth stages ‘cunsitlcrcd. Their
accuracy and
predictability of crop yields. were also tested. w;llt-r use efficiencies lor  grain

yield were also determined. ‘ '



5.2 Conclusions. i :

St Lo 'ir.’" HECTA
|rI - :".II.: - o I.'l L

The following conclusions are made- from the results of this work:

1. Very strong lincar relationships between crop yield(both gram and dry maticr)
and scas’onal evupotranspiration was found. An evapotransbiraiion threshold ot
69.3mm was required for dry matter yield initiation, and an evapotranspiration
threshold of 145mm was requircd to initiate grain yield. Afier these threshold
values, grain yi.cid and dry matter yield will rise tinca‘rly with cvapotranspiration,
with an increase of 10.2kg/ha 1w grain yield ‘c;n(l 22.5kg/ha mm dry malter yield for

[

every lmm of crop water use. .

t

2. The four crop yicld models  cvaluated were found 1o iidcqualcly and | '
closely predicted crop yield equally well. However, the Jcnsenltlai)()& and Bras-
Cordova{1981) model were found to be better than the others, with Minhas et al
(1974) being least. The stress sensitivity factors for the four growth stages in all
-
the models show that moisture stress in any of the growth stages had significant
effect on crop yield, and stress at the flowering to milk dough development has
the greatest yield reduction cffect on the crop. The Siewart et ﬁ]’s {1977 model
for dry matter yield evaluated was found 1o predict dry matter yield well and
grain yield fairly well. |
3. "F he grain yield losses due to the moisture stress caused by the
evapotranspiration deficits were refatively equal to the dry matter yield losses at

Booting to heading stage, and at soft dough to hard dough development. The

moisture stress at flowering to milk dough - development bhad greater yield
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reduction effect on grain yield than dry matter yield, while dry matter yield losses
were higher than grain yield losses at stem elongation to booting initiation growth
stage.

.
5.3.Recommendation,

The following recommendations are made out of the findings of

this work:

a) the crop yield models evaluated in this work and their stress
sensitivity factors estimated adequately predicted crop yields and ar e thus
recommended for use in this part of the country.

b) these models can be studied for other cereal like maize, sorghum
and rice which are popularly grown in this part of the country too.

c) there may be need 1o estimate stress sensitivity factors for different
definitions of the crop growth stage for comparison with those obtained n this

work.
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APPENIIX

Weekly Moisture conteunt measured at the field.
(Percent dry weight basis)

.
Treatment 1 (control treatment)
—— . —— -':T‘:—:-—”__‘_.q—-:ﬁ-'—__“‘_';:-': —— :— - ey — — ":_' —_——— ——— — W _,_._..._,-_.-—._:_'_'_'.,..-.—'_,
bepth I 1L 1H0 - 30 Jou A ALD - BUD
{iim):
Days alter w u w 1l W I w 1}
planting
116 M8 176 : :
1123 1h9 g Ih 6 4. 197 0.1 LR 213
2430 1ha 14 164 1.0 197 710 1648 0.1
N al Wi g M3 Ny 113 8.4 143 6.2
3844 11 Ih 134 101 1hY 1448 11.2 164
4451 155 5 Ihh 4 16.0 118 164 14
L2 he 1hh 6l 120 90 16.7 1M1 118 144
HUGY 12 hi o (] M3 176 1 16 A
bti-42 62 bl 12.1 A 165.0 1.3 8 L] w2
1374 11.3 6.l 1.7 L/ 1A 125 16.3 i
066 118 87 13.1 14 1My 1.3 137 m7
143 (%) 9u 132 1.2 113 12.4 1y 7w

Muoisture coptent not measued
Muoisture cantent two days alter wngation
Muisture confent just hefure the next irngation

h



Freatment 7

Depth (mmi: | 0 - 150 150 - 300 300 - 450 450 . 600
i
Days after W 1] w I W ! W b
planting  »
116 148 126 -
i 1723 148 46 156 15.7 W4 210 214 221
74.30 134 0 16.6 118 14 197 214 22.1
I 3ar 117 ()] 131 16 18.0 183 201 221
4248 154 13 134 86 18 140 150 1.8
2955 142 6.2 134 iy 139 12.1 153 1./
hi 62 165 6.0 121 90 139 128 140 .6
63-69 165 60 121 10 12.7 134 148 1448
10-16 16.2 hb 136 84 131 2.1 154 1649
1183 5.1 1.7 1hu 84 13.1 10.4 13.1 15.2
#84-90 111 6.8 130 103 1.2 129 131 ./
' Stress penod.
lreatment 3
-~
Depth 0150 150 - 300 350 - 450 A50-600
(mm);
tlays after w ] w ] w i W ]
planting
116 156 134 . i , -
12.23 162 108 1h3 132 18.2 192 188 Nna
2430 135 6.0 154 1o - 20,1 22 184 20.1
3144 12.0 h9 14.1 4 178 146 212 20.2
44 14.8 6.2 1ns 67 148 136 LY 15
5258 166 (X} 198 a4 124 1./ h/ 6.4
Li6h Y hYy 178 0 .’ 124 1./ 13 1./
6672 176 6.0 1na (] 6.3 ./ 164 4.7
1319 11 1.1 12.1 aA 140 134 16.1 114
8086 1h8 0.3 141 104 o 1.1 1Ab 133
“ /.93 143 8.2 12.2 104 143 121 1 163
e ————— —— —— e — — — - ——— — _l

16




Treatment 4

= =

Depth 0- 150 150 - 300 300 - 450 450 - 600
{mm).

Days after | W* D w D w D W D
planting

7-16 13.2 108 = o P S —
17-23 15.9 10.2 15.6 Y 167 20.5 21.0 21.4 22.1
24-30 14.0 6.4 14.9 12.0 16.2 » 18.1 21.1 228
31-46 15.3 B2 122 69 16.0 141 19.2 182
47-52 152 60 124 84 16.0 149 18.1 195
54-60 16.1 55 128 82 13.0 121 140 155
61-67 16.1 6.0 12.8 89 14.2 138 141 15.5
68-74 16.8 6.8 13.4 99 16.2 141 16.5 17.1
75-81 14.1 6.4 103 . 92 13.1 10.3 14.2 13.1
82-88 14.1 63 138 .82 14.2 12.8 122 14 4
89-93 15.3 103 128 108 142 143 14.1 138

—_— —
-
Treatinent 5

epih 0=~ 150 150 - 300 300 - 450 450 - 600
(mm):

Days after | W D w D w D W D
planting

7-16 128 10.6 - — —— -— — -
17-23 14.8 986 15.5 1657 208 220 214 27
24-30 15.4 7.2 16.8 148 201 222 214 221
31-37 16.3 8.0 14.3 11.0 16.2 16.4 16.2 18.1
38-44 13.3 7.5 13.4 11.0 14.0 4.1 18.1 15.1
45-55 154 50 13.0 68 135 12.5 17.5 18.8
56-62 158 60 140 17 14 8 135 135 14.2
63-69 _| 148 6.2 122 70 140 136 141 15.5
70-76 14.8 5.5 136 100 136 127 137 139
77-83 15.3 7.3 12.6 103 140 12.7 14.1 133
84-90 14.5 6.8 13.3 93 16.1 157 12.1 14.2

w —_— — I
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Treatment 6

==
Depth 0- 150 150 - 300 300 - 450 450 - 600
{mm):
Days after | W D w D w D W D
planting
7-16 16.4 141 —- - - e e
17-23 15.8 106 154 142 202 210 204 227
24-30 16.4 8.0 150 148 18.2 201 212 237
31-37 151 84 158 140 15.1 14.3 201 221
38-44 13.4 6.0 12.4 101 16.9 148 16.0 7.9
45-58 15.0 a8 122 6.2 15.0 12.4 18 4 17.0
59-65 15.9 5.0 12.4 8.9 14.2 124 16.0 18.2
66-72 15.2 55 15.1 10.3 16.1 14.8 18.4 20.2
73-79 15.2 83 12.6 8.0 142 10.8 121 14.2
80-86 13.8 63 13.3 10.4 1301 1249 . 12.8 143
87-93 14.3 78 12.2 * B3 14.2 10.2 10.8 131
. -~
Treatment 7
_ _—______~ ————————
Depth 0-150 150 - 300 300 - 450 450 - 600
{mm).
Days alter | W D w D wW D w D
planting
7-16 14.8 124 — - - -
17-23 15.8 10.9 15.7 15.5 20.4 21.0 214 227
24-30 16.4 7.0 146 12.8 18.3 201 214 231
31-37 15.1 101 138 120 16.1 15.2 18 1 189
38-44 14.1 7.3 13.5 101 156 138 16.4 18 4
45-60° 15.1 2 11.0 52 146 109 158 14.6
61-67 16.4 7.4 126 8.4 141 12.0 141 15.3
68-74 15.2 3 12.1 8.9 14.1 2.3 15.2 1€6.3
75-81 141 b4 100 92 1o 2 13.3 162 14.3
82-88 15.1 8.2 133 108 153 12.3 13.2 143
89-93 15.1 83 125 100 131 15.1

13.2

139
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Treatment 8

e

Depth 0-150 150 - 300 300 - 450 450 - 600
{mm).
Days after | W 9] W D W D W D
planting
7-16 1438 126 —_ - —_ -_ - -
17-23 14.8 9.0 156 147 19.2 207 18.9 21.3
24-30 13.2 75 15.6 13.7 18.4 16.7 18.9 203
31-37 134 7.5 143 114 142 13.1 15.2 16.4
38-44 15.1 7.5 11.5 10.1 156 148 18.2 18.4
45-51 157 6.0 134 10.2 16.4 153 15.1 16.2
52-58 16.5 85 12.2 90 - 156 139 13.5 149
59-69’ 15.0 40 12.0 6.0 14.1 125 1432 159
70-76 16.3 6.3 12.1 g8 12.9 127 13.7 131
77-83 15.3 83 12.6 102 14.8 123 12.1 13.2
84-90 16.2 10.3 12.3 104 15.4 142 14.1 139

-1 —— =

-
Treatment 9
Depth 0- 150 150 - 300 300 - 450 450 - 600
(mm)
Days after | W D w D w D w D
planting
7-16 12.4 10.2 - - -
17-23 148 90 155 147 19.0 207 212 22.3
24-30 17.4 10.3 164 140 193 209 214 231
31-37 143 8.0 138 120 16.2 141 184 201
38-44 133 6.5 125 10.1 15.6 14.8 17.8 18.2
45-51 15.2 6.7 13.7 10.2 16.0 14.1 15.1 16.8
52-58 16.1 7.0 12.2 9.8 14.1 13.1 16.2 14.8
59-72 14.1 4.0 11.4 56 16.0 12.4 13.4 13.1
73-79 15.1 6.8 133 83 142 129 13.8 148
80-86 14.3 8.2 13.3 102 148 13.2 15.5 16.3
87-93 13.2 6.3 103 88 151 132 161 16.3
===
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Treatment 10

Depth 0-150 150 - 300 300 - 450 450 - 600
(mm)
Days after | W D W D wW ] W D
planting
7-16 143 12.5 —— — —
17-23 169 9.0 154 14.7 19.2 201 108 21.3
24-30 14.0 0.4 149 121 16.2 201 17.8 201
31-37 13 4 .83 14 3 14 173 162 152 163
3844 - | 133 63 125 10.1 158 148 181 189
45-51 14.8 56 129 104 143 13.6 15.7 15.3
52-58 16.5 60 122 98 166 14.4 13.6 145
59-74 14.5 38 12.2 5.2 146 10.8 16.8 16.4
75-81 16.5 9.0 12.6 82 14.3 12.2 14.3 141
82-88 143 8.2 12.8 98 151 142 15.3 16.1
89-93 12.3 89 133 12.3 16 1 151 13.1 123
= -
Treatment 11
Depth —1 0-150 190 - 300 300 - 450 450 - 600
(mm)
Days after | W D W D W D W D
planting
7-16 153 131 — ' - — — — -
17-23 15.9 S0 15.6 147 ‘200 211 210 233
24-30 16.4 7.4 156 13.4 190 221 21.0 .2
31-37 143 80 138 120 16.2 159 18.2 18 4
38-44 141 7.5 124 10.6 151 138 204 19.3
45-51 15.7 6.9 13.7 10.2 136 123 16.1 16.3
52-58 16.5 60 122 g8 143 126 14.2 152
59-65 15.2 50 100 58 14 2 121 15.0 16.8
66-72 16 2 60 122 ., 924 141 +138 15.1 142
73-83 158 58 132 8t 141 12.2 151 149
84-90 142 10.3 12.2 103 141 123 141 131




Treatment 12

Depth 0-150 150 - 300 300 - 450 450 - 600
(mm).
L]
Days after | W D W D w D W D
planting
7-16 149 126 e - == - -
17-23 149 88 156 14.7 19.2 207 19.8 213
24-30 | 13.2 75 154 130 18 4 202 203 198
31-37 143 80 138 120 141 124 18.2 201
38-44 13.8 80 1156 103 156 138 204 19.3
45-51 15.8 69 127 100 167 141 140 156
52-58 6.7 6.7 Lo .8 16.6 14.3 16.4 15.8
59-65 14.0 9.5 2.3 2.0 14.1 13.0 15.5 14.3
66-72 161 2 12.4 84 16.1 15.2 204 19.8
73-86 143 52 121 6.4 14 4 123 16.2 148
87-93 1432 83 3.9 114 13.2 120 14.4 142
Treatnie

H EDacEE _— T — § TUC ST R - - rpTEEETTEeS T WS

E_ MNepth 0 - 150 1 - Ul SU0 - 450 450 - 600
{mm)
Days after | W D w D w D w
planting
7-16 14.4 12.0 - —- _— —_—, —
17-23 15.9 9.0 154 147 19.2 20.7 188
24-30 16 4 70 16 4 148 19 2* 210 18.8
31-37 143 20 134 123 152 16.1 187
38-44 143 80 129 96 151 133 19.8
45-51 15,7 6.7 13.7 10.7. 453 14 2 15.9
52-58 16.5 6.0 2.2 28 14.4 12.6 13.5
59-65 io.1 68 2.8 8.8 15.7 13.7 13.7
66-72 14.2 6.0 11,3 89 141 138 18.2
73-88 158 52 132 * 80 151 "12.8 16.3
89-93 141 83 128 100 151 132 13.2

31




Treatment 14

82

Depth 0-150 150 - 300 300 - 450 450 - 600
{(mm):
Days after | W D W D W D W D
planting
7-16 14.8 12.6 — - e e -
17-23 16.9 11.2 15.4 12.7 18.2 201 182 20.1
24-30 13.5 6.0 15.9 13.0 19.2 21.0 19.2 20.2
31-44 12.8 4.2 12.3 7.2 15.3 14.4 20.2 19.5
45-58 14.3 4.6 12.0 6.4 14.1 10.9 16.1 14.0
59-72' 149 4.2 126 6.0 14.0 10.8 16.3 15.1
73-86° 16.3 53 122 78 14.3 10.3 14.9 15.8
87-93 14.3 10.3 12.1 10.2 1563 14.9 133 14.8
ot
# e




