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ABSTRACT

In order to study the effects of noisture stress at different

growt h stages of wheat (TriticumaestivumL. emThell), an experi-

ment was conducted under field conditions during the 1980-81 dry,
cool harmattan season at Irrigati on Research Station, Kadawa,

N geria. Two levels of noisture stress were inposed by omtting
one and two irrigations at tillering, jointing, flowering and
grain filling stages of wheat. These were then conpared with a
no-stress control treatment, which received a regular irrigation
at 10-days interval.

Soil noisture profile studies revealed that the control
treatment experienced no stress as its soil noisture tensions did
not exceed 0.25 bars. The other treatnents experienced different
magni t udes of stress depending on how their soil noisture tensions
exceeded 0.5 bars. Fromthe soil suction and water content rel a-
tionships (figure 2), it appeared that at about 0.5 bars nost of
the available water in the experinental plot had been | ost. The
ground water table during the grow ng season fluctuated between
80 and 100 cmfromthe soil surface.

Both level s of soil noisture stress slightly decreased the
plant water potential. However, the water stress in plant was
mld even in treatnents with mnus two irrigations at the various

growt h st ages.



Plant growth, yield conponents and yield were generally
decr eased; whereas plant canopy tenperatures, grain protein
content and roots shoot ratio were increased by stress conditions.
Thus the four selected growh, stages were sensitive to both |evels
of noisture stress. However, the nost sensitive (critical) growth
Stages under Kadawa conditions (with high water table) were
jointing and flowering for treatnents with mnus two and one
irrigations, respectively. These caused 36.2 and 18. 6%r educti ons
ingrainyield. Generally, omttingtw irrigations at all growth
stages and one at flowering and grain filling were deleterious to
wheat and shoul d be avoided. In fact these caused significant
reducti ons (between 16.3 and 36.2%) in grain yield. However,
omtting one irrigation during tillering and jointing could be
tolerated since this reduced grain yield by only 12.9 and 10. 7%

respectively.

Finally, it appeared that the 10-days irrigation interva
(as in the control treatnent) could be conveniently used at
Kadawa and environs with simlar conditions as the yield was

good.
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CHAPTER
INTRODUCTION

Plant growth, in general, is influerced by a wide range of
piernieal factors including va~ious climatic elements such as
tempercture, radiation, vind and humidity; but in many cases
water availability is a mojor control. This is because a
surplus supply of water as well as its defiecit have deleterious
effects on crop growth, developmsint and production. Vhilst
axcess moisture supply cauce plant death due to development of
unfavourable conditions suci: as waterlogging, high acidity,
salinity, alkalinity and/or oxygen exclusior from the rootzone,

a deficit causes plant deat!: due to deeiccation, In fact watexr
availability affects almost every process occurring in plants;
but it is pertinent to say that the links, however, are complex
and that the relationship veries with plant characteristics,
stage of development, as well as soil and climatic conditionms
(Chang, 1968).

The significance of water tc plants cannot Le overemphasized,
However, the major ways i1 whiri water is important to plants can
be listed as:

() It is a major conutituent of plant vrotoplasm, sometimes

making up as mch as 69% of the total weight of plants,



(v)

(4)
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Most organic wulololces in the protoplasm including
carbohydrates, proteins and nucleic acide are hydrated
in their natural siate and removal of water affect
their physical and ohemical properties. Whenever the
protoplasm is dehydrated, it becomes inactive and
below a certain 'mter content it is killed, One of
the processes most nffectel by dehydration is photo=
synthesis (T=rlkson, 1977).
Water takes part direectly in quite a number of
chemical reactions in the plant. GScme of these
reactions include water being = source of hydregen
atom for the redvetion of 002 in vhotosynthesis and
is a product of respiration. It is alsec important
in hydrolytic processes such as in digestion.
Water acts as 2 golvent in whiel. many other substances
(including mineral rutrients) dissolve and underge
chemical reactions,
A considerable part of water in plants is found in
vacuoles within the protoplasts and this is rescpon-
gible fer mainteining turgidity of cells and plants
as & whole., If lcoves lose their turgidity, the
stomata guard cclls close, thus preventing further

uptake of carbcn diexide for photosynthesis.
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(e) Water is a medium vhereby diesolved substances move
between cells and inte the xylem and phloems through
which they get tronsported from one part of the plant
to another.

After highlighting ti.e importance of water to plants, it
becomes very evident that tie rost common probable cause of
poor plant performance and sometimes death is the inadequate
supply of water sufficiently enough to replace that loss by
evapotranspiration and deep rorcolation. It is also evident that
even the slightest water deficit can sometimes be fatal. How=-
ever, plants have a number of waye of nvoiiing tne build-up
of water deficits (Levitts, 1972). Ieepite this, some growth
stages have been found to he more sensitive to moisture stress
than others (Aspinall et al., 196l4; Campbell, 19683 Lehane -nd
Staple, 1962). Usually, the most sensitive growth stage is
referred to as the critical stege (Krishnan, 1972).

Wheat cultivation is not ncw in Nigeria. Evidence shows that
the crop was grown in some nrrts of Northern Nigeria as early
as 2,000 B.C, The present leve. of wheat production in
Nigeria is estimated to be nbout 15,000 metric tons (0Olugbemi,
1980). The area under cultivation at present is also estimated
to be 200,000 hectares whe: the irrigatien schercs around

lake Chad, Kano, Kaduna and fokoto states are fully developed
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in the next few years (CDUNWT Report, 1978; Olugbemi, 1980).
Purthermore, at the farmers' present average prodaction of 2
tons/ha, whoat production in Nigeria could reach an estimated
value of about 414,000 metric tons in the near future (Olugbemi,
1980).

Meanwhile, it is pertinent to state that being a temperate
crop, wheat thrives well only under low tenperatures, Thus
ite distribution in Nigeria is present]l; restricted to
latitudes 10° and 14°N, mainly in the Sudan and Sahel Savanna
zones, where it is grown during the cool harmattan season. It
is ueually sown in Mid~Fovember to early December and harvested
in March/April, Minirum temperatures for the greater pert of
the growing period in Wigeria arve between 12° to 20°C (0lugbemi,
1980).

Wheat production has been growing in lUigeria due to the
onget of big irrigation schemes under the Fiver Basin Develop=-
ment Projects, As such, wheat varieties are being screened and
recommended for the various growing areas, Thus the cultivar
Siete cerros was recommended for Kano State in 1975 (Olugbemi
et al., 1979). Research on vrrious aspects of wheat production
in Nigeria has also been going on since 1959, Most of the work
carried out so for has been byr the Irstitute for Agricultural

Resecarch, Ahmadu Bello Univers’ ty, Zariz, The Institute has
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identified some promising high yielding varieties under

Nigerian conditions, These include Toussong Scnora 633
(lee x N10 = B) GBS5) GBS56 and Siete Cerros which under good
menagenent will produce at least L,000Kg/ha of grain under
Nigerian conditions, However poor management or failure to
adhere to the recommended practices will adversely affect
their performance, This explains why Nigerian farmers'
average yield is only about 1,500 to 2,000 Kg/ha.

Tven though research on wheat has been going on in
Higeria, it is unfortunate to say thot its water management
has been lagging behind, It is in this line that Redden (1979)
reported that 'work on irrigation, drainage and farming systems
has been lagging behind', Moreover, little work has been done
and reported on moisture stress e¢ffect on yield of wheat in
Nigeria, However, the soil-plant-water relation studies
under moisture stress conditions have never been carried out
for various growth stages of wheat under the agroclimatic
conditions of Nigeria.

The consistent rise of water table at Kadawa and its
surrcundings during the wheat growing season (Nwa, 1978) poses
e threat of water logging conditions in the vcry near future if

irrigation water is not judiciously applied. Population growth
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which is increasing rapidly, as well as growth and development
of industries would also necessitate a great need for judicious
use of water to meet both industrial, domestic and erop produc-
tion requirements. Consequently, water economy for crop pro-
duction will, therefore, be inevitable in the very near
future. Thus the present study was aimed at achieving the
following objectives:

(1) To identify the most sensitive (critical) growth
stage(s) of wheat to moisture stress.

(2) To examine the c¢ffects of two different levels
of moisture stah:.a:“intemml plant water status,
plant growth and yield of wheat.,

(3) To assess the performance of wheat under 10-daye
irrigation interval and monitor fluctuations in
water table during the growing season of the
wheat crop,

(4) The results obtained will then form a basis on
which farmers in the wheat growing areas
(especially Kadawa and ite environs) could be
reliably advised as to what growth stage(s) and
what level(e) of moisture stress should be

avoided if losses in wheat yield have to be combated.



CHAPTER 2 7

LITERATURE REVIEW

Virtually no work on moisture stress effects on
wheat has been published in Nigeria except those of
Chari (1980) and Surma et al (1980). However, much
work has been published un this subject in other parts
of the world, Therefore it will be proper to review
the literature of published work Jone on moisture
stress effect on wheat in other parts of the world in
order to fully understand the state of knowledge on

the subject.,

2 2,1  Moisture Stress

Moisture supply is one of the factors, if not the
major factor, that affects ,lant growth and development,
Moieture stress is the state of moisture when the supply
is inadequate (Crafts, 1968), Crafts (1939) also stated
that the term stress is somewhat ambiguous, but it might
be defined as the state a plant enters when the water
potential is sufficicnctly low to inhibit normal plant
processes. Ghosh ¢t al (1975) found that wheat growth,
especially the leaf area index (LAI) was greatly reduced

when scil moisture tension was above 0,25 bars, Therefore it
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could be deduced that for wheal, moisture stress condi-
tions ensue when t ¢ scil moisture tension exceeds 0,25
bars, However, moisture strers of a plant is usually
influenced indirectly by soil moisture status and
directly by the plont water status., Thus moisture stress
is & result of the develovment of plant water deficit and
not necessarily soil water deficit, In fact, with
adequate soil moisture supply, plant water defiecit can
gtill occur as a result of increased evapcrative demand
of the atmasphere,

Further, the plant water deficit that develop at
eny point in time is the result of a complex combination
of soil, plant, and ~tmospheric factors, all of which
intcract to control the rates of water absorption and
water loss (Kramcr, 19593 1963; Veadia, et al., 1961).
I{ has alro beea emphasized that the degree to which
internal water deficits develop in the leaves of a plant
depends on the evanorative demrnd. on the soil water
potential at the root Burface,“? root and on the gradients
of water potential within the plant, In turn, these
gradients depend on the degree of stomatal closure; and
'Y root depend on the volume of soil per unit length of
root, the bulk value of soil water potential,y’ soil and

the hydraulic conductivity of the seil (Slatyer, 1967).



2,2

Development of Moisture Ctress

As evapotranspiration from an initially wet soil
{where soil water potential,v soil is approximately zero)
proceed from day to day, it progressively reduces soil
water content and soil water potential., Since there must
be a gradient of dccreasing potential through the water
pathway from soil *o atmosrhere to provide the driving
force for water flow, there is usually a concomitant
decline in plant woter potential and plant water content.
The conseguence ig tiat an internal water deficit develops
and increases in magnitute, Thus Regg and Turner (1976)
stated that plant water deficit develops as a consequence
of water movement tlaxrough the plant along a series of
frictional resictances that result in gradients of water
potential, with the lergest drops in potential where the
flow rates and resistances are largest. MTherefore water
deficit occurs as an inevitable consequence of the flow
of water along a pathway in which frictional resistance
and gravitational potential have to be overcome (Jarvis, °
1975) and do not only occur when the loss of water from
the leaves in transpiration exceeds the supply from the
roots (Begg and Turner, 1976).

Since the plant can only extract water from the soil

when the water potential in the plant is lower than that
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in the soil, the water in the plant is seldom in equili-
brium with the water in the scil, The differenccs in
water potential between the plant and the soil depend
on the rate of upteke of wanter from the soil and water
conducting properties of the soil and the plant (Gardner
and Nieman, 1984)., Furthcr, Slatyer (1967) asserted that
the plant water potertial, Y plant (especially the leaf
potential) shows markel diurnal fluctuations and very
little dependcnce on soil rotential, In fact,\{’ soil merely
sets the lamit of recovery possible Uy the plant during the
dark period, sc that the mximmwplant follows the
decline inWsoil down to and beyond ihe wilting point.

Even with adequate soil water, moisture stress can
8till occur due to dther stresses that influence and
enhance its development, Such strescses include:; Water—
logging strese; Wind siress; Salt stress; Haat stresep
Population sitress; Humidity stress and stress due to
pests and disease attacks,

Waterlogging strees results in oxygen exclusion
from the soil (Ganyushina «nd Lazarchik, 1971). This
strese, when severe, resul“s in killing of plant roots;
increase fungal disccse attacks and reduction in yield
(Giha, 1976). 1If evaporative demand of the
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environment rermains tie samc while water absorptien is
mich reduced or nil due to death of roote, moisture stress
conditions ensue,

Wind strecs incr-ases the evaporative demand of the
atmosphere and whenever absorption cannot cope up with
this demand, moisturec stress results, Hot dry winds
(1ire “me Cirocen winde), in particular, enphance gtress
development and scnescence of plants, For example, hot
dry winds may secverely darage ears at and shortly after
emergence, causing the death of the exposed floral parts
of the ear., If these conditions occur between hcading
and ripening, they interfere with the maturation of the
grains and result in shrunken grains and low yields,

Salt stress causes a physiologlcal reduction in
availability of watcr, which is further aggravated at
low moisture potunticl. Here both moisture tension and
osmotic potential work additively to create internal
plant water deficit and so enhance mnisture stress
development.

Evaporation is an energy requiring process., The
source of this enurgy is the sun cnd the form used is
heat energy, Hovever, excessive heat increases the

rate of evanoration to & fat2l "evel, Excessive heat
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andfor cold both couse injury to plant roots. The increase
in the rate of cvnporation ardj or injury to plant roots
which reduces :Jbsoryplion, both enhance moisture atress
devclopment.

Population strcss enhances moisture stress because
plants usually compets for mineral nutrients, oxygen and
moisture in the soil, Tne higher the population density,
the more keen the competition. Tha consequence of this
keen competition for moisture ic moisture stress ensuing,

Relative hunidity plays & :reat role in determining
the evaporative demand of the atmosphere. Secondly, it
could create confvici '« conditions for pests and diseases
to thrive in. All these enhance moiesture siress
development,

Pest and disease attacks can damage roots and plant
tissues; block or destroy conductive tissues and so

accentuate moisture stress develcpmenti.

Indicators of Yoisture Stress

Moisture stress condition in plants is indicated by
two basic parameters  the water contont,& or the energy
status of the cont:;_ined water vmmally expressed as the
total water potcnti:'.l.v (Slatyer and Taylor, 1961),

Thege represent direct indicatcrs of moisture stress in plants.
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However, there are several indicators of moisture stress
which can be grouped under indirect indicators of stress
in plants. These indirect indicators were extensively

reviewed by Hsiao (1973) and Begg and Turner (1976).

Measurenent of Moisture Stress

The subject of measurement of crop water status has
received considerable attention recently. Barrs (1968)
provides a most comprehensive review of the methods for
measuring the relative water content (R,W.C.); water
potantial,‘i’; Osmotic potentialy,W; pressure potential P
and Stomatal aperture. Reviews by Boyer (1969), Wiebe et al
(1971), Sullivan (1971), Turner (1972), Slavik (197h),
Ritchie & Hinckley (1975) and Begg and Turner (1976) all
provide further details on measurement of crop water status,
However, water potential, relative water content and tissue

water content will be considered here.

Water Potential

Water potential is the tctal water potential when the
gravitational pctential is neglected. And, the total
weter potential is that amount of work that mst

be done per unit quantity of pure water to transport
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reversibly and isothermally an infinitesiral quantity of
water from a pool of pure water at a specific elevation
and at atmospheric pressure to the soil or plant watcr at
the point under consideration, There are seversl ways of
measuring water potential, One of the accurate methods
is that by thermocouple psychrometry (Yang and Jong, 1968)
except in cases where large concentrations of sclutes
occur on the leaf surface or are releasel in the psychro—
neter charber (Klepper and Iarrs, 1968), However, strick
tenperature control and long equilibriun times restrict
its use., To overcome these problecrs, certain eguipments
have been developed such as the termperature compensated
thermocouple psychrometer (Hsieh cud Lungate, 19703
Meeuwig, 1972; Hsieh et al,, 19723 Calissendorff and
Cardner, 1972) and dew point hygrometers (Neumann and
Thurtell, 19723 Carpbell et al., 19733 Campbell and
Campbell, 197Ls Neumann et al., 1974) to coupensate
the strict temperature control requirement., However,
strict temperature control is still desirable in these
devices. These consequently led to the development of
insitu psychroueter or hygrometer for the measurement of
water potential, But for field conditiocns, the nost
cormon equipment used is the pressure chouler (Begg and

Turner, 19763 Eitchie and Hinekley, 1975) because it is
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to a great extent insensitive to temperature (Tyree et al.,
197L).

The technique is quite simple and the measurement of
water potential can be made very rapidly (Ritchie and
Hinckley, 1975; Fischer et al., 1977). However, there
could be errors arising from rapid water loss, especially
from excised leaves of actively transpiring plants (Turner
and Long, 1980) or errors due to exclusion of plant parts
from the pressure chamber during the determinations (Millar
and Hansen, 1975), But with care and precautions, the
values of water potential determined using the pressure
chamber closely agree with those determined using the
thermocouple psychromcter,

The units of water potential could be bars, joules/
Kg or Pascals (1 bar = 100 J/Kg = 105pa). Generally, the
stressed plants have comparatively lower water potentials
than non-stressed plants at any time of the day. This is
why water potential has been used to indicate when stress
ensues and affect various processes in the plant,

For example, Crafts (1968) stated field and forage
crops thrive well until - 16 bars potential is approached,
However, Frank et al. (1973) reported that under

controlled environment values of leaf water potential
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of wheat required tc F ig stomat 1 conductance were ~ 13
bars at tilloring; — 17 bars at needingy ~ 24 bars at
flowering and - 31 bors ot grain filling stages. Again,
Johnson et al. (197):) reportel that the water potential
for initial (&%) inhibition of phoiusynthesis was - 10 barsg
for 50% inhibition was - 15 bars and for 100% inhibition
was - 30 bars, Peiri gt al. (1975) reported that in
field grown whent, *the water potential mewsured in e whole
flag leaf was about 6 bare higher than that rocsured in
the apical one third of the leaf, They further stated
that water potential values in the transpiring choots
were 3 to 5 bars higher than in the leaves and that
detopping the flower "md did not alter this patterns
indicating that the highest water poteniial in the shoot
wag in thes stens This invariably implies that plant water
potential will always be higher ..an l1>af water potential,
Further, Millar snd Denmcad (1976) reported that the
critical water rotenticl for stomatal closure in wheat
leaves varied frow - 7 bars for leaves at the bottom of
the stem, to - i} bars for the next highest leaves, and
ultimately to — 19 bars for the top leaves. It hae also
been found that plents that have undergone several cycles

of stress or in which water deficit have developed slowly,
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the leaf water potential for stomat2l closure is lower
than in plants guickly dehydrated or with nc scress
history (Brown, 1974; llcCree, 197L). Also, Hsiac (1973)
and Hsiao and isevedo (197h), stoted that various plant
processes are afected at different levels of moisture
stress. They showed that while processes like cell
growth, well syntihesis and protein synthesis are affected
at fairly higher water potential, othor processes are

affected as the water potential becoucs more negative,

Relative Water Contan:'-. H

Relative water content (RWC) is the water content

(o a percentage basis) relative to the water content of
the same tissue at full turgor (after floating on water
to a 'constant' weight). At ove tirme, RWC was less
accurately termed, relative turgidity (Begg and Turner,
1976). RWC is aleo closcly related to water potential of
the same tissue, though the relationship is dependent on
species and stages of growth (Connor and Tunstall, 196353
Gardner and [hlig, 19653 Millar et al, 19683 and Sanchez
Diaz and Kramer, 1971), on long-term alterations induced
by environrental factors, and possibly even on the shorte

tern water history of the plant (Jordan and Ritchie, 1971).
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A major short coming is thet RWC is a rather insensi-
tive indicator of wator status whnen moisture stress is not
severe. In nearly caturated tissues, where a small change
in water content conld markedly affect pressure potential,
a change of a few bars In water potential may correspend
to only severzl percentame points in RWC, This is about
the size of the random errcor in RWC measurement in many
studies (Barrs, 1960). Perhaps for this reason, in some
studies, RWC showed no significant change, although
physiological processes were affected by the mild stress
employed (Heiao, 1970).

Other ways of exyressing RWC ares

(2) Weter Saturntion Deficit (WSD) = ;\“lny T"‘rgid :t' —rresh ‘_’t‘

(b) Relative Spturation Deficit = il"'ullx Turgid wt, - Fresh vt.

(RSD) Fuily Turgid wt.

-l

11y Turgid wt. -‘f\ry wt, )

(¢) Relstive Murpidity (RT) = (Eresh wt, - Dry wi )

RT and WSD are rinylyrelated as;

100 - HT = WOD,

Tissue Water Content

Tissue water content (percentage fresh weight) and fresh
weight have also been used as indicators of water status.

The unfortunate thing about this method is that water content
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or fresh weight of tissue at full turgor is normally not
given as a reference, \later ccontent could, therefore,
be very misleading beceuvge of ite superficial resemblance
to RWC,

Ilowever, snall changes in the water conient of vege-
tative tissue ueuanlly correspond to much larger changes
in RWC (Barrs, 1968)., TFor example, for o decrease in
water content from B85% at full turger to 80% under
stress, the corresponding values cf FWC are 100% and 71%
respectively (Esiac, 1973). Water ccntent is usually
nost frequently used in studies of gecls and lower
plants, And, except for one -otable example by Wilson
(1971), there is virtually nothing known about the
relationship between water content anéd water potential,
For this reason, it is not possible to have quantitative

comparison of rtress severity among different materials,

2,3.,2 Indirect Methods of Characterizirg lioisture Stress

Barrs (1968) refered to a rurber of indirect methods
of characterizing stress in plants, Sore of these are
measuremnent of leaf temperature by infra - red thernmometry;
leaf thickness by P-gauginzs or chenges in stem diameter
and fruit diameter; and stomatal apcrture which could be

used to estimate rioisture stress ccnditions.
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To elaborate on stomatal aperture, it is measured in the
field as relative stomatal aperture, leaf permeability er
diffusive conductance by employing irfri¥ration techniques,
portable mass flow or diffusion porometers respectively
(Begg and Turner, 1976). These indirect methods could be
calibrated against water potential or RWC and so pu.‘ovid'g
a contimious and non-destructive estimation of stress |
conditions at the same time allowing other physiological
meagurements, like 002 assimilation to be carried out en
the same leaf.

Visual symptoms such as wilting (leaf curling er
folding) and colour changes of foliage can be used
sufficiently accurate as measures of moisture stress in
gome instances, for example, in irrigation scheduling,
But wilting is an unfortunate method of indicatixi“g stress
because apart from depending on turger pressure, it is
a function of mechanical properties of cell wall and
tissue, Thus it is well known that different species
wilt at different water potentials or RWC, An extreme
example is an oil palm which does not wilt visibly even
when fatally desiccated (Hsiao, 1973). Moreover, as
moisture stress develops, physiological processes are

often affected long before wilting becomes apparent
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(Redshaw and Meidner, 1972). Thus visual symptoms,

especially wilting

)s‘umlt’-. roi be relicd on as a £hle

indiecator of molsiture stress.

2.4 :'gfccts of Moisture Stress

Morrholorical pffects

Cell division axd olongations~ The growth and development
of a plent depcids o2 continuing cell division, On the

R STesE iVe initiation of primo=dia and on the differentia~
tion and enlargement of cells (Slatyer, 1973). Cell
division ie generally regarded a8 less sensitive to water

aéficits than ccll enlargevent (Vaadia gt al, 19613

Clements, 196l; Gates, 196L; Salter and Coode, 19673
Slatyer, 1967; Hsizo, 1573). Bvidence of this view is
provided by the observation that plants exposed to water
gtress frequently bhove cell pumbers of the same general
order os the controls but cells of sraller sizes (Brouwer,
19633 Petinov, 1965}, and by the phenomena of mors? rapid
growth on rocovery from stress compared to controls
(Gates, 19550, D). The effects of stress on cell
divieior may be indir«ct because the cambial jnitials

pave %c «xtend tc a certain point before cell division

occurs (Doley =2nd Teyton, 1963), More recently, McCree
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and Davis (1974) have sugpested that cell division and
cell enlargement are equally sensitive to water deficit

in grain sorghum,

Leaf area, growth rate and number of tillers:- Leaf

enlargement generzlly shows a marked decrease at values

of leaf water potential below - L bars (Turner and Begg,
1978). One of the most important consequences of the
sensitivity of cell enlargement to small water deficits
is the marked reduction in leaf area, and the resulting
reduction in crop growth rate, particularly when there

is incomplete light interception. Water stress can

also affect leaf area by reducing tillering and by
hastening the death of leaves and tillers (Turner and
Begg, 1978). Reduced tillering has also been observed

in wheat {Turner, 1966). He also showed that water stress
applied after maximum tiller development in wheat increased
the death rate of tillers from 3 tiip.a|!"'1i.'|1-:a in non-stressed

to 11 day’1m-2 in stressed plants.

2,5441.3 Root growth:- Although total plant growth is reduced

during water stress, root growth is generally, but not

always (Gerakis et cl., 1975), favoured relative to shoot
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growth as ‘ndieetsd Wy the frogue=--ly reported increase
in the roots shoot rotio (Troughton, 1957; Pearson, 1966;

Christie, 1975, Nz ¢t als 1975).

Physiological Eficcte

Since a number of reviews on physiological responses
of planiz to water deficits have been published recently
(@.8e Crafts, 1960; Gates 19683 Hsiao, 1973 Slatyer, 19733
Boyer and YcPherson, 19753 Bege and Turner, 19763 Turner
and Bagg, 1978), & general summary survey will be given

here with special ecttention to wheat,

Stomatal behaviours.. T™e stomata oclupy 2 key position

in the pathway for gaseous exchange befween plants and
the atmosphere, and thereby regulate both photosynthesis
and water loss, It is now generally recognized that the
stomata do not reenrond to chang-e in leaf water potential
or RWC until a crilical thresholl level of theeec pora=
meters is reached, znd then sbtomatal closure occurs over
a narrow range of leaf water potential or RWC (e.g.
Turner 137ha; Pe.g nnd Turner, 1976). Recently, the
stomat. of ficld rowm +/eat "ave been shown to close
between ~ 7 to -~ 19 bars (Connor, 19753 Millar and

Dermead, 1976). Turner (197L4a), however, pointed out
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that there is not unigue value of leaf water potential
for stomatal closure in any species or cultivar, but
that the leaf water potential for stomatal closure
varies with position of leaf in canopy (Turner, 197Lb;
Millar and Denmead, 1976), plant age (Frank et al, 1973)
and growth conditions such as the number of cycles of
stress (Brown, 197L; McCree, 197L) or whether the plants
are grown in a controlled environment or field (Begg
and Turner, 1976). However, Turner (197ha) also
suggested that stomatal conductance may be better
related to leaf pressure potential than leaf water
potential since changes in stomatal aperture involve
changes in the turgor relations of guard cells and or
subsidiary cells (Meidner and Edwards, 1975). And so
leaf pressure potential is considered a more reasonable
stress indicator than leaf water potential for stomatal
relations although the latter could be used in the

absence of the former,

2.442,2 pPhotosynthesis:~ Since stomatal regulate CO, exchange,

water deficits that close stomata must also depress

photosynthesis, In addition, water deficits may affect
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the transfer and fixrition of 20, internal to the stomata
(Turner and Begs, 1978). Thus the initial reducticn in
photosynthesis due to incrence plant meisture stress is
generally considercd to arise from changes in conductance
of €O, through the stomata (Slatyer, 1973). Conseguently,
the change in net photosynthesis with lcaf water potential
follows that of stonntal conductance., In most species
that have been studicd, non stomatal effects on photo=-
synthesis occur at streasses considerably below those that
induce stomatal closure (Slatyer, 1973), but in some species
non-3tomatal offects on photosynthesis have been reported
at similar levels of stress to those that induced stomatal

closure (Boyer, 19713 Doley and Trivatt, 1974).

2.4.2,.3 Regpirations=- Dark -espiration aprcars to be depressed
whenever the water defiecit i- sufficient to close stomata
and decrease photosynthesia, btuti the relative decrease
in dark respiration is less than that of net photosynthesis
(Turner ond Begs, 1978). Towe 2z, water deficits have
also been reported tc increase, decrease or have no

effect on photorespiration (Begg and Turner, 1976).
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2..2,4 Tronslocation end distr ‘bution cf assimilatesi~ The trans—

2.4.3

location and distrilution of asasimilates can be influenced
by water stress as it affects the rate of assimilation, the
rate of utilization, tne loadir_ and unloading of sieve
e¢lements and/or the movement of assimilates in the phloem
(Turner and Bezs, 1978), However, the velocity of
agsimilate movement in wheat is unalfected by water
potentials as low as = 30 bers (VWerdlaw, 1967; 19693 19T1),
but this watcr deficit did decrease the overall transloca-
tion of aasimilotes, Further, Wardlaw (1967) and
Passioura (31976) Lcth reported that in wheat under water
stress, there is o greater movement of assimilates from
the stems to ihc _rains than when there was no streas.
Again, in wheat wherc the sink for assimilatee was less
affected by water stress than the photosynthesis of the
gource leaf, the meoin factors limiting translocation were
considered to be o reduced production of assimilates and
reduction of loadirg into the vascular systems (Vardlaw,

19673 1971).

Effects on hormanal balance and nitrogen metabolism

Changes in hormonal balance and nitrogen metabolism
are quite important during moisture stress., Recont

discoveries show that endogenous levels of abseisic acid
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and proline increase several folds when plante are subjected
to stress (e.g. Wright and Hiron, 1969; Barnnett and Naylor,
1966); and that abscisic acid closes stomata and reduces
transpirvation (e.g. Little and Eidt, 1968; Jones and
Mansfield, 1970, while proline accumulation may be linked to
drought resistance (Singh et al, 1972, 1973). More recent
reviews on these topics include theee by Naylor (1972)

Livne and Vaadia (1972), Heiao (1973), Milborrow, (1974)
and Raschke {1975).

2.4.4 Effects of Moisture stress at different growth stages on
yield of wheat.

Moisture strese, in general, reduces yields. The
degree of yield reduction, however, depends on envirommental
conditions, scils, crop variety, and the growth stage at whicl
the stress occurred, Thus Lehane and Staple (1962) found
that the relationship between moisture and crop production
varied with plant characteristics; stage of development;
s0il and climatic conditions.

Moisture supply is an essential factor controlling
germinatiAn., There has to be a suita.'tqle supply of moisture
for good germination to occur, Dasberg and Mendel (1971)
¢bserved a decrease in the rate of germination of wheat due

to excessive moisture supply. On the other hand,
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Milthorpe (1950, Las defined and described the stage after
which the germinating 'seeds' of vhizat cannot tolerate
moisture deficits, Tefore the first leaf emerges,

the wheat seedlir;m are capablie¢ of passing through one or
more cycles of dehydration, upto 98% loss in their moisture
content, without eny ill-cffects,

Moisture siress at tillering hase been foundl to cause
losses in yield by several investigators (Aspinall et al.,
196l3 Day end Inielop, 19705 Bhardwaj e* al., 19713 Vijar
Kumar, 1979; susick and Dusek, 1280) due to reduction in
the number of spilles per plants as a result of increased
tiller and stem senescence,

During jninting, mnizture stress rcduces crop yield
due to reduction in nlant size, photosynthetic area and
seeds per splke (Doy and Intalap, 1970; Falaki et al.,
1979). However, cortain authors (e,g, Nuthonson, 1955;
Arnon, 1972; Chari, 17°80) have repcrtad that the flowvering
stage is the most critical to moisture utilization as this
is the stage in wheat when the plant consumes alot of
moisture. Ap pach wcisture stress at this stage, reduces
grain yield greatly., Mireover, Falaki et alj (1979) stated
that moisture stress at flowering stage influences number

of tillers, sizes of ears on tillers and number of
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effective eare, Wileon (19(¢) found that moisture
stress before ear emergence has o ¢ fect on yield,
nunber of ears per plant and number of grains per ear,
and that the 1000 ~ grain weight was increased instead.
Bunting and Drerman (1966) reported that moisture stress
at the grain filling stage, includiig both the milk and
hard dough stages, reduces yield due to reduction in
size, duration and photosynthetic activity of the
plant part that still remained greer after ear emergence.

Concerning what growth stage was critical to mois=
ture stress, Salter and Goode (1967) concluded from examie
nation of large nurber of studies of cereal crops that
the plant seems especially sensitive to roisture cordie
tions during the shooting and earing stages when the
development of the reproductive organs is taking place.
They further stoted that a shortage of noisture then,
has the greatlest effect upon yield and in rany experiments
this seemed irreversible; and that optimun moisture
conditions later do ot overcome the loss already incurred.
Thus, suffieiently encugh irrigation and/or rainfall at

these stages hove naxirum iteneficial effecis,
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Other workers, lLowever, have arrived at slightly
different cenclusions, Day and Intalap (1970) examined
three growth stages of wheat in Arizona and found that
the jointing stage was critical, Water stress at that
time resulted in fever days from planting to flowering
and reduced yield, They concluded, however, that
moisture a* any gr wth stage decreased grain yield, but
that the jointing stage was critical, On the other hand,
Hearn and Wood (107L), in Malawi, found a consistent,
significant nogative response to high irrigation rates
and that the plants appeared to remain healthier when
censiderable moizlure stress was allowed to develop.

For wheat in the fudan, FlNadi (1969) feund that the
flewering phase and stage of grain filling end matura-
tion were morc sensitive to drought than the vegetative
period. FElNadi also found that yields were not reduced
when the wheat crop suffered from cycles of water stress
induced during the vegetative pericd if the crop received
favourable water regimes afterwards, Lehance and Staple
(1962) found that the eritical moisture - sensitive stage
were heading (earing) and grain filling.

The coreiderchble importance of water influencing
yields has been demonstrated in India by Gangopadhyaya
and Sarker (1955), They analysed the impact of rainfall
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eccurring at different stages of growth of wheat and

" found that 79% of total variation in yield could be

acceunted for, In Nigeria, Cheri (1980) found that
the flowering period is more critical; whereas Surma et al
(1980) reported that the jointing stage of wheat is more
critical to moisture stress,

The different conclusions reached indicate something
of the complexity of the subject. HResponses of different
varieties of whecot would seem to differ considerably,

Thus Derera et al, (1969) examined the drought toleranee
of fifteen varieties and found that the main factor seemed
to be differences in the earliness of plant maturity.

Hewever, other factors such as root development and water
use efficiency also appeared to be significant (Jackson,

(1977)).

Recovery from Moisture Stress and consequent compensatory

growth,

Alleviation of water stress results in rapid rise in
leaf water potential and recovery of turgor, but there is
frequently a delay in the opening of stomata and the
recovery of photosynthesis (Schneider and Childers, 1941;

Stalfelt, 1955; Iljin, 1957; Glover, 1959; Sanchez-Diaz
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and Kramer, 19713 Kriedemarn and Loveys, 197L; Loveys and
Kriedemann, 1973). Although a small number of guard cells
remained permanently closed (Iljin, 19573 Allaway and
Mansfield, 1970) and the intercellular C0, concentration
had a spall carry-over effect (Fishcher, 1970; Allaway
and Mansfiled, 1970), the major after effect of stress
clearly resided in the guord cells and was subsequently
shown to be due to the persistence of abscisic acid which
has a direct effect on guard celle {Allaway and Mansfield,
19703 Jones ard Fensfield, 1970; Kriclemann and Loveys,
19743 1975)., Other irhibitors may also have a role in
after effects of stress. However, lulsen and Thurtell (1978)
showed that the main resistance to recovery of water poten-~
tial after stress resided in the roots. Fhotogynthesis
does not recover from stress as quickly as stomatal conduce
tance and abseisic acid levels in the leaf (Begs and Turner,
1976). Kriedemann end Loveys (1975) and Kriedemann et al.
(1975) provided evidence that phaesic acid, a derivative of
absecisic acid, may irhibit photosynthesis at least undex
sone conditione,

A nore rapid rate of growth and development than in
unatressed controle ie frequently observed in plants
recovering from stress (Gates, 19552, 1968)., Leaf
enlargenent has zlso been found to Le higher for the
stressed than fcr control plantc or —ecovery (Boyer, 1970a,

Heiao et al., 1970; kcevedo et al., 1971)s Full recovery
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is poseible if the strese is brief (heeuedp et ale, 1971),
but with long or severe stress full recovery did not
occur {Boyer, 1970; Acevdo et al., 1971). Also, photo~
synthetic rate of leaves subjected to stress has been
found to be grecter on recovery than for leaves of
similar chronclogical age that had not undergone stress
(Iudlow and Mg, 1974).

The chanzes in growth and development induced by
stress have been described as 'a senescent decline in
growth during wiltins and the deveclopment of a physiolo=-
gically younger condition upon rewatering' (Gates, 196L).
recently, Lnllow (1975) has sugsosted that water stress
merely suspensds the aging of piuysiologically young leaves
and Ng et al (1975) couclndes ihat earlior studies showed
the same rcsulta, Fowever, it is difficult to visualize
that 2ll the processes contributing to aging cease and
recommence at a single critical leaf water potential, since
physiolcglcal and biochemical processes are affected at
different degrees of stress (Hsiao, 1973).

In the light of yield compensation, Nicholls and May
(1963) showed 4Lt in dburley, tre vate of primordia
preduction of the ayex was reduced by a soil water deficit,

but alleviation of gtress caused an accelerated rate of
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primordium formation so thot the final number of primordia
and the apex lungth were the same as the contrels, However,
in determinatc armuals, if ear has not emerged, florets have
aberted, or fertilizotion has been incomplete, compensatien
by producing ears, florets or fortilized flower is out of
the question, DBut, depending on the stage and degree ef
loss, compensation can ocecur such that yield need not be
reduced either by increasing weight of grain panicle threugh
increase in muber of grains per panicle (Blum, 1973) or
larger grains (Bogen et al., 1973); or by having larger and
heavier grains (Turner, 1966). However, it is evident that
a genotype has & maximum grain size (Fischer, 19733 Gallagher
et al,, 1975), so that the potential for compensation by
increasing grain size or weight is limited. Furthor, until
recent, the contribution cof assimilates cther than current
vhotosynthatcs was considered to be a small component of
yield (Thorne, 1966). However, Yoshida (1972) cited several
studies with lim’ted nitrogen fertilization of rice in which
vpto LO¥ of final groin yield was trcnslocated from the stem,
and Callagher gt al., (1975) showed that upto 70% of the
final yield in barley was translocated from the stem under

extreme conditiors, Wardlaw (1967) also showed that under
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wvater stress, wheat translocated assimilates from the

atem and lowe: leaves to the grain to compensate for loss
of flag leaf photosynthesis, The importance of this was
highlighted by Fasaioura (1976). o showed that about
two~thirds of the final grain weight came from redistribue-
tion ~-f aseimilates after anthesis and only one-third from
current assimiletion 1n the period after anthesis in
severely stressed wheat plants grown on a limited amount

of stored waler,

2,.04,6 Moisture-lutrient interaction

A reduction in the uptake of nitrogen and phosphorus
induced by a wzater deficit has been well dcocumented
(Gates, 1957; Storrier, 1965; Turner, 1966; Greenway et al.,
1969; Greenway and ¥lepper, 1969)., The uptake of several
other elements has also been shown to be reduced by wator
stress (Creenway o d Klepper, 1969; Gates, 197L4). Greenway
et al, (1969) showed that the uptake of phosphorus wes
reduced to ~ 2 bore and decreased linearly as the potential
of the rost medium was reduced further, until - 10 bars
when phosphorus uptake was negligidble. Sprent (1976) has
also reviewed fully tne effccte of water stress on

nitrogen fixation.
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These resultes clearly suggest tha'! the reduced growth
observed as a result of moderate water defieit may, in part,
arise from a disturbance in mineral mutrition as well as
any dircct effect of water deficits (Turner and Begg, 1978).
The implications of t.is for the field are obvious.
Mutrient levels are usually highest in the surface soil,
which is the first to dry out. Although the plants may
have roots penetrating the deeper and wettr part of the
soil profile, the relative lack of mutrients in the sub-
goil and the availability of nutrients in the dry surfrce
soil may limit srowth and yield more than the soil water
deficit perse, This is supported by work donc by
Garwood and Williams (1967) and Simpson and Lipsett (1973).

Soil mtrient status can also markedly influence
water use efficiency of crops, and hence the time of onsct
of stress or the strategy for irrigation where water
supply is not limited, Further, under limited supply of
water, heavy nitrogen fertilization or growth of wheat
after a legume hove been shown to produce vigorous
vegetative growth that depletes soil water, and can lead
to 2 lower yield than with low fertilizer applicrtion
(Barley and Naidu, 196L; Fischer and Kohn, 1966 a,b,c;

Bond et al (1971,. Fischer (1970) also showed that
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application of phosphorus to Stylosanthes humilis swards

increased growth and water use in the vegetative phase
and reduced the ability of the sward to withstand extended

periods of drought due to earlier soil water depletion,

Water Use Efficiency

Water use efficiency (WUE) in terms of the dry matter
per unit of water used in evapotranspiration is very
important when the supply of water is limited. WUE and
drought resistance are often taken loosely as synonymous,
althongh they are frequently unrelated (Hsiao and Acevedo,
197h3 Reitz, 197L). WUE refers to a parameter of yield,
and a major objective of research in this area is to
attain high WUE while maintaining high productivity
(Turner and Begg, 1978). However, in drought resistance
the emphasis ie frequently on survival during a period of
low water supply, In many cases, the ability to survive
water stress is negatively correlated with productivity
(Jarvis and Jarvis, 1963; Begg and Jarvis, 19683 Reitz,
1974).

There is no unique value for WUE of a species as it
is also a function of the environment in which the species

is grown. One of the main ways that environment influences
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Wi 4is by influ. cing the boundary layer and stomatal
resistance to (ae eyxehange, 2d the internal resistances
of CO, ceoimilotion (Turner and DagE, 1976). Thus water
stress incronsen VU3, but only at the expense ui =
reduction in the 2w nf Iﬂ'xotor}nthesia.

WUE can be improved by el twer inereasing dry matter
production or decreasing water loss or both (Turner and
Begz, 1978). Other mutnods of improving WUE include: the
use of enti tranepirents, which either close stomata, form
a £ilm over the luaf or increase plant reflcctivitys the
use of windvrasks; ond COg fertilizetion (Begg ond
Turner, 1976). =  Theee have 1ittle pructicel signifi-
conce in crop production on o large scale, HOWeVET,
cultural practices such a8 the control of weeds,
disease and insccis, “hich have been reviewed recently

by Begg and Turror (1976) also increase yield and WUE.

Adaptation to Moistiv 3tress

The ebility of a crop varicty or species to grow
satisfactorily in areas subjected to periodic water
deficits hes been tormed ite dronght resistance (May and
Milthorpe, 1962; Lovitt, 1972) .

In order to ithstand sad alapt to water deficits,

plants have developed both morphological and pirn'aiological
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mechanisms to enable them to do so, Since the rate of
evapotranspiration is determined by leaf area up to at
least a leaf area index of three (Ritchie, 1974), the
sensitivity of leaf expansion to water deficit is a
mechanism of limiting the evaporative surface and delaying
the development of further stress. Similarly, leaf
shedding or accelcrated leaf death is also an adaptive
mechanism for reducing water use; and Turner (1966)
provided indirect evidence that this alleviated severe
deficits at a later stage of development. Whilst these
mechanisms are important for survival of anmual grasses,
mechanisms of greater importance to crops and other
plants are the positive movement of leaves resulting in
their corientation parallel to the incident radiation
(Parahelionasty) and the passive flagging or rolling of
leaves when wilted, which reduces the effective leaf
area and hence the energy load upon the plant (Begg and
Tursell, 1974; Begg and Tursell, 197L; Begg and Turner,
1976). Other mechanisms that reduce the radiation load
are the increased leaf hairiness and wax dlooms that
develop under stress (Chatterton, et al, 1975; Johnson,
1975). Purther, the development of the root over the

shoot under water stress is another adaptive mechanism



Lo

that enables the crop to explore a greater soil volume
for water and it is clearly a useful morphological adapta-
tion provided water is available at depths.

An important Wsiological mechanism of plants adapting
to stress is the lowering of osmotic potential (Turner and
Begg, 1978). Any loss of water from the cell mst concen-
trate the solution within the cell and this leads to &
decrease in osmotic potential. Apart from the decrease in
osmotic potential due to solute concentration as water
potential decrease, stress may algso induce a net solute
increase i.e. osmotic adjustment or osmoregulation (Hsiao,
1973; Ike and Turtell, 1981). Tus, Turmer and Begg
(1978) made an inference that if the resulting decrease in
leaf osmotic potential matches the decrease in leaf water
potential, then turgor pressure will be maintained so that
pbyaiological processes that are turgor-dapendant, such as
1eaf elongation, stomatal closure (Turner, 197has Meidner
and Edwards, 1975; Begg and Turnery 1976) and hence
photosynthesis, will be maintained as leaf water potential
decreases. In practice, the decrease in osmotic
potential is unlikely to occur as rapidly as the decrease

in water potential so that ultimately the turgor potential
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decreases to zero, This is beczuse ¥ =W & P4, vhere
w = total water potcntial;" = osnotic potentialj

P = pressure potential andY- matric potential,
Consequently, Begg and Turner (1976) have made available
some cvidence of osmotic alaptation for 2 nurmber of field
erops,

Osnotic adjustment provides some explanation for the
decrease in the thresholl water jotential for stomatal
closure after a eseries of cycles of stress (Brown 197L;
MeCree, 1974) and could also contribute to the differences
between field and controlled envirvor—ent studies, Osmotic
adaptation of roots {Greacen and Oh, 1972) may also be
important in allowing jreferential growth of roots under
stress (Hsiao and Acevedo, 1974). “he solutes accurmlating
during osmotic adjustnent are largely unknownsg but Turner
and Begg (197L) reyorted that csmoregulators proposed
include sugar alcohols (Lewis and Smith, 1967), organic
acids (Osmond, 19635 Dhindsa et al., 1975) and solubdble
carbohydratea, Proline is reeponsible for osmotic adjuste-
ment in sove ricrocrganisnms (Tempeatlgilgl., 1970) and
halorhytes, but may bLe insufficient to account for signi-
ficant change in osmotic potential in grasses (Chu et al.,
1976). Thus Turner and Jegg (1778) have suggested that
it appears that the rise in soluble carbohydrates (Iljin,
19573 Vilaon and Y¥g, 1975) may be the prinmary source of net

solute increase in pasturs species.
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CHAPTER 3

MATIRILLS AND MUTHODS

The study was corried out under irrigation during
the cool dry harmotten season of 1980-81, at the irrigation
Research Station of the Institute for Agricultural
Research, Ahmodu Bello University at Kadawa. T.e
station (11039'14, 08°02'E, 500 m above sea level) 1is
located in the Suden ecological zone. The meteorological
data for the 1980-81 dry cropping season as well as the
previous cropping history of the experimental plot are

given in table 1,

SOILS

Soils of Kadaws have becn classified as Eutxg
Cembiscl (PAO/UIDECO) and Typic Ustropept (Scil Taxonomy)
by Ojanuga et al, (1979). The soil parent materials are
said to be ceolian sandy drift over ironpan, The soils
of the area have becn reported to be moderately deep,
sandy clayes with loamy sond tops. They are also
moderately to imperfectly drained to a depth of about
89 cm because of the perched water table resting on the

underlain ironpan at depths verying between 91 and 152 om.
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Table 1t Meteorological cdata for 1980-81 dry cropping season
end previous crorping history of Kadawa,
(a) Meteorological dste for Kadawa, 1980-81 dry season
. .0
TEMPER\TURE C
MONTE
Dry btmlb wet buld | Windrun {Rainfall
am(9) | el faa(9) |Pm(h)]  (¥m) (Cm)
NOVEMBER 27,7 33.0| 17.9 | 20.00 105.3 0.00
DECEMBER 22,2 28,2 4.5 20.2 110.9 0.00
JANUARY 20.5 27.01 11.6 | 17.2] L412.0 0,00
FTEBRUARY 21,8 30,6 13.6 18.6| 538.6 0.00
MARCH 27.3 .71 1€.9) 20.5] $75.2 0.00
Sources Progress Report on Irrigation Rescarch Programme

1980-81, P.S.

IJ‘\IL.’ P-cI’.U-. ::';"-I‘fao

(v) Previous Cropping iistcxy of Fodawe Field Plot, F3.3.

[ CRO®™ G.ON
SEASON
1976-79 1979-80 1980-81
VET Maize Maize Fallow
DRY Wheat Wheat Wheat
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The ground water wille in t2e cxperimental field plot
fluctuated between 60 to 100 cm Avreing the 1960-81

dry cropping seascon (figure 1).

Soil Physical Properties:

The Aata on soil physical properties are r:csented
in table 2 and the moisture characteristic (desorption)
curves for the different soil layers up to 60 cm are
presented in figure 2,

According to the U,S5,D.\. classification, the
textural class wos loamy sand and sandy loam 2%t 0 to 20
cm and 20 to €0 om depths respectively. The particle
size distribution v-ried with depth. The clay content
incressed with depth from the surface, whereas the silt,
fine and coarse sond contents decreased. This was
probably due to the influencc of parent materials and
the various proceszses of scil formation involved.

Soil moisture retention et ~eity was found to
increase from the surfacc to greater depths as a conse-
quence of textural influence. Thus, for instance, the
water saturation percentage (i.e. the moisture content
at zero suction) values were 24,7, 26.5 and 30.1 for O to

20 cmy, 20 to 4O cm and 4O to 60 cm depths, respectively,



| ek

fem )

SOIL PROFILE DEPTH

AGE OF WHEAT

80

(DAYS )
100

140

40

80}

100F

20 40 60
T

T

1204

FIG.1 : Water table variation during the growing season of

wheat, 1980 - 81
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FiG.2 ; Soil moisture characleristic curves for three different depth range:
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Further, the moisture characteristic curves for these
three depths showed that at about 0,5 bars suction,
rest of the availa’ le mcisture had been
removed while the remaining one had become difficultly
available.

Bulk density was found to decrease with scil depth.
The surface 0 to 20 cm soil layer had the highest bulk
density (1.52 gcm-B}. However, the difference between
the 20 to LO cm end 4O to 60 cm depth ranges was not
much,with bulk density values of 1.45 gcmm3 and 1.43
gcm_B, respectively, While the higher bulk density at
the surface layer could be due to mechanical soil
compaction caused by tractors and other implements
used during land preparation, the lack of difference in
the deeper layers is due to the textural difference

mentioned earlier,

S0il Chemical Properties

Data on pH, exchangeable cations, effective cation
exchange capacity, crganic carbon, total nitrogen (N),
available phosphorus (P) and available Potassium (X) for

the different soil layers upto 60 cm are presented
in table 3.
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The pH of the soil was highest in the 20 to LO em
depth (pH = 6,02) due to lack of hydrogen (H¥) and
aluminium (A1°*) ions in that layer. But pH generally
decreased with soil depth.

The amounts and distribution of the following cations:

ca’t

’ Hg2+, k' and Na' were generally found to be maximum
in the subscils, a pattern which seemed tc be related to
clay content of the soil., However, exchangeable acidity
(5" A13+) was the same (0,02 meq/100g) at O to 20 cm and
LO to 60 em depths but lacking (zero) at 20 to LO em depth
layer. But, the effective cation exchange capacity, the
total sum of all exchangeable cations including exchange=~
able acidity, was found to increase with depth due to

the influence of clay content.

The organic corbon was highest in the surface scil
and decreased with soil depth. This is because of the
crop residues thot increased surface organic matter, The
total nitrogen was also found to have a similar pattern
with organic cnrbon, because most of the nitrogen in the
soil is usually associated with organic matter, Moreover,
fertilizers are usually applied onto the soil surface.

Thus available P also decreased with soil depth as P is

not very mobile. However, available K increased from
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174 at 0 %o 20 em depth to 154 ppm at 20 to LO cm depth
and decres=ozd guits rmoh tn 155 ppm at LO to 60 cm deptha
This could be due to the leaching of added X as fertilizer
from the surfoce lejer, The lerohed K then gut trapped in
the 20 to L0 cm depth layer which had a relatively high clay

content,

Treatments:~ Two levels of moisture stress were imposed

by omission c¢f cne or two irrigations at four selected
physiological gr..ih stages of wheat viz: Tillering,
Jointing, Flowering and grain filling. Basically, there
were three irriyntion treatments.

(1) Irrigeting ot all growth stages (control
treatment) at 10-days interval,

(11) Irrignting at all growth stages minus one
irrigntion at each of the selected growth
stages,

(1i1) Irrigeting at all growth stages minus+two
irrigzntions at eceh of the selected growth
gtages,

Details of the treatments used in the study are

given in table L.

Experimental Design:~ In the study, the 9 treatments

were replicated four times in a randomized block design.
The layout of the cxperimental plots is given in figure

3. Check basin irrigation system was used.
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Cultural Operationa:-

Land preparation and plot sizes~ The experimental area

was disc harrowed once, followed by manual hand levelling,
Thirty-six plots, coch 8 m x 5m were then marked cut.
These rectangular plots were then prepared for planting

after a basal application of compound fertilizer.

Fertilizer appl ettion:= Compound fertilizer (15:15:15)

was brosdcasted cnty the plots at the rate of 60Kg each
of Nj P205 and 1{20 72r hectare. This was worked into the
seedbeds before sowing was done, A second dose of
nitrogen at the rote of 60 ¥r N/ha as uree was topdressed

after 6 weeks of rlanting .

Plan i= Wheat, Cultivar Siete cerros was sown on
18th November, 1980 Ly drilling 100 Kg seeds/ha in rows
25 cm apart. The plots were immediately irrigated on

that same day.

Weeding:- The crop was weeded three times before
harvest., The first weeding was about three weeks
after sowing. The sccond (Just before the second dose
of nitrogen was applied) and the third weedings were
carried out abcut six and eleven weeks after sowing,
respectively. .11 weeding operctions were done

manually and completed within two days.
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345 Irrigationi~ Irricrtion was by gravitationel method.
Water was convuycd from the mein channel into sub=
chammels that led into plots using vplastic pipe siphons.
Water wes let in to a plot by blocking the sub—channel
and opening o gote into the check basin plot (figure 3).
Five centimeters of woter was applied during each irri-
gotion, Two peneral irrigations were given on the first
and sixth days after sowing to ensure good germination.
Differential tre. ftment started on the sixteenth day
after sowing. Therester, a rocrular 10 days irrigation
interval was followcd es in the contrel treatment,
missing irrigation(s) only at the appropriate time(s) to
impose the desired noisture sf.ess in the treatments as
indicated in table L. "he last irrvigati~n was on the

96th day aftcr sowing,

3.4.6 Harvesting:- The wheat crcp was harvested at deadripe
stage, on 19th March, 1981 about 126 days after -owing.
Harvest for yield asscssment was done taking samples
from net plots mecsuring 3.0 m x 1,0 m; while the rest
of the crop was hervested in bulk., Harvesting, threshing.

winnowing and clecning of sceds were all done mamually.
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Soil and Plant Studies

3-5.1

Soil Studies

3.5.1.1 Spil Noisture I'rofile:~ Goil moisture retentions were

3.5.2

recorded at 10-days interval by resding the tensiometers
installed at 15, 30, L5, 60 and 75 cn soil derths., Five
Tlots, one each for treatrents T,, Tg, TT’ Tgy and T9 were
selected randonly within the experinental plots, Tensio-
nmeters were then instz led in these selected plots zbout
two weeks after sowinrg., The tensioneters' readings were
recorded until the 96th day.

Bulk density ard soil noisture retention at various
suctions were deterrined after the cro) had been harvested,
The ground water table wes monitored continuously durl:ig thiu
ero), growth preriod., T¥our holes were dug ur to 100cr deep
within the experirental }lotr Ground water table measure-
nents were then teken usinz a bell indicator. This was
done at weekly interval,

Plant Studies

3.5'2.1 ¥

_I:_l_ggl water potential:- Diurnal fluctuation in plant water
rotential for stressed and ron-stressed treatrents were
determined at two-hours interval from 6,00 a.,m. to 6,00
Yeli, during jointing and flowering growth stages, using

the jreasure tomb (chauber) apyeratus, During each deter-
nination, four jlants were used for every treatrent consi-
dered, Details of the ypressure chaiber nethod used in

this study is described in Scholander et al. (1965) and

Fischer et al (1977).
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The plant water potentiial determinations were
usually done a lay before ilhe next irrigation, when

the stress was ;po:bably at its maximum,

Plant canopy “eaperatires= DLiuwrnal fluctuation in plant

canopy temperature was determined concurrently with plant
water potential for etressed znd non-stressed treatments
using thermometers, The thermonmeters were hung just

below the canopy of the croy with the aid of wooden planks,

Plant height:-- This was measured at weekly interval till
full or final heigslht was attained at a2bout the grain
filling stage. Tlant height was measured from the soil
surface to shoot apex or tip of ear after heading, A

meter rule was used in the measurements.

Dry Matter Harveostcd:= This was determined at weekly

interval durin_ the _rowth period of the crop. During
each determinction, 25cm row of crop was sampled from
about mid-way in each plot, 7The samples were dried in
the oven at 8500 for 24 hourse and later at 10500 for

2 hours and weighed, The dry matter harvested per
hectare was then crlculated for each treatment from

the dry matter harvested per 25¢m row of crop.
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3.5:2,5 Ieaf area retention (L4R):~ ™him woa oatimated by

sanpling 25cm row of wheat crop and ncasuring length
and broadth (nid-pc’nt) of each leaf. leaf crea (IA)
wae caiculated by mltiplying the length and breadth of
each leaf and then summing the leaf areas of all the
Leaves from the 25 cia row of wheat crop. The leaf area
per hectare was cosculated frou leaf area per 25 cm row;
exd then LAF estimcted as:

e (630

L_l‘ﬁ P e e e bt

=
5 - -
land cren (G )

Only leavcu or leaf portions still green were
congidered., The LAl was estimated at weekly interval

during the croy rrowik pericd.

345:2.6 Leaf area duration (IAD):- This is a measure of “eaf

area per plant, It gives an ecstimace of the area of

vhotosynthetic grecn leaf portion still remaining per
plant, I the present study, it was estimated as leaf
area per vnit arez divided by the mumber of tillers in

that unit arca,

TA 2
), S (ca”)
Yumber of tillers (Plants).
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This wos alse .otimated at weckly interval during
the crcp growt!: pericd.

Number of tillers:- This was cctimated by counting the

number of tillers per 25 em row of wheat crop, from

which ithe nurber of tillers per hectare was calculated.

The number of tillerec were cstiic ted at weekly interval
throughout the crop growth period. The number of effective
tillers (the tillers that produced ears) was also

noted for each treatment.

Root:s Shoot ratio:- At maturity, samples for roots

were taken ueing an 8 cm diameter bucket-type soil
auger, after the shoots had been cut, Root sampling
was to a depth of 3C cm on crop rows and 15 cm in the
furrows after which there were no roots observed,

The cut shocis from each treatment were oven-dried
at BSCC for 2 hours :nd then at 105°C for 2 hours end
weighed, The roct samples from the crop rows as well
as the furrows for each treatrment were washed thoroughly,
oven-dried at 85°C for 24 hours and then at 105°C for
2 hours, bulked and alsc weighed. The roots shoot ratio
was obtained by dividing weight of the roots by the

weight of shoots, Fecause of the tideous job involved,
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especially Iin wash'ng bLue root sauples. only nine
samples, one each frocm the nine treatments L the

gtudr were taken,

3.5.2.9 Shoot nitrogen cortenti~ Shoots were cut from 25 cm

row of wheat crop at tiie heading stag:, air-dried
ground and ther thce nitrceen content detormined using

the colometrical method described Yy Jemmings (1961).

3.5.2.90 Grain protein contenti:.. The grains were analysed for

nitrogen using the colowetrical method described by
Jannings (1961), The nitrogen content values of the
grains were then multiplied by €.25 to get the proiein

content (Jacksen, 1962),

3.5.2,11 Time to heading:- It was recorded when plants in each

treatment started and completed heading,

3.5,2,12 Time to maturity:-~ It was recorded when nlaats in each
treatnent started and completed maturing i.e., when the
flag leaves slarted and cempleted becoming halve green ~

halve yellow in each treatment.

3.5.2.13 Length of easr:~ This was measured using a meter rule

for five eara randemly sampled from each plot, The

mezn length of ear for each treztment was then calculatedi,
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3,5.2.14 Humber of spikelsts:~ Five ders were sampled
;
randomly per plat and the spikelets per ca. ceunted.
The mean number of spikelets per ear for cach

treatment wag then calculated.

%.5.0.00 Rumher of grainss- Five ears were sampled randomly
per plot and then the number of grains per ear
counted. The meon number of prains per ear for each

trectaeni was then culomlated

3.5.2.16 banit _zrain weightr- One thousond grains were counted

frum ti.e product of each plot =nd weighed. Then the’

mean 1000 - grain weight for each treatmsnt was

calculated.

3.5.2,17 Grain (Economic) Yield:- 'This was obtaiuned after

threshing, winnowing, cleaning and weighing grains
from net plots (2.0m x 1.0m) sampled during harvest,
The grain yield per hectare was then calculated from

those of the net harvested plots for each treatment,

3.5.2.18 Biological yield:= It is the total dry matter of all

plant parts (excluding roots) produced at harvest.

- 1l¢ was obtained by wcighing all the crop's produce
abcve ground level{straw and gruins}. Reots were

. excluded because of the difficulty in getting rwets

from the soil. The same net ploss as in grain yield
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agsesonent were used and the bioloegical yield per

hectare caleculat=d for each treatment,

3.5.2.19 Straw yield:~ This was obtaincd as the difference

345420

34542421

3.5.2.22

between biclogical yicld and cconamic (grain) yield

for each treztment.

Estimated less in yizld:;= Tne contr.l treatment was

used as the standard ond losses in yield of the other
(stressed) treatmente weve calculated as yield
differences from the contrel, The lisses in yield
were calenlaled for the riological yield, economic
yield anld straw yield of the stresscd treatments and

then each was expressed 2s a percentoge loss in yield.

Cummulative depth ¢f water useds= This was estimated

by multiplying the water applied (in depth units)
during cach irrigoitien (5 cm) by the total number of

irrigations applied during the cr pe growth period.

Harvest Index {HI):- Cotained as a percentage of

economic yield to bioleogical ,icld (Denald and Hamblin,
1976). I was estimated as:

o o= Econcmic yield

biologiczal yie.d % {100



63

3.5.2.23 Water Use Efficiency (WUE);- This was estimated as:

Wig ‘= ——Rosnomic (grain) yield (Kg/ha)
Cummulative depth of water used {Cm )

3.6 Statistical Treatment of Data

The various data collected during the atudy we?e
gtatistically analysed, wherever apglicable, for
variance as described by Snedercor and Cpéhran (1967),
Duncan's multiple range test was then used to compare
the means for significant differences as described by

Duncan (1955).
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RESULTE AND DISCISLIONS

SQIL STUDINS:

Soil Moisture Profile

The soil moisture profile reading in bars, using
tensiometers, are giving in table 5 for treatments TH,
T6' TT' TB’ and T.. The results revealed that the

9

control treatment, T, had soil moisture tensions below

’
0.2 bars in the rootzone except on the 95%h day after .
planting., This would suggest that there was no soil
nolsture stress experienced in this treatment bvefore
the 95th day., In general wheat growth wae greatly
reduced only after scil ricigture tension was greater )

than 0.2% bars. This was in agreenent with the

findings of Ghosh et al {1975) with wheat grcwn on

gandy loam soils. The soil moisture giress observed -

on the 99th day at the surface 15zm soil depth of the
control treatrment, EH was due to the high rate of
water consumption at the Iater growth stage of wheat
and was necessary and good for crop ripening,

i
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Unlike in‘ the contre’ tﬁ:atment, soll moisture data
{moisture tension greater than 0.25 bars) of the other
treatments indicated that there was sitress whenever
irrigation was migsed, Also, siress conlitions were
alleviated whenever irrigation was restored. However,
the degree of stress development and recovery from
gtress depended on the level of the moisture siress as
well as the growth stoge at which it vas imposed. For
instance results of treatment TE’ where two irrigations
were migsed during tillieciing, indicated that soil
moisture tension started inec,- .zing when irrigation was
missed on the 16th day aifter planting. This continued
until a.peak valua of .71 bare was recorded on the
35th day at 15cm soil depth, When irrigation was
restored on the 3éth day, soil moisture tengion started
falling, The scil moisture tengion then remained
relatively low until about the 65th day when it wae
noticed to have increased considerably. And by the
T5th day, tensiometers started failing to glve any
readings. Thie was mcst probably due to the breakdown
of the instruments or the drying up of the soil. Butl
it is worthwhile to note that up till the 95th day

when otservation was stopped, the soil at 60cm depth



and below had seil mointure fenﬁicns welow 0.25 bars.
This could be due to the influence of capillary rise
from the percied ground water table.

Treatment T, (where two irrigations were migsed
during jointing) indicated that by th: 55th day when
there wag high molsture stress, the tensiometers had
falled to give any rmeaedings. When re-watered on the
c6th day, the tersiometers staried functioning
(after they had been serviced). However, failure was
again obaserved as from the 85th day as solls were drying
up. 1In the treatments (TS and T9) where two irrigations
were missed during flowering and grain f£illing, soil
moisture tension rose above (.25 bars and strsss symptoms
(leaf curling and wilting] werc observed even before
irrigatlien was misged, And when stress was imposel in
these treatmenis, tensiometers failed since the aoil was
too dry by then. Infact, after 85 days of planting, all
the tengiometors in treatments T&, 13 and T9 stopped
functicning due to high soil mcisture tension, This was
a consequence of the high rate of water consumpiion by
wheat during the sascond half ~f its life cycle than

during the firet,
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In general, scoll moisture tension was much lower
at greater scil depths than »t tue surface layers, This
wag mainly due tc the prescnece of the perched water
table. However, during the later growth stage of wheat“
the scil moisture tension also became high at greater
scil depths. This was due to the high rate of water
consumpticn by wheat at that stage which subsequently
lowered the water table depth. Infact the ground water
table observation (fig.1) rovealed that as from the 29th
day after planting until the 85th day, the water takle
fluctuated between 80 and 70cm belew the soil surface.
But as from ihe 89tv day, the water table started
falling gradually unti’ it got to 100em depth by the

PLANT STUDII:

Plant Water Potential

The diurral fluctu.tions in plant water potential
at jointing and flowering stages of wheat under various
moisture stress conditions are given in figure lj. Plant
water potential was cbserved during jointing and flowering

because these stages of wheat have been reported more
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PLANT WATER POTENTIAL
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FIG, 4 : Diurnal Hluctuation in plant water potential at jointing and
flowering growth stages of wheat under various moisture

stress conditions
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TO
sensitive to moisture stress in Nigeria {Chari, 1980;
Surpa et aly 1980). The result indicated that at both
growth stages considered, the divmel fluctuetions of
the plant water potential were consigtently lowest in
the control treastment., The greatest fluctuations were
in treatments where two irrigations were missed (henceforth
referred to as ninus two irrigation treatments), and then
those where minus one irrigation was missed (henceforth
referred to as minus one irrigetion treatments). However,
the plante generally had higher piant water potential
values during jointing than flovering., Farthernore, the
plant water potential at 6.00 p.u. {1800hrs.) generally
returned more ciosely to the r1redzwn measurement during
jointing than flowering., Tvt at Ltoth growth stages, the
plant water potentisl at 1800hrs returned closer 1o the
predawn neasurement in the control treatment, followed
by treatments with mimue one irrigaiion and then those
with minus two irrigations, respectively, Thus, the
result revealed that the greater the nmoisture siress
inposed, the lower the plant water polential at any [rowth
stage at anytine of the days and also the slower the

rvecovery fron stress (fig. L).
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Plant water potential was lowest at about 2,00 mm
in 211 the treatments at both growth stages. The
2.00 pm plant water potential values at the jointing and
flowering stages were -5 and -9 bars for the control
treatment; -B and -13 bars for the minus one irrigation
treatments and then =10 and =16 bars for the minus two
irrigations treatments, respectively. And since the
oontrol treatment experienced no stress ag indicated by
results of soil moisture tension, the plant water poten=-
tial threshold values for stress to ensue would therefore
be -5 and -9 barg for the jointing and flowering stages,
respectively;

Envirommental temperature, soil moisture status and
wind have all been xeported to have great influences on
evapotranspiration and consequently onr plant water
potential (Frank et al., 1973;.Tanner, 1963), Thus
visible wilting and/or leaf curling were obgerved in the
stresn treatments especially between the hours of about
11.00z2m and L.,00pm whenever plant water potential was
determmined, The differences between the plant water
potential walues of the control treatment and those of

the strege treatments occurred between the hours of about
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11.C0am ané L.OGOpw dus bt tne effect of higher temperatures
during this periocd, Infact, the differences between the
plant water potential valucs of the contxol tre.tment and
those of the stress treatments (treatments with ninus one
and two irrigations) would represent the varicus degrees
of gtress experienced bty the gtress treatmenis. Lowever,
the magaitudes of the stress eipérienced were rather
mild and/or moderate than severe since the lowest water
potential valves attained by the different treatments
wera about =15 bars or greater, Thus severe stress did
not develop cven when two irrigoations were migsed during
Jointing and flowering, most probably due to the effect
of the perched wuter table at Xadwwa. Maurya (1981) also
found thet plant water potential values for wheat grown
a2t Kadawa Ao not get as luw ag those cbtained at Samaru.
He attributed this cbgervation to the effact of the high
water table at Kadawa (fluctucting between 70 and 120cm
from the soil surface) and the higher air temperature ati
Samaru during the wheat growing season. {

Further, the plant water potential values in bars/

day was calculated for the various treatments during
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jointing and flowering., The result is presented in the

table below.

GROWTH TREATMENTS PLANT WATER POTENTIAL
STAGE (BARS/DAY).
Control - T.5
JOINTING One irrigation missed - B85.0
Two irrigations missed - 106.0
Control - 105.0
FLOWERING | One irrigation missed - 147.0
Two irrigation missed - 168,0

It is, therefore, very apparent that treatments with
irrigation missed during flowering suffered higher degrees

of stress than those during jointing.

Plant Canopy Temperature

The diurnal fluctuations in plant canopy temperature
at jointing and flowering growth stages of wheat under
various moisture stress conditions are presented in
figure 5, During both growth stages, plant canopy tempera=
ture reached their highest values at about 2.00pm. Also,
the plant canopy temperatures for all treatments at both
growth stages did not return to predawn measurements by

6.00pm, Further, the control treatment had lower canopy
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