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ABSTRACT

Effect of water stress on growth, - pisiology, biochemical

contents and seed yield of cowpea (Vigna unguiculata (L.)

Walp CV.Black Eye Bean) grown at -5.0,-10.0,-12.5 and

-15.0 bars leaf water potential were studied to examine the
possible mechanisusof cowpea adaptation to drought. The
experiment was conducted under greenhouse conditions and the
treatments consisted of irrigating the soil to field
capacity and allowing it to dry until the plants reached the

above predetermined leaf water potential values.

Plant height, leaf srea, dry matter, relative growth
rates and net assimilation rates decreascd as leaf water
potential decreased. 3Stomatal resistance, on the other hand,
increased as leaf water potential decreased. The heighest
resistance was recorded in plants maintained at -15.0 bars
leaf water potential. Nitrste reductase activity and nodule ni

mbers decreased linearly with plant water deficit.

Water stress inhibited the accumulation of leaf chlorophy:
starch and proteins, but it increased the amounts of amino

acids, reducing sugars and soluble carbohydrates,

Seed yield was also reduced by water stress. Of all
the components of seed yield, seed size, pod density and
the number of seeds/pod were most affected. However, pod
density was the most sensitive component of seed yield to wate:

deficits.
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It was concluded that the high drought resistance of
the crop was mainly due to the plant's, ability to avoid
water loss by maintaining high stomatal resistance,
reducing its total leaf area and by tolerating dehydration

through osmoregulation.
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INTRODUCTION

Among the different environments encountered by a
plant during its life cycle, drought is probably the most
inhibitory and unpredictable factor (Boyer, 1976). Perhaps,
there is no other factor that limits grain production so
extensively as drought does (Boyer and McPherson, 1975).

Its injury occurs when various combinations of the physical
factors of the environemnt produce an internal water stress
sufficient to delay or prevent crop establishment, weaken
or destroy estabilished crops, or alter the physiological

and biochemical processes in plants (Larson, 1975).

Terrestrial plants rarely grow in a natural environment
free from water stress for a period of more than a few days
(Hsiao et al., 1976). In arid and semi - arid areas, there
is no problem more ubiquitou8 than water stress (Hsiao
et al., 1970). 1In such areas, agricultural production may
be reduced virtually to zero during a prolonged period
without water (Boyer, 1976). In a wide belt across some
parts of South Asia, India, Africa, the Middle East, and
in other areas, from Northern Argentina and North - East
Brazil to Mexico, food production for millions of people
is limited primarily by the erratic nature of the rainfall
(Gupta, 1975). In Ethiopia alone, an estimated number of
seven million people were severely affected by droughts
in 1984/85 (RRC Bulletin, 1985). Thus, in a world that is

globally threatened by droughts and the horrors of famine,
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water is the most important of our natural resources which

is invarisbly in short supply (Slatyer, 1967).

Having evolved in a medium of water, 1lifz of all forms
including that of plants is inextricably dependent on
water for the function and survival of all living organisms
(Hsiao et al., 1976). The functions of water in general
and the position it occupies in a plant complex, where it
has a crucial role, is tremendous (Hsiso, 1973). Although
a considerable amount of information on the functions of
water has accumulated in the literature in recent times,
most of the physiochemical bases of water in plants are
little understood (Hsiao et al., 1976; Hsiao et al., 1977;
Slavik, 1977). Whilst there have been some advances towards
the understanding of water stress phenomena in plants
recently (Kramer, 1974), the study and characterization of
the behaviours of individual crops, under drought counditions,

leaves much to be desired (Arnon, 1975).

It is therefore of great importance not only to chara-
cterize and quantify whole plant water stress phenomena
(Kramer, 1974), but also to investigate and evaluate the
various physiological consequences of water stress. This
may facilitate the identification of the specific processes
and control mechanisms of plant water responses (Albert

and Thornber, 1977).

Thus, how plants are affected by water deficits and
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what mechanisms enable them, nevertheless, to survive or
even thrive are problems of prime significance in plant
physiology with immediate practical implications to agricu-

ltural production (Hsiao et al., 1976).

The increasing realization that the occurrence of
droughts is more or less ingvitable, has led plant scientist
to desperately look for crop plants which arc better adapted
to dryland conditions (Gupta, 1975). This has necessitated
a close examination of the kind of resistances shown by such
plants, including the anatomical, biochemical and physiologi

mechanisms involved and the degree of tolerance.

As in most other cases, crop plants differ widely in
their responses to water stress conditions. Not only are
they different in the kind and degree of resistance they
show, but also in the particular phyéiological and morpholo-
gical mechanisms they employ to combat it. Thus, in the
search for agriculturally productive crops, the identificati
of drought resistant crops and the characterization of the
specific adaptive traits for better msnagement practices in
general (Herbert and Baggerman, 1983), and breeding progra-
mmes to introduce the traits into more adapted genotypes in
particular, has become of paramount importance (¥eim et al.,
1981)., One such crop that has recently recieved the attenti
of agriculturalists as a promising plant is cowpea (Kay,

1979; Turk et al., 1980; Allen and Obura, 1983).
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Cowpea (Vigna unguiculatz (L.) Walp) is a hot weather

annual legume of arid, semi -~ arid and humid tropics which
has been in cultivation since ancient times as food for
human consumption (Irvine, 1974). It is grown throughout
the sub-tropics and tropics both as a source of grains and
green vegetables (Purseglove, 1968). According to Arnon
(1972), it is the most important pulse crop grown in Africa,

particularly in regions with low rainfall.

During the low rainfall years of the 1970's cowpeas
produced seeds under rain-fed conditions in the Sudanian
zone of Africa, when all other drought resistant crops like

sorghum (Sorghum bicolor (L.) and pearl millet faile to

produce grains (Turk et 3l., 1980). In experiments
conducted by Hiler et al. (1972), .cowpea produced seeds eve
when it was maintained under so severe a water stress as
-28 bars of leaf water potential which is normally lethal

to many other crops.

Extreme drought resistance (Rachie and Roberts, 1974;
Turke and Kall, 1980) is not the only attribute cowpea has
in its favour. The crop is one of the few which combine
drought resistance with high yielding potential (Turk et al.
1980; Ziska and Hall, 1983). Besides, cowpea can yield
satisfactorily under a greater diversity of soil, climatic
and cultural conditions than most other leguminous crops

(Irvine, 1974; Allan and Obura, 1983), a fact that should



-5
very well be borne in mind in countries such as Ethiopia,

where there is much more diversity than uniformity sad

severe droughts occur with 2larming frequency.

In connection with its wide adaptability, an interestin
feature of cowpea is its capacity to grow on poor soils
(Purseglove, 1968; Westphal, 1974). This is partly due
to the fact that it is a legume. A leguminous crop can add
upto 500 kg of fixed nitrogen to soil per hectar per annum
(Purseglove, 1968). As a typical legume, the ability of
cowpea to reduce atmospheric nitrogen to the utilizable form
not only enables it to grow without any a2dditional nitrogen
fertilizer, but also gives it the capacity to zdd some nitro
to the soil from which other crops could benefit. F¥ith the
increasing prices for commercial nitrogen fertilizers for
peasant farming, the role of cowpea in mixed farming systems
in crop rotations and in general amelioration of soil con-

ditions need greater expl2itation.

Cowpea is also a crop that is relatively easy to cultiwv
(IAR 1970; Westphal, 1974). Owing to the ability of the
crop to compete with grasses and other persistent weeds such

as Imperata cylindrica in some systems of traditional agri-

culture, the crop could be planted without any previous land

preparation (Arnon, 1972).

Among the several merits of the crop, the most importan
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and widespread of its uséis the utilization of the seed
meal for various forms of human food (Irvine, 1974). Cowpes
are now principally a subsistence crop for farmers in the
semi-arid regions of Asia and Africa (Purseglove, 1976). Th
seeds contain about 23% protein (Fay, 1979). Thus, they pla
an important role in protein requirement in the human diet,
particularly lysine supplementation in the diets of the
people in those regions who are largely dependent upon

cereals (Crabbe and Lawson, 1981).

In addition, cowpea is very popular as a pot-herb in
some parts of tropical Africa (Purseglove, 1968; Irvine, 197
It is good fodder crop for hay (Westphal, 1974), and an exc-

‘ellent cover or catch crop (Irvine, 1974).

In Ethiopia, which is considered to be the origin and
the centre of diversity of cowpea (Steele, 1979), the crop
is mainly grown in the drier regions of Hararge, Konso
and probably Eriteria (Westphal, 1974). The crop can grow
at altitudes as high as 2000 m, In the Konso area, they are
usually grown together with other crops . such as sorghum
(Westphal, 1974), The sceds are ground into a powder
form for the preparation of various meals., The Chako in
South - West Ethiopia eat the leaves as spinach (Westphal,

1974).

Despite all the good attributes of cowpea, it has not
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been studied much, in comparison with other crops (Allen and
Obura, 1983). BSeveral authors, notably Turk and Hall (1980),
Turk et al. (1980) and Summerfield et al. (1976) have recomme
that more studies on the specific adaptation trelbs of the
crop be conducted, Bascd on the existance of conflicting
results, Herbert and Baggerman (1983) and Shouse et al.
(1981) also suggested that more investigations into the
sensitivity of seed yield components of cowpea to droughts

be conducted.

The present alarming drought condition in the country
has necessitated the search for drought tolerant and widely
adaptable crops to the country; and this has been the backgro
and origin of this work, The studies being reported here,

therefore, have the following specific objectives:

l. To study the growth and development of a cowpea
cultivar, commonly grown in this country, under 4iff

nt regimes of soil moisture;

2. To investigatc the sensitivity of seed yield and its

components in cowpea to water stress; and

3. To characterize the specific, morphological, phy-
siological and biochemical mechanism involved in
avoidance and/or tolerance of water stress in

cowpeas,
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RIVIEW OF LITERATURE

A. The Role and Nature of Water in Plant Life.

Plant life takes place in aqueous medium., Deprived of
water, plants wilt and die. BSlatyer (1967) described water
as the most important basis of life., FKramer (1966) called
it the dynamic unifying entity. The amount of water which
typical land plants consume is prodigious in quantity, vastl
more than any of the other substances which enter them and s
hundred times more than their water contents at maturity

(Price, 1974).

The central position water occupies in life stems from
its unique physical/chemical properties, It is an extre-
mely good solvent for polar substances and particulerly,
for ions which have far-reaching consegquences for 1ife,
Bince many biologically important substances are charged
(Nobel, 1970). Water has relatively a high specific heat
and thermal conductivity for a liquid. Both properties make
it an ideal substance for the maintenance of temperature equ
librum (Bidwell, 1979). It is relatively rather incompre-
ssible at high pressures under physiological conditions;
and this property underlies its role in plant support (Nobe
1970). Wwater is relatively quite transparent to visible
radiation, enabling sunlight to reasch chloroplasts within

the cells in leaves and in submergel plants in the oceans.



The physical structure of watzr involves hydrogen and dipole-
dipole bondings which result in hiish internal pressures
(tensile strength), and high surface tensions. Thus,

water equilibriaserve as important integrating forces in

plant life (Crafts, 1968).

In the living plant, watcr occurs in many states and
is involved in all physiological processes: water of hydre

tion and imbibition in colloidal phases such as in cell
walls, osmotic water in vacuoles and phloem conduits, and
hydrostatic water in the xylem (Crafts, 1968). The source
of oxygen involved in photosynthesis and the hydrogen used
for carbon dioxide reduction is water. The phosphorylation
that results in the generation of the important energy cur=
rency, ATP, is a dehydration process involving the extra-
ction of the components of water from ADP plus phosphate
(Nobel, 1970). Vater is important for the structural inte-
grity of cells, tissues, and organisms as a whole. It is
the vital solvent with which mineral nutrients and other
food substances are translocated, In fact, the functions of
water in plant systems &are SO numerous; and according to
Hsiao et al. (1976), any attempt TO elaborate on them can
only understate the case. guffice it to say then, that, it
is almost impossible to conceive of the properties of cells

and whole plants without water and its unique properties.

Since droughts arc the main causes of crop failures
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and famine in most parts of the world, particularly in

the third world countries, the physiological effects of

water stress on crop plants have attracted considerable
attention of scientists, Water stress can arise e¢ither from an
insufficient presence of water in the plant environment or

from its excessive presence. The former occurs as

a result of water deficits or droughts while the latier

joceurs due to flooding of plants in excess of field capacity
(Levitt, 1980). Flooding of plants in excess of field
capacity causes leaching of mineral nutrients (Adjei - Twum,
1976) and ecssential intcrmediaste metabolites from roots
(Davidson et al., 1973). It also causes the replacement of

air by watcer which results in poor aeration., Poor aeration

causes oxygen deficiency in roots (Wample and Reid, 1975).

The effects of oxygen deficiency in plants have been
studied by Wample and Reid (1975), Lambers(1976), Sojka et al.,
(1975) and Lambers et al. (1978) and there was a retardation
of shoot development, as a result of oxygen deficiency in all
cases., Boggie (1974) obtained a severely retarded growth

in Picea sitchensis under low oxygen concentrations, Wigna-

rajah et al. (1976) also recported a significant reduction
in both shoot and root growth in barley. Lambers (1976)
studied respiration under flooded conditions in Senecio
and found that there was a 50% inhibition in the flood-

resistant spp. (BSenecio aquaticus) while respiration did
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et occur in the flood - sensitive spp (8. jacobaea).

The most obvious injury of flocding in plant roots
is the accumulation of toxic products of anaerobiosis that
follows the stress imposed by oxygen dcficiency (Levitt,
1980). MNevertheless, unlike the stress caused by water
deficits, flocding does not bring about a direct water pote-
ntial stress in plants (Levitt, 1980). uater deficit stress
in soils, on the other hand, produces both primary and secondar;
effects (Hsiao, 1973) by directly affecting plant water
potential (Hsiao, 1973; Kramer, 1974; Levitt, 1980).

Plant watcr relations is best explained by the corcept
of water potential. Water potenial (4% ) is the chemical
potentiael of water which is defined as the partial molar Gibbs
free energy of water at constant pressure and temperature
(Oertile, 1971). The factors which affect the chemical pote-
ntial of water in plants can be summarized into hydrostatic
pressure or tension, collegative effects of solute and in-
teractions with matrix of solids and macromolecules, Thus,
pressurc potential (ij), osmotic potential (3?7) and matric
potential constitute the componems of water potential in
plants (Hsiao, 1973), while gravitational potential (SVS)
constitutes a fourth component of water potential in soils

(Adjei-Twum, 1980).

#ater flux through the soil - plant system tends to
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occur along gradients of decreasing water potential (Kramer,
969; Hsiao, 1973). The driving force, however, may not
wecessarily be the gradient of total water potential but
a componemt potential (Slayter, 1967; Slavik, 1975). Among
plant parts, leaves constitute the sink for liquid flow. The
flux of water from the root-soil and plent -air interfaces is
duer to the replacement of the amount of water transpired.
The driving force is, by anl large, the overall differencess
in water potential between absorbing root surfaces and transpi-

ring aerial surfaces of plants (Slavik, 1975).

The theory of liquid flow requires that plantAwater pote-
ntizl be lower than that of the soil to facilitate water abso-
rption by roots., Any decreases in the water potential of
the soil is, therefore, accompanied by ; corresponding
decrease in the water potential of the plant. (hen this
decrease in plants is below the level necessary for metabolic
activities, wdter deficit stress sets in. Water deficit
stress in plants, therefore, develops as a result of an imba-
lance _ between the supply furnished by the soil water and

the requirements of the plant(Slayter, 1967 ; Hsiao, 1973;
Slavik 1975).

However, a certain level of soil water stress will
not necessarily be sccompanied by an eguivalent degree of

plant water stress (Framer, 1969; Levitt, 1980)., According
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to Arnon (1975) and Taylor and Klepper (1978), the water status
of a plant depends on rcsistances to flow of water which vary
with its water content; re¢sistance to the flow within the
roots and other tissues of the plant which depends on some
physiological factors; and the rcsistance to the flow from the
stomnta into the atmosphere which varics with atmospheric

condition,

The physiological processes in plants are primarily
a function of their watcr status and are only indirectly
affected by soil and atmospheric water stress (Kramer,
1969). That plant water potential is more dependent on the
resistances of plant tissues to water flux, rather than on
soild and atmospheric conditions, has been demonstrated by
Janes (1970) and Stoker and Weatherley (1971). Begg and
Turner (197), for example, found that abrupt changes in
tobacco leaf water potentiasl were as & result of higher
local resistances betwecn stem xylem and petiole xylem,
Studies by Boyer (1968) showed that resistances in roots werec
twice as much as in stem and leaf tissues. Thus, in any moani:
gful study on the effects of water stress on the growth and
development of plants, direct measurements of plant water
status such as lcaf water potentisl is recommended for valid
and repeatable results (¥ramer, 1969 ; Larson, 1975; Levitt,
1980).

B. Bffect of Jater Stress on Plant Growth

The growth of plants under water stress has been stu-

died by several investigators (Fanemasu and Tanner, 1969
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Boyer, 1970a; Taylor and Klepper, 1974; Brown and Tanner,
1983). Often, a reduction in growth is the first measureable
offect of water stress (4siao, 1973; Kramcr, 1974). In
general, the extent of reduction depends on the degree of
water stress and the species concarned (Gates, 1968). In
cotton, for instance, growth inhibition may result from a very
small reduction in water potential as from -1 to =% bars
(Taylor and Xlepper, 1974). Brown and Tanner (19383) observed
reduced shoot growth in Alfalfa when leaf water potential
dropped below =10 bars. However, in some Acacia spp. growth
may continue even if the water potential drops to a Very

low level of =50 bers (Hsiao, 1973).

The lowest possible plant water potential ever reported
in cowpeas was -28 bars. This was under green house condition
(Hiler et gl., 1972). However, Clark and Filer (1973) dete
rmined water potential in lysimeters and reported that the
lowest possible water potential in stressed cowpea plants,
under ficld conditions, was sbove =15 bars. Similarly, Turk
and Hall (1980) reported that pressurc chamber measurements
of %ylem pressure potential in cowpea invariably remained

above ~-18 bars.

Flant growth is a function of three stages: cell divisio
cell enlargement and differentiation (Leopold, 1970). The
degree of gensitivity of each stage to water stress varies

considerably (Boyer, 1970; Slavik, 1975). Cell growth has
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been quantitatively related to cell turgor; and cell turgor
decreases with cell water potential (Boyer, 1968). Thus,

it was the decrease in the turgor component of water pote-
ntial which was responsible for the inhibition of cell enla=-
rgement (Lockhart, 1965). In cotton, cell enlargement was
more sensitive to water stress than to any of the other
stages of cell growth (Boyer, 1970a). Hsiao gt al. (1970)
observed a decrcasc in clongation of maize leaves with a very

small reduction in leaf water potential

Cell division has alsc been found to be sensitive to
water stress (Terry et al., 1971). This was due to
a greater requirement of water, when cells were enlarging to
several fold of their original size, during cell division
(levitt, 1980). However, a study by Burstrom (1980) showed
thet cell division in pea stems was reduced at levels of
stress that did not ~affect cell enlargement. Of the threce
stages of cell growth, cell differcntiation was rather sti-

mulated by water stress (Levitt, 1980).

Hiler et gl. (1972) studied the affects of plant water
deficit on the growth of cowpea and reportced that plant

height wes progressively reduced with increasing water deficit
Denmead and Shaw (1960) and Duncan (1975) showed that the

height of maize plants, under water strcss, was considerably

influenced by the rate of stem elongation. Duncan (1975%)
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reported a 75% decline in the rate at wilting point, As

the clongation of developing cells was inhibited under

water stress (Duncan, 1975), the length of internodes were
also rcduced (Denmead and Shaw, 1960; Christiane, 1977); and
this consequently resulted in shorter plants (Denmead and

Shaw, 1960).

The effeccts of water deficits on cowpea leaf area have
been studied under green house (Hiler ¢t al., 1972) and field
(Yurk and Hall, 1980a) conditions. In both cases, substantia
decreases in leaf area were observed with increasing water
stress, According to Boyer and kcPherson (1975), leaf enlae-
rgemecnt in maize was most rapid when leaf water potentials
were between -1.5 and -2.5 bars and they declined markedly,
when leaf water potentials decreased further. Low leaf water
potentials also influenced leaf production through their
effects on leaf initiation in meristems and subsequent cell
division (Boyer and McPherson, 1975). In studies by Boyer
(1970b), leaf enlargement was severcly inhibited when leaf
water potential was about -2 bars and it practically ceased
at values as high as =4 bars in sunflower, -8 bars in maize
and ~12 bars in soybeans., In alfalfa, the initiel leaf water
potential below which leaf arcea expansion stopped was ~10
bars (Brown and Tanner, 1983). Thus, the reduction in leaf
enlargement (expansion), as a result of rcduced cell turgor
following weter stress, was the main cause of thc reduction

total leaf area, In cowpees, the reduction in leaf area
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avoid droughts by accumulating larger amounts of dry matter
in their roots than in their shoots (Arnon, 1975). FKarmi

et al. (1980) subjected soybean plants to water stress

until their leaf watcer potentials reached =12 bars and
reported that significant decreases in the dry matter contents
of leaves, stems and petioles and an increase in root dry
matter occurred. Silvius et al. (1977) investigated the
effects of water stress on carbon assimilation (14002) and
distribution in soybean plants at different stages of
development and reported a relatively more accumulation of
140 in roots than in aerial parts. Such alterations in 140
distribiution was found in plants with water potentials of
between =15 and -20 bars. The growth of roots at the

expense of shoots facilitates efficient water ebsorption by
roots. It is also a function of the water potential gradient

which is less steep in roots than in shoots (Christiasne, 1977).

One growth parameter which has recently attracted the
attention of researchers on soil-plant-water relationships
is specific leaf weight (8L7) defined as leaf blede dry weight
per unit leaf area (Silvius et al., 1977; Fischer and Turnecr
1978). 1In general, specific leaf weight increases under
water stress conditions (Turk and Hall, 1980a). According
to Fischer and Turner (1978), the specific leaf weight of
desert shrubs is two to three-fold more than that of many

herbaceous plants., Howecver, SLW could also be affected by



]

planting density or changes in solar radiation levels

(Turk and Hall 1980a). 1In a study to determine whether
specific leaf weight could provide a measure of the long-
term water status of cowpea plants, Turk and Hall (1980a)
obtained positive correlations between SL.4 and cummulative

Xylem water potentials and between seed yield and SLW.

#ater stress also caused some¢ reductions in certain
growth parameters such as rclative growth rates (RGR)
(Brown and Tanner, 1983) and net assimilation rates (NAR)
(Lawler, 1970; Slavik, 1975). The RGR of plants is the rate
of increase in plant material per unit time. NAR is the
rate of increase in plant material per unit of assimilatory
material per unit time (Radford, 1967). 1In gencral, water
stress affects RGR through the same mechanisms with which
it affects plant growth such as its effects on cell turgor,
cell division, leaf area development and photosynthesis.
However, the consequences of water stress were a reduction in
plant growth (Levitt, 1980), due to decreases in growth
promoting hormones such as cytokinins (Ilai and Vaadia,
1965) and increases in growth retardaﬁts (Levitt, 1980),
and in ethylene (Pratt and Goeschl, 1969) and abscisic acid
(Wright and Hiron, 1969; Loveys and ¥riedmann, 1973; Juarrie

and Jones, 1977) in particular.

Water stross affects NAR through its effects on
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photosynthesis and respiration (Kanemasu and Tanner, 1969).
Kanemasu and Tanner (1969) attributed a reduction in NAR,

as leaf water potential decreased gnid stomatal resistance
increased, to increased respiratory rates, due to higher
ambient leaf and root temperaturcs as a result of reduced
transpiration rates; and a decline in photosynthetic rates
causcd by a decreasing supply of 002 and impaired biochemi-

cal processes.

C. Effcct of Water Stress on Some Metabolic Activities

of Plants.

It has been reported by several workers that photosyn-
thetic carbon assimilation is adversely affccted by water
stress (Boyer and Bowen, 1970; Boyer, 1971; Chen et al., 1971).
Generally, both the light and dark reactions of the photosynthe
processcs are adverscly affect.d by water stress, Plant
water deficits inhibit the rate of photosynthesis by rcducing
CCy, assimilation in the light as a result of stomatal closure
(Gale and Hagan, 1966), by reducing total leaf arca (Boyer,
1970a; Arnon, 1975) and by inhibition of Hill reaction
(Boyer and Bowen, 1970; Boyer, 1960b).

whilst working with isolated chloroplasts from water

-

stressed pea and sunflower leaves, Boyer and Bowen (19270)



-

| Observed that oxyger evolution decrcased linearly in proportion
to leaf water potentials, when the latter was below -12 bars

in both pea and sunflower. Boyer (1970) studied phctosynthesi
in corn and soybeans at various leaf water potentials and
reported that photosynthesis in soybeans was reduced at
potentials less than =11 bars but the reduction in the rates of
photosynthesis in corn occurred at -13.5 bars. e concluded
that water deficits inhibited photosynthesis because it
disrupted the integrity of chloroplast membranes and inhibited
Hill reaction. Similar results were obtained by Alberte et al.
(1977) who reported that pigment molecules were destroyed in
water stressed plants, Howevcr,L’ADP+ reduction during Hill
reaction proceeded at decreased rates only when plont water

deficits were very severe (Slavik, 1975).

According to 3levik (1975), the dark reactions of
photosynthesis consist of two main processes: a) physical
transfer of 002 from the plant's atmosphere to the carboxy-
lation centres in the chlorcoplasts; and b) the various bio-

chemical process of photosynthesis,

Under water stress, resistance to CO, influx, i.e.,

boundary layer diffusive rcsistance (transfer in the boundary
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air layer adhering to the leaf surface), stomatal diffusive
resistance (diffusion in air through the stomatal apertures)
and mesophyll intercellular resistance (across the mesophyll
intercellular spaces) have bcen shown to increase at different
rates (Redshaw and Meidner, 1972; Pieters and Zima, 197%;
Bunce, 1977). Of the three, however, stomatal diffusive
resistance is the most obvious mechanism by which leaf water
deficit affects photosynthetic CO, upteke in higher plants
(Boyer, 1971; Levitt, 1980). Thus, it was primerily due to the
resistance to 002 influx to the carboxylating centres in
water-stressed plants that photosynthetic carbon assimilation

was reduced (Levitt, 1230).

The sensitivity of stomata to wator stress hes been
-found to vary from one plant to another (Hsiao, 1973). The
threshold level of water potential above which stomata
remain open (or below which stomata close) is a measure
of the resistance capacity of a plant. The threshold level
of soybeans was found to be =10 to -12 bars (Boyer, 1970a),
-7 to =9 for tomatoes (Hsiao, 1973). 1In some species of
acacia, however, stomatz rcmained open at a water potential
of =50 bars (¥Xramer, 1974). The mechanism of stomatal
action is largely dependent on the phenomenon of turgor
pressure - a function of both the anatomy of guard cells

and water potential gradients,
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Stomatal resistance decreascd as stomatal aperture
incrcased, when the turgor pressurc of the guard cells had
sufficiently exceeded that of the neighbouring epidermal
cells., Humble and Raschke (1971) and Schnable and Raschke
(1980) reported that a light-induced increase in turgor of
guerd cells was primarily due to water uptake as a consequence
of a decrease in osmotic potential caused by ATP - dependent
intake of potassium ions. In the dark, the closure of
stomata and a reduction in their resistances were attributed
to some losses in the potassium ions (Humble and Raschke,
1971 ; Fischer and Hsiao; 1963).

The involvement of potassium ions in the regulation
of stomatal aperture has been recently confirmed by Pemadasa
(1979), wWilmer et al. (1983%) and Pemadasa (1983). Besides
potassium ions, changes in the concentration of starch, ma-
late and chlorides in guard cells have also been implicated
in the mechanism for the control of stomatal aperture

(Raschke, 1975; Pemadasa, 1983).

Differcnces in the resistance of stomata on the adaxial
and abaxial sides of leaves, under water stress, were repo-
rted by Raschke (1975). Normslly, the abaxial side had a
lower resistance than the adaxial (Kgnemasu and Tanner,

1969)., This observation has been supported by Pemadasa (1979
who reported that higher ratss of starch hydrolysis and gt

accunulation occurred in the abaxial than in the adaxial
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guard cells,

Bver since the pioneering work of Wright and Hiron
(1969), abscisic acid (AB4), a growth inhibitor, has been
found by several investigators (Quarrie and Jones, 1979;
Zeevart, 1980; Ackerson, 1980; Hall and lcWha, 1981) to
incrcase several fold in amount in tissuss under water stress;
and this resulted in the closure of the stomata of such
plants. With regards to the mechanism of action of ABA,
Dittrich and Raschke (1977) and MacRobbie (1981) showed
that ABA induced the efflux of potassium ions and
mglate from guard cells to their surrounding epidermal
cells, The efflux of potassium ions and malate increased
the osmotic potential of guard cells from which water
flowed, following water potential gradients. The overall
effect of this was loss of turgor by guard cells and
stomatal closure; Thus, reduced transpiration rates, due
to the clcsure of stomata, werc largely the result of
increased synthesis of 4BA in stressed plants (Milborrow
and Noddle, 1970; Zeevart, 1980). However, since the path
along which water escapes from a plant is also used by
002 to enter it; the same mechanism that the plent uses
to avoid water loss, i.e. uigher stomatal resistance,

severely impairs photosynthetic rates.

A decline in the photosynthetic ratcs in water stressed
plants was attributed to reduced activities of ribulose

-1, 5-diphosphate carboxylase (O'Toole et al., 1976 and
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1977) and glyceraldehyde -3-phosphate dehydrogenase (Lee
and Stewart, 1971), due to some changecs in the mol€cular
configuration of the former and the oxidation of the sulf-
hydryl groups in the latter. However, the rates of ATP
synthcsis and reduction of 3-phosphoglyceric acid decreased
only under very severe conditions of water stress (Slavik,

1975).

The respiratory rates in plants, under water stress, de-
pend upon both the degree of the stress and the types of plant
species (Brix, 1962). Voeppe et al. (1973) obtained maxi-
mum respiratory rates in maize seedlings at leaf water pote-
ntial of -16 bars but Brix (1962) reported constant rates
of respiration in tomato plants with leaf water potentials
between O and ~12 bars. The respiratory rates gradually
decreased with leaf water potential, when the latter decreased
further from -12 to =36 bars. In loblolly pines, however,
there was a sharp drop in respiratory rates, when leaf
watcr potential decreased to -12 bars followed by a rapid
increuse in respirztory ratts to a maximum, as leaf water
potential decreased further from -12 to -36 bars (Brix,

1962). According to Levitt(1980), a decline in respiratory
rates in water stressed plants at zero cell turgor pressure
was due to increased in enzymé and substrate concentrations
as well as decreases in cell vclume. Howcver, inhibition

of the activities of enzymes, decreased intercellular spaces,

incrcased viscosity of cell contents and reduced rates of



gas exchanges in plant tissues with low water potentiols

led to decreased respiratory rates,

Translocation of photosynthetic products has boen shown
to be aff.cted by water stress (Reid, 1974; Sheikholesslan
and Currier, 1977). Phlocr transport depended on gradients
of hydrostatic pressure (Jareing and Patrik, 1975). Reduced
translocation rates in water-strecssed plants rcsulted from
direct disturbances in phloen pressure gradients, due to
a reduction in tissue water potentials (Sheikholeslam and
Currier, 1977). However, Wardlow (1969), and Gallagher
et al. (1976) reported that translocation per se was not
a limiting factor in plants under watcr-stress. Reduced
translocation at lower water potentials was attributed to
limited source capacity because of a reduction in photosynth-
e¢tic rotes and smaller sink capacity, due to the adverse effec

of growth inhibitiors (Wardlow, 1969).

Generally, most of the effects of water stress on
the physiology of plants can be traced to the overzll reductio
in enzynatic a&tivity (Arnon, 1975). This is a result of
configurational changes in molecular structure due to
dehydration (Darbyshire, 1974, on the one hand, and reduced

protein synthesis (Barlow et al., 1977), on the other.

An enzyme that has consistently shown a2 decrease in

activity with water stress is nitrate reductase (NR)
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(Bardzik ¢t al., 1971; Morilla et al., 1973). Morilla et al
(1973) rcported that NR activity in corn scedlings declined
by 50% of the control plants as lcaf water potentizl decreased
to -2 bars. A decrease in NR activity was attributed to
decreased rates of protein synthesis and increased rates of
the degradation of enzymes. Similar results were obtained
by Plaut (1974) in wheat secedlings. Nitrate reductase is an
inducible enzyme (Afridi and Hewitt, 1964). Hence, lower
translocation rates of nitrates from inactive pools to sites
of activity in stressed plants was responsible for the reduc-

tion in the activity of the enzyme (Morilla et al., 1973).

Besides reduced nitrate reductase activity, water
deficits in soils and plant tissues adversely influence nitroge
metabolism in leguminous plants by inhibiting nodulation
(Sprent, 1971b). Accoring to Sprent (1977a), th: nitrogen-
reducing activity of nodulcs ceased when the moisture content
of detached soybean nodules decreased by 80% of their fresh
weight, due to either an increased rate of destruction of

enzynes or a reduction in the retss of protein synthesis.

Protein synthesis was shown to be adversely affected
under water stress conditions (Barlow et al., 1977). Sugar
beet leaves subjected to prolonged water stress contained
smaller amounts of proteins than those found in normal
lecaves (Shah and Loomis, 1965). Similar results werc

obtained in soybeans by KFukutoku and Yamada (1982) who
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reported a decrease of 83% in the tissues of stresscd plants,
Rapid changes in the levels of polyribosomcs in Zea mays ,

in response to water stress, also rcsulted in reduced rates

of protein synthesis (Hsiao, 1970). Deltour and Jaqmard
(1984) reported that decreased rates of DNA synthesis occurre
in stressed plants. Lower rates of protein-synthesis were
also due to some losses in RNA as a result of increased
RNase activity(Levitt, 1980). Soong and Hageman (1977) showed
that leaf protein losses in stressed corn seedlings were due
to some increases in the activity and concentration of proteol
ytic enzymes. One group of cell organelles which is susceptib
to such proteolytic activities, when subjected to water stress
is that of chloroplasts (Soong and Hageman, 1977). 3ome 50%
of the dry weight of chloroplasts is composed of various
proteins (Bonner and Varner, 1965). Thus, the losses in the
chlorophyll content of plant leaves in response to water stres
as reported by Mohanty and Boyer (1976), idjei-Twum (1976), an
3oong and Hagemann (1977) were probably caused by enhanced
catabolism and/or by the retardation of protein synthesis.
Moreover, Alberte et al. (1977) rcportecd that the synthesis

of the light-harvesting chlorophyll a/b - protein was
inhibited by, at least, 50% under mild lezaf watcr stress

(-8 bars) conditions.

Several investigetors have studied the total free
amino acid contents of plants under water stress (Soong
and Hageman, 1977; Stewart et al., 1977 ; 3tewart, 1980"

Tnln+talknn and Yamada. 1982). In almost all cases, the total
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free amino acids contents of stresscd plants increcased as

& result of enhanced hydrolysis of proteins. According to
Fukutoku and Yamada (1982), totel free amino acids increase
mainly due to the accumulation of proline. Among all the amin
acids, proline is the most stsble and resistant to oxidative
acid hydrclysis and the lcast inhibitory of cell growth
(Levitt, 1980). These properties might account for the obse-
rved significant rise in the concentration of this amino acid
in plant tissues subjected to water stress (Barnett and Naylor
1966). Stickler (1964) reported that proline was synthesized
from glutamic acid in stressed shoots. However, stewart et al
(1977) reported that the conversion of proline to glutamic
acid and, hence, to other soluble compounds, through proline
oxidation, was inhibited in stressed barley leaves. Thus,
according to Stewart et al. (1977), high levels of proline

in strcesed plants werc maintained through the inhibition of
proline oxidation. Besides its obvious role of reducing

the osmotic potential of plant tissues which prevents dehydra-
tion, the synthesis of proline and other amino acids with
smaller molecules could also have a role in decreasing the
levels of the otherwise injurious NH3 released during protein

breakdown (Levitt, 1980).

Reductions in starch content followed by an accunmulation
of soluble carbohydrates in plants under water stress have

been reported by several investigators (Waidu et al., 1967;
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Barlow et al., 1976; Peterson et al., 1977; Fukutoku and
Yamada, 1982). Fukutoku and Yamada (1982) reported that the
starch content of soybecan seedlings decreasecd with leaf
wat.r potential, It then became constant, when its level
reached 35% of the amount in normal plants, but the content
of soluble sugars nearly doubled. Accumulation of soluble
carbohydrates is a mcchanism of osmotic adjustment (Ferercs
et al., 1978). Increased solutc concentration resulted in
lower osmotic potentials which was essential for the avoidance

of dehydration, under severc water stress conditions

(Hodges and Lovio, 1969),

In lobolly pines subjected to droughts, Hodges and Lorio
(1969) observed a marked increase in the concentration of
reducing sugars, and total carbohydrateé with an approximately
equivalent decrease in starch. In addition to starch hydroly-
Ssis in stresscd plants, an increase in soluble carbohydrates
was also due to a decrease in plant growth (Hodges and Lorio,

1969).

D, The Bffect of .Jater Stress on Seed Yield and Its

Corponents,

It has long been known that the ultimate yield of a crop
is determined by the interaction between its genctic cons-
titution and the various environmcntal factors including soil

moisture regimes. The effects of water stress on yield depend
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on what proportion of the total dry matter is considered

as useful material to be harvested (Arnon, 1975), when the
yeld consists of most or all of the aerial parts of the crop,
as in the case of forage crops, for example, the effects of
water stress on yield will be much the same as on total plant
growth With fruits and seeds, on the other hand, the effect
of water stress depends on the stage of growth at which the

stress occurred (Arnon, 1975).

Although a number of physiological processes contribute
towards grain formation in crops, photosynthesis and the tra-
nslocation of photosynthates from sources to sinks, cell
division and cell enlargement are the major processes involved
(Boyer and McPherson, 1975). It has been recognised in a
nunber of crops that the dry matter stored in seeds or
grains mainly results from photosynthesis that occurs during

and after anthesis (Arnon, 1975).

With respect to the effects of water stress on grain

yield, many investigators have shown that the flowering

and grau-filling stages are the most critical periods (lay

and Milthorpe, 1962; Talha and Osuan 1975). Sionit and
Kramer (1977) reported that seed yield in soybeans was consi-
derably reduced when cwater stress was imposed during early
sced-formation and grain-filling stages, due to a rcduction

in the number of flower primoridis (Arnon, 1975) and decreased

photosynthetic activity (Shouse et 2l., 1981). On the contrar]

-
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Damptey amd Aspinall (1976) vreported that mild water stress

promoted the development of inflorescence in Zea nays.

Reports on the effects of water stress on seed yield
in cowpea are conflcting (Herbert and Baggerman, 1983).
Hiler et al. (1972) imposed water stress at various phasecs
of growth in cowpea and reported that imposing stress at the
vegetative and pod-filling stages was less detrimental than
at the flowering stage. However, Summerfield et al. (1976a)
found the vegetative stage to be most sensitive, Turk c¢t al.,
(1980) reported that the occurrence of droughts during both
the flowering and pod-filling stages substantially reduced
the yield in two seasons, however, droughts during the
vegetative stage alone reduced yield in only one of the two
years of experimentation, . Similar results were obtained by
Shouse et al. (1981) who reported that soil water deficits
occurring at the vegetative stage had no significant effect
on seed yicld but water deficit at the flowering stage reduced
seed yield by 44-45%. Shouse et al. (1981) éiso reportecd that
occurrence of droughts during the pod filling stage of the

crop reduced seed yield by 39%.

Herbert and Baggerman 1983) and shouse. et al. (1981)
reported that, of all the components of seed yield, pod
nunber per plant, sced numb.r per pod and seed size were the
most important regulators of seed yield in cowpea. However,

the experimental results of Turk et gl. (1980), Shouse gt al.
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(1981), and Herbert and Baggerman (1983) showed that
pod number per plant (pod density) wos the most scnsitive
component to water stress. Reduction in pod number in res-
ponse to water stress has been described by Turk et al.

(1980) as an ecological strategy of cowpea's response to

stress to insure that viable seeds are produced for perpetuatic

A reduction in the number of seed primordia is responsible
for reduced numbers of seed per pod. Reduced seed number
per pod can result from water stress during flowering and

pod - filling stages (Shouse et al., 1981; Turk et al, 1980).

Seed sizec reflects the relationship between sources and
sinks of photosynthesis during the pod-filling stage.
Smaller sceds result from limited source capascity due to higher
pod densities or dircct effects of water stress on photosyn-
tiiecsis and/or translocation (Shouse & al., 1981)., A smaller
number of seeds per pod and lower pod densities, duc to water
stress, result in limited sink capacity and a sink limitation
which results in relatively bigger secds (Shouse et al., 1981)
One parameter which describes source-sink relationship is pod/
seed weight ratio on per pod basis. This parameter is nega-

tively correlated vith the rate of translocation.

Besidos the adverse effccts of water stress per se,
the yield of cowpea could also be reduced by high day time
tenperatures whick are characteristic features of drought

seasons (Shouse et al., 198l). Such excessively axen
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tcmperatures increesed the rate of flower abscission in

cowpea (Sunmerfield et al., 1976; Turk ct al., 1981).

E. Some Adaptations of Plants to /ater Stress.

Plants growing under conditions of frequent and often
severe water stress may be adapted to survive in one of the
following three ways: they may escape, avoid or tolerate
droughts (Asana, 1965). Thus, following the terminology
of Levitt (1965), Bewley (1979) divided xerophytes into:

a) ephcmeral annuals i.e. plants that complete their life
cycles in arid habitats within brief periods when water

is adequate b) drought avoiders i.e. plants with the ability
to exclude droughts from their tissues by retarding the rates
of water loss from their tissues and/or by increasing their
ability to absorb water; and c¢) drought tolerants i.e. those
plants which tolerate and survive weter stress without con-

serving water in their tissues,

Unlike drought avoiders and drought tolerants, ephemerals
(drought ¢scapers) have no mechanisms for overcoming water
stress. They rathor escape droughts by shortening their life
cycles (Levitt, 1965) and according to irnon (1975) and
Bewley (1979), such plants are not truc drought resistants.
Drought avoiders are equipped with some mechanismns which eneble
their tissucs to maintain high level of turgidity and water

potential when exposed to water stress (Keim and Kronstad,
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1981). This is due mainly to some factors such as deeper
roots systems, thicker cuticles and smaller cell volume which
engble them to maintain the optimal water content for growth
(Asana, 1965). ©Such maintainance of favourable water
balance and turgidity is achieved manily by controlling
transpirational water loss (Levitt, 1980)., Stomatal control
of transpiration is the most important mechanism for conserving
watcr (Hsiao, 1973). As alrcady described, the sensitivity
of stomata varies widely from one plant to another and in
general, the more drought adapted species have a better
control over their stomata and could close them at relatively

1lc.cxr Water potentials (Levitt, 1980).

It has long been known that stress avoiders have very
low rates of cuticular transpiration. One way by which these
plants increase their cuticular resistance is by increasing
their surface lipids (Leek et al., 1977). The hydrophobic
nature of lipids decreases the permeability of the cuticle
of such plants to water; and this probably accounts for
decereased cuticular transpiration (Hodgson, 1973). In
addition to stomatal and cuticular resistance, other means
stress avoiders employ to reduce water losses from their
tissucs are by reducing the surface arsa of their leaves
and by rolling, folding and shedding of their leaves

(Hall and Shulze, 1980).
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Although the particular drought adaptation mechanism
of cowpea is not clearly understood, it is suspected to be
a drought avoider (Turk et al., 1980) primarily due to
its ability to maintain high tissue water potential when
under water stress. DMoreover, reductions in leaf area (Hall
and Schulze, 1980) and lower  transpiration rates (Turk et al.
1980) are very common in cowpea plants subjected to water

stress,

As it hes already been mentioned, stomatal closure, as
a means for increcasing resistance to water loss, has serious
limitations on photosynthesis. Some plants overcome this
limitation by assimilating higher rates of C02 for a given
size of stomatal sperture (Hatch and Slack, 1970). Thus,
the rapid carbon dioxide fixation in many trcpical grasses
and some dicotyledons (C-4 plants), throught the C-4 de-
carboxylating pathway of photosynthesis (Hatch and 3lack, 1969)
is one mechanism used by plants to simulataneously increase
photosynthetic efficiency and also avoid the adverse effects
of water stress (Laetsch, 1968; Arnon, 1975). There is
also another photosynthetic pathway in a number of succulent
Pismts called crassulacean acid mctabolism (CAM). This pho-
tosynthetic process reduces water loss in plant tissues
without a concomitant reduction in photosynthesis., Large
anounts of 002 are fixed into malic acid at night. During

the day, the malic acid is decarboxylated to give pyruvic acid
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and CO, and the latter is used for normel 05 photosynthe-
sis (Osmond, 1978). The CAM photosynthetic pathway is

one mcchanism used by some stress avoiders (4rnon, 1975).

Plants which tolerate water stress are those which
resist dehydration or desication and survive severe conditions
of water deficits (Bewley, 1979). Under these circumstances,
plants are able to avoide dehydration only if they manage
to accunulate sufficient amounts of solutes to decrease
their osmotic potential to a level lower than that in
their environment (Hodges and Lorio, 1969)., One way throught
which plants achieve this is by increasing the concentration
of their contents of soluble substances such as reducing
sugars, non-reducing sugars and total soluble carbohydrates
(Hodges and Lorio, 1969; Peterson et al., 1977). Thus, the
accuriulation of relatively lower molecular organic compounds
during water stress is one mechanism by which plants maintain
a lower osnmotic potential in their tissues and avoid de-

hydraticn,

One of the most sevcre conseguences of water stress is
the destruction of memberanes and macromolecules (Bewley,
1979). The integrity of enzymes, nucleic acids and other
nacro-molecules can be retained if some water remains asso~
ciated with them to prevent the formation of unfevourable
conformation (Bidwell, 1979). In plants tolerant to stress,

normal conditions are .again achieved by thce production of
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Growing Conditions.

The experiments were conducted in the greenhouse at

ct

he Institute of Agricultural Researh Station (IAR) at
ielkass, Wazareth, in the sumer of 1983, During the expe-
rimental period, the temperature and humidity in the green-
house were not controllod but were recoreded with a hygro-
thermograph.

The daily mean mgximum and minimum teperatures were 1;0,503
and 21°C respectively. The relative humidity ranged between
19.7 and 80%. The mean light intensity and the daily
photosynthetic active radiation at 1200 in the greenhouse,
during the growth period, as measured with Li- 188B integrating
quantum radiometer/photometer (LI - Cor Incorporated. ILincoln,

D - -— .
USA) were 300 watts m © and 685 ES i m 2, respectively.,

Cowpea (Vigna unguiculata (L.) Walp CV Black Eye bean

seeds obt ed from the pulse section of the Institute of
Agricultural Research Station at Melkassa, Nazareth, werc plante

on June 3,198% in black polyethelene pots (30 cm deet

with internal diameter of 15 cm) containing 50 g of soil

and sand 2:1 (v/v). -Seven secds were planted in each pot
seven

” s T 18 '
but the seedlings were thinned out to three per pot S
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B, Treatments and Experimental Design

secdlings were watored adequately until 50% reached the
trifoliate stages’'and then subjected to four leaf wate pote=-
ntial treatments. Treatments consisted of irrigating the
soil to field capacity and allowing it to dry until the
plants reached a predetermined leaf water potentials of =5.0,

-10.0, -12.5 and -15.0 bars, Leaf water potentials were

nonitored every other day between 1200 and 1400 h. The

soil was re-watered to field capacity whenever each treatment
cachicd its predetermined leaf water potential, This technique

was considered to be superior to the use of soil moisture

levels as treatments, since the water status of plants are

nore responsible for their physiological processes.

The trcatments were in randomized complete block design
with {hrec replicetions.Bach experimentel plot consisted
of 28 pots for the determingtion of the various parameters.,
In addition, there were other plants for monitoring leaf
watcer potentials used as a guide for the watering treatments.

All experimental plants were bordered by guard plants.

C. Deternination of Leef Water Potential Stomatal

Resistance and Plant Growth

Except for plant height, leaf area and dry matter

all paraneters

. : { e
determinations, and unless otherwise indicated, I

. in o catments
were taken when the leaf wator potentials in all tree nts

" ‘ . s ; o ater potential
the predetermined values of leaf water I

and before rewatering.
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l. Leaf Water Potential

Leaf water potential was estimated woth a pressure
chambwr (Scholander st al., 1965)as described by Adjei-
rwun (1976). The youngest leaves, fully expanded, healthy
and well exposed to sunlight from three randomly sclected
plaents carmarked for this purpose wer:z removed from each
plot, on each occassion, for determinations, The petiole was
imnediately placed through the aperture in the 1lid of the
chamber with the cut .end of the petiole projected to the
outside. Pressure (with nitrogen gas) was applied until
xyler sap appearcd at the end of the petiole. The applied
pressurc was recorded as the negative potential of the xylem

sap and o measure of the leaf water potential,
2. Stomatal Resistance

Stomatal resistance on the adaxial surface of the youngest

and fully expanded leaves, which were optimally oriented

to the sun, werc used, The stomatal resistance was dete-
ruined with a porometer (Lambda Instrument Corporation, U3A)
by thc method described by Kanemasu et al. (1969). The
ncasurements were teken from three leaflets randomly selected

from separate plants in each plot.
3. Growth Parameters.

The offects of water stress on the changes 1n dry

matter contents of plants, leaf area development and plant



b D

height were studied at ten-day intervals., HNet assimilation
ratos (NAR) and relative growth rates (RGR) were estimated
during the period between the begining of the first drying
cycle and the end of the second drying cycle in the treatment

which recieved the severest water stress treatment.

i) Plant height

The height of plants from five randomly sclected plants
per prlot was measured from the soil surface in the pot to the
highest point on the tallest leaf at ten-day intervals from
25 until 65 days after sowing. The mean height per plant

was then recorded.
ii) Leaf Area.

The leaf disc method as described by Adjei-Twum and
Splittstorsser (1976) was uscd for the determination of leaf
area. All leaves were removed from five randomly selected

2 disc was cut from a randonm

plants per plot and a 1.5 cn
sample of ten leaves. After drying the discs and the re-
waining leaves, the totel leaf area was estimated from the
known area of the discs, the dry weight of the discs and

the total dry weight of leaves., FPetioles were excluded,

iii) Dry latter and Root/ Shoot Ratio.

c ad
Three randomly selected plants -were renoved from each

plot and separated into shoots and roots, washed in tap



water to remove soil and debris, chopped into smaller
pieces, dricd overnight at 100°C and weighed, The data were

cxpressed as dry weight per plant part and root/shoot ratio
iv) Specific Leaf Veight (3LW)

SLY was estimated frou the following equation: specific

, o - W e
lecaf welght = T o where W and L are the dry weight and area

of leaf laminae, respectively.
v) Relative Growth Rates (RGR)
RGR was estimated from the following equation,

logew2 —logeW 1

RGR = o g/ unit time,

where Wiy is the estimated total dry weight at time tl

and W

5 the corresponding dry weight at time t, (Radford, 1967
vi) ©Net assimilation Rates (NAR)

NAR was estimated from the following equation:

o 1ogﬁL -log.L
2 1 X e £ g/unit leaf area/
Lo=iy Y805 at

1 unit time,

NAR =

where Wy and Ly are the total dry weight and total leaf

area, respectively at time tl , and 32 ani L, are the corres-

ponding values at tine t2-
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The lata were roported as mg day =1 ang g en™2
Jay~! for RGR and NAR respectively.

4, Nodulecs

Roots were carefully separated from soil and observed for
effective nodules, Nodules separatcd from roots were dis-
sected anl those which contained a purplish tinge material wea
considered as effective. The data was expressed a2s the numbe:

of nodules per plant.,

D. Nitrate Rcductase Assay

Nitrate reductase activity was dcternined by the in vivo
method of Klepper et al. (1971) as modified by Harper and
Hageman (1972) except that about 0.5 cm2 leaf strips

(AdJei-Twum, 1976) were used instead of discs,

The youngest and fully expanded leaves from three randoml;
sclected plants in each trestment were composited into one
sanple and three determinaticns were perforned from each
sample. Fresh leaves (0.4 g) from e¢ach sample were transferre
into 50 ml, Brlenmeyer flasks containing 10 ml incubation
nedia (0.2 W KNO5 in 1M potassium phosphate pH 7.5) ani 0.02n]
"penetrating liquid" (0.4 ml 10% (v/v) in 100 ml distilled
water), The samples were evacuated for 2 min. in a vacuum
lesciccator. Air was rapidly reintroluced ani the pro-

cedure repeated, The samples were then incubated for

1 hr at 30°C in the dark in a shaking woter bath. After
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incubation, 0.2 nl aliquots were then analyzed for nitrite
content at 540 nm. as described by Flepper (1971). Engzyme
activity was expressed as ivlioles N0, formed per gram fresh

weight per hour and cstimated from the following equation.,

= (0D oD
/LMNo2glhr‘1 = %_4 70 X 0.081 1 9.8°%°10 ¥ 0.081 x 10)

0.4 0.5

where ODlO and OD?O were the optical densities after 10

and 70 uin., respectively; and 0.4 and 0.081 wer: the weight
of tissue ucsed and the extinction cofficient of nitrite,
respectively., Activity per plant was estimated by multi-
plying the¢ activity per gram fresh weight by total leaf fresh

welght.

E. IExtraction of Biochemical Substances

1. Chlorophyll

The method of Arnon (1949) was used for the determination
of chlorophyll. All the lecaves of three randomly sclected
plants from each plot were removed and composited into one
sanple, Threc aliguot sanples of 5 g of fresh leaves from each
plot were blended with 20-50 nml 80% aoetone (v/v) in an HOy
blender (&dmund Buhler, . Germany at 20, 000 rcvolutions
nin~1 for five minutes. The slurry was twice strained with
four layers of cheese cloth, filtered and the filtrate centri-
fuged for 20 minutes at 6,000 revolutions nin-l(in Labofuge
6000, Hercaus Christ model), The pellet was suspended in 10 nl

80% acetone (v/v), centrifuged and the sccond supernatant

At e 20 ced it  ER e "D iaide
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2) later - Ethanol Soluble Substances,

411 the leaves of three rendomly seleceted plants from
cach plot were cut into small pieces and boiled in 50 ml
807% ethanol (v/v) for cight minutes, homogenized with an HO,
blender (Zdmund Buhler, 7.Germany) at 30,000 revolutions min'l
for two minutes., The homogenate was centrifuged (Labofuge
6000, Hercaus Christ Model) at 6000 revolutions min=Lfor
20 rninutes. while the supernatant was saved, the pellet
was rcsuspended in 30 ml 80% ethanol and centrifuged. The
two supernatants werec combined and taken to a volume of

100 ml1 (Supernatant 1).

The ebhanol - water insoluble fraction was uscd to extract

elther starch or proteins as required,,

33 Starch

To solubilize starch in the ethanul - water insoluble
fraction, 20 ml deionized water was added to the pellet and
inmerscl in an ice bath. 13 ml of 52% HC104(v/v) was then
adl-d and the suspensivn continuously stirred for five
ninutcs and occassionally, there-after, for 15 minutes. The
suspension was then centrifuged and the pellet resuspended
in 6.5 ml 52% HC10, in the same condition for 30 minutes
and centrifuged. The two supernatants were combined and
starch was determined from this supernatant following the

Sane procedure as for total sugars.
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4., Insoluble Proteins

Proteins were precipitated from the ethancl - water
inscluble fraction by suspending the pellet in 20 ml 10%
trichlorvacetic acid (w/v) for 60 minutes. The suspension
was centrifuged and the supernatant discarded, The pre-
cipitate was washed with 10 nl acidic methancl (1 ml 8M
formic acid in 400 ml nethanol) centrifuged and the super-
natant discarded. Protein was then solubilized from the

pellet with 30 ml 0.3 N KOH for 15 hr at 37°C. The XOH

supernatant was diluted to 40 ml with 0.3 N KOH.

F. Dectermination Biochemical BSubstances

For all cclorimetric determinations a Spectronic 20
spectrophotometer was used, and all readings were carried out
at room temperature.

l. Chlorophyll

OD's of the chlorophyll extract were rcad at wave
lengths of 645 and 663 nll with 80% acetone as the blank.

The anount of chlorophyll was estimated using the following

equation (Arnon, 1949).

Total Chlorophyll (Mg/nl) = 20‘2A645 + 8'O2A663

Chlorophyll a (M g/ml) = 12.74ggz = 2:69hgu5

225 A645 - 4.68 A663
chlorophyll content per plant weas cstimated by multiplying

Chlorophyll b (Mg/ml)

With the corresponding leaf fresh weight.
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2. Tctal Soluble Carbohydrates

Tutal soluble carbohydrates were determined fronm
supernetant I (ethanol - water extract) with 0.1%
santhrone reagent (w/v) by the method of Hassid and Neufeld
(1964). Gluccse wes used as a standard, and OD's of

sanples were read at a wave length of 620 nm,

3. Amino Acids

Amino acids were deternmined from Supernatant I
(¢thanol - water extract) by the method of Yemm and Coc-
king (1955). Glycine was usecd as a standard and OD's of

o |

sauples were r:ad at a wavelength of 570 nm,

Ethancl - water soluble proteins (Supernatent I)
anl Jthancl - wat.r insoluble protecins (Supernatant II)
werc Jdetermined by the Biuret mcthod as described by Gornall
et al. (1949) with bovine serum albumin as a standard,

50 nn,

\J1

OD's of samples were read at

>« Redueing osugars

Reducing sugars were detcrmined from the ethanol -

v e ne g 8. f
water suluble extracts (Supernatant I) using the nothocs ©

Nelc A £y andard and 0D's of
A\ulbvn (l)6LL>. G—luC(Jse was U.SCJ- as a St:ln‘..ar a

Samples were read at 620 nnm,
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RESULTS

A. Effects of Water Stress on Vegetative Growth

Plant height, leaf area and dry matter in vegetative
parts sharply decreased as leaf water potential (LWP) decrea-
scd, There were significant differecnces in plant height among
all levels of leaf water potential, except between those of
plants grown at LWP of -12.5 and -15.0 bars (Figure 14 and

Appendexs Tables 14).

Leaf area of plants grown at -5.0 bars L#P attained
a maximum value 35 days after emergence and declined thereafter,
However, the leaf area of plants grown at -10.0 bers L#P incre- ‘
ased throughout the experimental period, while that of plants
grown at -12.5 bars was almost constant. Leaf area was at
a maximum 25 days after emergence in the plants grown at -15.0
bars LyP but thereafter declined to a minimu by the end of
the sampling period (Figure 1B). Except during the first
and the last sampling occasions, leaf areas of plants grown
at -5,0 bars LiP differed significantly from that of the other

treatments (Table 24).

The dry matter in the plants grown at -5 and -~10 bars

LWP increased throughout the experimental period. However,the

dry matter contents of those grown at of -12.5 and -15.0

bars LWP fluctuated with time (Figure 1C). At all sampling

OCcasions, except the first, the dry matter content of the

plants grown at -5.0 bars LWP differed significantly



Figure 1,

The relationship between leaf water pote ntial
(o—e , =5.036-8; =10.030—0 ;-12.5; and #—*-15.0 bars)
and plant height, leaf area and total dry matter

in cowpea.
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that of those grown at the other levels of Lyp (Table 3),

RGR and NAR sharply decreased as LWpP decreased, and
both parameters showed negative values at -15.0 bars
(Figures 2A and 2B). Root/shoot ratio sharply increased to
a maximum at leaf water potentials Of -12.5 but decreased
at -15.0 bars LwWwP (Figure 2C). SLW decreased to a minimum

at -10.0 bars but increased as LWP decreased (Figure 2D).

B. Effect of Water Stress on Stomatal Resistance, Nitrate

Reductase Activity and Number of Effective Nodules,.

Stomatal resistance increased slowly as LWP decreasad
from -5.0 to =-12,.5 bars but increased very sharply to a meximum
when LWP was -15.0 bars (Figure 3A). Stomatal resistances at
-5,-10 and -12.5 bars LWP showed no significant differences.
However, stomatal resistance at -15.0 LWP bars was signifi-
cantly different from those at all other levels of LWP

(Appendix Table 5).

Nitrate reductase activity decreased very progressively
as leaf water potential decrease (Figure 3A). There were
significant differcnces in activity betwcen LWP of -5 bars
and all other levels of LwP (appendix Table 5).

The average number of effective root nodules decreased

i indais T0J00
a8 LWP decreased (Figure 3B). The maximun and minimunm I.C.0

effective root nodules were obtained from those grown ~t
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Figure 2. The relationship between leaf water potential and
reclative growth rates (RGR), net assimilation
rate (NAR), root/shoot ratio and specific leaf

weight (SLYW).
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Figure 3, The relationship between leaf water potentizl
and stomatal resistance, number of effective

root nodules and nitrate reductase activity.
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Lwp of -5.0 and -15.0 bars, respectively (Figure 3B).
The number of root nodules at -5.,0 and -10,0 bars LWP were
significantly different from those at -12.5 and -15.0 bars

LwP (Appendix Table 5).

¢. Bffect of VWater Stress on Biochemical Substances

Total chlorophyll/plant decreascd gradually as LWP
decreased from -5.0 bars to =-12.5 bars but dropped sharply
to a minimum as LWP decreased further to *., -15.0 bars
(Figure 44). Similar trends in the levels of chlorophyll
a and chlorophyll b+ were observed, Total chlorophyll,
chlorophyll a and chlorophyll b levels at -15.0 bars LWP
showed significant differences between those at all other
L/P levels, except at -12.5 bars. Although the amount of
211 types of chlorophyll per gram fresh tissue decreased LWP,
there were no significant differences among them (Appendix °

Pablc 6 and Figure 4B).

/hereas: ethanol-soluble protein decreased with L#P,

total protein and ethanol-insoluble protein increasai to
a maximum at -10.0 bars L#P and then decreased sharply as

LWP further decreased to -15.0 bars (Figure 5E). There

total insoluble proteins

and and =12.5 and

Were significant differences in

between -5.0 and -10.0 bars L#P on the one b

e no
-15.0 bars LWP on the other hand, TheTe were n
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Figure 4. The relationship tetween leaf water potential
and chlorophyll (o9, chlorophyll aj; 6——&,
chlorophyll b; ande-%total chlorphyll) starch

and soluble carbohydrates.
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significant differences between soluble proteins at all

Jevels of LiP (Appendix Table 7),

starch (per plant and per gram fresh tissue) sharply
decrcased as LWP decreased from -5.0 to -10.0 bars followed
by a gradual decline as LWP further decreased (Figures 4C and
4p), Total soluble carbohydrates/plant, reducing sugars/
plant, and total amino acids/plant decreased with Lyp
(Figures 4E, 5C and 5A 3 However, total soluble carbo-
hydrates/gram fresh tissue, reducing sugars/gram fresh
tissue, and total amino acids/gram fresh tissue increased
as LWP decreased (Figures 4F, 5D and 5B). The increase in
concentration of amino acids and total soluble carbohydrates

were significant at all levels of LiP (Appendix Table 8).

D, Effects of Water Stress on Seed Yield and Its Components

Seed yield/plant decreased sharply as L#P decreased
from -5 to -10 bars and then declined fairly slowly as LiF
further decreased to -15 bers (Figure 64), There were

significant differences in seed yield/plant between =Dihecs

and all other levels of LiyP (Appendix Table 9). Seed

yield/pod significantly decrecased as LiP decreased Figure

©B and ippenix Table 9). Sced size slightly decreased &8

4 1
LWP decreased fron -5 to -10 bars but increased remarkably

5 3 ; showed
48 LWP furthcr declined (Figure 6C). Pod/seed ratic
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an increase with water stress. However, the increase was not
statistically significant (Figure 7D and Appendix Table 8),
pod density (pod number/ plant) and pod length were reduced
at sbout 2 constant rate, as LWP decrcased (Figures 74 and

7¢ and Appendix Table 9 ). Dry weight of pods also decreased
with LwP (Figure 7B). However, the decrease was not sig-
nificant. BSignifantly fewer number of seeds/pod were

produced as L#P declined (Figure 6D and Appendix Table 104).
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DISCUSSION

A, Plant Growth

The decline in vegetative growth (dry matter, leaf
arza and plant height) with lesf water potential (LWP) as
observed in the present study (Figure 1A, 1B and 1C), closely
resembles those described in cowpeas by Hiler et al. (1970),
Hall and Shulze (1980) and Turk and Hall (1980). 3imilar
results have also been reported in alfalfa (Brown and Tanner,
1983), soybeans (Boyer, 1970a) and maize (Boyer, 1970b;
Acevedo ¢t al., 1971; Duncan, 1975). In general, the influence
of water stress on growth was associated with a decrease in
the pressure potential component of water potential (Lockart,
1975; Boyer, 1970; Slavik, 1975). Extension growth has been
shown to be very sensitive to water stress (Denmecad end Shaw,
1960; Hsiao et al., 1970; Duncan, 1975). For instance, the
rate of stem elongation in maize declined by 75% at wilting
point (Duncan, 1975) and the length of internodes also reduced

following water stress (Christiane, 1977).

In the present study, the height of plants grown at

the leaf water potential of -5 bars rapidly increased to

a naxim 5 - ft i ed
lmum 4 d a ~yS after u’>merg;ence an d bheI ea er I'emaln
l 105t 4 * =) ‘tI‘e{; l;ments
Sl cons an G . H’YVVGWT')T, p I an 7l l;] 1€ Othur

: . end
8T¢W less rapidly and reached maximum hoight &t tho. 2R

. : : that
°f the Sampling period (Figure lA) This suggests

801l moisture had the most favorable offect on the
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peizht of plants grown at -5 bars LWP but the other treatment

nad detrimental effects on plant height, as a consequence

of water deficlit .

ILeaf area reduction in rcsponse to water stress, as
sbserved in the present study (Figure 1B), is consistent witt
those reported in maizc by Boyer and McPherson (1975), in
soybean by Sionit and Kramer (1977) and in cowpea by Turk
and Hall (1980). Although lecaf numbers were not determined
in the present study, it is more than likely that decreases
in leaf numbers were more responsible for leaf area reduction
in the stressed plants., Leaf abscission was observed
in the plants grown at lower LJP, Moreover, Turk and Hall
(1980) reported that decreases in leaf numbers due to leaf
abscission were the main causes of leaf area reduction in

water deficient cowpeas.

In the present study, while the leaf area of plants
remained constant at -5 bars LWP and was significantly
figher than those in the other treatments, the leaf area of
plants grown at -15 bars L.P progressively declined at
®Very sampling occasion (Figure 1B and Appendix Table 24).
This showsg that water stress severely inhibited leaf area
Xpansion, A reduction in leaf area provided a mechanism
i feducing water losses from the major transpiring surfaces
(luaves) 2t the expense of dry matter production. v

Wtinat - :
tinately delayed or prevented the development of a o
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ere stress (Begg and Turner, 1976). Thus the data
5

mnmed here agrec with the observation made by Turk and
re
1,11 (1980) and Hall and shulze (1980) that, in cowpeas, the

reduction in leaf area reprcsents an important mechanism
of drought avoidance,

The relationship between RGR, NAR, and LWP in the presen
study (Figures 24 and 2B) is consistent with what has been
reported in snapbeans (Kanemasu and Tanner, 1969) and maize,
bean end cotton (Lawlor, 1970), Boyer 1970b° studied the
water relations of maize¢ and ybeans and reported uyn increase
in stomatal resistance whilst 002 assimilation apparently
decreased at lower Li/P. According to Kanemasu and Tanner
(1969), stomatal resistance was inversely related to RGR.
They, therefore, attributed lower NAR and RGR to lower
photosynthetic mtes , due to limited CO5 supply and impaired
blochemical processes on one hand, and to higher ambient
leaf and root temperatures, & a result of reduced transpiratic
Tates on the other hand. The negative values of RGR and NAR
86 =15 bars of leaf water potential (Figures 2A and 2B)
indicate that net photosynthetic activity ceased and the

1 . S
Piants had to utilize their shored products for respiration.

An increase in root/shoot ratio was associated with
Watep - : ol
Stress in the present study (Figure 2¢). Similar

Tesult _
S have bean reported by several investigators
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(sban €5 glaq 19735 Ashenden et al., 1975; Pereira and
coslowski s 1976; silvue ¢t 2l., 1977; and Karami et al.,
1980) . jorking with the distribution of radicactive 14C02
in soybeans, gilvius ¢t al. (1977) observed relatively
n0Te 140 in roots than in shoots between -11 to -20 bars LWP
The preferential development of the root over the shoot
is an adaptive mechanism which facilitates efficent water
sbsorption (Begg and Turner, 1976) and growth modification
that favours an c¢fficient use of the limited supply of
fixed carbon (Silvius et al., 1977). DPositive correlations
between root/shoot ratio and a high degree of drought avoidar
were observed in Bucalyptus spp. (Pereira and Kozlowski,
1976) and sorghum (Bhan et al., 1973)., Similarly, increased
root growth at the expense of the shoot as indicated by the

high root/shoot ratio of the stressed trecatments (Figure 2¢),

uight also be a mechanism of drought avoidance in cowpeas.

Turk and Hall (1980a) reported positive correlations
between SLW ang cunulative xylem water potentials in field-
grown cowpeas, In the present study, SL7 showed a decreasing
trend at relatively higher leaf water potentials but increase
8 leaf waterp potential further decreased (Figure 2D). Highe
values of SLy wily result if dry matter accumulation is less
"versely arfecteq than leaf arca expansion. In the present
Study, the differences among SIW werd not statistically

Signies . 4
Sicant (uppendix Table 4 ). This could be attributed
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to the sinultaneous and comparable reduction in leaf area

nd dry matter accunulation as LwWP decreased (Figure 1B and 1

gtomatal Resistance, Nitrate reductase Activity and

Nodulation
o ——————e

The observation that stomatal resistance increased witl
stress in leaves (Figure %a) is consistent with those made
by Raschke (1970) and Jordan and Ritchie (1971), There was
a threshold level of wzter potential above which stomatal
resistance remained constant in the present study. This
threshold was -12.5 bars (Figure 3A). Similar results were
reported by Boyer (1970) who obtained a threshold of -10

to -12 bars in soybeans.

Since €O, primarily enters the plant through the stomata,
a2 high stomatal resistance affects photosynthesis by limiting
€05 assimilation in light (Slavik, 1975). Such mutual fun-
¢tion interdependence between photosynthesis and stomata
“¥plains the low dry matter content of the plants meintained
*¥ =15 bars of TP which also had the highest stomatal

Tésistence in the present study (Figures 1C and 34).

The decrease in nitrate: reductase activity (NR4) with

decreasing LWP reported in the present study(Figure 5B)
al., (1971)1

(1976) .

dfren X7 i
8TCes with the observations made by Bardzik et

Morillag ot a7, (1973), Plaut (1974), and Adjei-Twull



T

gitrate reductase is an inducible enyzme (Afridi and Hewitt,
1964) which reduces nitrate to nitrite using nicotin-amide
.denine dinucleotide (NADH) as an electron source (Devlin an:
vithai, 1983). Any decrease in activity, therefore, could
pe cause by & reduction in the electron source, a shortage
of the inducer, or by reduced enzyme concentration through
reduced synthesis or increased enzyme degradation, Whilst

a reduction in respiratory rates, at low leaf water potential
could 1limit NADH formation, the inducer (nitrate) could have
also been limiting as a result of a reduction in ion uptake
and low availability of soil nitrogen following water stress
(Smith et 2l., 1973; Duham and Nye, 1974; Erlandson, 1975
Adjei-Twum, 1976). Moreover, Plant (1974) showed that

NRA could be reduced by increasced denaturation of the enzyme,

Although the rate of N, fixation in root nodules was

2
not studied in the experiments being reported here, it 1is
evident that water stress reduced the number of effective
nodules in cowpeas (Pigure 3%C). A reduction in nodule
number could have resulted from the inhibitory effects of
Water deficits on the rate of nodule initiation, or on the
further development of existing nodules, Gallacher and
Sprent (1978) reported that water stress resulted in reduced
F@%eB of nodule initiation and consequentley in low Ny
fixation. gprent (1971a) suggested that dehydretion of

ilen ang consequent enzyme denaturation 1 water deficlen
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ts caused 2 decline in 1\12 fixation, but Huang et al. (1975
plan -

reributed it to reduced rates of the supply of photosynthates
g

wilted lcaves. In any case, a reduction in effective
from
~odules was one important mechanism through which water
uv
tress affccted nitrogen metabolism in legumes (Gallacher
stress al
ond Sprent, 1978).

¢, Biochemical Substances

The observation that all types of chlorphyll (per plant
and per gram fresh tissue) decrcased with leaf water potential
(FMigures 4A and 4B) 1is consistent with the results of Adjei-
Mwun and Splittstoesser (1976), Soong and Hageman (1977), and
Bengston et al. (1978). Duysen and Freeman (1974) reported
thet the critic 1l leaf water potentiazl for the inhibition of
chlorophyll synthesis in wheat scedlings was -9 to -14 bars.
Aberte et al. (1977), on the other hand, attributed the re-
duction in chlorophyll content of leaves by water stress
% denaturation of the protein component of chlorophylls., Wate
Stress hastened the senscence of leaves and the loss of a

consi 5 . z
tisiderable amount of chlorophyll occurred in the process
(Wardle o

th

nd Short, 1983), Stillwell and Tien (1977) showed
% Dhotooxidation of chlorophylls in plants was inhibited
by Cartenoigg pr

¢sent in the chloroplasts., However, Duysen

M (1974) reported that the accumulation of carotenoid
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; jmpaired following water stress. Thus, photcoxidation
“t‘- C

1d well be one of the means of chlorophyll destruction
cou

in water deficient plants.

Ethanol-water soluble proteins linearly decreased with
leaf water potential. Altbhough there was an unacountable
rise in levels at -10.0 bars of leaf water potential both
sthanol water insoluble and total protein generally decr:ased
with leaf water potential (Figure SE). Except the unaccountab:
rise in insoluble and total proteins, similar results, were
sbtained by Shah and Loomis (1965) in sugerbeet, Adjei-
wum (1976) and Fukutoku and Yamada (1982) in soybeans and
Soong and Hageman (1977) who reported decreases in protein as
the IWP of maize declined, Low protein content is a result
of either decreased rate of protein aynthesis, an increased
ratc of destruction or both. Bewley et al. (1983) reported
that maize seedlings exhibitcd redueced protein synthesis when
swbjected to water stress. Hsiao (1970), Dhindsa and Cleland
(1975) and Bewley et al. (1983) associated reduced protein
Siathesis to a decline in polyribosome levels., Reduced DNA
STithesis occurred in stressed plants (Deltour and Jacgmard,
1974) ang increased RNase was observed following stress
(Levitt, 1980) . Soong and Hageman (1977) reported that,

W Water deficiant plants, the loss of protein, carboxype-

Ptida
: Se “\ . ; : i - -
» 8lllnopeptidases and chlorophyll was similar to the
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1. (1977) observed

of water from tissue. Feller et
1088 —
sogter rates of increase in caseolytic activities concu-~
faste

rrently with rapid loss of protein from leaves. They

suggested that cascolytic enzymes might initiate rapid

hydrolysis of leaf protein. Thus, a reduction in leaf
rotein as observed in the present study (Figure SE) might
nave resulted from increased proteolytic activities and reduce

protein synthesis.,

It was noted that starch/plant and starch/g. fresh tissue
decreased remarkably as leaf water potential decreased (Figu-~
res 4B and 4C). Similar results were obtained by Hodges and
Lorio (1969), Naidu e¢t al. (1967) and Barlow et al. (1976)
who observed an apparent disappearance of starch in stressed

plants. Plants normally utilize their stored products,

5}

such as starch, as substraotes for respiration whenever there
ls considerable reduction in net photosynthetic activity.
Oonsequently, one would expect a rapid hydrolyzation of
starch into soluble carbohydrates in plants under water

Stress as reported by Hodges and Lorio (1969).

In this study total soluble carbohydrates per plant
decreascd but the amount per gram fresh tissue (i.e. concent-
fation) inereageq as water deficits in plants increased(Figure
(48 ang 4F). This obscrvation is consistent with the data

"bta. ad .
tned by Peterson et al. (1977), Fukutoku and Yamada
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(1982), Soong and Hageman (1977) and Stewart (1980)
fodges and Lorio (1969) found that the soluble carbohydrate

content of plants decreased as water deficits increased

jue to reduced photosynthetic activity. An incresse in the
concentration of carbohydrates and other low molecular weight
organic compounds in stressed plant cells could be the
result cf excessive water loss accompanied by cell volume
reduction (Begg and Turner, 1976)., Nevertheless, many
investigators have reported actual increases in amounts of
soluble carbohydrates following water stress (Soong and
Hageman, 1977; Stewart et al. 1977; and Fukutoku and Yamada
1982). This was attributed to either accelerated starch
hydrolysis (liaranville and Paulsen, 1970) or to a decrease

in the translocation of assimilates from sources to sinks

(Fanjul and Rosher, 1984),

The concentration of total free amino acids increasing
n plants subjected to water stress as the consequences of
enhanced hydrolysis of proteins has been reported by Soong
and Hageman, (1977) Stewart et al. (1977) and Stewart, (1980),
 reduction in protein synthesis by Stewart (1973) or de nuvo
S¥ithesis cf certain amino acids related to drought avoidance
o Stewary, (1980). The levels of individual amino acids was

not SToTrmS 3 . . e o 2 keI‘S
determined in the present study. However, several wor

“'T\ ~ .
dave S ) g
“'® reported that an increase in total free amino acids

cor

Sy L : ion
Went of stresscd plants was mainly due tO the accunaulatlo
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(Saunier et al., 1968; Stewart gt al., 1977; Fukutol

X 1 D
of proline

o
: yamada, 1982).

and 4+
al

secording to Ilahi and Dorffling (1982), the accumulation
of soluble charbchydrates and low molecular weight amino acids
such as proline can have a protective function for enzymes by
pinding water to proteins and maintaining their hydration,
In addition, Douzglas and Paleg (1981) showed that such
psmotically active metabolites exert favorable effects on
awmesubstrate cr enzyme cofactor complex formations which

srotect enzymes from conformational disturbances.

Nevertheless, the most important role of solute
accumulation in plants under stress is osmoregulation, The
process of osmorcgulaticn is the accumulation of solutes
in cells beyond the increase in concentration caused by
the 1oss of water (Farsons and Howe, 1984), Lowering cell
osmotic potential by increased sclute concentration permits
turgor to remain more nousitive as a result of which cell
growth can continue and roct cells can penetrate into

greater soil volume. besides, lowering water potential

]

through osmotic aljustment is an cfficient way of avoiding

d ; : :
ehydration throush the loss of water to the plents' environme-

ot (Levitt, 1980),

On o b
relative te ms, stressed cowpea plants had the

tenq
en o I = : :
¢V %o maintain higher leaf water potential (Girma and
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R
Krico

984) and turgor (Ludlow, 1982) but the osmotic pote-

nd the rate of their osmotic ad

\)

18

v
ct
(85)

; Justment were compa-
+ively loweT. These attributes were due to the effecient

rauv-=

'1{1

tomatal contrcl of water loss in cowpea (Ludlow, 1982; Girma
SR

n3
ALl

Rrics, 1984). Although osmotic potential was not deternine

in the present study, the presence of significantly higher
~opcentrations of soluble carbohydrates and amino acids in
stressed plants (Figures 4F and 5B and Appendix Table 8) might

have resulted in a higher osmotic potential, Thus, the

results being repcrted here show that osmotic adjustment
night also be onc of the mechanims of drought resistance

in cowpeas.

=1
U
(¢¥]
(45,
£

cd Yield and Its Ccmponents

The pattern of seed yield in relation to leaf water
potential reported in this study (Figure 6A and 6B). was

similar to those obscerved by

i djei-Twum and Splitstbesser

(1976), Turk et al. (1980) and Shouse et al, (1981) in which

seed yield wes pusitively correlated with total dry matter

i vegetative

¥

parts and lcaf arca at anthesis and the

faln filling stages., It has long becen recognized that

8 reduction in the photosynthetic process leads to a reduction

-

I seeq

1976; 1

aggarwal ang

Jield (Boyer and McPherson, 1975; Begg and Turner,

Ol

Sinha, 1984)
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In the present study a marked abscission of flowers

LR

- sbserved at -12.5 and -15.0 bars L#P and this resulted

i considerably low pod density. In fact pod density at -5,0
o 150t water potential was approximately four times as

puch as in the ~15.0 bars LW/P (Figure 7C). Turk et al. (1980)
shouse €t al. (1981) rcported that whereas drought in the
vegetative phaseé did not significantly affect seed yield in cow
peas, drought in the flowering and pod-filling stages reduced
it considerably. This is to be expected, since drought at
flowering stage causcd abscission of flowers and lowered pod
density (Turk ¢t 21. 1980). 1In addition, water stress at

flowering stage impaircd anther development and the process of

meiosis (Henckel, 1964).

Pod length was significantly reduced as Li/P decreased
(Figure 74 and .ppendix Table 10). The reduction in pod
length resulted from the effects of water stress on extension
growth., In the present study, dry weight of individual
pod exclusive of sceds showed no significant differences at
the various leaf water potentials studied. This indicates
that the plants with lower levels of water potential were able
bo SUpply their pods with almost the same anount of dry

Batter as in the well watered treatments, due to lower pod

densi +- . g z
tnsity, Pod/sccd ratio remained almost constant as leaf
Vater potential

tha :
v branslocation rotes of substances from pods to seeds

dcercascd (Figure 7D). This indicates

Werc ; .
¢ not limited by water stress.
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jecording to Shouse et al. (1981) and Herbert and

2a3geTnAD (1983), pod density, seed number/pod and sced size
gere the most important factors which regulated seed yield
{n cOWpEas. Jith regards to the relationship between leaf
Wﬂerlmt@ﬁtial and sccd yield and its comnonents, the treatme
causcd larger variations among the number of sceds/pod, seed
size and pod density in the prescent study (Figures 6C ,6D

and 7). This is in agreement with Turk et al. (1980,
shouse et al. (1981) and Herb.rt and Bsggerman (1983) who
reported that the ped density was the most sensitive component
of seed yield in stresscd cowpea plants, In the present study
seed number/pod wes the most significantly reduced component
of seed yield, as lcaf wator potential decreased (Figure 6D
and Appendix Table 10), Lower pod density resulted fron a
reduction in the nuaber of scod primordia which Henckel (1984)
Suggested was causcd by the inhibitory effects of water stress
on reproductive processes such as another development and

fertilizaticnl.

Adjei-Twun (1976) rcported that soybean plants regulated

b : :
yphyslologlcal abortion, thc number of seeds they could

f111 qups ,
Wing the stress period when irrigation water was

80plied ir - . 7
d in cycles as in the sresent study. Fewer but larger

S¢edg
W ) . = 5
Cre, thercforp, produced in the treatments subjected

tOw
ate i :
T stress but nore sceds of rormal sizes were produced
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in the treatments which recieved adequate water(Figure 6C).

Thus, the signil icently low sced number/pod in the plants
subjected to stress in the present study (Appendix Table 10)
night also be an adaptive response of cowpea to low levels

of essimilate accunulation,

one conseguence of the reduction in seed number/pod
was an increase in seed size (Figure 6D). If the number of
seeds/pod is reduced, the share of the assimilates of indi-
vidual seeds increase (Turk et al., 1980) Shouse et al.,
1981). 1In this respect Boyer and McFherson (1975) reported
an increase: in the size of maize seeds when the plants wer

~

subjected to desication, B(imilar results were also reported
by Arnon (1975) in linsced, It secms apparent that the pro-
duction of larger secds in response to water stress, or othe:
adverse environmentzl conditions, could be an adaptive trait
in some plants, such as cowpea, which helps them to avoid
doing into ewtinction by producing relatively larger and

iore viable sccds.,



AND  RECCLMENDATIONS

The results of studics on the water relations of cowpea
E Co

Ve 250 2 o g wed ] & 3 @ > v

oy.Black Eycbean showed that drought resi

stance was mainly
jue to several mechanism that regulated rlant water loss,
yranspirati@nal water loss was minimiged by total leaf
srca reduction and maintenance of high stomatal resistance.
greater root growth, an indication of higher efficiency in
woter aobscrption, . wis observed in stressed plants, Higher
concentrations of amino acids, soluble carbohydrates and
reducing sugars in water deficient plants indicated that
osmoregulation night be an important mechanism for drought
tolerancc in cowpcas. It was obscrved that under drought,
cowpeas produced a fewer number of seeds/pod but the seeds
were larzer than normal. This characteristic of cowpea

is believed to be an advantage to the plant because it

enables it to survive under adverse conditions of droughts,

It is recormended that the use of important drought

=t

adaptive traits s

uc

(65]

n as hizh stomatal resistance, better

o

L0O% growth and higher solute accumulation be included in

the criteria for selecting drought resistant cowpea cultivars
Breeding experiments to produce strains that will possess

these desirable traits and yield characteristics are recommen
further rescarch to determine the effects of planned water
“eficits at different stages of plant growth so as to more
Cl“'“—"ily establish their practical value for cowpea produ-

Ction, 1«
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Table 1A

Changes in Height with age of Cowpea
as Influenced by Leaf Water Potential

Leaf
Wwater

Potential
(Bars)

Plant height (cm)
- b

=2

10

~12:5

- s DE S oy -~ - =
('_.6 ‘l‘o D220 ! )-b ):L.-,/\f)~h
20.3%6 ) ~ oo s i e
Ve D Pal =i @ | & - (~() A s
{15 N & = OC C.) "JO‘}:C -—'DoO\.,C
Y0 TR - e N
177U, clelUD 21 60 5,00
LS ~ . c

Plants



Table 2

Changes in Lean Area with Age as Influenced
by Leaf Water Potential

YIS Iesf arca (om /;ﬁ;_at) e
%tter Days alter emergzence
Potentiall § 1 = e
Coaca) 25 | 35 45 | 55
: S ‘i_ —
- ol 2 . L7 O)(
n | -5 201.22, 4 247.00,
£ ool L
' 1 ~10

113,72, .| 108.41,

-
B

ettt :
91:%% ;. | 101,58,
b s
~15 | TS5, ;1) 95 47
*  jeans within the ssne colunnm follow:
sane letter are not Sl‘JlI.Lf‘ciutl' : =nt at
5% level of rob.uilit; as deternined by
Duncan's m.Ultlplv Range Test.
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Table 3 Changes in dry matter contents of cowpea
seedlings with age as influenced by leat

water potential

,Leaf

water

Potential
(Bars)

1 Dry Matter

Days

after

(g/plant)
emergence

Ol
\Ji

—5 l-j_} ’: 2.9()&

45

3 opm
iy ks

e o

ek N S S

s

3.27_1 5.
CA

26

lt b

-12%5 1.03_| 0.70
-‘-*’/C ~ ': 7 b
- g N i r
“‘l[) ]..'J‘LJ - Y .6\.),
o




Table 4 Relative growth rates net assimilation rates (NAR).
Root/Shoot ratio and specific leaf weight in cowpea

as influenced by leaf weter potential.

LT e =
%ngnéfgfr RGR NAR, Root /Shoot SLW
(Bars) (mg/day) | (ng/cm Ratio. (o /cn
Leaf areca Leaf Area)
day)
-5 0.04,_ 0.36, 0.10_ =5

-89~

0.238, 0.24, 4.53_

v e

. : - % 5y
~12. O.O:a O.lL:—C 0.31, ~’~:-.7~:5a
w. - e e s s m— 1 e e o T = — e s
~15 =0 s 004 ~-0.19 .24, § 7.74
9] & 8 a
Means within the same coluzn followed by ths same latterx
at the S5 lovel of

e L g T Y s AR B L B
ot significantly different

Qu
3
o
+

probability.



Tabl Stomatal vresistance, nitrate reductase
activity and nodulation sg influenced by
leaf water potential

— 2
Leaf Stomatal | (NRA  MNO,/g Number of
yater Potential | resistance _ fresh effective
_mars) | (Sec/em) tissue / hr) | nodules
w5 “i)ia_ O.42a 26.85a
2y
<10 ,5_._?:'5‘ O, 201a 17% 353
32,5 4.05a O.le 5.50b
-15 i 14?~¢>b 0.08b 1.6’7b

different

Means within the same column followed
the samc letter are not significantly
at the %5 level of probability.




Table 64 Total chlorophyll, chlorophyll a and chlorphyll b
in relation to leaf water potential.

Yoy Chlorophyll (mg/plant) Chlorophyll
5 t1

C 11 (vg(s fresh
ieter Potential : it s
(Bars) matal chl | on Pode o o o 1o G o8 / S b
Total Chl} Chl.a [Chl.b Total Chl. |Chl.a Chl.b
T

~10 t 5.22 3,15 12.07. | 53.42
S M Sl MR L | 'a
-12.5 ¢ I1.02, | 55.20_ 50.55 |24.66_
=15 4 lo.21 | 28.79_ 18,80 J11.21
N B N e bt - ,__ o =) - — = iy . A

*  NMeans within the sare columnn followed by the sare letter

are not significantly different at the 5)4 level of probavility
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Table

SO

total soluble carbohydrates,

relation to leaf water

reducing suzars and

otential*

STEREY

Starth
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Table 7A. Total, soluble and insoluble proteins in

relation to leaf water potantial

o 5 - 7 ——— e e e
Teaf Water ‘Tot~l

Fotentiall Protein s0luble Inscluble

(Bars) (o /’14 t)| Protein Trotein

(ng/plant) | (1g/Plant)
'_E' 7“_;7":"0‘1’7\:’,,. ._'().CC ‘“J;D.Tylﬁ}‘

-10 849.55_ £ 629.33,
.,w,,_mww_"Tw_____waq_ﬂ,“M_MM,_%mWhﬂmh"”f- _ o=
P =12.5 4;&.+Qb 1490 .69 ;J;.DL%

~15 575 004, l, 98] 157 .06,

L T . [ R USSR SN -

* Jeans within the same column followed by the sanme
letter are not significantly different at the 5%
level of probasbility.
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Table 94

Seed yield and sore of its components as

influenced by leaf water potential.

. - - 5 SO e
Leaf wWater | seed ce : o
: : seed size |pod/seed
Potential| Yield i e foaa) o rémw
(Bars) (c/plant) | (g/pod) DR bkt
TSNS W RIS SR e e | AT o S S, N PETE e —S eS| SIETIEE,
-5 10.89 _ 2«75 0.15 Q.67
i e 5 SRS b e SEBPERSEE 55 == e o Eve e el gt s
-10 5ot 1.47, Ualo Q+E1
SN = e s = R e e Y __...,_....~»L... T
-12.% 1+29, 0.56 Je D 1.47
= - B e et e s e (S
-15 0.57, ) 57 0.28 1.4
e S Wit T Ml - W Wiouit SN wiiod - W

* cans
le*ter
level of

are

within the
not 83
probabill

o
~

SGid
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al
J e

e ¢co followed
ficantly diffe
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Table 10A Pod dcnsity, length, and yield an seed number/pod

in relation to leaf water potential*

9 B E " e -
Leal watex rod " pad 1 nod-ary nunber
Potentiall density lenzth welight of
_(Bars) | (pods/plant} fen/pod)}(a/pud) | seeds/pod |
"5 i;-.25_ l}.“);’q 002‘:)" :.L'-:Z‘BO,,
s . 2 —— a I S E——
10 2,17 13,00, | 0.22 725
E.. S~ (IS e - - E S—
~12.5 1,67, 16.67. | 0.16 3,77 .
v v A
SNSRI S S TUPIEAL. I SN SN NI NS
~15 100, 2% L7 0196 1.6874
. o A

% tieans ‘v‘i.‘i ‘C,‘lfl 'C-l

letter are not sig
level of probability.
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