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ABSTRACT 

Producti vi ty of legume crops grown in semi -arid regions of the 

world is limited by drought. This study was conducted to determine the 

effect of drought on the physiological and morphological factors 

associated with productivity of cowpea (Vigna unguiculata (L.) Walp) and 

bean (Phaseolus vulgaris L.) grown under reduced water levels. 

Physiological factors measured were photosynthesis, water and osmotic 

potential, translocation, relative growth rates and dry matter 

partitioning. Morphological traits of pods and seeds were studied with 

scanning electron microscope. Field and glasshouse experiments were 

conducted under different light, temperature, and irrigation regimes. 

Water stress caused reduction of seed yield in cowpea and bean plants by 

decreasing total biomass and photosynthesis. The source leaf, pod and 

seed water potential of stressed cowpea was lower than water potential 

of non-stressed plants. Bean water potential and turgor of source leaf, 

pod walls, and seed were similar for both stressed and nonstressed plants 

over the reproductive period. No differences in water potential and 

turgor were observed between pod walls and seed and source leaves of 

either cowpea or bean plants. In both bean and cowpea, partitioning of 

the total above ground dry matter was similar for both stressed and 

nonstressed plants. However, more dry matter accumulated in seeds than 

in other plant structures. Photosynthetic rates of single leaves from 

either cowpea or bean were greater for nonstressed than stressed plants. 

The duration of seed growth of cowpea and bean was not difference between 

stressed and nonstressed plants; however, rate of seed growth at the end 
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of seed filling period was greater in nons tressed plants. Seed growth 

rate of both stressed and nons tressed cowpea and bean plants declined at 

about the same time photosynthesis of the source leaf declined. LAI and 

NAR were greatest in nonstressed cowpea and bean plants. Sixty-one 

percent of 14C sucrose taken up by the leaves was translocated to the 

seeds whereas only about 80% ended up in the pod walls. Pod funiculus of 

stressed bean plants had a greater number of scalariform xylem vessels 

than nonstressed plants. 
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Legume crops such as bean (Phaseolus vulgaris L.) and cowpea (Vigna 

unguiculata L. Walp) are a major source of protein for human consumption 

in many developing countries. This is especially true for several African 

and Latin America countries where drought is a reoccurring phenomenon. 

Because of the drought conditions, bean and cowpea seed yields are 

frequently reduced resulting in a decline of available food and protein 

for the people of these countries. Major breeding and physiological 

research institutes have been organized in these countries to develop 

legume crops that can grow and maintain high yields under drought or 

stress conditions (White and Izquierdo, 1989). 

Yield and seed development requires the production of assimilates 

in leaves, translocation of these assimilates to the fruits, unloading 

of the assimilates from phloem of the seed coat into cells of cotyledons 

and synthesis of the various seed storage compounds. 

Yield component development of cowpea and bean are directly linked 

to physiological processes such as photosynthesis, translocation, and 

partitioning. Yield losses resulting from water stress are generally 

associated with decreases in the activity of these physiological factors 

and dry matter production. Plant survival under drought results partly 

from the maintenance of full photosynthetic capacity by the leaves 

(Boyer, 1985). The scarcity of information about how these physiological 

processes contribute to legume seed filling and yield under water stress 
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conditions has prevented plant breeders from using these physiological 

traits to select for improved crop yields. 

In cereal crops, the relationship between yield and these 

physiological factors is reasonably understood as compared to legume 

crops. In wheat, drought appears to reduce the number of endosperm 

cells in the kernel and the number of starch granules in the endosperm 

cells (Wardlaw, 1971: Brooks et al. 1982). 

The purpose of this study was to investigate the affect of water 

stress on the physiological and morphological factors associated with 

productivity of cowpea and bean when grown under various water stress 

treatments. 
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The taxonomy of grain legumes has been described by Polhill and Van der 

Maesen (1985), Evans (1978), and Pilho (1988) in several recent reviews. 

Taxonomy of legumes is not as complicated as the taxonomy of Brassicas 

and Cereals. Legume crops are part of one large family, the Leguminosae 

or Pabaceae that is subdivided into three subfamilies: Caesalpinioidaea, 

Mimosoidaea, and Papilionoidaea (Paboidaea). The classification of 

legumes into one large family has been subject of some controversy and 

some taxonomists have proposed an alternative classification of grain 

legumes into three families: Caesalpiniaceae, Mimosaceae, and 

Papilionaceae (Pabaceae) (Polhill and Van der Maesen~ 1985) •. Most of the 

cultivated legume crops fall into three tribes (sub-group of families): 

Phaseoleae, Vicieae, and Aeschynomeneae. The Phaseoleae tribe with two 

major genera, Phaseolus and Vigna, is well adapted to tropical and 

subtropical regions whereas Vicieae seems to be adapted to temperate 

regions. The Aeschynomeneae tribe has only one genus, the Arachis, and 

can be found in tropical and temperate regions. 

Classification of legumes into each taxonomic groups is based on 

both botanical and physiological characteristics, such as the structure 

and metabolism of root nodules, stem anatomy, chemical defense 

mechanisms, pollen and seed chemistry, and flower and pod anatomy. 
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Both Central and South America have been proposed as the center of 

origin of the CODmon bean, but several taxonomists suggest that the 

center of origin is in either Central or South America but not both 

(Gentry, 1969; Evans, 1978; Adams and Pipoly, 1978). Also, Africa has 

also been suggested as center of origin for the African variety of common 

beans. Part of the disagreements about the origin of the common bean is 

due to the fact that no single ancestor of the common bean has been found 

(Gentry, 1969; Evans, 1978). It is possible that taxonomists have 

mistakenly suggested the center of domestication as the center of origin. 

Biological Structure and Growth Habit. 

Most of the cultivated legume crops are herbaceous annual plants having 

two types of growth habit L e. determinate or indeterminate. The 

architecture of common beans plants is composed of a central axis (main 

stem) with five to nine nodes and two or more branches arising from the 

basal nodes (Adams et al., 1985). With determinate type bean plants, the 

main stem terminates in a inflorescence and produce no vegetative nodes 

after flowering, whereas with indeterminate type bean plants, the main 

stem terminates in a vegetative apice and both reproductive and 

vegetative nodes are continuously formed (Norman et a1., 1984). Adams et 

al., (1985), of CIAT (Centro Internacional de Agricultura Tropical) 

described the determinate and indeterminate growth habit of the common 

bean (Phaseolus VUlgaris L.) using botanical characteristics. Also, 

Steele et al., (1985), used similar characteristics to classify the 
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different cultivars of cowpea (Vigna unguiculata (L.) Walp) as 

determinate or indeterminate plants. 

According to Adams et al., (1985), flowering in common beans takes 

place at the axils or terminal racemes. These flowers are zygomorphics 

containing 10 stamens and a single multi-ovulated ovary. They are 

normally self-fertilized and develop into a pod. In general, seed 

production in this species is abundant; however, seed shape, color, and 

weight vary among the various cultivars. Seed weights range from 50 to 

2000 mg. Germination of common beans is epigeal and usually takes from 

5 to 7 days at 16°C. Varieties and environmental factors such as 

temperature and photoperiod, can affect flowering which takes about 28 

to 42 days after sowing and last about 5 to 6 days (Adams et al., 1985.). 

Approximately 40% of the Phaseolus vulgaris (Wallace, 1978) and Vigna 

unguiculata varieties require about 8 to 14 h photoperiod for flowering, 

whereas other varieties require only a 16 h photoperiod to flower ( 

Summerfield et al., 1974; Summerfield and Wien, 1978; Adams et a1., 1985; 

Wallace, 1978). Temperature also affects flowering of legumes species. 

Yield of legume plants is not affected by day time temperature of 32°C, 

but low night temperature of 14 °c can affect yield by modifying flower 

production (Summerfield and Wien, 1978; Wallace, 1978). 

Although cowpea plants have a different canopy shape than common 

beans, they share some morphological and anatomical similarities. Steele 

et al., (1985) and Steele and Mehra (1978) have described the structure 

and botany of cowpeas. Evans (1978) has described the major differences 

between cowpea and common beans. Usually cowpea plants are bushy with few 
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short branches having trifoliate leaves with large petioles. Leaflets are 

ovate to lancealate in shape. The inflorescences are raceme composed of 

cleistogomous flowers. As with CODmon beans, photoperiod and day and 

night temperatures affect cowpeas growth and development (Summerfield et 

al., 1974; Steele et al., 1985; Wien and Summerfield, 1978). Cowpeas grow 

and flower well under 8 to 14 h photoperiod; however, when the plants 

grow under a longer photoperiod (16 h), flowering is increased. Cowpeas 

seem to tolerate higher temperatures than common beans but they grow best 

at temperatures of 27 to 34 °C. If enough water is available in the soil, 

the cowpeas can grow even at 40 °c (Oliveira and Carvalho, 1988). 

Photosynthesis and Sink Demand. 

In order to increase food production, many plant breeders have 

tried to increase crop yields by increasing the photosynthetic rate of 

cultivated plants. However, leaf shading experiments showed that sink 

demand had a greater affect on yield than photosynthesis (Salisbury and 

Ross, 1985). Sink demand increased photosynthesis of source leaves by 

biochemical feedback mechanisms (Salisbury and Ross, 1985; Huber et al., 

1986). In 1981, Gifford and Evans reviewed the relationship of 

photosynthesis and carbon partitioning to yield and reported that 

improvement in crop yield of some cultivated crops was due to an increase 

in the allocation of dry matter to harvestable organs i.e. increase in 

harvest index rather than increase in photosynthetic rate. Evans (1975) 

found that the photosynthetic rate of flag leaf in wheat plants decreased 

as stem growth decreased, but photosynthetic rate increased again as 
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export of assimilates increased to the grains. He suggested that 

partitioning of assimilates into sinks other than the harvestable organ 

can also decrease photosynthetic rate. In this regard, Geiger (1986) 

pointed out that decreased metabolic sink demand can decrease sucrose 

export of source leaves. Conceivably, slowed export of sucrose might lead 

to accumulation of sucrose in the source leaves. Sucrose synthesis and 

photosynthesis could be regulated by a feedback mechanism. In addition, 

physiological and morphological adjustments in respons,e to diminished 

sucrose export might bring about changes in allocation and partitioning 

pattern which activate new sink. This adjustment could result in a new 

pattern of assimilate partitioning and could permit photosynthesis to 

continue undiminished. Geiger (1976) reported that the period required 

for adjustment of photosynthetic rate usually takes 2 to 3 days in 

Phaseolus vulgaris. 

Plants which invest their assimilates into harvestab1e organs, 

whether due to a better partitioning or increased sink demand, obtain 

better yield. However, Ramage (1987) pointed out that increase in 

photosynthesis and partition of assimilates to harvestab1e organ might 

not increase crop yield because of the small sink size. He suggested that 

sink size should be increased first before any attempt to increase 

photosynthesis or partition of assinUlates. R.T. Ramage (Research 

Geneticist, USDA, SEA, Univ. of Arizona, personal coumunication) reported 

that a new corn line which exhibited high photosynthetic rate also 

produced high yield; however, he suggested that the higher yield of the 

new line was completely attributed to an increase in kernel size rather 
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than changes in the number of corn ears or higher photosynthetic rate. 

The increase in photosynthesis could be due to increased sink demand. 

Phloem Loading. 

Several hypotheses have been proposed in literature to explain how 

sucrose is loaded into the phloem sieve elements of the mesophyll cells. 

Giaquinta (1976) and Salisbury and Ross (1985) suggested that 

translocation of sucrose frommesophyll cell to sieve elements is through 

a symp1astic pathway and that movement of sucrose toward the phloem is 

due to a sucrose gradient between mesophy11 cells and the sieve tube 

elements. In other studies, Cronshaw (1981), Ho and Baker (1982), and 

Giaquinta (1983) presented evidences that a symplastic, apoplastic or a 

combination of both were some possible pathways for movement of sucrose 

from the mesophyll to the sieve tube elements. More recently, Madore and 

Lucas (1987) and Schmitz et a1., (1987) presented evidence for a apoplast 

transfer system, but they do not exclude the idea of transfer via 

symplast system. Van Bel (1987) proposed that the existence of an 

apoplastic or a symplastic pathway of sucrose loading may be species 

dependent and the pathway depend on the endogenous and environmental 

circumstances acting within or on the plant. 

The best support for the symplast loading mechanism is that no 

leakage of sucrose or carbohydrates occurs from mesophyll cells during 

the transfer to phloem. Sucrose moves from cell to cell symplastically 

v ia the plasmodesmatal connections between adjacent cell mesophyll cell. 
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This is the most reasonable pathway of sucrose movement among the 

mesophyll cells. However, symplastic movement of sucrose from mesophyll 

cells to phloem sieve tube elements may not occur because plasmodesmatal 

connections are rare or absent between mesophyll cells and adjacent 

companion cells and sieve tube elements. This suggests that sucrose is 

actively transported out of mesophyll cells into the apoplast (Thorne, 

1985) and then taken up into sieve tubes from the apoplastic free space 

by phloem parenchyma and/or companion cells. The transfer may be mediated 

~ 

by a sucrose-H cotransport system (Giaquinta, 1983). Once in the sieve 

tubes, sucrose moves down or up to the sink sites due to a osmotic 

pressure gradient between source and sink by mass flow mechanism 

(Salisbury and Ross, 1985; Gardner et al., 1985). 

Interorgan Transport. 

Sucrose is probably the major molecule loaded and translocated in 

most higher plants. Robison and Hendrix (1983) were able to show that 

sucrose rather than hexose was taken up intact and translocated unaltered 

in several crop species. It is generally accepted that movement of 

photosynthetic assimilates from source to sink occurs down an osmotic 

pressure gradient in the phloem. Phloem movement differs from the 

movement in the xylem because substances in the phloem may move 

bidirectiondly L e. acropetal (upward) or basipetal (downward) (Gardner 

et al., 1985). 

Cronshaw (1981), Salisbury and Ross (1985), and Kursanov (1984) 

reviewed phloem structure and function of several plant species. Strands 
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of sieve tubes in major leaf veins extend into stems as bundles. Numerous 

bridges occur between and within bundles in lamina, petiole, and stem 

(Gifford and Evans, 1981). In grasses, many bridges exist between bundles 

at the nodes. This continuous net work of sieve tubes strands allows 

sucrose to enter at any point and to follow several routes to any sink 

organ within the plant without leaving the sieve-tube lumen (Salisbury 

and Ross, 1985). 

Assimilates in the phloem can follow specific routes to particular 

sinks. For example, carbohydrates that have been synthesized by the flag 

leaf in barley, wheat, and maize go preferentially to the head to feed 

the grains whereas carbohydrates synthesized by lower leaves go to feed 

the roots (Lauer and Simmons, 1985). However, this does not necessarily 

means that translocable carbohydrates do not move to the other sinks 

along the path from source to favored sink. In 1980, Borchers-Zampine et 

al., showed that the transport pattern from source to sink can be altered 

by changing the source strength. Lauer and Simmons (1985) presented 

e\"idence suggesting that competition between sink is set by the gradient 

that each sink can develop. Researchers (Salisbury and Ross, 1985; 

Geiger, 1986) have proposed several "rules" which describe translocation 

of sucrose. Por example, more assimilates are translocated to sinks from 

nearby sources than from more distant sources. 

Phloem Unloading. 

~echanism of removal of sucrose and other solutes from the sieve 

elements at the sink has been studied much less than phloem loading. 
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Several studies have shown that unloading is similar to loading in that 

the sugar moves from the phloem symplast to the apoplast and then 

transferred to the symplast of the sink cells. Recently, Thorne (1985) 

reported that in developing corn seed, assimilates may pass 

symplastically from the phloem through one or more maternal tissues 

before entering the apoplast leading to the embryonic cells. He also 

suggested that this process is facilitated by the presence of specialized 

transfer cells. In barley, (Hordeum sativa L.), and wheat, (Triticum 

aestivunl L.), the unloading processes take place in the crease that runs 

the length of the kernel and this structure appears to transfer 

assimilates until the grain fill period is completed. Lingle and 

Cheval ier (1985) studying the development of vascular tissue of the wheat 

and barley caryopsis reported that the sieve tubes of the main bundle 

remained open and visually functional until the end of the grain fill 

period. Thorne (1985) suggested that the grain filling of some cereal 

crops is terminated when the transfer cells are crushed by the endosperm 

cells. In legumes, the unloading processes seem to occur primarily from 

the veins in the seed coat into the apoplast of the seed. Next the 

assimilates move from the apoplast space to cotyledons. Thorne (1985), 

proposed that the transport of nutrients to developing seeds of 

nonendospermic legumes occurs from two major vascular bundles of the pod 

along which seeds are alternately attached. Generally, the single 

vascular bundle which carries assimilates into the seed, enters the seed 

coat at the chalaza through a seed stalk termed the funiculus. Several 
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attempts have been conducted to understand the anatomy of the phloem in 

the pod of legumes. These studies have shown that in the maternal tissues 

of developing seeds, the phloem reticulates to varying degrees before 

terminating. It is within this tissue that unloading occurs prior to 

deli very of assimilates to the embryonic tissues. The degree of 

reticulation and the size of the actual unloading site apparently vary 

considerably among species. The unloading site may include the combined 

membrane surfaces of seive tubes, normal or modified companion cells, and 

various types of vascular parenchyma cells and their symplasm 

interconnected by numerous plasmodesmata (Thorne 1985). One conunon 

observation in several legume species is that no symplastic connection 

exists between the maternal tissue responsible for the unloading process 

and the embryonic tissue responsible for storage (Offler and Patrick, 

"1984) 

Water Stress and Photosynthesis. 

Water stress can reduce photosynthesis by decreasing leaf area, 

lowering stomatal conductance to C~, affecting photosynthesis metabolism 

directly, or inhibiting formation of protochlorophyll in greening leaves 

(Kramer, 1983). In barley plants, water stress during grain filling 

decreased photosynthesis per unit area (Legg et a1., 1979). Reductions 

in net photosynthetic rate caused by water stress are correlated with a 

decrease in stomatal conductance (Boyer, 1970; Turner and Begg, 1978). 

Early studies led these workers to conclude that mild, slowly imposed 

water stress would lower photosynthesis by reducing stomatal aperture 
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whereas more severe water stress would affect the biochemical reactions 

of the photosynthetic apparatus (Boyer, 1970; Saltyer, 1973; Osmond et 

al., 1980). In this regard, Matthews and Boyer (1984), studying 

acclimation of photosynthesis to severe water stress, showed that 

photosynthetic inhibition at low water potential was due more to loss of 

the chloroplast's capacity to fix CO2 than to an increase in the 

diffusive resistance to CO2 uptake. Later, Sharp and Boyer (1986) showed 

that the loss in chloroplast capacity to fix CO2 was entirely the result 

of a direct effect of low water potential on chloroplast function. Krieg 

(1983) pointed out that reductions in photosynthetic rates due to 

chloroplastic factors could involve both light and enzymatic reactions 

of CO2 reduction. He felt that the biochemical reactions associated with 

CO2 reduction. such as the reaction of CO2 and O:! with ribulose 

bisphosphate carboxylase-oxygenase. are subject to direct control by 

water stress. 

Rate and Duration of Seed Filling. 

The relationship between rate and duration of the grain filling 

period in cereal crops is reasonably understood. However, in legume 

crops, this area has not been thoroughly investigated. Most of the 

available information for legumes comes from experiments conducted with 

various genotypes of soybeans (Glycine ~ (L.) Merrill) (Swank et al, 

1987). Essentially no information is available for common beans and 

cowpeas. 
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Evans (1975) emphasized that improvement in yields can be obtained 

by increasing the duration of the reproductive period and increasing 

movement of assimilates into reproductive structure. In this regard, 

Woodruff and Tonks (1983) noted that under dryland conditions, wheat 

which had long grain filling periods yielded better than those with short 

grain filling periods. 

Also, environmental conditions such as temperature and soil water 

content can affect the rate and duration of grain filling. Higher rates 

of grain filling are associated with higher air temperatures (Gebeyehou 

et al., 1982), but grain filling duration is reduced by these higher 

temperatures. Sofield et al. (1977) observed that a rise in day/night 

temperature from lS/10oC to 30/2SoC reduced the period of grain filling 

from 20 to 60 days. Similarly, Wiegand and Cuellar (1981) showed that for 

each degree C increase in mean daily temperature during grain filling 

period, there was a 3.1 day shortening of the grain filling period. In 

soybeans, low soil water content decreased seed yield by decreasing 

duration of seed growth (Meckel et al. 1984). 

The assumption that plants which have a long grain filling period 

obtain better yields, has been recently questioned. Bruckner and Frohberg 

(1987) and also Sayed and Gadallah, (1983) concluded that the rate of 

grain filling, in barley and wheat, was a more important yield 

determinant under stress conditions than duration of grain filling. 

Metzger et ale (1984) found that in barley, genetic variability for grain 

filling duration did not influence grain yield. In soybeans, Swank et ale 

1987, selected for several genotypes differing in duration of seed 
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filling period, but they failed to discover any relationship between 

grain filling duration and yield. Gebeyehou et a1. (1982) observed that 

irrigated wheat plants significantly increased the duration of grain 

filling when compared with rainfed wheat plants. Brooks et a1., (1982) 

pointed out that water deficit during grain filling did not affect the 

rate of grain matter accumulation, but rather grain filling was 

terminated earlier for the stressed plants. Even though most of the 

1i terature reports that grain growth is insensi ti ve to water stress, 

Renwick and Duffus (1987) showed that drought conditions decreased the 

fresh weight and rate of seed growth of field-grown wheat. They suggested 

that the lower rate of grain filling may be a consequence of the 

decreased plant water potential. 

Water Stress Effects on the Translocation of Assimilates •. 

\-later stress potentially can affect rates of assimilate production, 

rates of loading and unloading of the sieve-tube elements, the velocity 

of flow in the phloem, and rates of incorporation of assimilates by sinks 

(Begg and Turner, 1976). 

The effects of water stress on translocation of assimilates to 

developing grains of wheat have been studied primarily by Wardlaw. In a 

series of publications, Wardlaw, (1965, 1967, and 1969) reported that 

water stress as low as -3.0 XPa did not affect the velocity of assimilate 

transport to grain during grain filling of wheat, but later (1971, 1974) 

he concluded that water stress reduced translocation in wheat by either 

decreasing photosynthesis or affecting phloem loading mechanism. 
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Growth and Physiology of Stressed Tissues. 

Generally, plants are subjected to several environmental stresses 

during a growing season. Kramer (1983) concluded that water stress alters 

plant function more than all other stresses combined. Cell enlargement, 

which is the primary means by which plants increase in size, has been 

shown to be very sensitive to water stress (Hsiao 1973; Hsiao et al., 

1976). Acevedo et al, (1971) showed that elongation of corn leaves on 

intact seedlings ceased immediately when roots were stressed, and as a 

result, concluded this was the process which is most sensitive to stress. 

~ore recently, ~atsuda and Riazi (1981) observed that exposure of barley 

seedling roots to solutions with water potential between -0.3 MPa to -1.1 

~Pa also caused immediate cessation of leaf elongation. However, growth 

resumed after a lag period that increased with stress intensity, and the 

new grol~th rates were proportional to the water potential of the 

solution. Such results indicate that if stress effects on growth are to 

be resolved, an understanding of both the irmnediate and subsequent 

elongation responses must be achieved. 

Other processes are also known to be changed in stressed tissues, 

and some can be related to growth responses. Hsiao et al, (1976) and 

Kramer (1983) stated that cell division is closely related to expansive 

growth and if water stress is prolonged, division can be as sensitive to 

stress as is elongation. Labavitch (1981) stated that cell elongation may 

be affected if constituents of walls are not synthesized. Hsiao (1970) 

and Hsiao et al, (1976) reported that effects of water stress on protein 

synthesis are noted at about the same time that detectable differences 
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in water potential are evident. Rhodes and ~atsuda (1976) noted that high 

correlation existed between the percentage of ribosomes present as 

polyribosome and growth rates in pea and pumpkin seedlings; similarly, 

~ason and Matsuda (1985) found that growth rates of young wheat and 

barley leaves, and dark groh~ squash and pea seedlings were correlated 

highly with the polyribosome percentages of the growing tissues. Mason 

and r.atsuda (1985) also found that reductions in polyribosome percentages 

in groNing tissues were evident wi thin 15 min following stress, and these 

reductions occurred before there was a significant reduction in any water 

status value. Since leaf growth of stressed seedlings also ceases before 

measurable changes in water status are detected (Matsuda and Riazi, 

1981), there are reasons to question any suggestion that changes in water 

stat~s values of the tissues themselves will directly regulate growth. 

For many years. it was widely accepted that cell growth is 

proportional to turgor above a critical minimum value (Hsiao, 1973; Hsiao 

E't al .• 1976; Cleland, 1971) and this belief is still held by many 

prominent workers in the field (Levitt, 1980; Cosgrove, 1986; 1987). 

However, recent studies by se\'eral workers have shown that gro"'th need 

not be related to turgor of growing tissues. Meyer and Boyer (1972) 

showed that growth rate of soybean hypocotyls decreased when stressed, 

but turgor of the growing region was constant. Matsuda and Riazi (1981) 

demonstrated that when barley seedlings were stressed, leaf growth 

stopped almost immediately, but no decrease in turgor was detected within 

the first 10 to 20 min after imposition of stress. Furthermore, ~ichelena 

and Boyer (1982) and Van Volkenburgh and Boyer (1985) could see a marked 
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reduction in the elongation rate of corn leaves along with decrease in 

soil water potential, but turgor of the growing region showed no change. 

Turgor ~aintenance. 

The major mechanism of turgor maintenance is osmotic adjustment 

(Turner 1986) which is caused by internal production of osmotically 

acti ve substances, and not due to the increase in concentration of 

existing tissue solute brought about by dehydration (Hsiao et al. p 1976; 

Turner and Jones, 1980). There are cases where maintenance of turgor has 

been attributed to changes in cell wall elasticity (Turner and Jones, 

1980; ~organ, 1984), but most studies indicate that solute accumulation 

is primarily responsible for maintenance of turgor. Evidence for osmotic 

adjustment has been reported for plant organs such as leaves, hypocotyl, 

roots, and reproductive structures (Turner and Jones 1980; Turner 1986). 

Osmotic adjustment also has been observed to help maintain stomatal 

opening (Ludlol~ et al., 1985), photosynthesis (Ackerson et a1., 1980), 

and to alloK continued root growth at low water potentials (Sharp and 

Dades 1979). 

Osmotic adjustment of growing tissues has been demonstrated to 

be greater for growing tissues than for mature tissues. Munns et al., 

(1979) showed that young wheat leaves and shoot apices enclosed within 

the encircling sheaths adjusted osmotically to severe water stress, but 

the fully expanded leaves did not. Also, Matsuda and Riazi (1981) and 

Riazi et al., (1985) showed that water stress reduced osmotic potential' 

of growing regions of young barley seedlings, but osmotic potential of 
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mature areas remained relatively unchanged. Michelena and Boyer (1982) 

showed that when soil water stress was imposed on maize plants, solutes 

accumulated in the leaf growing region to maintain constant turgor, but 

turgor of mature blade tissue dropped and leaves showed wilt symptoms. 

Several organic and inorganic substances such as glucose, 

proline, malate and potassium have been reported as being the active 

osmotic substances responsible for osmotic adjustment (Turner and Jones 

1980; ~unns et a1. (1979). Recent studies indicate that sugars are the 

major compounds involved in osmotic adjustment of different plant parts 

(Xunns and Weir, 1981; ~organ, 1984). In growing region of wheat leaves, 

monosaccharides (mainly glucose) accounted for almost all osmotic 

adjustment, and increase in proline, malate, and potassium did not 

contribute substantially to osmotic adjustment (~unns and Weir 1981). 

Similarly, Riazi et a1., (1985) showed that in growing regions of 

osmotically stressed barley leaves, there was an increase in glucose with 

a decrease in osmotic potential, but increase in proline occurred 4 h 

after stress was imposed, and accounted for less than 5% of the osmotic 

adjustment. They also noted that inorganic cations remained unaltered 

during the first few hours of stress. 
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The field experiment was designed to study the partitioning of dry 

matter in cowpea (~unguiculata (L.) Walp) yare California Black Eye 

No 5 under limiting water conditions. The study was conducted at the 

University of Arizona Campus Agricultural Center. Seeds were obtained 

from a commercial company (H and H Seed Co., Inc. Yuma, Arizona, USA) and 

mechanically planted on 6 June 1990 to a depth of 4 cm at a rate of 50 

to 60 seed per 6.7 m row. Mature plants were harvested on 8 September 

1990 for their biomass and seed yield. The soil was fertilized preplant 

wi th 18 Kg/ha of urea and furrow irrigated 7 days before planting. 

Purther irrigations were conducted on dates shown on Table 1. During this 

study, precipitation, relative humidity, and temperatures were monitored 

at the farm weather station (Pig.l). 

Experimental Design and Plot Arrangement. 

The experimental design was a random complete block design with two 

factors: Plant system (Cowpea) and Water regime (Irrigated (wet); 

Reduced-Irrigated (dry». Each factor was replicated three times and 

combinations of the two factors were randomly assigned to plots. Each 

plot was composed of ten 6.7 m long rows, spaced 1 m apart (oriented in 
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Table 1. Irrigation schedule for the field study. 

TREATMENTS 

WET DRY 

DATE Sa 
7 JUN 7 JUN 

17 JUN 17 JUN 
28 JUN 28 JUN 
17 JUL 
31 JUL 

16 AUG i ___ 
not irrigated 
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Fig. 1. Precipitation, relative humidity, and air temperature monitored 
by the University of Arizona Campus Agricultural Center, during 
the period from 1 June to 30 September 1990. 
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a North-South direction), with the outside two rows designated border 

rows. Each block was oriented in the same direction as the rows and 

contained the plant species grown under the two water treatments. Within 

blocks, plots were I m apart as were adjacent blocks. Thinning was 

conducted when the seedlings had developed their first pair of permanent 

leaves. All ten rows were thinned to have 41 plants per 6.7 m row. 

Statistical Analysis. 

A1l statistical analyses were performed with the SAS computer 

program (Statistical Analysis System, Version 5.16,1986: Institute Inc., 

Cary, N.C. 27512 USA) at the University of Arizona Computer Center. Five 

percent confidence level of significance was used for all statistical 

analyses. Comparisons were made between treatments and within treatments 

at different dates (Appendix A). 

Soil Type and Soil Water Content. 

The experiment was conducted on a Pima Clay Loam soil, which has 

a pH of about 7.7, low organic matter content, and a sandy layer at about 

1.2 to 1.3 m from the surface. 

Soil water content of the soil was determined in each plot with 

neutron probe at weekly intervals. The probe was placed in an access tube 

at depths of 30, 50, and 80 cm from surface. Neutron probe measurements 

were taken for 60 sec. The neutron probe was calibrated with soils of 

known water contents at 30, 50, and 80 cm depths. The water content of 

the soil was gravimetrically determined. The soil standards were wet, 
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moderately wet, and dry. The calibration curves for each depth was 

obtained by plotting the soil water level against the neutron probe 

readings (Pig. 2) using regression analysis. 

Partitioning of Dry Matter. 

After emergence, weekly checks were made to determine developmental 

stage of the cowpea plants. Por routine studies, three plants from each 

plot were randomly harvested from the inside rows which were not used for 

yield determinations. Plants were then placed in plastic buckets with a 

small amount of water, covered wi th plastic bags and taken to the 

laboratory where each plant was immediately divided into leaves, stems, 

flowers, pods, and seed. Each plant part was placed in a paper bags and 

dried at 65 to 75°C in a forced air oven (Hotpack Phila, Pa. USA) until 

"a constant dry weight was obtained. Before drying, selected leaf samples 

were collected from bottom, middle, and top of each plant canopy and the 

leaf area was measured with automatically integrated leaf area meter (LI-

3100 Area Meter, Li-Cor, INC., Lincoln, Nebraska, USA). After leaf area 

determination, the leaf sample was dried and the dry weight was obtained. 

Total leaf area per plant was calculated by the proportionality of the 

ratio between the leaf weight and area of the sample and the ratio 

between the total leaf weight and area of each plant (Palit and 

Bhattacharya, 1984). Yield and yield components such as plant dry weight, 

seed weight, and pod dry weight were measured after harvesting 18 plants 

from a middle row. 
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LAl was calculated by dividing the leaf area of each plant by the 

area under plant (0.16 ~). NAR was determined for each plant by dividing 

the total plant dry weight by the plant leaf area. 

Seed weight and pod wall dry weight per plant were expressed on an 

area (~) basis. 

Plant Water Status. 

Cowpea water potential (t) was measured with a pressure chamber 

(Soil Scientific Equipments, Santa Barbara, CA) on a weekly basis during 

the reproductive stage of plant development. Three shoots from three 

different plants in each plot were harvested at noon. Water potential 

measurements were conducted within 15 sec of harvest to avoid errors 

caused by the high evaporation during sampling. 
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Glasshouse Studies 

Three experiments were carried out in a glasshouse under controlled 

conditions at the University of Arizona Campus Agricultural Center 

(Tucson, Az.) for the propose of studying the effect of water stress on 

photosynthesis, dry matter partitioning, and seed anatomy. 

Plant Material and Growth qonditions. 

Por glasshouse experiments, cowpea seeds were obtained from the 

field experiment and bean (Phaseolus vulgaris L., var. BAT 85) seeds were 

obtained from The Genetic Research Center - Embrapa, Brasilia, Brazil. 

Because the three experiments were carried out at different times 

of the year, growth conditions varied among experiments. Experiments 1, 

2, and 3 were conducted from 19 Sept. to 1 Dec. 1991, 21 Jan. to 1 April 

1991, and 21 March to 25 May 1991, respectively. All three experiments 

were conducted in a naturally lighted glasshouse without supplemental 

light. 

Experiment 1 was conducted wi th cowpea and bean plants grown 

separately under a average light intensity of 700 pmol.m-2.s-1 recorded at 

noon, constant relative humidity of 45%, day temperatures of 25 to 26°C 

and night temperatures of 18 to 21°C. Daily average light intensity in 

the glasshouse was measured with a quantum line sensor (Li -Cor Inc, 

Lincoln, Nebraska) directly placed above the plant canopy. Seeds were 

sown on 19 Sept. 1990. Anthesis occurred 37 days (26 Oct.) after planting 

for beans and 52 days (8 Nov.) after planting for cowpeas. Bean and 
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cowpea plants reached physiological maturity 66 (25 Nov.) and 72 (1 Dec.) 

days after planting, respectively. 

In experiment 2, cowpea and bean plants were also grown separately 

at day and night temperature of 30 to 35°C and 25 to 27°C, respectively. 

The relative huaddity was 30 to 40% during the day and 50 to 60% during 

the night. Daily average light intensity was measured with a line sensor 

as in experiment 1. Measurements were conducted over the canopy of beans 

and cowpeas from 0700 to 1900 h every day from seedling to plant 

physiological maturity date (Pig. 3). Seeds were sown on 21 Jan. 1991. 

Anthesis occurred after 22 (22 Feb.) and 27 (28 Feb.) days after planting 

for bean and cowpea, respectively. Physiological maturity occurred 57 (20 

March) days after planting for bean and 69 (1 April) days after planting 

for cowpea. 

In experiment 3, only bean plants were studied. Plants were grown 

at day temperatures of 24 to 27°C and night temperature of 17 to 19°C with 

relative humidity of 30% during the day and 90% during the night. Light 

intensity was monitored during this period as described for experiment 

2 and light intensities are shown on Pig. 3. Bean seeds were sown on 21 

March 1991. Anthesis occurred 43 days (25 April) after planting and 

plants were physiologically mature 73 days (25 May) after plantlng. 

Soil Mixture and Water Treatments. 

In all three experiments, plants were grown in 19 L pots. In 

experiment 1, pots were filled with a potting soil mixture which was 50% 

soil, 40% peat moss, and 10% mulch by volume. For experiment 2, pots 
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contained 60% soil, 30% peat moss, and 10% mulch by volume. A soil 

mixture of 70% river bed sand and 30% peat moss by volume was used in 

experiment 3. 

Two to three seeds were sown in each pot in all three experiments. 

After emergence, which occurred between 4 to 6 days, pots were thinned 

to one plant per pot. Eleven g of a N-P-K fertilizer ~xture (9-9-9 + 11 

Pe) was applied to each pot 16 days after planting or when seedlings had 

their first pair of permanent leaves. 

Plants were irrigated on a weekly basis or when the leaves began 

to wilt. In experiment 1, 5 L of water were applied weekly to each pot 

until plants reached anthesis. After anthesis, plants grown under the 

water stress conditions received 5 L of water per pot every 15 to 20 days 

whereas control plants received 5 L of water per pot weekly. Por 

experiment 2 and 3, water was applied as shown on table 2 and 3, 

respectively. 

Experimental Design and Plot Arrangement. 

Cowpea and bean plants were grown in separate pots and pots were 

arranged in a completely randomized design in all three experiments. Por 

each species, plants were paired together and each pair constituted one 

experimental unit. Water treatment was randomly assigned for each pot of 

a pair by using a random table (wet=even numbers and dry=odd numbers). 

Adjacent pairs were 0.60 m apart from each other and pairs were numbered 

1 through 60. All physiological measurements were made on randomly 
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selected pairs chosen by a random table. Data collected in experiment 1 

was not statistically analyzed because no partitioning data were 

collected. Data collected in experiment 2 were statistically analyzed and 

results recorded in Appendix Band C for bean and cowpea, respectively. 

In experiment 3, the analyzed data for bean is recorded in Appendix D. 

Photosynthesis Measurement~. 

Measurements were conducted with a IRGA Portable Photosynthesis 

System with alL chamber (LI-6200, Li-Cor,Inc., Nebraska). One leaflet 

of trifoliolate leaf from three randomly selected plants was used for 

photosynthetic measurements. Trifoliolate leaf was not detached from the 

plant. Only trifoliolate leaflets adjacent to a growing pod, located 

between nodes 3 and 7 were selected for analysis. During photosynthetic 

measurements relative humidity inside the chamber was kept constant. The 

instrument was set to make two readings for each measurement, and each 

reading took about 60 to 90 sec. The chamber was keep in the shade 

between readings to avoid errors due to temperature increase at the 

chamber walls. 

In experiment 1, photosynthesis of beans and cowpeas was monitored 

from 1000 to 1600 h daily 10 to 22 days after anthesis. In experiment 2, 

cowpea photosynthesis was monitored from 0700 to 1600 h daily 6 to 23 

days after anthesis and bean photosynthesis was monitored from 0700 to 

1600 h daily 12 to 20 days after anthesis. In experiment 3, 

photosynthesis of bean was monitored from 0700 to 1600 h every 2 to 3 

days after anthesis through physiological maturity. 
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Table 2. Irrigation times and amount of water applied to cowpea and bean 
plants grown under glasshouse conditions during experiment 2. 

Days After TREATMEI\"TS 
Planting Bean Wet Bean Dry Cowpea Wet Cowpea Dry 

(Days) ( l/pot ) 
7 3.0 3.0 3.0 3.0 

11 0.5 0.5 0.3 0.3 
16 1.0 1.0 1.0 1.0 
24 1.0 1.0 
30 2.0 2.0 
36 2.0 1.0 2.0 1.0 
42 2.0 2.0 
44 1.0 1.0 
46 4.0 1.5 4.0 1.5 
53 1.0 1.0 
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Table 3. Watering dates and amount of water applied to bean plants grown 
under glasshouse conditions during experiment 3. 

Days After TREATMENT 
Planting Bean Wet Bean Dry 

(Days) .( l/pot--) 
19 10.0 10.0 
22 3.5 3.5 
25 2.0 2.0 
29 2.3 2.3 
34 2.3 2.3 
37 2.3 2.3 
45 1.2 1.2 
51 3.0 3.0 
53 2.0 
54 1.0 1.0 
58 3.0 1.0 
61 3.0 
65 3.0 1.0 
66 1.0 0.5 
68 3.0 1.0 
73 3.0 
74 1.0 
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Water Potential Measurements. 

Por all the experiments, three 0.5 cm in diameter discs were taken 

from the lower portion of the youngest leaf blade, and from the following 

fruit structures, pod walls, cotyledons and seed coat found between nodes 

5 to 9. Discs were immediately placed in single junction psychrometer 

chambers (Merrill 75-13 C psychrometer; Merrill Specialty Equipment, 

Logan, Utah) following their collection. Psychrometers were placed in an 

insulated box in the glasshouse, transferred to a nearby laboratory and 

then placed in a 25°C water bath. Water potentials were determined with 

a Keithley Wescor MJ-55 microvoltmeter (Wescor Inc., Logan, Utah) 3 h 

after equilibration. For leaf osmotic potential determinations, the 

psychrometers were frozen in liquid nitrogen for 20 sec, allowed to thaw 

and equilibrated in the water bath (25°C) for 1 h before measurements 

'were made. 

In experiment 1, plant shoots were sampled between 0530 to 0600 

h for leaf water potential from anthesis to 20 days after anthesis for 

bean plants and from 12 days before anthesis to 10 days after anthesis 

for cowpea plants. In experiment 2, p1an't·leaves were collected for water 

and osmotic potental, and turgor pressure determination at 0600 hand 

1200 h from anthesis to 22 days after anthesis for bean and from' 10 days 

before anthesis to 10 days after anthesis for cowpea. Pod and seed disc 

(cotyledon and seed coat) were collected for water and osmotic potential, 

and turgor pressure determinations at 0600 and 1200 h, from randomly 

selected plants at 10, 11, 13, 18, and 22 days after anthesis for bean 

and 6, 12, 15, 18 days after anthesis for cowpea. Por experiment 3, leaf, 
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pod walls, and seed samples were collected at 0600 and 1200 h for water 

and osmatic potential, and turgor pressure determinations at 10, 13, 18, 

19, 24, and 27 days after anthesis. Water status of the pod wall and seed 

were measured as described in experiment 2. 

Scanning Electron Microscopy. 

Only plants from experiment 1 were used in the morphology study. 

Seed coat strips and whole funiculi collected from stressed and 

nonstressed bean seeds and pods 10, 20, and 30, and 20 and 30 days after 

anthesis, respectively, were fixed in 1.5% (v/v) gultaraldehyde for 1.5 

hand 6% (v/v) glutaraldehyde for 4 h at 25° C. After fixation, seed 

coat strips and funiculi were cooled to 4 °c and washed four times over 

a 2 h period in 0.025 M phosphate buffer (pH 6.8) prior to 2 h post

fixation (OOC) in 1% (v/v) osmium tetroxide 0.05 M phosphate buffer (pH 

6.8). After post-fixation, tissue was washed twice in distilled water 

over a 1 h period and dehydrated in an acetone series (one 15 min change 

in 30, 50, 70, 85, 95% (v/v), and three 15 min change in 100%, (v/v). 

Tissues were then dried in a Polatron 1250 Critical Point Dry apparatus 

(Ted Pella Inc., Redding, CA) coated with 30 nm of gold in hummer ,sputter 

coater and examined under a I.S.I. DS-130 Scanning Electron Microscope 

(International Scientific Instruments, Anathech Ltd. Alexandria, VA). 

Partitioning of Dry Matter. 

Partitioning study was conducted only in experiments 2 and 3. 

Three plants were randomly harvested on a weekly basis. After 
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harvest, plants were placed in plastic bags and transported to the 

laboratory where they were immediately analyzed. Each plant was divided 

into leaves, stem, flowers, pod, and seed and each part was placed in a 

paper bag and dried at 65 to 75°C for 24 h in a forced air oven. The 

total leaf area of each plant was measured, before drying, with a 

automatically integrated leaf area meter (LI-3l00 Area Meter, Li-COr, 

Inc., Lincoln, Nebraska). Yield and yield components such as plant dry 

weight, seed weight per plant, pod dry weight per plant, seed number per 

plant, and weight of 100 seeds were obtained individually for each plant. 

LAI was calculated by dividing the leaf area of each plant by the 

area of the pot (0.07 nt). AGR was determined by using the equation AGR 

= dW/dt where dW is the increased in plant dry weight between tl and t2 

(time I and time 2) and dt is the difference in days between tl and t2. 

RGR was determined by the ratio betweem AGR and the plant dry weight at 

tl. NAR was determined as discribed for the field study. 

Translocation Study. 

Translocation study was done only in experiment 3. Two plants from 

wet and dry treatments were randomly selected for this study. One ~Ci 

(2.22xl06 dpm) of sucrose-Cl4 (NEC-100X, 1\1Ci/0.51 mg) was applied to one 

of the leaflet of a trifoliolate leaf located at node having a developing 

pod in the leaf axil (third to seventh node). The radioactive sucrose was 

placed in a small ring of lanolin positioned over a vein on the leaflet. 

After 2 h incubation period, 1 cut samples from leaf, stem, petiole, pod 

walls, and seed were harvested and processed for liquid scintillation 
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counting according to methods of Burrell and Brunt (1981). Radioactivity 

of sample was measured with a Beckman LS 8000 liquid scintillation 

spectrometer. Data was expressed as disintegration per minute. 
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Influence of water stress on yield and yield components of cowpea and 

beans grown under field and glasshouse conditions. 

The effect of water stress on yield of cowpea and bean has been 

investigated by Wien and Summerfield (1984), Laing et al. (1984), and 

White and Izquierdo (1989) over the past decade. These investigators 

reported that water deficit frequently decreases seed yield in these two 

crop species. Yield losses of legume crops have generally been associated 

with decrease in seed number per ground area or per plant rather than 

with a decrease of individual seed weight. In wheat (Triticum aestivum 

L.) and corn (Zea mays L.) which frequently encounters water stress 

during grain filling, both kernel weight and kernel number are often 

decreased (Wiegand and Cuellar, 1981). The aim of this dissertation 

research was to study the effect of water stress on yield of cowpea and 

bean grown in field and glasshouse to determine which yield component was 

reduced by the water stress, and to investigate the mechanism of action 

of water stress on yield components. 

Table 4 shows that withholding water during the reproductive stage 

of cowpea development resulted in a significant decrease in yield 

(Kg/ha). Seed dry weight per plant of cowpea grown in glasshouse 

(Experiment 2) was also significantly reduced by withholding water from 

plants during seed developmental stage (Table 5). In both field and 

glasshouse experiments the effect of water stress on seed yield appears 
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to be caused by reduction of the total plant biomass (Table 4 and 5). 

Table 5 shows that the decrease in seed yield could be also due to either 

decline in seed number per pod or pod number per plant but numbers were 

not statistically different. When collected from several plants, seed 

weight was not significantly reduced by water stress treatments in either 

field or glasshouse experiments, suggesting that the impact of water 

stress was not on the seed filling process (Tables 4 and 5). 

The environmental conditions under which the cowpea were grown also 

had an impact on the yield and yield components. The biomass or dry 

weight of glasshouse grown cowpea was less than that of the field grown 

cowpea, thus reducing the dry weight of some of the other yield 

components. However, the seed weight of cowpea grown in either 

environment was similar (Tables 4 and 5). 

Seed yield for field grown cowpea (Table 4) was greater that those 

reported in previous field studies (Truk et a1., 1979: Tewo1de, 1984) 

with same cultivar. In this study, cowpea was planted at higher plant 

density and higher amounts of rainfall occurred during the growing season 

of 1990. Tables 6 and 7 show the impact of water deficit on yield 

components of bean grown in glasshouse at two different times in the 

year. In experiment 2, water deficit significantly decreased plant dry 

weight and pod dry weight per plant, but did not significantly reduced 

100 seed weight or seed number per pod (Table 6). Seed dry weight per 

plant and pod per plant were also reduced by approximately 50% in the 

water stress beans but the values were not significantly different from 

nonstress plants at the 5% level (Table 6). In experiment 3 which was 
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conducted at a later date in the year, water stress did not caused a 

decrease in plant dry weight as compared to experiment 2 but did 

significantly reduce the yield or seed dry weight per plant. Pod dry 

weight per plant and pod number per plant were nonsignificantly reduced 

in the water stress by about 65%. Yield components, seed per pod and seed 

weight were not reduced by water stress (Table 7) • Environmental 

conditions were different between experiment 2 and 3. In experiment 2, 

day and night temperatures were higher than in experiment 3 and this 

probably resulted in reduced plant growth and yield. Visual analysis of 

plants in both experiments showed that plants in experiment 2 were 

smaller and weighed less than plants in experiment 3. In experiment 2, 

high temperature decreased plant dry weight by shortening the plant life 

cycle by about 16 days. Also, high temperatures seem to cause flower 

. abortion, reducing the number of pod per plant. 

Plant and Fruit Water Status. 

The loss of yield associated with water stress of cowpea and bean 

may be caused by the lower of water potential of the source leaf and 

reproductive structures or yield components. 

The soil water content of Pima Clay Loam soil was approximately 15% 

at 30 and 50 cm depths but only about 12% at the 80 cm depth (Pig. 5). 

This may be due to the sandy layer at 1.2 m depth. Thus most of the soil 

water available for the field grown cowpea was located in the upper 50 

cm of the soil. During the month of August, irrigation water was withheld 



Table 4. The effect of two water treatments on yield and yield 
components of cowpea grown under field conditions from April to 
August, 1991. 

YIELD AND YIELD COMPONENTS 

Water Treatment 

Yield Components WET 

Dry weight per plant (g) 50.1 A t 

Pod dry weight per plant (g/p1) 17.4 A 

Pod number per plant (No) 25.0 A 

Pod dry weight per area (g/m2) 44.9 A 

Seed number per pod (No) 7.5 A 

Seed dry weight per plant (g/p1) 86.2 A 

100 seed wt. (g) 24.0 A 

Seed dry weight per area (glut) 222.9 A 

DRY 

29.4 B 

10.0 A 

24.0 A 

28.7 A 

6.6 A 

59.1 A 

23.0 A 

176.6 B 

YIELD (Kg/ha) 2229.3 A 1765.7 B 
*Means within the same row followed by the same letter are not 
significantly different at the 0.05 level. 
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Table 5. Influence of two water treatments on the yield components 
of cowpea grown under glasshouse conditions during experiment 2. 

YIELD AND YIELD COMPONENTS 

Water Treatments 

Yield Components WET DRY 

Dry weight per plant (g) 16.29 A 
t 

6.81 B 

Pod dry weight per plant (g/pl) 1.61 A 0.70 A 

Pod number per plant (No) 5.67 A 3.67 A 

Seed number per pod (No) 5.70 A 3.70 A 

Seed dry weight per plant (g/pl) 6.82 A 2.84 B 

100 Seed wt. (g) 21.5 A 19.0 A 
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*Means within the same row followed by the same letter are not 
significantly different at the 0.05 level. 



Table 6. Influence of two water' treatments on the yield components 
of bean grown under glasshouse conditions during experiment 2. 

YIBLD AND YIBLD COMPONBNTS 

Water Treatments 

Yield Components WBT DRY 

Dry weight per plant (g) 9.20 A t 5.49 B 

Pod dry weight per plant (g/pl) 1.28 A 0.69 B 

Pod number per plant (No) 7.00 A 4.67 A 

Seed number per pod (No) 5.60 A 4.70 A 

Seed dry weight per plant (g/pl) 4.16 A 2.52 A 

100 Seed wt. (g) 17.00 A 15.00 A 
*Means within the same row followed by the same letter are not 
significantly different at the 0.05 level. 

,,' 
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Table 7. Influence of two water treatments on the yield components 
of bean grown under glasshouse conditions during experiment 3. 

YIELD AND YIELD COMPONENTS 

Water Treatments 

Yield Components WET DRY 

Dry weight per plant (g) 10.40 A • 9.97 A 

Pod dry weight per plant (g/pl) 9.87 A 2.60 A 

Pod number per plant (No) 28.33 A 10.00 A 

Seed number per pod (No) 6.43 A 5.27 A 

Seed dry weight per plant (g/pl) 24.73 A 8.23 B 

100 Seed wt. (g) 18.00 A 15.00 A 
*Means within the same row followed by the same letter are not 
significantly different at the 0.05 level. 
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from the dry treatment plots, resulting in a significant reduction of the 

soil water content from surface to 30 cm soil depth (Pig- 4). The 

reduction of the soil water content caused the cowpea in the dry 

treatment plots to develop visible signs of leaf wilting and curling and 

to develop lower shoot water potentials than shoots of plants in the wet 

treatment plots (Table 8). At this time, the cowpea plants were in the 

reproductive stage of development and the yield of the water stressed 

field grown plants was reduced (Table 4). 

Psychrometric determination of leaf water status of cowpea plants 

grown in glasshouse during experiment I and 2, are shown in Pigs. 5 and 

6, respectively. In experiment 1, leaf water potential was determined 

only before dawn (0600 h). Leaves of nonstressed cowpea plants from 9 

days before anthesis to 7 days after anthesis had higher leaf water 

potential than stressed plants; however, this difference caused little 

change in turgor pressure because osmotic potential was more negative in 

stressed than in nonstressed plants (Pig. 5). In experiment 2, plant 

water potential of cowpea was determined before dawn and at noon (Pig. 

6). When leaf water potential was determined before dawn, nonstressed 

plants tended to have higher leaf water potential and turgor than 

stressed cowpea plants during 25 to 50 days after planting (Pig. 6). Noon 

time water potential determination of stressed and nonstressed cowpea 

leaves were similar except on 35, 44, and 53 days after planting. During 

these times, the stressed leaves exhibited lower water potential than 

nonstressed leaves and turgor dropped to zero (Pig. 6). 
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The plant water status of beans grown in glasshouse are shown in 

Pigs. 5, 7 and 8. Plant water potentials and turgor pressure of both 

stressed and nonstressed plants were similar in all three experiments. 

Bigger root system may absorb more water from soil and thereby increase 

(less negative) plant water potential. In experiment 3, nons tressed plant 

had an average root dry weight of 13.5±3.5 grams whereas stressed plants 

had an average root dry weight of 7.3±2.2 grams: however, the smaller 

root system of stressed plants seems to absorb enough water from the soil 

to lower their l.eaf water potential. 

Pate (1988) reported that water enters the cowpea fruits via the 

fruit peduncle phloem and returns to the mother plant through the xylem. 

This suggests that water status of source leaf could be related to the 

water status of pods and seeds because of anatomical connections . 

. However, research to show this relationship between plant water potential 

and seed water potential has not been successful (Westgate and Boyer, 

1985; Westgate and Grant,1989). Consequently, a study was conducted to 

determine water status of cowpea and bean fruits (pod wall, seed, and 

seed coat) of stressed and nonstressed plants (Tables 9 to 11) and to 

correlated these findings with the results from the whole plant water 

relations experiments (Pigs. 5 to 8). Most of the comparisons·between 

treatments were made based on the turgor pressure value because it is 

believed that growth may be regulated by turgor despite recent evidence 

suggesting that turgor may not control growth (Begg and Turner, 1976). 

Turgor of cowpea and bean fruit showed a reasonably good correlation with 
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Table 8. Plant water potential of cowpea plants grown under two 
water treatments obtained with a pressure bomb. 

PLANT WATER POTENTIAL 

WATER TREATMENTS 

DATE DRY WET 

(----- MPa· ) 
AUG 4 -0.60 ~ 0.03 -0.12 ~ 0.04 

AUG 13 -1.21 ± 0.40 -0.55 ± 0.10 

AUG 16 -1.37 ~ 0.13 -0.87 ~ 0.13 

AUG 23 -1.39 + 0.11 -0.82 + 0.03 
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leaf turgor any day after anthesis or hour (compare Pig. 6 to Table 9, 

Pig. 7 to Table 10, and Pig. 8 to Table 11) except on 18 day after 

anthesis when the turgor of the pod walls of nons tressed cowpea plants 

measured at 1200 h (Table 9) was different (0 MPa) from the leaf turgor 

(0.3 MFa). Por any other day, the turgor of pod wall or seed of both 

stressed and nonstressed plants were similar to the their corresponding 

leaf turgor. In general, stressed and nonstressed bean plants had similar 

turgor pressure during the reproductive growth stage at 0600 and 1200 h 

(Fig. 7 and 8). Turgor pressure of pod walls and seed from stressed and 

nonstressed plants showed the same tendency. Except for few sampling 

dates 10 (Table 10) and 24 (Table 11) days after anthesis, the turgor 

pressure between the pod wall and seed and leaf was reasonably close to 

each other. 

Water potential of leaf, pod walls, and seeds was similar for 

stressed and nons tressed cowpea plants on differents days after anthesis 

(compare Pig. 6 with Table 9). In bean, leaf water potential values were 

different than the water potential of pod walls, seed and seed coat in 

stressed and nonstressed plants. Comparisons between water potential of 

pod walls, seed, and seed coat of stressed and nonstressed plants showed 

that in beans seed water potential was lower than pod water potential. 

Seed coat water potential tended to be closer to the seed water potential 

than pod water potential in stressed and nonstressed plants. In general, 

water potential of pod wall, seed, and seed coat was not significantly 

lower between stressed and nonstressed plants. 
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Table 9. Water status of cowpea fruits (pod walls, seed, and seed 
coat) from stressed and nonstressed plants at two different time 
of the day during the reproductive growth stage in experiment 2. 

WATER STATUS OP COWPEA FRUITS 

DAYS APTER POD WALLS SEED SEED COAT 
ANTHESIS TREATMENT Mfa 

6 WET-6 alll • -o.66!0.03 
~ -1.13!,0105 
P 0.47 

DRY-6 am • -0. 93,:tO. 04 
~ -1.38;tO.09 
P 0.45 

WET-12 P'I • -o.82,:tO.07 
~ -1.31;tO.02 
P 0.49 

DRY-12 pm • -1. 09,:tO .13 
~ -1.44;tO.ll 
P 0135 

12 WBT-6 .. • -0. 57,:tOi 10 .--
~ -o.90!,0.OS 
p 0.33 

DRY-6 aa • -0. 92,:tO .10 
~ -1.01,:tO.ll 
P 0.09 

15 WBT-12 PII • -0. 69,!O .02 • -0 I 66;tO I 11 • -o.86,:tO.02 
~ -o.98;tO.05 ~ -1.02;tO.07 " -1.25,iO.03 
p 0.29 P 0.36 P 0.39 

ORY-12 pia • -o173,:tO.07 • -o168;tO.l0 .·-o.86;tO.J2 . 
~ -1.08,iO.03 ~ -1.00±0.OO Jf -1.16;tO.04 
P 0.35 P 0.32 P 0130 

18 WBT-12 PII • -0. 9O±Q.04 • -1.13;tO.02 • -o.82,:tO.02 
~ -0. 97,!O.04· " -1.JO±C).05 " -1.10!0.OS 
p 0.07 P 0.17 P 0.28 

DRY-12 PII • -1.12;t0.20 • -1.15;tO.ll • -o.89;tO.03 
~ -1.13!,O.20 " -1142!C).10 " -1.04,iO .09 
P 0.01 P 0.27 P OilS 
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Table 10. Water status of bean fruits (pod walls, seed, and seed coat) 
from stressed and nons tressed plants at two different time of the 
day during the reproductive growth stage of experiment 2. 

WATER STA'IVS OP BEAN PRUITS 

DAYS AFTER 
ANTHESIS TREATMENT 

10 &.IET-6 a. 

WET-12 pra 

ORY-12 p. 

11 WET-12 p. 

ORY-12 p. 

13 WET-6 a. 

ORY-6 aa 

.. 
18 IIET-12 p. 

DRY-12 p. 

22 W£T-12 p. 

DRY-12 p. 

POD WALLS 

• -0.S3±O.1 
• -1.02+.0.1 
P 0.19 
• -0.91+0.06 
.. -1.03f.0.l4 
p 0.12 
• -0.69+0.02 
)( -1.18+0.05 
P 0.49 
• -0.85~0.08 
)( -1.29+0.01 
P 0.44 

• -0.SS~0.36 
• -0.97~0.07 
P 0.43 
• -0.64~0.13 
• -0.90~0.04 
P 0.26 

• -0.40~0.00 
• -0.96!0.07 
P 0.56 
• -0.70+0.0" 
• -0. '6~.0.07 
P . 0.26 

• -0.74+0.0S 
• -1.04+0.06 
P 0.30 
• -0.69+0.09 
• -1.05+0.0S 
P 0.36 

• -0.96+0.02 
• -1.17+0.10 
P 0.21 
• -0.7S:f'0.05 
• -1.16+0.04 
P 0.41 

SEED 
MPa 

• -0.77t.0.09 
• -0.99t.0.07 
P 0.22 
• -0.96±0.03 
lit -1.13tO.03 
P 0.17 

• -0.S':,"0.06 
lit -1.17±.0.06 
P 0.2S 
• -0.SSiO.06 
lit -1.UtO.03 
P 0.26 

• -1.47+0.12 
lit -1.87+.0.03 
P 0.40 
• -0.81:,,0.05 
lit -1.12:".0.06 
P 0.31 

SEED COAT 

• -0.84~0.02 
• -1.14:f'O.06 
P 0.3 

• -0.90~0.03 
lit -0.91~O.02 
P 0.01 
• -0.78+0.00 
II -1.08+0.00 
P 0.30 
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Table 11. Water status of bean fruits (pod walls, seed, and seed coat) 
from stressed and nons tressed plants at two different time of the 
day during the reproductive growth stage of experiment 3. 

WATER STATUS O' BEAN PRUITS 

DAYS AFTER POD WALLS SEED SEED COAT 
AHTHESIS TREATMENT MPa 

10 WET-6 a. • -o.58!C).02 • -1.33!C).01 
" -o.90to·Ol " -1.42!C).06 
P 0.33 P 0.09 

DRY-6 .. • -o.89!C).07 • -1.45!C).03 
" -L13!C).07 If -L55!C).03 
P 0.24 P 0.1 

WET-12 PIa • -o.80!C).OO • -1.19!C).09 
" -LOS!0.06 If -L29!<).17 
P 0.25 P 0.1 

DRY-12 PII • -o.98!C).24 • -1.26!C).04 
" -1.1S!C) .15 R -1.S0!0.OO 
P 0.17 P 0.24 

13 WBT-6 .. • -o.89!C).06 • -1.07!<).03 
" -1.07!<).OS If -1.14!C).09 
P 0.18 P 0.07 

DRY-6 .. • -o.79!C).09 • -L13!C).07 
" -o.99!C).07 " -1.23,!O.03 
P 0.20 P 0.10 

WBT-12 PII • -0. 79!C). 10 • -o.96!C).07 
" -1.04!C).06 " -1.23!C) .08 
p 0.26 P 0.27 

DRY-12 PII • -o.96!C).05 • -1.06!C).08 
" -1.19;tO.12 II -1.21;tO.05 
P 0.23 P 0.15 

18 WBT-6 .. • -o.68±Q.05 • -o.87!<).11 • -o.87!<).08 
II -1.01!0 .07 II -1.23!<).05 II -1.04!C) .09 
p 0.33 P 0.36 P 0.17 

DRY-6 .. • -o.69±Q.12 • -o.97,tO.l0 • -o.87,tO.09 
II -1.02,tO.03 II -L08!<).12 II -LOO,tO.10 
P 0.33 P 0.11 P 0.13 

, WIT-12 PII • -o.6S,tO.l0 • -o.92,tO.07 • -o.91,tO.09 , 
II -o.88;tO.06 II -1.01!<).07 - II -L12,tO.02 
P 0.23 P 0.09 P 0.21 

DRY-12 lID • -o.93,tO.ll • -o.95!C).09 • -1.03!C).17 
II -L21,tO.12 II -L23!<).09 II -Lll,tO.15 
P 0.28 P 0.28 P 0.28 

19 WBT-6 .. • -o.47!<).08 • -0. i Z1O.07 • -o.76!<).03 
II -0.9310.06 II -1.20!0.10 II -o.9I1,tO.07 
p 0.46 P 0.411 P 0.22 

DRY-6 .. • -o.62,tO.12 • -o.78,tO.12 • -o.64,tO.07 
II -0.9710.05 II -L19,tO.09 II -0.8310.11 
P 0.35 P 0.41 P 0.19 

WBT-12 lID • -o.71!C).09 • -o.82!C).13 • -o.94!C).06 
II -o.95;tO.06 I( -1.12!<).10 II -1.15!<).04 
P 0.24 P 0.30 P 0.21 

DlY-12 S- • -o.70;tO.06 • -0. 74!C).09 • -o.86,tO.09 
I( -1.03;tO .07 I( -1.23,tO.07 I( -1010!0.06 
P 0.33 P 0.49 P 0.24 



74 

Table 11 con't. Water status of bean fruits (pod walls, seed, and seed 
coat) from stressed and nonstressed plants at two different time 
of the day during the reproductive growth stage of experiment 3. 

, 
WAT!R STA'n1S OP 8!AK PRUITS 

DAYS AnER POD WALLS SUD SUD COAT 
ANTH!SIS TREA'D!ENT MIl. 

24 nT-6 •• • -o.76,tO.09 • -o.84,tO.12 • -o.83,tO.04 
II -o.97,tO.07 II -1.32,tO.18 II -1.08!;O.05 
p 0.21 P 0.48 P 0.25 

DRY-6 .. • -o.96,tO.09 • -1.39,tO.13 • -1.26!;O.13 
II -1.04,tO.08 II -1. 77,tO.20 II -1.26,tO.09 
P 0.08 P 0.38 P 0.00 

WET-12 PII • -o.90,tO.05 • -1.15,tO.26 • -1.01,tO.08 
II -1.14,tO .10 II -1.56,tO.26 II -1.15+0.08 
p 0.24 P 0.41 P 0.14-

DRY-12 PIl • -o.87,tO.05 • -1. 53,tO .12 • -1.03,tO.06 
II -1.08,tO.05 II -1.86,tO.07 II -1.14,tO.09 
p 0.21 P 0.33 P 0.11 

27 nT-6 .. • -lo04,tO.12 • -1.49tQ.07 • -o.96!t).03 
II -lo10,tO .12 II -1.84,tO.09 II -1.00,tO .06 
p 0.06 P 0.35 P 0.04 

DRY-6 .. • -o.99,tO.12 • -1.37,tO.99 • -1.19,tO.10 
II -lo12,tO .06 II -1.98,tO.14 II -lo23,tO.04 
P 0.13 P 0.61 P 0.04 

nT-12 PIl t ,-1. 15,tO.06 • -lo59,tO.04 • -1.13,tO.l0 
II -lo2O!Q.05 II -1.89,tO.09 II -1. 21,tO.04 
P 0.05 P 0.30 P 0.08 

DRY-12 PII • -o.93,tO.06 • -1. 51,tO.19 • -lo14,tO.14 
II -1.14,tO.07 II -2 • 12,tO.17 II -1.18,tO.13 
P 0.21 P 0.60 P 0.04 
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Beans showed that turgor of pod walls, seed, and seed coat from 

nonstressed plants were higher than stressed plants from 18 to 24 days 

after anthesis at 0600 h and the same on 27 days after anthesis (Table 

11). Also, the seed coat, in both stressed and nonstressed treatment, 

showed lower turgor· values than pod and seed from 19 to 27 days after 

anthesis at either 0600 or 1200 h. Because the seed coat is the last 

structure involved in the unloading of assimilates to the seed, low 

turgor' values of that tissue may indicate that the unloading process can 

not be continued, consequently seed growth may be terminated. 

Photosynthesis and Water Stress. 

Water stress can decrease photosynthesis by either increasing 

stomatal resistance or affecting directly the biochemistry of the 

. photosynthetic apparatus. The decrease of photosynthesis may reduce yield 

by decreasing the amount of assimilates required for plant growth and 

yield. In this study, photosynthesis was measured for cowpeas and beans 

on different days after anthesis at the same time of the day (1200 h) 

(Pig. 10 and 13) or at different times each day from day 5 to day 20 

after anthesis (Pig 9, 11, 12, and 14); however, during experiment 3, 

photosynthesis was measured at different times during the day for 4 

weeks after anthesis, 3 days before and after irrigation (Pig. 15 to 18). 

In general, nonstressed plant had higher photosynthetic rates than 

stressed plants either for cowpeas (Pig. 9 to 11) or for beans (Pig. 12 

to 18). Por cowpeas, when photosynthesis was measured at different times 

of the day, nonstressed plants showed higher photosynthetic rates than 
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stressed plants after 1200 h in experiment 1 (Pig. 9) whereas in 

experiment 2 nonstressed plants had higher rates at 1200 h in experiment 

2 (Fig. 10). Also, highest photosynthetic rates for both nonstressed and 

stressed cowpea plants occurred at 1200 h in both experiment 1 and 2. 

Consequently, measurements of photosynthesis on the different days after 

anthesis was made between 1200 and 1300 h (Pig. 10). When photosynthesis 

was measured on different days after anthesis, nons tressed plants had 

higher photosynthetic rates than stressed plants. Also, photosynthetic 

rates of stressed plants were zero on 18 days after anthesis whereas 

photosynthetic rates of nonstressed plants were maintained a little 

longer reaching zero on 22 days after anthesis (Pig. 10). This difference 

in photosynthetic rate duration can be explained by early leaf senescence 

in the stressed plants. 

Stomatal resistance was measured to determine if water stress would 

induce stomatal closure, thus inhibiting photosynthesis. Photosynthetic 

photon flux density (PPPD) was measured at the same angle of the leaf to 

determine if water stress was changing the amount of light absorbed by 

the leaf due to a change in leaf orientation. Because PPPD tended to 

mimic photosynthesis and stomatal resistance was greater in stressed 

plants than in nonstressed plants (Pig. 9 and 11), it seems reasonable 

to believe that water stress decreased photosynthesis in stressed plants 

by inducing stomatal closure and by changing leaf orientation so that 

decreased the amount of light that was received by the leaf. However, 
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Fig. 13. Photosynthesis (PS), Photosynthetic Photon Flux Density 
(PPPD), and Stomatal Resistance (RS) of stressed and 
nons tressed bean plants measured at 1200 h on different 
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when photosynthesis was measured on different days after anthesis (Fig. 

10), stomatal resistance seems to be the major factor controlling 

photosynthesis. 

In beans, when photosynthesis was measured at different times of 

the day, nonstressed plants showed highest photosynthetic rates at 1200 

h in experiment 1 (Fig. 12) and from 1300 to 1400 h in experiment 2 (Fig. 

13) whereas stressed plants showed highest rates at 1200 h in both 

experiment (Fig. 12 and 13). In experiment 3, the highest photosynthetic 

rates for nonstressed bean plants occurred about 1200 h after irrigation 

(Fig. 15 to 18) and about 0900 h before irrigation. For stressed bean 

plants, .highest photosynthetic rates after irrigation occurred about 1200 

h for week 1 and 1400 h for week 2 (Fig. 15 and 16) and about 0700 h for 

week 3. Before irrigation, highest photosynthetic rates for stressed 

.p1ants occurred about 0700 h for week 1 and 2, about 0700 hand 1700 h 

for week 3. In all 3 experiments (Pig. 12, 13, and 15 to 18), nonstressed 

bean plants had higher photosynthetic rates than stressed plants from 

1200 to 1300 h except for preirrigation period in experiment 3. In 

experiment 1 both stressed and nonstressed bean plants appear to 

terminate photosynthesis at the same hour of the day (Pig.12); however, 

in experiment 2, stressed plants terminated photosynthesis earlier than 

nonstressed plants (Pig. 13 and 14). When bean plant photosynthesis was 

measured at 1200 h on different days after anthesis (Pig. 14), 

nonstressed plants showed higher photosynthetic rates than stressed 

plants; however, because stressed plants were irrigated on 15 days after 

anthesis (34 days after planting), photosynthetic rates for stressed 
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plants equaled that of nonstressed plants (Pig. 14). In experiment 3, 

photosynthetic rates of stressed and nonstressed plants decreased from 

the first to the 4 week of anthesis and photosynthetic rates for stressed 

plants dropped to zero earlier than nonstressed plants at the 4 week (Pig 

15 to 18). With beans, water stress seem to affect photosynthesis of 

stressed plants by decreasing stomatal resistance and not by causing 

changes in leaf orientation. In Pig. 12, 13 and 14, PPPD was similar for 

both stressed and nonstressed plants, but stomatal resistance was lower 

innonstressed plants than stressed plants. In experiment 3, water stress 

appeared to change leaf orientation but it did not affect photosynthesis 

in the same manner suggesting that stomatal resistance was controlling 

photosynthesis. 

Water Stress and Translocation. 

The effect of water stress on the translocation of sucrose-C14 was 

studied with beans (Table 12). Nonstressed plants absorbed and 

translocated more labelled sucrose to theirs fruits than stressed plants 

(92.65% for nonstressed and 67.17% for stressed). Of the total sucrose 

taken up, a greater percentage was stored in seeds than in pods in both 

stressed and nonstressed plants. This indicates that most of the 

assimilates produced by the source leaves are directly transported to the 

seeds and that only small portion is accumulated in the pods. 
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Table 12. Distribution of C14 sucrose from the source leaf to various 
plant organs of dry and wet treated bean plants. 

TREATMENT 

WET DRY 

8 SEED/ WHOLE SOURCE 8 SEED/ WHOLE SOURCE 
Pl.# POD POD PETIOLE LEAF POD POD PETIOLE LEAF 

( DPM ) ( DPM ) 
1 22624.1 3229.6 8310.2 27170 16597.9 513.1 1141.2 36875 

( (%) ) ( (%) ) 
61.35 8.76 22.54 1.22 61.08 1.89 4.2 1. 70 

( DPM ) ( DPM ) 
2 13153.7 7585.5 9057.8 28000 6863.5 555.0 2944.7 38000 

(%) ) ( (%) ) 
34.62 19.96 23.84 1.26 24.51 1.98 10.51 1.71 
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Partitioning of the Dry Matter. 

Partitioning of dry matter can be studied in plants by measuring 

the growth and growth rate of individual plant parts such as stem, leaf, 

flower, pod, and seeds (Gifford and Evans, 1981). A more complete studied 

would involve roots, but given the difficulties of studying them, they 

were left out of this study. Water stress in known to affect partitioning 

by decreasing carbon assimilation and distribution or affecting the 

growth of individual plant part and, in most species, water stress will 

induce root growth and decrease leaf growth (Salisbury and Ross, 1985). 

In this study, the percentage of the final plant dry matter 

invested in each plant part remained fairly constant between treatments 

in field grown cowpea (Table 13); however, when grown under glasshouse 

conditions cowpea plants under stressed conditions invested greater 

percentage of their dry matter in leaves than in seeds whereas the amount 

of dry matter invested in stem and pod remained about the same. 

Comparison between field and glasshouse grown cowpeas, suggests that 

regardless the growing conditions cowpea plants seems to show similar 

pattern in the distribution of dry weight among different plant 

structures. 

Water stress also affected the growth and growth rate of both field 

and glasshouse grown cowpea plants and their individual plant parts (Pig. 

19 to 23). Statistical analyses of the stem, leaf, and plant dry weight, 

of both field and glasshouse grown cowpea plants (Appendix A and C, 

respectively) indicated that water stress affected leaf and plant dry 

weight, but did not affect stem dry weight. 
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In field grown cowpea plants, water stress did not affected plant 

growth before anthesis (45 days after planting), but nonstressed plants 

tended to have higher plant, stem and leaf weight than stressed plants 

from anthesis to later reproduetive stages (Pig. 19). Nonstressed cowpea 

plants which had higher dry weights during the anthesis and reproductive 

period produced higher seed weight per plant possibly because assimilates 

stored in stems may be remobilized to support seed growth as it has been 

suggested by Wien and Summerfield, (1984). Flower dry weight was similar 

between treatments, however nonstressed plants had higher flower dry 

weight than stressed plants about 60 days after planting (Pig. 19). 

The RGR (RGR) of plant, stem, and leaf (Fig. 20) was similar for 

field grown stressed and nons tressed plants during the vegetative growth 

period (25 to 40 days after planting), but nonstressed plants showed 

higher plant and stem RGR around anthesis (45 days after planting). Water 

stress decreased the RGR of flowers only on the 47 days after planting 

(Fig. 20) and the duration of the flowering period (Fig. 19). 

In experiments 2, water stress seems not to affect the growth of 

cowpea during the vegetative growth stage, i. e. 25 to 26 days before 

anthesis occurred. This vegetative growth stage was shorter than 

vegetative growth stage (45 days) of cowpea grown in field (Pig. 21). 

However, after the initiation of the reproductive phase, water stress 

caused a dramatic reduction of plant, stem and leaf dry weight 

accumulation over time (Fig. 21). Anthesis occurred 27 days' after 

planting, which was probably due to high temperatures under which plants 
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Table 13. Dry weight partitioning in field and glasshouse grown cowpeas. 

FIELD GLASSHOUSE 

TREATMENTS 
PLANT 

STRUCTURE Wet Dry Wet Dry 

( (%) ) 
Stem 41.1 39.3 39.4 41.9 

Leaf 24.5 24.6 28.5 33.7 

Pod 6.1 5.7 0.6 1.0 

Seed 24.5 26.2 31.5 23.8 

Flower 3.9 4.1 
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Pig. 21. Whole plant growth and growth of individual plant parts from 
cowpea plants grown under two water treatments in glasshouse 
conditions during experiment 2. 
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Pig. 22. RGR for plant and individual plant parts from cowpea plants 
grown under two water treatments in glasshouse conditions during 
experiment 2. 
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Fig. 23. Absolute growth rates for plant and individual plant parts from 
cowpea plants grown under two water treatments in glasshouse 
conditions during experiment 2. 
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were grown. Cowpea plants which had higher yields also had higher plant 

dry weight accumulation during the reproductive growth stage (Pig. 21). 

Absolute growth rates and RGR of plant, stem and leaf for cowpea 

plants grown under glasshouse conditions (Pig. 22 and 23) were higher for 

nonstressed than stressed plants. Both patterns of RGRs or absolute 

growth rates of stressed and nons tressed plants over time showed dips in 

the relative and absolute growth rates which may be due to temporary 

decrease of assimilate supply or some kind of adjustment mechanism to the 

water stress. 

Partitioning of dry matter for beans grown under glasshouse 

conditions is shown on table 14. In general, the percentage of 

accumulated dry weight is similar for the wet treatments in both 

experiments except in experiment 2, where water stressed plants invested 

higher percentage of dry weight in leaves and in experiment 3, where 

water stressed plants invested greater percentage of dry weight in stems. 

In all treatments, bean plants invested most of their dry weight in 

seeds, indicating that partition of dry weight to seed seems to be 

resistant to the water stress treatment. 

Plant, stem and leaf growth for beans grown under glasshouse 

conditions during experiment 2 and 3, are shown in Pig. 24 and 25. Plant 

and plant parts of nons tressed plants accumulated more dry weight over 

time than stressed plants in both experiment, but plants in experiment 

3 accumulated more dry weight than plants in experiment 2. The 

higher temperatures during experiment 2 hastened flowering and decreased 

the vegetative growth period by about two weeks resulting in less dry 
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Table 14. Dry weight partitioning in beans grown under glasshouse 
conditions. 

EXPERIMEf'."T 2 EXPERIMENT 3 

TREA TMEf'."TS 
PLANT 

STRUCTURE Wet Dry Wet Dry 

( (%) ) 
Stem 18.4 18.3 18.9 22.4 

Leaf 28.7 35.0 25.6 25.2 

Pod 20.7 16.7 21.1 19.9 

Seed 32.2 30.0 35.6 32.5 
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Pig. 29. Plant, stem, and leaf absolute growth rates (AGR) of stressed 
and nonstressed bean plants grown under glasshouse conditions. 
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weight accumulation. However, the reproductive growth period was about 

the same in both experiments. 

Growth rates (RGR and AGR) for beans are shown in Fig. 26 to 29. 

In experiment 2, RGRs of stressed bean plants and plant parts ( Fig. 26) 

was greatest on 32 and 37 days after planting whereas nons tressed plants 

exhibited the greatest RGR on 37 days after planting. The maximum rates 

were similar for both treatments. The AGR varied over time in both 

stressed and nons tressed plants (Pig. 28); however in experiment 3, RGR 

and AGR (Pigs. 27 and 29) of nonstressed plants and plant parts were 

higher than stressed plants from 53 to 62 days after planting, but 

stressed plants showed higher RGR and AGR for leaf and stem at later 

reproductive growth stage. 

LAI (LAI) and Net Assimilation Rate (NAR). 

Wien and Summerfield (1984) suggested that leaf area and yield were 

positively correlated. Plants that had higher leaf area during the 

vegetative growth period could intercept more radiation increasing dry 

matter production and yield. Higher leaf area during anthesis, also, has 

been reported to increase seed yield (Wien, 1982). 

The net photosynthetic production efficiency can be calculated by 

measuring the net assimilation rate (NAR) and this directly affects plant 

dry weight production and yield. Water stress can decrease NAR by either 

decreasing the photosynthetic leaf area, inducing stomata closure, or 

directly affecting the photosynthetic apparatus. 
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Pig. 30. LAI and NAR from field grown cowpea plants under two water 
treatments. 
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Pig. 35. Leaf number per plant of glasshouse grown bean plants under two 
water treatments. 
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Fig. 36. LA! and NAR from glasshouse grown bean plants under two water 
treatments. 
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water treatme~ts. 
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LAl and net assimilation rate for field grown cowpeas are shown in 

Fig. 30. LAI of stressed and nonstressed plants were alike during the 

vegetative growth period, but nonstressed plants had higher LAl during 

anthesis (45 days after planting) and at later reproductive growth period 

(about 60 days after planting) (Pig. 30). The difference in LAl during 

anthesis is caused by the greater leaf number produced by nonstressed 

plants during that period (Fig. 31). However, difference in LAI at later 

reproductive growth period may be due to larger leaf size on the 

nons tressed plants, because there is no difference in leaf number between 

stressed and nonstressed plants during that period. LAl also affected NAR 

of field grown cowpeas, which showed the same trends as LAI (Fig. 30). 

In cowpeas grown under glasshouse conditions, nonstressed plants 

had significantly higher LAl (Fig. 32) from 40 to 55 days after planting, 

but both stressed and nonstressed plants showed similar LAI at the 

beginning of the reproductive growth period (27 days after planting). 

Differences in leaf area seems to be due to the increased leaf number per 

plant at 42 to 53 days after planting (Fig. 33). In this study, NAR did 

not show the same trends as LAI. Stressed plants had higher NAR than 

nonstressed plants at the beginning and end of the reproductive period 

while nonstressed plants had higher NAR during the mid-period of the 

reproductive growth (Fig. 32). 

The LAl of bean plants appeared to respond to water in a similar 

manner as cowpea. Nonstressed bean plants had higher LAl than stressed 

plants from 38 to 50 days after planting and from 51 to 70 days after 

planting for experiment 2 and 3, respectively (Fig. 34 and 36). This 
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increase of LAI is probably due to the higher leaf number produced during 

42 to 48 days after planting and 56 to 65 days after planting by 

nons tressed plants in both experiments (Pig. 35 and 37). NAR of stressed 

bean plants tended to be higher than that of nons tressed plants at 

selected times in both experiment (Pig. 34 and 36). 

Pod and Seed Growth Rate and Duration. 

Seed yield in legume crops depends on the rate and duration of dry 

matter accumulation. In soybean, water stress decreased the duration of 

seed filling period, but it did not affect the rate of seed growth during 

the reproductive growth (Meckel et ale 1984). In cowpeas, Wien and 

Summerfield (1984) reported that water stress decreased the duration of 

seed growth; however, a combination of both high temperature and water 

stress reduced pod and seed growth rate rather than seed growth duration. 

In field grown cowpeas, pod dry weight of stressed and nonstressed 

plants was similar between treatments for most of the reproductive growth 

period (Pig. 38) except at the end of the period when stressed plants 

showed a noticeable decrease in their pod dry weight (60 to 65 days). 

This decrease most likely happened because of reduced translocation of 

assimilates to the seed as reported by Sunmerfield (1984) and White 

(1989). Additionally, pod number per plant was similar for stressed and 

nonstressed plants indicating that pod shedding did not occur (Pig. 39). 

Pod RGR of stressed and nons tressed cowpea plants was alike, however 

nons tressed plants sustained their rates longer than stressed plants 

indicating that pod growth is terminated first in stressed plants (Pig. 
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38). Neither seed growth duration nor seed RGR was affected by the water 

stress (Pig. 38). 

Por cowpea grown in glasshouse, pod dry weight and pod growth rate 

were lower than those seen for the field study (Pig. 40 and 38). 

Nonstressed plants in experiment 2 had higher pod and seed dry weight as 

well as higher pod and seed growth rate as compared to stressed plants 

(Pig. 40). Also, no difference of either pod or seed growth duration was 

observed for stressed and nonstressed plants (Pig. 40). Pod number per 

plant was constant for whole reproductive period for both treatments, 

except for one sampling date (53 days after planting) (Pig. 41). This 

suggests that water stress did not affect the number of flowering bearing 

frui ts per plant. Because pod number per plant was reduced by water 

stress, individual pod were tagged at anthesis and their dry weight was 

'monitored to determine if water stress modified pod development. When 

growth of single cowpea fruits were studied nonstressed plants showed 

initially higher pod dry weight than stressed plants, but both stressed 

and nonstressed plants had similar pod dry weight at maximum pod weight 

accumulation on the 15 days after anthesis (Fig. 42). Pod growth rate of 

stressed plants was higher than nonstressed plants from 5 to 15 days 

after anthesis but then dropped down to zero. These results seem to agree 

with the results from field study, suggesting that stressed plants had 

shorter pod growth duration than nonstressed plants. 

Pigures 43 and 44 show the pod and seed growth per plant and 

absolute growth rate for beans grown in glasshouse in experiment 2 and 

3, respectively. In both experiments, pod dry weight per plant was 
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modified by the number of pod per plant (Pig. 45 and 46), which suggest 

that water stress affected the number of flowers bearing pods rather than 

directly affecting pod growth. The number of pods per plant was smaller 

in experiment 2 than in experiment 3. This likely is due to the higher 

temperatures during experiment 2 causing flower abortion as reported in 

other studies (Laing et al., 1984). The higher temperatures during 

experiment 2, also seems to cause a higher seed AGR in both stressed and 

nonstressed plants than plant AGR in experiment 3, but seed AGR was 

similar between treatments for both experiment. Nonstressed plants had 

higher pod number per plant and consequently higher total pod and seed 

dry weight in both experiment (Fig. 45 and 46). There was no difference 

in seed growth duration between treatments in either experiment (Pig. 47 

and 48). Pod AGR of nonstressed plants was higher than stressed plants 

after 15 to 17 days anthesis (Pig. 43 and 44) in both experiment. 

The growth of single bean fruits from plants grown in experiment 

2 and 3 are shown in Pig.47 and 48, respectively. Dry weight per pod and 

pod AGR varied from each other in each experiment. Nonstressed plants had 

higher pod dry weight than stressed plants from 5 and 20 days after 

anthesis in experiment 2 (Pig. 47) and from day 12 to 25 in experiment 

3 (Pig. 48). In experiment 2, nons tressed plants show lower pod AGR than 

stressed plants 10 days after anthesis whereas in experiment 3 

nonstressed plants had higher pod AGR than stressed plants from 10 

to 26 days after anthesis. Nonstressed plants in experiment 2 seem to be 

quitting pod AGR earlier than stressed plants (Pig. 47). In experiment 
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3, pod sustained AGR longer than stressed plants (Fig. 48). 

Seed showed different AGR pattern in each experiment. Nonstressed 

plants had higher seed AGR at the end of the seed growth period (25 days 

after anthesis). The growth of each seed was similar for stressed and 

nonstressed treatment until the of the seed filling period. No difference 

in seed growth duration was seen between treatment in each experiment 

(Fig. 47 and 48). In each experiment, seed dry weight only started to 

increase after pod dry weight had reached its maximum i.e. on the 10th to 

12th days after anthesis. Also, the termination of the pod growth period 

coincided with the onset of leaf senescence. 

Anatomical Study of the Vascular system of the Funiculus and Seed Coat 

of Bean Plants. 

The analysis of several SEM photos from funiculi surgical1y 

harvested from pod of nonstressed (Fig. 49) and stressed (Fig. 50) plants 

20 and 30 days after anthesis indicated that the xylem tissue is composed 

of many scalariform vessel cells (Esau, 1977). Under nonstressed 

condition (Fig. 49), the number of xylem vessel cells (X) increased in 

the funiculus of pod harvested 30 days after anthesis as compared to pods 

harvested on 20 days after anthesis. This increase in xelem vessels was 

not observed in the funiculus of pods of stressed plants harvested at the 

same time. Comparisons between funiculi from 20 day old pod from 

nonstressed and stressed plants indicated that funiculi of stressed 

plants had higher numbers of xylem vessel cel1s (X). This would be 

advantageous to the plant by decreasing the resistance and increasing the 
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flow of water transport to the seed under water stressed conditions. The 

presence of small amount of cytoplasm in some cells suggests that they 

may be phloem cells (p). The number of phloem cells seem to decrease with 

age in the funiculi from both stressed and nonstressed plant. Twenty day 

old funiculi from either nonstressed or stressed had about the same 

number of phloem cells. 

Analysis of the SEM pictures of the seed coat from seeds harvested 

at 10 and 20 days after anthesis of nonstressed plants (Fig. 51) reveals 

the presence of scalariform vessel cells in that structure, yet, analysis 

of seed coat from seed harvested 30 days after anthesis reveals the 

reduction of the xylem cells (Fig. 52a). Similarly, the presence of 

scalariform xylem vessels were not evident in seed coat from seeds 

harvested from stressed plants 20 days after anthesis (Fig. 52b). 



Fig. 49. SEM photos from funiculus of pod from nonstressed bean 
plants harvested at 10 days (a) and 30 days (b) after 
anthesis illustrating the vasculature. X, xylem 
(scalariform vessel cells); P, phloem 
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Fig. 50. SEM photos from funiculus of pod from stressed bean 
plants harvested at 10 days (a) and 30 days (b) after 
anthesis illustrating the vasculature. X, xylem 
(scalariform vessel cells); P, phloem. 
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Fig. 51. SEM photos of seed coat of seeds from nonstressed plants 
harvested at 10 days (a) and 20 days (b) after anthesis 
illustrating the vasculature. X, xylem scalariform vessel 
cells. 





Fig. 52. SEM photos from seed coat of seeds from nonstressed (a) 
and stressed (b) bean plants harvested at 30 days (a) and 
20 days (b) after anthesis, illustrating the vasculature. 
X, xylem scalariform vessel cells. 
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DISCUSSION 

The accumulation of dry weight by seed requires the production of 

assimilates in the leaves, the translocation of these assimilates to the 

fruits, unloading of these assimilates from the phloem of the seed coat 

into the cells of the cotyledons, and the synthesis of the various seed 

storage compounds. It is reasonable to expect that all of these processes 

could be affected by water stress, thus decreasing yield. Water stress 

can also decrease total plant dry weight as well as the yield by reducing 

the production of assimilates as reported by Wien and Summerfield (1984) 

The water stress treatment applied in this research was successful 

in reducing plant size and yield of both field and glasshouse grown bean 

and cowpea plants. Seed yield reductions were associated with reduction 

in total plant dry weight. Wein and Summerfield (1984) and Laing et ale 

(1984) also found that yield reduction in water stressed cowpea and bean 

were associated with a decrease in total plant dry weight which reduced 

the number of pods harvested per plant. The reduction in total plant dry 

weight could be due to a decrease in dry weight of individual plant parts 

such as stem and leaf. Stressed plant showed reduced relative and 

absolute growth rate for plant and individual plant parts. The 

availability of photoassimi1ates around the time of anthesis and during 

the reproductive growth has been reported to increase seed yield (White 

and Isquierdo, 1989; Laing, 19ts4; and Wien and Summerfield, 1984). In 

cowpea grown under field conditions a significant difference in RGR, AGR, 

and LAI and NAR were observed between stressed and nonstressed plants 

during anthesis and during the first week of seed development. The 
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greater growth, leaf area, assimilation rate could increased plant dry 

weight and yield of nonstressed plant because more assimilates would be 

available to promote plant growth and development. In cowpea and bean 

grown in glasshouse, leaf area of nonstressed plants was greater than in 

stressed plants thus more photosynthesis per area could be carried out 

and more assimilates could be available to plant growth (White and 

Izquierdo, 1989; Laing et a1., 1984; Wein and Sunanerfield, 1984). 

Additionally, measurements of photosynthesis of single leaf showed that 

nonstressed plants had higher photosynthetic rates than stressed plants. 

This indicates that yield in stressed plants could be reduced due to low 

assimilates production. 

Partitioning of assimilates in both stressed and nonstressed plant 

was reasonably similar to each other. Translocation and partition studies 

showed that both stressed and nons tressed plant invested more assimilates 

in seeds than in any other plant part. Although, stressed plants 

translocated less percentage of :4C sucrose taken up' to their fruits, both 

stressed and nons tressed plants invested similar percentage of 14C sucrose 

to seeds indicating that partitioning of assimilates to seeds is water 

stressed resistant. 

The development of cowpea and bean pods and bean seed has been 

studied by Wien and Ackah (1978) and Fountain et al. (1989), 

respecti vely. In their work, water stress reduced pod and seed dry 

weight. Absolute growth rates of seed showed some variation in both 

nons tressed and stressed plants, but nonstressed plants tended to have 

greater pod and seed RGR than stressed plants at different time after 
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anthesis. This variation could be caused by variation of the supply of 

assimilates to the fruits which could be due to some adjustment between 

photosynthesis, translocation or remobilization of assimilates storage 

on the stems (Geiger, 1986). Pinal dry weight of individual seeds were 

higher in the nonstressed plants than in stressed plants, however both 

stressed and nonstressed plants had similar weight for 100 seed. This 

could be explained because the 100 seed dry weight was obtained from 

several stressed and nons tressed plants whereas the dry weight of 

individual seed was obtained from single fruits of either stressed or 

nontressed plant. White and Izquierdo (1989) reported that decreased seed 

yield happened when water stress decreased the seed growth duration 

period; however Wein and Summerfield (1984) pointed out that seed dry 

weight was reduced by water stress because of low seed growth rates. This 

study showed that nonstressed cowpea and bean plants grown in glasshouse 

had higher seed growth rates than stressed plants, but the seed growth 

duration was the same for both stressed and nonstressed plants. Because 

the assimilates stored on the pod walls is remobilized to the seed 

(Fountai n et a1. (1988), plants that had higher pod dry weight could 

sustain higher seed growth rates by remobilizing assimilates for seed 

growth. This study found that pod and seed development occurred when leaf 

area and photosynthetic rates decreased. Nonstressed plants had higher 

leaf area and photosynthetic rates at later reproductive growth stage, 

thus they could support higher seed growth rates. Additionally, in some 

glasshouse experiment, seed growth rates of individual seed of both 

stressed and nons tressed plants start to drop at the same time 
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photosynthetic rates of the source leaf began to decrease. 

Seed AGR was decreasing before water potentials reach values low 

enough to inhibit seed growth. This suggests that water stress may not 

terminate seed growth. Pate (1988) suggested that water enters the cowpea 

fruit via the phloem and returns to the mother plant through the xylem, 

thus water stress affecting the plants water status could consequently 

affect seed water status. The results in this study indicate that water 

status of developing cowpea and bean seed may be affected by water stress 

low enough to cause reduction in plant dry weight. In cowpea, leaf, pod 

walls, and seed had similar water potential. Also, water potential of 

leaf, pod walls and seed in beans showed the same trend. In soybean, 

Westgate and Grant (1989) found that waters stress decreased plant dry 

weight, but the water potential of developing seed were not affected. 

They suggested that the independence of seed water status from that of 

the maternal plant may be due to the lack of direct vascular connection 

between the maternal tissue and the seed. The morphological studies 

showed that there was no vascular connection between the pod walls and 

the seed. but bean seed tended to have lower water potential than the pod 

walls, thus creating a gradient between the two structure which could 

function like a vascular connection. The morphological studies also 

showed that the funiculus of seed from stressed plants had higher numbers 

of scalariform vessels than nonstressed plants. So, it seems reasonable 

to believe that stressed plants may present such mechanism to decrease 

the resistance water transport to the seeds. 



CONCLUSION 

Considering all evidence presented here we conclude: 
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1- Reduced plant dry weight and seed yield occurred because of 

reduced rated of assimilate production caused by water stress. 

2- Water stress reduced water potential in both bean and cowpea 

leaf and also decreased the water potential of their fruits. 

3- Availability of assimilates for seed growth seems to be a more 

important factor than seed water potential in controlling seed 

development. 
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APPENDIX A 

PIELD STUDY - STATISTICAL ANALYSES 

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
WATER 2 1 2 
BLOCK 3 1 2 3 
DATE 7 1 2 3 4 5 6 7 

Days after anthesis 27 34 41 47 52 57 62 
Number of observations in data set = 42 

General Linear Models Procedure 
Dependent Variable: STEM 

Sum of 
Source DF Squares 
Model 17 5642.004751 
Error 24 439.568744 
Corrected Total 41 6081.573495 

Mean 
Square 

331.882632 
18.315364 

F Value 
18.12 

Pr > F 
0.0001 

R-Square C.V. Root MSE STEM Mean 
0.927721 27.46120 4.279645 15.5843333 

Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source 
WATER 

Dependent 

Source 
Model 
Error 
Corrected 

Tests of 
term 
Source 
WATER 

Dependent 

Source 
Model 
Error 
Corrected 

DF 
1 

Variable: 

DF 
17 
24 

Total 41 
R-Square 
0.896092 

Hypotheses 

DF 
1 

Variable: 

DF 
17 
24 

Total 41 
R-Square 
0.945572 

Type III SS 
157.3271177 

LEAF 
Sum of 

Squares 
2135.371962 
247.611644 

2382.983607 
C.V. 

24.05283 
using the Type 

Type III SS 
90.19712860 

PLANT 
Sum of 

Squares 
25599.40713 
1473.52216 

27072.92928 
C.V. 

22.92200 

Mean Square F Value 
157.3271177 9.80 

Mean 
Square F Value 

125.610115 12.17 
10.317152 

Root MSE 
3.212032 

III MS for WATER*BLOCK 

Mean Square P Value 
90.19712860 21.43 

Mean 
Square P Value 

1505.84748 24.53 
61.39676 

Root MSE 
7.835608 

Pr > F 
0.0887 

Pr > F 
0.0001 

LEAF Mean 
13.3540714 

as an error 

Pr > P 
0.0436 

Pr > P 
0.0001 

PLANT Mean 
34.1837857 
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Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source 
WATER 

DF 
1 

Type III SS 
665.6072762 

Mean Square F Value 
665.6072762 17.97 

Comparing the effect of date on the variables. 

T tests (LSD) for variable: STEM 

Alpha= 0.05 df= 24 MSE= 18.31536 
Critical Value of T= 2.06 

Least Significant Difference= 5.0996 

Pr > F 
0.0514 

Means with the same letter are not significantly different. 
T Grouping Mean N DATE 

B 
B 

E 
E 

A 30.662 6 7 
A 26.212 6 6 

25.090 6 5 
C 15.268 6 4 
D 7.867 6 3 
D 3.162 6 2 

0.830 6 I 

T tests (LSD) for variable: LEAF 

Alpha= 0.05 df= 24 MSE= 10.31715 
Critical Value of T= 2.06 

Least Significant Difference= 3.8274 
Means with the same letter are not significantly different. 

T Grouping Mean N DATE 

B 
B 

A 20.925 6 5 
A 20.173 6 6 
C 16.923 6 7 
C 16.338 6 4 
D 10.972 6 3 
E 6.247 6 2 
F 1.900 6 1 

T tests (LSD) for variable: PLM."T 

Alpha= 0.05 df= 24 MSE= 61.39676 
Critical Value of T= 2.06 

Least Significant Difference= 9.3369 
Means with the same letter are not significantly different. 

T Grouping Mean N DATE 

A 
B 

71.380 
56.493 

6 7 
6 6 
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B 48.195 6 5 
C 32.243 6 4 
D 18.838 6 3 
E 9.407 6 2 
E 2.730 6 1 

ANALYSIS OF THE YIELD AND YIELD COMPONENTS 

General Linear Models Procedure 
Class Level Information 
Class Levels Values 
WATER 2 I 2 
BLOCK 3 123 

Number of observations in data set = 6 

Dependent Variable: Pl. Dry wt 
Sum of Mean 

Source ,~ . DF Squares Square P Value Pr > F 
Model 3 684.9728667 228.3242889 10.96 0.0848 
Error 2 41.6617333 20.8308667 
Corrected Total 5 726.6346000 

R-Square C.V. Root MSE PLDWT Mean 
0.942665 11.48486 4.564084 39.7400000 

Source DP Type I SS Mean Square P Value Pr > P 

WATER 1 641.0800667 641.0800667 30.7-8 0.03:tfJ 
BLOCK 2 43.8928000 21.9464000 1.05 0.4870 

Dependent Variable: SEED Dry wt 
Sum of Mean 

Source DP Squares Square F Value Pr > F 
Model 3 1514.086150 504.695383 2.92 0.2655 
Error 2 345.830400 172.915200 
Corrected Total 5 1859.916550 

R-Square C.V. Root MSE SEED Mean 
0.814061 18.09636 13.14972 72.6650000 

Source DF Type I SS Mean Square F Value Pr > F 
WATER 1 1097.553750 1097.553750 6.35 0.1280 
BLOCK 2 416.532400 208.266200 1.20 0.4536 

Dependent Variable: POD Dry wt 
Sum of Mean 

Source DF Squares Square P Value Pr > F 
Model 3 121. 6734667 40.5578222 2.62 0.2885 
Error 2 30.9925333 15.4962667 
Corrected Total 5 152.6660000 



144 

R-Square C.V. Root MSE PODWT Mean 
0.796991 28.73379 3.936530 13.7000000 

Source DP Type I SS Mean Square P Value Pr > P 
WATER 1 82.73306667 82.73306667 5.34 0.1471 
BLOCK 2 38.94040000 19.47020000 1.26 0.4432 

Dependent Variable: YIELD 
Sum of Mean 

Source DP Squares Square P Value Pr > P 
Model 3 435533.8567 145177.9522 38.18 0.0256 
Error 2 7604.0833 3802.0417 
Corrected Total 5 443137.9400 

R-Square C.V. Root MSE YIELD Mean 
0.982840 3.086894 61.66070 1997.50000 

Source DP Type I SS Mean Square P Value Pr > P 
WATER 1 322480.1667 322480.1667 84.82 0.0116 
BLOCK 2 113053.6900 56526.8450 14.87 0.0630 

Dependent Variable: SEED/AREA 
Sum of Mean 

Source DF Squares Square P Value Pr > F 
~ode1 3 4355.338567 1451. 779522 38.18 0.0256 
Error 2 76.040833 38.020417 
Corrected Total 5 4431.379400 

R-Square C.V. Root MSE SEEDAREA Mean 
0.982840 3.086894 6.166070 199.750000 

Source DF Type I SS Mean Square P Value Pr > F 
WATER 1 3224.801667 3224.801667 84.82 0.0116 
BLOCK 2 1130.536900 565.268450 14.87 0.0630 

Dependent Variable: POD/AREA 
Sum of Mean 

Source DP Squares Square P Value Pr > P 
Model 3 475.7526000 158.5842000 4.97 0.1721 
Error 2 63.8465333 31.9232667 
Corrected Total 5 539.5991333 

R-Square C.V. Root MSE PODAREA Mean 
0.881678 15.37155 5.650068 36.7566667 

Source DF Type I SS Mean Square P Value Pr > 
F 
WATER 1 393.3360667 393.3360667 12.32 0.0725 
BLOCK 2 82.4165333 41.2082667 1.29 0.4365 
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APPENDIX B 

EXPERIMENT 2 - STATISTICAL ANALYSES FOR BEANS 

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
WATER 2 1 2 
BLOCK . 3 1 2 3 
DATE 8 1 2 3 4 5 6 7 8 

Days after planting 24 30 33 36 39 42 46 53 
Number of observations in data set = 48 

Dependent Variable: STEM 
Sum of Mean 

Source DF Squares Square F Value Pr > P 
Model 19 20.22072500 1.06424868 6.31 0.0001 
Error 28 4.72240000 0.16865714 
Corrected Total 47 2Z..94312500 

R-Square C.V. Root MSE STEM Mean 
0.810673 34.04592 0.410679 1.20625000 

Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source DF Type III SS Mean Square F Value Pr > P 
WATER 1 2.38520833 2.38520833 9.72 0.0893 

Dependent Variable: LEAF 
Sum of Mean 

Source DF Squares Square P Value Pr > P 
Xodel 19 9.28372292 0.48861700 22.33 0.0001 
Error 28 0.61280833 0.02188601 
Corrected Total 47 9.89653125 

R-Square C.V. Root MSE LEAF Mean 
0.938078 18.77103 0.147939 0.78812500 

Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source DP Type III SS Mean Square F Value Pr > P 
WATER 1 0.75250208 0.75250208 14.13 0.0641 

Dependent Variable: PLANT 
Sum of Mean 

Source DP Squares Square F Value Pr > F 
Model 19 155.3482500 8.1762237 6.62 0.0001 
Error 28 34.5812167 1.2350435 
Corrected Total 47 189.9294667 

R-Square C.V. Root MSE PLANT Mean 
0.817926 38.74463 1.111325 2.86833333 
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Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source 
WATER 

DP 
1 

Type III SS 
15.27763333 

Mean Square 
15.27763333 

P Value 
6.28 

T tests (LSD) for variable: STEM 

Pr > P 
0.1291 

NOTE: This test controls the type I comparisonwise error rate not 
the experimentwise error rate. 

Alpha= 0.05 df= 28 MSE= 0.168657 
Critical Value of T= 2.05 

Least Significant Difference= 0.4857 
Means with the same letter are not significantly different. 

T Grouping Mean N DATE 

B 
B 
D 
D 
D 
D 

A 2.197 6 5 
A 1.875 6 6 
C 1.497 6 7 
C 1.098 6 3 
C 1.040 6 4 
E 0.728 6 8 
E 0.675 6 2 
E 0.540 6 1 

T tests (LSD) for variable: LEAF 
Alpha= 0.05 df= 28 MSE= 0.021886 

Critical Value of T= 2.05 
Least Significant Difference= 0.175 

Means with the same letter are not significantly different. 
T Grouping Mean N DATE 

A 1.2300 6 7 
A 1.2117 6 8 
A 1.1000 6 6 
A 1.0783 6 5 
B 0.6083 6 4 
B 0.5367 6 3 
C 0.3183 6 2 
C 0.2217 6 1 

T tests (LSD) for variable: PLANT 
Alpha= 0.05 df= 28 MSE= 1.235043 

Critical Value of T= 2.05 
Least Significant Difference= 1.3143 

Means with the same letter are not significantly different. 
T Grouping Mean N DATE 

A 
B 
B 

5.645 
3.883 
3.725 

6 8 
6 7 
6 6 
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B 3.382 6 5 
C B 2.783 6 4 
C D 1. 773 6 3 

D 0.993 6 2 
D 0.762 6 1 

YIELD AND YIELD COMPONENTS 

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
WATER 2 1 2 
BLOCK 3 123 

Number of observations in data set = 6 

Dependent Variable: PL Dry wt 
Sum of Mean 

Source DP Squares Square P Value Pr > F 
Model 3 23.25745000 7.75248333 156.14 0.0064 
Error 2 0.09930000 0.04965000 
Corrected Total 5 23.35675000 

R-Square C.V. Root MSE PLTDWT Mean 
0.995749 3.033666 0.222823 7.34500000 

Source DF Type III SS Mean Square P Value Pr > F 
WATER 1 20.64615000 20.64615000 415.83 0.0024 
BLOCK 2 2.61130000 1.30565000 26.30 0.0366 

Dependent Variable: SEED Dry wt 
Sum of Mean 

Source DF Squares Square F Value Pr > P 
Model 3 4.03603333 1.34534444 5.59 0.1555 
Error 2 0.48130000 0.24065000 
Corrected Total 5 4.51733333 

R-Square C.V. Root MSE SEED Mean 
0.893455 14.70212 0.490561 3.33666667 

Source DP Type III SS Mean Square F Value Pr > F 
WATER 1 4.03440000 4.03440000 16.76 0.0548 
BLOCK 2 0.00163333 0.00081667 0.00 0.9966 

Dependent Variable: POD Dry wt 
Sum of Mean 

Source DF Squares Square P Value Pr > F 
Model 3 0.55338333 0.18446111 28.60 0.0340 
Error 2 0.01290000 0.00645000 
Corrected Total 5 0.56628333 

R-Square C.V. Root MSE PODDWT Mean 
0.977220 8.125992 0.080312 0.98833333 
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Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 0.52215000 0.52215000 80.95 0.0121 
BLOCK 2 0.03123333 0.01561667 2.42 0.2923 

Dependent Variable: SEED/POD 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 1.67833333 0.55944444 1.53 0.4182 
Error 2 0.73000000 0.36500000 
Corrected Total 5 2.40833333 

R-Square C.V. Root MSE SDPOD Mean 
0.696886 11.80754 0.604152 5.11666667 

Source DP Type III SS Mean Square F Value Pr > P 
WATER 1 1.21500000 1.21500000 3.33 0.2096 
BLOCK 2 0.46333333 0.23166667 0.63 0.6117 

Dependent Variable: POD/PL 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 3.00000000 1.00000000 2.00 0.3505 
Error 2 1.00000000 0.50000000 
Corrected Total 5 4.00000000 

R-Square C.V. Root MSE PODPL Mean 
0.750000 17.67767 0.707107 4.00000000 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 0.00000000 0.00000000 0.00 1.0000 
BLOCK 2 3.00000000 1.50000000 3.00 0.2500 
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APPENDIX C 

EXPERIMENT 2 - STATISTICAL ANALYSES FOR COWPEA 

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
WATER 2 1 2 
BLOCK 3 1 2 3 
DATE 9 1 2 3 4 5 6 7 8 9 

Days after planting 24 30 33 36 39 42 46 53 63 
Number of observations in data set = 54 

Dependent Variable: STE~ 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
~ode1 21 3862.938455 183.949450 0.88 0.6173 
Error 28 5875.263417 209.830836 
Corrected Total 49 9738.201872 

R-Square C.V. Root MSE STEM Mean 
0.396679 37.51175 14.48554 3.86160000 

Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 64.86932507 64.86932507 0.36 0.6104 

Dependent Variable: LEAF 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
~odel 21 156.6917317 7.4615110 23.68 0.0001 
Error 28 8.8222683 0.3150810 
Corrected Total 49 165.5140000 

R-Square C.V. Root MSE LEAF Mean 
0.946698 32.52148 0.561321 1.72600000 

Tests of Hypotheses using the Type III ~~ for WATER*BLOCK as an error 
term 
Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 12.15811674 12.15811674 57.39 0.0170 

Dependent Variable: PLANT 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 21 789.5894413 37.5994972 24.63 0.0001 
Error 28 42.7481587 1.5267200 
Corrected Total 49 '832.3376000 

R-Square C.V. Root MSE PLM"T Mean 
0.948641 28.28766 1.235605 4.36800000 
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Tests of Hypot~eses using the Type III MS for WATER*BLOCK as an error 
term 
Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 68.01750186 68.01750186 56.83 0.0171 

COMPARISONS WITHIN DATES 
DATE 1 

T tests (LSD) for variable: STEM 
T Grouping Mean N WATER 

A 0.2767 3 1 
A 0.2567 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 0.1300 3 2 
A 0.1233 3 1 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 0.4000 3 1 
A 0.3867 3 2 

DATE 2 
T tests (LSD) for variable: STE~ 

T Grouping Mean N WATER 
A 0.4633 3 1 
A 0.3900 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 0.2633 3 1 
A 0.2067 3 2 

T tests (LSD) for variable: PLM"T 
T Grouping Mean N WATER 

A 0.7267 3 1 
A 0.5967 3 2 

DATE 3 

T tests (LSD) for variable: STEM 
T Grouping Mean N WATER 

A 1.0100 3 2 
B 0.6667 3 1 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 0.4900 3 2 
A 0.3367 3 1 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 1.500 3 2 
B 1.003 3 1 
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DATE 4 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 2.080 3 1 
A 1.650 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 1.113 3 1 
A 0.807 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

.A 3.257 3 1 
A 2.483 3 2 

'DATE 5 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 2.287 3 1 
A 1.937 3 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 1.297 3 1 
A 1.020 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 3.653 3 1 
A 2.993 3 2 

DATE 6 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 4.433 3 1 
B 3.160 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 3.110 3 1 
B 1.793 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 7.733 3 1 
B 5.067 3 2 

DATE 7 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 



A 3.990 2 1 
A 1.505 2 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 5.070 2 1 
A 2.875 2 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 10.150 2 1 
B 4.875 2 2 

DATE 8 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 5.075 2 1 
A 3.155 2 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 6.600 2 1 
A 4.270 2 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 13.445 2 1 
A 8.755 2 2 

DATE 9 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 34.35 3 2 
A 2.25 3 1 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 4.217 3 1 
B 1.317 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 12.933 3 1 
B 5.250 3 2 

STATISTICAL ANALYSIS POR YIELD AND YIELD COMPONENTS 
General Linear Models Procedure 

Class Level Information 
Class Levels Values 
WATER 2 1 2 
BLOCK 3 1 2 3 

Number of observations in data set = 6 

152 
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Dependent Variable: PL. Dry wt. 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 144.4381333 48.1460444 18.66 0.0513 
Error 2 5.1604000 2.5802000 
Corrected Total 5 149.5985333 

R-Square C.V. Root MSE PLDW!' Mean 
0.965505 13.91137 1.606300 11.5466667 

Source DF Type III SS Mean Square P Value Pr > F 
WATER 1 134.8056000 134.8056000 52.25 0.0186 
BLOCK 2 9.6325333 4.8162667 1.87 0.3488 

Dependent Variable: SEED 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 25.68096667 8.56032222 39.50 0.0248 
Error 2 0.43343333 0.21671667 
Corrected Total 5 26.11440000 

R-Square C.V. Root MSE SEED Mean 
0.983403 9.638269 0.465528 4.83000000 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 23.68106667 23.68106667 109.27 0.0090 
BLOCK 2 1.99990000 0.99995000 4.61 0.1781 

Dependent Variable: POD Dry wt 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 1.29471667 0.43157222 4.29 0.1947 
Error 2 0.20103333 0.10051667 
Corrected Total 5 1.49575000 

R-Square C.V. Root MSE PODDWT Mean 
0.865597 27.44967 0.317044 1.15500000 

Source DF Type III SS Mean Square P Value Pr > F 
WATER 1 1.26041667 1.26041667 12.54 0.0713 
BLOCK 2 0.03430000 0.01715000 0.17 0.8542 

Dependent Variable: SEED/POD 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 7.45833333 2.48611111 2.84 0.2711 
Error 2 1.75000000 0.87500000 
Corrected Total 5 9.20833333 

R-Square C.V. Root MSE SEEDPOD Mean 
0.809955 13.20585 0.935414 7.08333333 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 3.37500000 3.37500000 3.86 0.1885 
BLOCK 2 4.08333333 2.04166667 2.33 0.3000 
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Dependent Variable: POD/PI 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 8.33333333 2.77777778 1.85 0.3695 
Error 2 3.00000000 1.50000000 
Corrected Total 5 11.33333333 

R-Square C.V. Root MSE PODPLT Mean 
0.735294 26.24453 1.224745 4.66666667 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 6.00000000 6.00000000 4.00 0.1835 
BLOCK 2 2.33333333 1.16666667 0.78 0.5625 

Dependent Variable: 10 seed wt 
Sum of Mean 

Source DF Squares Square F Value Pr > P 
Model 3 0.24468333 0.08156111 0.35 0.7990 
Error 2 0.46840000 0.23420000 
Corrected Total 5 0.71308333 

R-Square C.V. Root MSE TENSDWT Mean 
0.343134 23.17361 0.483942 2.08833333 

Source DF Type III SS Mean Square P Value Pr > P 
WATER 1 0.01815000 0.01815000 0.08 0.8069 
BLOCK 2 0.22653333 0.11326667 0.48 0.6740 
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APPENDIX D 

EXPERIEMNT 3 - STATISTICAL ANALYSIS 

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
BLOCK 3 1 2 3 
DATE 6 1 2 3 4 5 6 

Days after planting 34 44 52 56 65 79 
Number of observations in data set = 36 

Dependent Variable: STEM 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 15 237.4091667 15.8272778 11.38 0.0001 
Error 16 22.2595833 1.3912240 
Corrected Total 31 259.6687500 

R-Square C.V. Root MSE STEM Mean 
0.914277 26.92158 1.179502 4.38125000 

Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 21.94512500 21.94512500 18.85 0.0492 

Dependent Variable: LEAF 
Sum of Mean 

Source DF Squares Square P Value Pr > P 
Model 15 201.0391667 13.4026111 6.57 0.0003 
Error 16 32.6195833 2.0387240 
Corrected Total 31 233.6587500 

R-Square C.V. Root MSE LEAF Mean 
0.860396 35.64028 1.427839 4.00625000 

Tests of Hypotheses us ing the Type III MS for WATER*BLOCK as an error 
term 
Source DP Type III SS Mean Square P Value Pr > F 
WATER 1 19.30612500 19.30612500 12.81 0.0700 

Dependent Variable: PLANT 
Sum of Mean 

Source DF Squares Square P Value Pr > P 
Model 15 3797.167730 253.144515 16.79 0.0001 
Error 16 241.287642 15.080478 
Corrected Total 31 4038.455372 

R-Square C.V. Root MSE PLM.'T Mean 
0.940252 26.33846 3.883359 14.7440625 
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Tests of Hypotheses using the Type III MS for WATER*BLOCK as an error 
term 
Source DP Type III SS Mean Square P Value Pr > F 
WATER 1 317.2061250 317.2061250 23.98 0.0393 

COMPARISONS WITHIN DATES 

DATE 1 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 1.933 3 1 
A 1.933 3 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 0.833 3 1 
A 0.833 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 2.767 3 1 
A 2.767 3 2 

DATE 2 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 2.900 3 1 
A 2.900 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 1.733 3 1 
A 1.733 3 2 

T tests (LSD) for variable: PLM.'T 
T Grouping Mean N WATER 

A 4.633 3 1 
A 4.633 3 2 

DATE 3 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 7.050 2 1 
A 5.850 2 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 5.600 2 1 
A 4.250 2 2 
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T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 13.600 2 1 
A 11.105 2 2 

DATE 4 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 11.700 2 1 
A 5.650 2 2 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

.A 7.150 2 1 
A 3.350 2 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 21.490 2 1 
A 11.360 2 2 

DATE 5 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 7.733 3 1 
B 2.767 3 2 

T tests (LSD) for variable: LEAF 
T Grouping Mean N WATER 

A 8.400 3 1 
A 5.333 3 2 

T tests (LSD) for variable: PLANT 
T Grouping Mean N WATER 

A 33.467 3 1 
A 17.967 3 2 

DATE 6 
T tests (LSD) for variable: STEM 

T Grouping Mean N WATER 
A 4.133 3 2 
B 2.267 3 1 

T tests (LSD) for variable: LEAP 
T Grouping Mean N WATER 

A 6.033 3 1 
A 4.267 3' 2 

T tests (LSD) for variable: PLANT 
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T Grouping Mean N WATER 
A 32.400 3 1 
A 20.267 3 2 

STATISTICAL ANALYSIS OP YIELD AND YIELD COMPONENTS 
General Linear Models Procedure 

Class Level Information 
Class Levels Values 
WATER 2 1 2 
BLOCK 3 123 

Number of observations in data set = 6 

Dependent Variable: PLDWT 
Sum of Mean 

Source DF Squares Square P Value Pr > F 
Model 3 16.09605000 5.36535000 0.70 0.6317 
Error 2 15.23070000 7.61535000 
Corrected Total 5 31.32675000 

R-Square C.V. Root MSE PLDWT Mean 
0.513812 27.09467 2.759592 10.1850000 

Source DF Type III 5S Mean Square F Value Pr > F 
WATER 1 0.27735000 0.27735000 0.04 0.8663 
BLOCK 2 15.81870000 7.90935000 1.04 0.4905 

Dependent Variable: SEED Dry wt 
Sum of Mean 

Source DP Squares Square F Value Pr > F 
Model 3 424.7483333 141.5827778 7.37 0.1219 
Error 2 38.4400000 19.2200000 
Corrected Total 5 463.1883333 

R-Square C.V. Root MSE SEED Mean 
0.917010 26.59694 4.384062 16.4833333 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 408.3750000 408.3750000 21.25 0.0440 
BLOCK 2 16.3733333 8.1866667 0.43 0.7013 

Dependent Variable: POD Dry wt 
Sum of Mean 

Source DF Squares Square P Value Pr > P 
Model 3 88.21000000 29.40333333 4.19 0.1985 
Error 2 14.02333333 7.01166667 
Corrected Total 5 102.23333333 

R-Square C.V. Root MSE PODDWT Mean 
0.862830 42.48056 2.647955 6.23333333 

Source DF Type III SS Mean Square P Value Pr > P 
WATER 1 79.20666667 79.20666667 11.30 0.0783' 
BLOCK 2 9.00333333 4.50166667 0.64 0.6090 
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Dependent Variable: SEED/POD 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 2.05166667 0.68388889 1.34 0.4550 
Error 2 1.02333333 0.51166667 
Corrected Total 5 3.07500000 

R-Square C.V. Root MSE SEEDPD Mean 
0.667209 12.22750 0.715309 5.85000000 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 2.04166667 2.04166667 3.99 0.1838 
BLOCK 2 0.01000000 0.00500000 0.01 0.9903 

Dependent Variable: POD/PI 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 616.5000000 205.5000000 2.25 0.3220 
Error 2 182.3333333 91.1666667 
Corrected Total 5 798.8333333 

R-Square C.V. Root MSE PODPL Mean 
0.771750 49.81630 9.548124 19.1666667 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 504.1666667 504.1666667 5.53 0.1430 
BLOCK 2 112.3333333 56.1666667 0.62 0.6188 

Dependent Variable: 10 Seed Wt 
Sum of Mean 

Source DF Squares Square F Value Pr > F 
Model 3 0.00031300 0.00010433 1.01 0.5321 
Error 2 0.00020633 0.00010317 
Corrected Total 5 0.00051933 

R-Square C.V. Root MSE 10SDwt Mean 
0.602696 5.500234 0.010157 0.18466667 

Source DF Type III SS Mean Square F Value Pr > F 
WATER 1 0.00017067 0.00017067 1.65 0.3272 
BLOCK 2 0.00014233 0.00007117 0.69 0.5918 
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