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ABSTRACT 

This study evaluated relative responses of two grain sorghum 

(Sorghum bicolor (L.) Moench) hybrids to moisture stress treatments 

imposed during the seedling, early boot, flowering and grain-filling 

stages. The two hybrids, T.E. Y77 and FUNK HW6125, are high and low 

yielding respectively, having similar maturity periods. Twelve pheno-

logical characters were measured. The height to upper leaf collar, 

peduncle exsertion, panicle length, total plant height and total leaf 

area showed significant differences between the hybrids. Early boot 

stage stress was most sensitive to vegetative characters. 

T.E. Y77 produced more heads/m̂ , grains/panicle, 500 grain 

weight (seed size), and grain yield/ha than FUNK HW6125 across all 

treatments. Seed size was the most important determinant of grain 

yield in both hybrids. Moisture stress during the seedling and early 

boot stages enhanced grain yield, whereas during the grain-filling 

stage it was detrimental to grain yield in both hybrids. 

xi 



CHAPTER 1 

INTRODUCTION 

Sorghum is one of the world's four major cereal crops. Aside 

from its use as feed grain in some developed countries, sorghum is the 

staple diet for hundreds of millions of people in the semi-arid tropical 

regions of a number of the poorest developing countries. Two principal 

reasons for the importance of sorghum in the semi-arid tropics are the 

drought-resistant properties of the species and its many uses for 

such as grain, forage, sugar and fuel. Sorghum also has considerable 

nutritional significance for the diverse groups of people occupying areas 

where drought is a frequent occurrence. 

As populations increase and water resources become scarcer and 

more costly, great care is. required to assure maximum production per 

unit of water used. Interest in understanding the nature of drought 

resistance in this important crop has increased sharply in the last 10 

years as plant breeding and the spread of hybrids have improved the 

genetic threshold of yield. The adverse effects of water stress on 

growth and metabolism are well documented. General information as to 

the relative sensitivity, in a yield reduction sense of the term, of 

sorghum crop plants has been presented by a number of authors (Lewis, 

et al, 1974; Gck and Musick, 1979). This information demonstrates 

that the extent of yield reduction due to water deficit depends not 

1 
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only on the magnitude of that deficit but also on the stage of plant 

development at which the water deficit occurs. 

There seems to be good reason to believe that improved tech

nologies are now available. Thus the real challenge is widespread 

adoption of the technologies at the farm level. Very little progress 

has been made in sorghum yields at farm level in the semi-arid tropics 

of Africa and Asia where sorghum is an important food crop. Farmers in 

these areas in general have not adopted improved technologies because 

they are not usually accessible to them. If they are, the farmers 

generally have not yet adopted them for a variety of reasons, primarily 

because of the limited economic resource base. As House (1981) pointed 

out, we must recognize that the farmers' practices are the important end 

point of research and as such we cannot assume our job to be finished 

upon the development of new technology per se. Rather we must ensure 

that our findings can be utilized by the farmers to solve their produc

tion problems. 

This study was designed with the aforementioned facts in mind. 

We used methods which can be easily adopted for irrigation timing strate

gies by farmers in developing nations, the majority of whom operate on a 

small scale. The methods used included observing plant signs to detect 

stress, and measuring amounts and frequencies of water applications. 

Studies using appropriate technology such as this one can be compared to 

studies using advanced technology to determine water deficit effects at 

different plant growth stages. This could be a way to arrive at methods 
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which can be easily adopted by the millions of small-scale farmers in the 

developing nations. 

The two hybrids tested in this experiment are of the same matur

ity period, but yield differently. This situation is similar to 

that encountered by researchers in the developing nations where new 

high yielding hybrids are being introduced to replace the low yielding 

local varieties. Usually the local varieties have a maturity period 
/ 

determined by the length of the growing season in that particular farming 

system. Therefore, the introduced hybrids must be of the same maturity 

length as the local varieties to be compatible in the farming system 

concerned. Furthermore, the two hybrids are representative of two 

groups of hybrids. The high yielding hybrid (T.E. Y77) is representative 

of the full season high grain yielders, while the low yielding (FUNK 

HW6125) is representative of full season relatively low grain yielders. 

The objective of this study therefore was to evaluate the rela

tive response of plant agronomic characteristics of two sorghum hybrids 

to water deficits occurring at different stages of growth, with emphasis 

on grain yield and its components. 



CHAPTER 2 

LITERATURE REVIEW 

WATER STRESS EFFECTS ON PLANT PHYSIOLOGICAL PROCESSES 

Stomatal Behavior 

Stomata are important because most of the water lost by transpi

ration escapes through them and most of the carbon dioxide used in 

photosynthesis enters through them. 

The leaf water status will usually be the main factor in regula

ting stomatal aperture (Turner, 1974). Zelitch (1963) described the 

physical role that water plays in the opening and closing of the stomatal 

aperture as follows: the light-Induced water uptake of the guard cells 

causes them to swell and expand. Many guard cell walls contain locally-

thickened rigid areas, particularly around the stomatal pore. When the 

thinner, more elastic areas of the wall are extended by the increased 

turgor pressure, these rigid, inelastic areas are apparently forced to 

bend, opening the stomatal pores. When water is lost from the guard 

cells (through transpiration) the turgor pressure against the walls is 

relaxed. The distorted pore walls then spring back to their straight

ened form, thereby closing the stomatal pore. 

Turner (1974) noted that the mid-day depression of stomatal 

opening occurs only when leaf-water potential falls to some threshold 

value. He observed a threshold leaf-water potential value of -20 bars 
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for sorghum (Sorghum bicolor) in the field, which was significantly 

lower than the value of tobacco (Nicotiana tabacum) or corn (Zea mays 

L.). However, this value is not absolute since opening of stomata is 

determined by the turgor balance between guard cells and subsidiary 

cells and therefore corresponding water potential values will always 

vary. 

Explanation of stomatal behavior is complicated by the obser

vation that it seems to be affected by growth regulators such as 

abscisic acid (ABA). This notion is qualified by the work of Tal and 

Imber (1970), who observed that the leaves of a wilty tomato mutant 

(flacca) was able to keep its stomata open under water deficit stress. 

This phenomenon was attributed to the low levels of ABA in the wilted 

leaves. Jones and Mansfield (1970) suggested a more direct effect of ABA 

on the stomata apparatus and considered ABA to be playing an endogenous 

role in the control of aperture opening. 

Michael and Cohen (.1975) measured water potentials, stomatal 

diffusion resistance and ABA levels in leaves of corn and sorghum hybrid 

plants subjected to a drought recovery cycle. They observed that the 

levels of ABA began to rise and stomata closed over a narrow range of 

water potentials (-8 to -10 bars) in both species. Upon rewatering, 

however, sorghum control levels of both ABA and stomatal resistance 

were regained within 24 hours, whereas corn regained control levels 

after 48 hours. The resumption of normal stomatal functioning 

occurred after a further 24 hours in corn. However, the stomatal closure 
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of some plants is not well correlated with ABA content of leaves 

(Ackerson, 1980). 

It also has been suggested that other substances are involved, 

such as farnesol (Fenton, et al, 1977). They observed that farnesol 

had a less prolonged inhibitory effect than ABA and suggested that it 

could be responsible for the rapid responses of sorghum stomata to 

water stress and their quick recovery after the plant has regained 

turgor, a characteristic that distinguishes sorghum from many other 

genera so far investigated. Perhaps the ABA increase is a secondary 

event rather than a primary event. 

Davies (1978), working on Vicia faba. found that stomata of 

plants which had received a water stress pre-treatment were less 

sensitive to a subsequent period of water stress than were stomata of 

previously well-watered plants. McCree and Davis (1974) clearly 

demonstrated that stomata of sorghum plants which had been subjected 

to five cycles of moderate soil moisture stress could become less 

responsive to decreasing leaf water potential than the stomata of well-

watered plants. They found that the threshold value of water potential 

for stomatal closure decreased from about -18 bars for non-stressed 

plants to below -29 bars for the pre-stressed plants. The mechanism 

for such a shift of water potential for stomatal closure is not well 

understood. However, it has been indicated that there might be changes 

in stomate-controlling factors, including the osmotic environments of 
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epidermal cells (Hsiao, 1976), and the thickness and elasticity of guard 

cell walls (DeMichele and Sharpe, 1973). 

Henzell, et al (1976) found that stomata within plant species, 

for example Sorghum bicolor, can differ greatly in their response to 

water stress and concluded that stomatal sensitivity may be an important 

element of intergenotype variation in resistance to drought. 

Teare and Kanemasu (1972) conducted a study on the response of 

stomata of soybean and sorghum as water loss progressed from morning to 

afternoon. They found that stomatal resistance of the upper sorghum 

leaves remained constant with time, whereas that of the middle leaves 

(4 to 8) increased significantly. They noted an indication that the 

stomata on the upper leaves remained open and therefore allowed the 

diffusion of 00̂ , while the stomata of the lower leaves closed and con

served moisture. However, in soybean it was observed that stomata on 

the upper leaves had the lowest resistance in the morning, and in the 

afternoon the middle leaves had the lowest resistance, affirming the 

observation that stomata on topper leaves had closed. This closure of 

stomata was assumed to restrict CÔ  diffusion for photosynthesis and 

consequently affected the yields, with sorghum producing three times the 

dry matter of that of soybean. 

The stage of development of a plant can also be an important 

factor in influencing stomatal response to water deficit stress. 

Ackerson (1977) found that stomata of corn and sorghum responded to 

changes in leaf water potential during the vegetative growth phase. 
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During the reproductive growth phase, leaf resistances were minimal and 

stomata were no longer sensitive to bulk leaf water potential even when 

It approached -27 bars. Morgan (1977) observed that stomata In wheat 

(Triticum aestlvum L.) were always open more before flowering than after 

for any given leaf water potential. 

Photosynthesis 

Hater deficit stress reduces the photosynthetic capacity of a 

crop in many ways, ranging from inhibition of leaf area development to 

reduced photochemical and biochemical activities of chloroplasts (Boyer, 

1976). 

Stomatal closure due to water deficit stress may reduce CĈ  

exchange and therefore limit CÔ  supply to the photosynthesizing sites. 

Shumshi (1963) conducted research to determine the portion of the 

decreased CÔ  assimilation due to stomatal closure induced by water 

stress. He observed that as the leaf water potential decreased, the 

internal resistances to CÔ  assimilationxincreased more rapidly than the 

stomatal diffusive resistance. A plausible explanation for this finding 

is given by Bierhuzen and Slatyer (1964). They noted although photo

synthesis involves CÔ  transport across the same external and internal 

diffusive resistances as water vapor in the transpiration pathway, it 

also involves an additional resistance in series, associated with liquid 

phase diffusion of CÔ  from the surfaces of the mesophyll cell walls to 

the photosynthesizing sites in the chloroplasts. 
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Reduction of both cyclic and non-cyclic photophosphorylation and 

electron transport of isolated sunflower (He11anthus annuus) chloroplast 

by water stress of 1 or 1.1 MPa has been reported (Keck and Boyer, 1974). 

The activities of photosynthetic enzymes in sorghum appear to be 

less sensitive to water stress. Neither of the carboxylating enzymes 

(phosphoenol pyruvate and ribulose diphosphate carboxylase) in sorghum 

is affected by water potential within a range of -13 to -30 bars 

(Ackerson, 1977; Shearman, et al, 1972). 

There are a number of evidences of injury by water stress to the 

photosynthetic apparatus. Water potentials lower than -0.5 MPa retard 

the development of chlorophyll in jackbean by reducing the rate of forma

tion of the chlorophyll a/b protein and retarding accumulation of chloro

phyll b (Alberte, et al, 1975). In corn, a plant, most of the 

chlorophyll loss occurs from the mesophyll cells and little from the 

bundle sheath chloroplasts (Alberte, et al, 1977). They further observed 

that the loss consists of the lamella, light harvesting chlorophyll a/b 

protein complex, a major component of chloroplast membranes which seems 

to be a specific target of water loss. 

Disorganization of the chloroplasts has been reported in sorghum 

and will be discussed later. 

Blum and Sullivan (1972) have shown that there are distinct 

cultivar differences within sorghum with respect to the way water stress 

affects photosynthesis. Two cultivars (M-35 and RS-610), known to be 
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fairly drought-resistant, were compared. Photosynthesis was less 

affected by lowered leaf water potential in one of the cultivars (M—35) 

then in the other (RS-610). 

The relationship between the plant growth stage at which the 

water deficit occurs and its effect on photosynthesis has been reported 

for various plants. Wardlaw (1969) observed during the vegetative growth 

of Lolium temulentum L. that extension growth of roots and leaves was 

reduced before the photosynthetic rate. He reported that a relative 

turgidity of 90% resulted in a reduction in leaf photosynthesis of about 

30%. He also noted that the effect on photosynthesis was directly 

related to the water status of the leaf, determined as relative turgidity, 

and did not appear to be a consequence of the effects on growth. Rawson, 

et al (1978) did detailed diurnal measurements of photosynthesis of 

sorghum leaves during the grain-filling stage. He calculated that for 

continuously clear conditions, as daily minimum leaf water potential fell 

from -1.5 to -2.5 MPa, the integrated daily assimilation by leaves was 

reduced by about 9% for every 0.1 MPa change. 

Field canopies of wheat subjected to water stress during the 

grain-filling stage showed that as the stress increased, the site of 

photosynthesis tended to shift away from the leaf lamina to the upper leaf 

sheaths, upper portions of the stem and spike (Johnson and Moss, 1976). 

They further observed that as the lower leaves became senescent, the 

relative contribution of spikes, upper sheaths and stems to total photo

synthesis increased. 
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Grain sorghum has a characteristic photosynthetic pathway 

which is well adapted to hot, arid conditions (Bjorkman, 1975). He 

further emphasized that the advantages of photosynthesis would be at 

a maximum under conditions where photosynthesis was limited by the inter

cellular CÔ  concentration due to decreased stomatal conductance. Hence, 

the photosynthesis of drought-adapted sorghum is unlikely to be limited 

by even though its stomata partially close due to temporal water 

deficit (Ackerson and Krieg, 1977). 

Translocation and Partitioning 

Translocation-and partitioning of photosynthesis has been shown 

to be affected by water stress. Hartt (1967) demonstrated that trans-

14 
location of C labeled photosynthate out of the leaves is reduced by 

leaf water deficit. 

When Lolium temulentum was stressed during the vegetative growth 

it was found that the transfer of assimilates from the photosynthetic 

tissue into the conducting tissue was delayed in stressed leaves, although 

the translocation velocity through the conducting tissue was only slightly 

affected (Wardlaw, 1969). He suggested from these results that effects 

of water stress on the translocation pathway is either resistant to water 

loss or capable of functioning efficiently under water stress. 

Brevedan and Hodges (1973) reported that translocation in corn 

appeared to be more sensitive to moisture stress than was photosynthesis. 

To the contrary, translocation in cotton (Gossypium hirsutum) and sorghum 
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was found to be more resistant to leaf water deficit than photosynthe

sis* and neither process was completely stopped at -2.7 MP (Sung and 

Krieg, 1979). Wardlaw (1968) concluded that reduction of translocation 

in water-stressed plants is caused more by reduced source or sink 

activity than by direct effects on the capacity of the conducting system 

to function. 

Once assimilate is exported from the source,its destination will 

be influenced by the sink strength. Jurgens, et al (1978) demonstrated 

that grain-fill in corn drew on stored photosynthate to a greater extent 

in stressed plants than in controls. They further noted that as the 

14 
stress progressed the grain became a stronger sink for C accumulation 

14 
and desiccated plants dramatically increased the proportion of C 

moving from the exposed leaf to the grain. Wardlaw (1967) similarly 

found that water stress served to accentuate hierarchical relationships 

among various sinks within the plant. He bbserved that wheat under 

stress had its flag leaf and the second leaf directing more assimilates 

to the forming grains and less to the tillers or roots compared to 

unstressed wheat. 

Jurgens, et al (1978) made an analysis of the dry matter pro

duction and its distribution between stressed and control corn plants. 

They found that in control plants the increase in grain weight during 

the treatment period (grain-fill) only slightly exceeded dry matter 

production, while in stressed plants the gain in grain weight was 2.7 

times the dry matter produced. 
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WATER STRESS EFFECTS ON PLANT DEVELOPMENT 

Root Growth 

It Is generally assumed that Increased root growth and distri

bution Is an important mechanism for drought avoidance. Williams (1976) 

stated that by increasing lateral root density and length, per unit 

volume of soil, the plant can recover more soil moisture and offset 

increased transpirational loss due to increasing evapotranspiration 

potential. He further added that reduced resistance to water flux 

through roots can be achieved in plants by a lowered radial resistance. 

A number of investigations have confirmed that root growth is 

restricted under severe moisture stress (Hurd, 1968; Mayaki, et al, 

1976). On the other hand, it is generally accepted that increasing soil 

water stress in the surface soil layers induces compensatory root exten

sion to deeper, unezploited soil layers (Klepper, et al, 1973). These 

seemingly contradictory findings seem to point out the minimal basis for 

comparability because of plant ages at which measurements have been made, 

genotype differences, actual measurements taken and especially the 

differing conditions under which plants have been grown. 

The relative superiority of sorghum in drought resistance over 

most other field crops has led to interest in comparative studies of the 

root systems under varying moisture regimes. Miller (1916) reported 

that at all stages of growth the sorghum varieties had a more fibrous 

root system than corn. He further observed that the number of secondary 
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roots per unit length of primary root was approximately twice as great 

for sorghum as for corn. 

Burch, et al (1978) also noted differences in root distribution 

of soybean and sorghum and reported that sorghum had significantly 

higher root densities than soybean in soil layers above 50cm depth; 

however, there was a steady decrease of sorghum root densities down to 

100cm depth. Sorghum plants have been shown to have approximately twice 

the weight of roots per unit volume of soil as soybean plants (Teare, 

et al, 1973). Approximately 71, 64 and 86% of the total root dry matter 

were in the upper 30cm for the stressed soybean, com and sorghum 

respectively (Mayaki, et al, 1976). 

32 
Relative root activity measurements using P iqptake and soil 

water depletion data showed that approximately 90% of root activity of 

sorghum plants occurred in the top 3 feet of the soil depth (Nakayama 

and Van Bavel, 1963). Fereres (1976) showed that, tinder irrigated condi

tions, water absorption rates of sorghum plants were proportional to root 

length per unit soil volume. However, under decreasing soil moisture 

conditions, water absorption of sorghum roots became dependent on soil 

water potential rather than root density. 

Heatherly (1975), after evaluating the extent of grain sorghum 

growth under moisture stress conditions, indicated that early season root 

production establishes root system size. Therefore, the absorption 

potential for water and minerals for shoot growth and development is 

determined early in the development cycle of the plant. 
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Regardless of the favorable characteristics of sorghum roots, it 

should be realized that root growth is flexible and interacts with soil 

characteristics to some extent. For example, Merrill (1976) found that 

daily irrigations of sorghum resulted in as rapid and as deep a root 

penetration as did the less frequently irrigated, although root length 

and dry weight in the end were typically 20 to 30% higher in daily irri

gated plants. However, up to 45% of the difference in root growth and 

distribution between the two treatments could be associated with the 

soil strength matric potential relation. Under almost similar treatments 

Kaigama, et al (1977) observed that the difference between irrigated and 

non-irrigated (rain-fed) treatments was the increased quantity of the 

irrigated roots in the top 15cm of soil. Nonetheless, a greater propor

tion of total root dry matter accumulated at the deeper depths in the 

non-irrigated than in the irrigated sorghum. 

Comparisons of the root systems of water stress susceptible and 

resistant strains of sorghum demonstrated that resistant strains' roots 

penetrated distinctly deeper than the susceptible ones (Bhan, et al, 

1973). They reported a difference in root length between the treatments 

of 14.9cm at the age of 40 days and 6cm at harvest. The superiority of 

the drought resistant strains was also exhibited for the numbers and 

weights of primary and secondary roots. Similarly, Nour and Weibel 

(1978) reported significant varietal differences in all root characters 

they measured and concluded that in general the most drought resistant 
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cultivars had heavier root weight, greater root volume and higher root/ 

shoot ratio. 

Zartman and Woyewodzic (1979) have shown that root growth and 

leaf senescence have an association in sorghum. In their comparison of 

a senescing and a non-senescing hybrid of sorghum they found that by the 

grain-filling stage, when the senescence was greatest, the senescent 

cultivar had achieved the highest root density. 

Leaf Growth 

Drought stress can have major affects on the growth of sorghum 

plants by limiting leaf area development and by influencing the rate of 

senescence (Stout and Simpson, 1978). 

McCree and Davis (1974) demonstrated that hot, dry field condi

tions caused a decline in both the rate of increase of leaf area and 

final leaf area attained in sorghum. These reductions were not just due 

to a decline in cell size but also due to a decline in the number of 

epidermal cells, and they concluded that cell division and cell enlarge

ment were equally important in determining the size of leaves on sorghum 

stressed to various degrees. 

Acevedo, et al (1971) stated that the reduction in cell growth 

is due to the change in turgor potential rather than bulk leaf water 

potential. The role of turgor potential in cell growth has been shown 

by a number of workers. For example, Cleland (1971) demonstrated that 

during the course of cell enlargement, turgor is required to loosen and 

stretch cell walls. In addition, membrane-associated metabolisms in 
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chloroplasts and polysomes are affected by turgor change (Dhindsa and 

Cleland, 1975). A clear linear relationship between the leaf elongation 

rate and turgor potential for sorghum plants has been reported (Fereres, 

1976). Hsiao, et al (1970) observed that reducing leaf water potential 

from -3 bars to -4 bars reduced elongation by about 10% and at -6.5 

bars elongation was completely stopped in corn, even though wilting was 

still not obvious. 

Sanchez Diaz and Kramer (1973) reported that cells of sorghum 

leaves undergo larger changes in turgor than cells of corn leaves. 

They concluded that this fact may affect some of the physiological 

activities of sorghum such as the closure of stomata of sorghum leaves 

at a lower leaf water potential than stomata of corn. 

Although leaf growth is highly sensitive to water stress (McCree 

and David, 1974), it is possible for drought adapted plants to attain a 

constant leaf growth rate under water deficit conditions. Growth 

recovery of plant leaves which have undergone mild water stress has 

been observed. Hsiao, et al (1970) noted that growth recovery was 

virtually instantaneous when corn plants were re-watered, and concluded 

that the main factor in reducing growth during mild water deficits is 

reduced driving force, not alterations in metabolism. This phenomenon 

was later confirmed by Acevedo, et al (1971). 

Subcellular changes have been reported in leaves during increas

ing water stress. Giles, et al (1976) indicated that amounts of starch 

in the bundle sheath chloroplasts were much reduced by -14 bars of leaf 
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water potential. Swelling of the outer chloroplast membranes and reorg

anization of the tonoplast to form small vesicles from the large central 

vacuole as a result of water stress has been demonstrated (Giles, et al, 

1976). Other subcellular changes have been discussed earlier. 

Leaf area duration (LAD) is another characteristic of leaf 

growth that needs to be considered under stress conditions. Stout and 

Simpson (1978) demonstrated the increase in the rate of leaf senescence 

with increase in water stress. Leaf death of older leaves has been 

observed to be hastened by drought stress in field beans (Finch-Savage 

and Elston, 1976). However, the actual mechanism for water stress-

induced senescence is not completely understood. 

Sorghum, like other drought resistant crop plants, shows 

distinct cultivar differences in the rate and magnitude of leaf senes

cence, both of which have been shown to increase with increasing water 

deficits. Constable and Hearn (1978) concluded that leaf senescence 

can be an adaptive response to diminishing soil moisture availability 

by which leaf area, and therefore transpiration, can be reduced. 

REPRODUCTIVE GROWTH 

Dealing first with the development of the inflorescence, there 

is good evidence that even slight water stress that has no affect on 

growth of the plant as a whole can reduce the rate of appearance of 

floral primordia (Husain and Aspinall, 1970). They showed that initia

tion of primordia in barley is more sensitive to water stress than 
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development of existing primordia. Nicholls and May (1963), who found 

similar results in barley, noted that since spikelet development 

appeared to be less affected by stress than primordial formation, it 

follows that prolonged stress at the stage of floral initiation could 

markedly reduce the potential number of grains per ear. 

A number of reports indicate the particular sensitivity of the 

sorghum plant to drought stress through the period when the floral 

organs are being formed. Lewis, et al (1974) indicated that the early 

boot stage, when the florets are being formed and the potential seed 

number laid down, was particularly sensitive. Eck and Musick (1979) 

reported that yield reductions from stress initiated at the early boot 

stage can come from both reduced seed number and seed size. 

Husain and Aspinall (.1970), in their work on barley, suggested 

that if the stress period was relatively short, rate of primordial 

initiation, upon relief of stress, is more rapid than in the controls 

and the total number of spikelets formed may be unaffected. However, 

the preceding explanation appears inadequate to account for the 

developmental pattern observed, in grain sorghum for example. In 

experiments in which the timing and duration of stress were varied 

around the stage of floral initiation but in which all treatments 

constituted severe stress (wilted for one week or more), Whiteman and 

Wilson (1965) found that the development of the sorghum inflorescence 

could be suspended during stress. However, the development could be 
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resumed on re-watering and result in a flowering head not significantly 

different from that of control plants. 

Fertilization 

Moisture stress, especially in combination with high tempera

tures , at anthesis can markedly reduce fertilization and grain set in 

most cereal crops. Perhaps the most sensitive crop at this stage is 

corn. Deanmead and Shaw (1960) showed yield reductions of over 50% 

being caused by relatively brief periods of wilting during fertilization 

time. They suggested that this reduction was a result of the stress at 

this stage acting by way of dehydration of pollen grains or that germi

nation of the pollen, or growth of the pollen tube from the stigma to 

the ovules, may be impaired. 

In wheat, the period most sensitive to water stress appears to 

be the period of reduction division in the pollen mother cells. Saini 

and Aspinall (1982) specified that the period most sensitive seems to 

be when microspores are released from tetrads after meiosis (this 

period also coincides with the beginning of the degeneration of redun

dant megaspores in the gynaecium). They further noted that reduction 

in seed set was a result of male microspore injury but does not affect 

female fertility. Saini and Aspinall (.1981) showed that wheat florets 

from water stressed plants growing during the sensitive period con

tained anthers which were small and shriveled, did not dehisce normally, 

contained pollen which was devoid of normal cytoplasmic constituents 

and the pollen walls remained relatively thin. 
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Saini and Aspinall (1982) suggested that male sterility induced 

by water stress is mediated through endogenous ABA, which was shown to 

accumulate in the various plant organs upon the imposition of the stress. 

Under normal conditions, aborted spikelets in sorghum represent 

1% of the total number of spikelets in the whole panicle (Lommasson, 

et al, 1971). However, high temperature accompanying water stress 

arrests embryo growth at an early stage, especially in florets near the 

base of the panicle (Downes, 1972). Moss and Downey (1971) found that, 

in corn, drought resulted in a large reduction in grain yield due to 

abnormal embryo sac development and abortion. 

There is uncertainty as to whether the retarded growth of the 

inflorescence results from direct effects of a decreased water potential 

of the plant or its components in the apex (Barlow, et al, 1977), or an 

indirect effect through ABA as it accumulates in various plant organs 

during stress (Saini and Aspinall, 1982). 

Grain Growth 

The decrease in grain set is not the only stage that is affected 

by water stress. Cell division, cell enlargement and starch accumula

tion determine the storage capacity of the grain, which in turn will 

determine the final grain weight (Nicolas, et al, 1985). They observed 

that, in wheat, final grain weight at maturity and the maximum sites 

for starch accumulation (cell number) were reduced to the same extent, 

but grain weight was reduced more than cell number during water stress. 
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These results were attributed to the reduced rate of nuclear division 

and a reduction in starch accumulation. 

Allison and Watson (1966) demonstrated that virtually all the 

increase in dry weight after anthesis (in barley) is associated with 

grain-filling. Clearly water stress by reducing photosynthesis in the 

uppermost leaves at this time can lead to large yield decrements. 

Fisher and Wilson (1975) and Muchow and Wilson (1976) suggested 

that the grain yield of sorghum could be source limited up to a rela

tively large grain size, although there are exceptional genotypes. 

Therefore, it seems that grain growth under water stress conditions is 

strictly limited by source of assimilate in most cases. This notion is 

strongly supported by Wardlaw (1969), who showed fairly conclusively 

that although there is little effect of water stress on translocation 

of assimilate in the conducting tissue itself, translocation out of the 

leaves is slowed and prolonged. 



CHAPTER 3 

MATERIALS AND METHODS 

Field Study 

The experiment was conducted at the University of Arizona 

Marana Agricultural Center in 1987. The soil at the experimental site 

(Field A-2) is a Pima clay loam (typic torrifluvent). The preparation 

of the field seedbed followed normal full tillage practices of shred

ding the previous crop stubble, in this case cotton. The field was 

then double-disked, plowed to a 25.4cm depth and again disked. This 

land area lay inactive from Decesfcer 1986 to May 1987, at which time 

the field was furrowed out for final seedbed preparation just prior to 

planting. Raised seedbeds with furrows were used to facilitate irriga

tion water application and control. 

Irrigation water was pumped from a deep well on the experimental 

farm and distributed to the field test site in open ditches. Irriga

tion siphon tubes of variable sizes and nunbers were used to convey the 

water from the main irrigation ditch to the end of the furrows. The 

water thus flowed down the slightly sloped furrows permeating the beds 

on either side. The amount of irrigation water applied was calculated 

from the number and size of tubes used per unit of time per unit area 

of land to which water was applied. The irrigation well had a constant 
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output, which many times had to be split with other irrigated tests 

since this test could not absorb the entire well output. 

A split-plot field statistical design was used in this experi

ment. There were four water deficit treatments applied at different 

stages of plant development and a non-deficit treatment as a control, 

as the five main plots. The sub-plots were two different hybrid grain 

sorghums. The water deficit treatments per stage of plant development 

and the dates of observed water stress are presented in Table 1. The 

stages at which water deficit treatments 2 through 5 were applied were 

as described by Vanderlip (1972a). 

Two hybrid grain sorghums similar in maturity, but quite 

different in grain yield capability, were evaluated for similarity or 

dissimilarity for several agronomic characteristics when subjected to 

water deficits at various stages of plant development. The two hybrid 

grain sorghums are representative of two groups of hybrids. The hybrid 

T.G. Y77 belongs to a group of full season hybrids with relative high 

grain yielding capabilities. FUNK HW6125 belongs to a group of full 

season hybrids with relatively low grain yielding capabilities. These 

two grain sorghum hybrids were used as sub-plots within each main plot. 

The sub-plot of hybrid grain sorghums were randomized within each main 

plot of water deficit treatments. Each treatment combination was 

replicated four times. Each sub-plot consisted of six rows, each on 

a raised bed, which were 12.2m long and spaced 1.016m apart. Only the 

two center rows were used for the evaluation of agronomic characters 



Table 1. Water stress treatments, time Interval of observed plant 
stress and stage of plant development of sorghum. 

Time Interval of Stage of Plant Development 
Hater Treatment Observed Plant Stress Observed During Water Deficit 

T-l (none) (no water deficit) 

T-2 June 11 - June 17 seedling stage 

T-3 June 17 - July 22 early boot stage 

T-4 July 22 - August 12 flowering stage 

T-5 August 18 - September 2 grain filling stage 

to in 
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and grain yield. The two remaining border rows on either side of the 

plot served to shield the two center rows from the various environ

mental effects existing in adjacent plots, which may have differed in 

the type of sub-plot hybrid or in the water deficit treatment imposed. 

The entire field experiment received a uniform application of 

fertilizer, applied pre-plant during final seedbed preparation, at the 

rates of 136.2Kg of 16-20-0 and 45.4Kg of 45-0-0, for a total applica

tion of 104.32Kg of N and 67.31Kg of P per hectare. Both hybrid grain 

sorghums were planted in all treatments at a uniform rate of 20 seeds 

per meter of row. Seed of the two hybrids were tested in replicated 

laboratory germination tests for viability, with the seeding rate 

increased to adjust for non-viable seed. The seedling stand was thinned 

one week after emergence such that there was an average of 175 plants 

per row, for a plant population of 141,243 plants/hectare. The plots 

were planted with a two-row bed-shaper planter mounted on a tractor. 

The test area had been pre-irrigated and the experiment was planted in 

moist soil on the 19th of May, 1987. Both hand-weeding and herbicide 

application were used to control weeds. The experimental site received 

a 25.4mm rain on May 21 (Table 2), which was just 2 days after planting 

and before the germinating seeds could emerge. The warm, dry, windy 

weather following the rain caused a crust to form on the soil surface 

sufficient to prevent normal emergence. As soon as the field was dry 

a rotary tiller was run lightly over the beds to crack the crust. A 

pulverizer was then used to further break up the pieces of soil crust, 



Table 2. Dates and amounts of Irrigation water and rainfall In the 
sorghum field study at Marana, Arizona in 1987. 

Date 

Amount of.Water (mm) Received at Each Stress Stage of Plant Development 

Date 
Irrigation 

Rainfall Date l(C)ll  2(S) 3(EB) 4(F) 5(GF) Rainfall 

May 12 329.44 329.44 329.44 329.44 329.44 
May 15 — — — — — 7.62 
May 21 — — — — — 25.40 
June 11 122.94 — 122.94 122.94 122.94 — 

June 17 70.10 140.21 — 70.10 70.10 — 

July 1 116.33 116.33 — — 116.33 — 

July 7 57.91 57.91 — — 57.91 — 

July 10 — — — 62.73 — — 

July 20 59.18 59.18 — — — — 

July 22 — — 162.05 — — — 

July 26-27 — — — — — 15.24 
July 30 — — — — 56.64 — 

August 3-5 — — — — — 9.14 
August 11 — — — — — 14.73 
August 13 45.72 45.72 45.72 45.72 45.72 — 

August 25 — — — — — 24.13 
September 4 — — — — — 3.30 
September 22-25 — — — — — 9.14 

Totals 801.62 748.79 660.15 630.93 799.08 Total 108.70 

Treatment Total 
(Irrigation + Rainfall) 910.32 857.49 768.85 739.63 907.78 

L̂etters in parentheses signify the growth stage at which moisture stress occurred as a 
treatment: (C) = control; (S) = seedling; (EB) = early boot; (F) = flowering; (GF) = 
grain-filling. -j 
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allowing the shoot growing points to emerge. These field operations 

allowed an estimated 90% normal emergence. (An adjacent planting made 

on the same day, but not treated with crust-breaking field operations, 

had only a 5 to 10% emergence, requiring that the seedbed be remade, 

re-irrigated and replanted at a later date.) Plant signs, as described 

by Halderman (1977), which included leaf rolling, temperature and color, 

were used as stress indicators. 

Determination of Agronomic Plant Characters 

The 12 agronomic plant characters measured, and methods of 

measurement for the purpose of evaluating differences in responses 

between the two hybrids to the five water deficit treatments, were as 

follows: 

Days to 50% bloom was the number of days from planting to when 50% of 

the florets in a subplot were in bloom. 

Total plant height represented the average height, in centimeters, from 

the soil level to the tip of the head for the four plants chosen at 

random in the two center rows of each subplot. 

Height to upper leaf collar was the average height, in centimeters, of 

the stalk from the soil level to the collar of the flag leaf of the 

four randomly chosen typical plants in each subplot. 



Peduncle exsertlon was the average distance, in centimeters, between 

the collar of the flag leaf and the base of the head of the four 

randomly chosen typical plants in each subplot. 

Head length was the average distance, in centimeters, from the base of 

the head to the tip of the head of the four randomly chosen typical 

plants in each subplot. 

Leaf area was the average area, in square centimeters, of the three 

leaves below the flag leaf of the four randomly chosen typical plants 

in each subplot. The leaf area for each leaf was obtained with the 

equation (Miyata, 1978): 

2 Leaf area (cm ) = 0.747 x Leaf length x Max. leaf width 

Stover yield was the yield of plant material hand harvested from 3.05m 

of each of the two center rows of each subplot. From the harvested 

material in each subplot, samples of approximate equal weights 

(908gm) per subplot were collected and cut into pieces of leaves and 

stalks (excluding the heads). The samples were then packed into 

separate sacks and thereafter dried, first in the sun and finally 

oven-dried until the weights became constant. The fresh-to-dry 

weight ratios were then calculated from the samples. The ratios were 

then used to convert the subplot fresh weights to subplot stover dry 

weights. 

Number of heads per unit area was calculated from the number of heads 

counted per subplot, using the following formula: 
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2 2 
No. of heads/area of subplot (m ) x Unit area (m ) 

Area of subplot (mz) 

Number of grains per head was calculated from the following formula 

(Ali el Khidir Kambal, 1962): 

(Wt. of grain/plot in g.) x 500 
(Number of heads/plot) x Oft. of 500 grains in g.) 

Wt = weight. 

Grain test weight was the weight of a sample of seed from each subplot 

filled in a container of known volume to give the weight/volume 

(pounds/bushels). An official Boerner per bushel apparatus was 

used and later the weights were converted to Kg/m3. 

Grain weight was the weight in grams of 500 grains. This character was 

determined by counting 500 grains from each subplot seed sample using 

an electronic seed counter and weighing the 500 grains. 

Grain yield was obtained by combine-machine harvesting from 9.15m of 

each of the two center rows of each subplot and was measured at the 

same time on a scale mounted on the combine harvester. This grain 

yield was later corrected for gaps and bird damage. 

All data reported in this study were analyzed using the standard 

analysis of variance procedure for a split-plot experimental design 

(Gomez and Gomez, 1984). 



CHAPTER 4 

RESULTS AND DISCUSSION 

Days to 50% Bloom 

The average number of days to 50% bloom for the high yielding 

hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of 

the five moisture stress treatments are presented in Table 3. There 

was no significant difference between the two hybrids in their average 

number of days to 50% bloom across all the moisture stress treatments 

(Tables 3 and 4). The moisture stress treatments did not have any 

significant effect on the average number of days to 50% bloom in both 

hybrids. There was no significant hybrid x moisture stress treatment 

interaction. 

These results indicate that the two hybrids are of similar 

maturity (full season hybrids) as was expected. The results also 

indicate that the moisture stresses imposed during the seedling stage 

or early boot stage did not have significant effect in the two hybrids 

with respect to either increasing or decreasing the average number of 

days to 50% bloom. Our results are in disagreement with Whiteman and 

Wilson (1965), who found flowering to be delayed for sorghum plants 

grown under severe water stress. Perhaps water stresses in our study 

were not severe enough to delay flowering. 

31 
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Table 3. Mean days to 50% bloom of two sorghum hybrids 
under five moisture stress treatments. 

Mois ture Stress Treatments 
Hybrid 1(C) 11 2(S) 3 (EE) 4(F) 5(GF) Mean 

T.E. Y77 73.75p* 73.00p 73.00p 72.25p 73.50p 73.10x# 

FUNK HW6125 73.00p 73.25p 74.00p 73.75p 73.25p 73.45x 

Mean 73.37a" 73.13a 73.50a 73.00a 73.37a 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) * control; (S) = seedling; 
(EB) » early boot; (F) = flowering; (GF) = grain-filling. 

T̂he letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

T̂he letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

T̂he letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 



Table 4. Observed F values of morphological characters of grain sorghum. 

Source of Variation 
Days to 
50% Bloom 

Height to 
Upper Leaf 
Collar 

Peduncle 
Exsertion 

Panicle 
Length 

Total 
Plant 
Height Leaf Area 

Moisture stress 
treatments .49 15.42** .34 10.49** 15.14** 41.83** 

Hybrids .05 3.14** 240.20** 23.65** 8.43* 24.56** 

Moisture stress 
treatment x hybrid 1.89 2.78 1.87 4.22* 1.64 2.08 

* - Significant at 5% level, according to the F test. 
** - Significant at 1% level, according to the F test. 

w 
UI 
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Height to Upper Leaf Collar 

The average heights to the upper leaf collar of the high yield

ing hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each 

of the five moisture stress treatments are graphically presented in 

Figure 1. The high yielding hybrid had a significantly greater average 

height to the upper leaf collar than the low yielding hybrid across all 

the moisture stress treatments. The controls show a basic genetic 

difference in average height to upper leaf collar, with the high yield

ing hybrid having a significantly greater height (103.2cm) than the low 

yielding hybrid (82.5cm). 

The two hybrids had reductions in their average height to the 

upper leaf collar as a result of the moisture stress treatments. The 

high yielding hybrid showed reductions of 4.0, 13.6, 0.9 and 2.5% on 

plants stressed during the seedling, early boot, flowering and grain-

filling stages respectively, compared to their control. A similar 

trend was shown by the low yielding hybrid, which had reductions 

amounting to 2.6, 7.6, 4.9 and 4.1% on plants stressed during the 

seedling, early boot, flowering and grain-filling stages respectively, 

compared to their control. The greatest reduction in the average height 

to the upper leaf collar in each of the two hybrids occurred on plants 

stressed during the early boot stage. The statistical results (Appendix 

A) showed that there were significant differences among the moisture 

stress treatments. There was no significant hybrid x moisture stress 

treatment interaction (Table 4). 
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Figure 1. Mean height to upper leaf collar of two sorghum 
hybrids tinder five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) - control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 



These results seem to indicate that the high yielding hybrid 

was more sensitive in reacting to moisture stress treatments than the 

low yielding hybrid, especially on plants stressed during the stages 

of vegetative growth (seedling and early boot stages). Height to the 

upper leaf collar depends on the elongation of the internodes. Host 

of the upper internodes elongation takes place during the early boot 

stage and therefore moisture stress during this stage of plant devel

opment might restrict internode elongation through reduced cell division 

and cell expansion. Plant height and grain yield are usually positively 

correlated. Our observations agree with those of Stickler and Younis 

(1966) who suggested that the relatively taller hybrids (which in the 

present case was the high yielding hybrid) may have an added yield 

potential associated with more uniform ligiht distribution throughout the 

entire plant canopy. In the relatively taller genotype, because of the 

longer internodes, less mutual shading of leaves, particularly lower 

ones, and greater exposure of a high proportion of total leaf area to 

solar energy might be expected. The aforementioned advantages of the 

relatively taller genotype may also have accounted for the superiority 

of the high yielding hybrid to the low yielding hybrid in grain yield 

as was observed in our study. 

Peduncle Exsertion 

The peduncle exsertion data for the high yielding hybrid 

(T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of the 
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moisture stress treatments are graphically presented in Figure 2. The 

higher yielding hybrid had shorter average peduncle exsertion compared 

to the lower yielding hybrid across all the moisture stress treatments. 

The control treatments showed a basic genetic difference between the 

two hybrids with the high yielding hybrid having a significantly smaller 

average peduncle exsertion (3.72cm) than the low yielding hybrid 

(19.75cm). The low yielding hybrid averaged 81.2% more peduncle 

exsertion than the high yielding hybrid at the control moisture treat

ment. Similarly, for plants stressed during the seedling, early boot, 

flowering and grain-filling stages, the low yielding hybrid averaged 

82.5, 78.7, 85.7 and 97.7% more peduncle exsertion respectively, than 

the high yielding hybrid. 

The two hybrids showed significant differences at each of the 

five moisture stress treatments (Appendix A). The F test results for 

this character indicated there were no significant differences among 

the moisture stress treatments. There was no significant hybrid x 

moisture stress treatment interaction (Table 4). 

These results show genotypic differences in peduncle exsertion 

between the two hybrids. The high yielding hybrid had relatively less 

peduncle exsertion than the low yielding one. Peduncle exsertion 

is usually reduced due to moisture stress. Although no significant 

differences were found among the moisture stress treatments, both 

hybrids showed insignificant actual reductions in peduncle exsertion 
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FUNK HW6125 

1(C)H 2(S) 3(EB) 4(F) 5(GF) 

Moisture stress treatments 

Figure 2. Mean peduncle exsertion of two sorghum hybrids 
under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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for plants stressed during the seedling, early boot and flowering stages 

compared to their controls. Perhaps the stress treatments were not 

severe enough to cause significant reduction in this character. The 

other possible reason for the nonsignificant effects of the moisture 

stress treatments on average peduncle exsertion in both hybrids could 

have been due to experimental error as a result of the small number of 

plants sampled for the measurement of this character. 

Panicle Length 

The average panicle lengths of the high yielding hybrid 

(T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of the 

five moisture stress treatments are presented graphically in Figure 3. 

The high yielding hybrid had a greater panicle length than the low 

yielding hybrid on plants stressed during the seedling, flowering, 

grain-filling stages and the controls. The control plants showed that 

the high yielding hybrid had significantly greater average panicle 

length (29.90cm) than the low yielding hybrid (27.85cm). However, the 

high yielding hybrid had a 1.1% shorter average panicle length than the 

low yielding hybrid for plants stressed during the early boot stage 

(Figure 3). 

Compared to its control, the high yielding hybrid showed 

reductions in its average panicle lengths due to moisture stress 

treatments amounting to 13.55, 4.25 and 4.35% for plants stressed 

during the early boot, flowering and grain-filling stages respectively. 
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FUNK HW6125 

Moisture stress treatments 

Figure 3. Mean panicle length of two sorghum hybrids 
under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) » early boot; (F) = flowering; (GF) = grain-filling. 



41 

However, the plants stressed during the seedling stage in this hybrid 

had a 6% greater panicle length than its control. The low yielding 

hybrid also showed reductions in the average panicle length when com

pared to its control amounting to 6.18, 2.80 and 6.93% due to moisture 

stress treatments imposed during the early boot, flowering and grain-

filling stages respectively. Similarly, the plants of the low yielding 

hybrid, when stressed during the seedling stage, had a 6.23% greater 

average panicle length than its control. The statistical results show 

significant differences between the two hybrids' controls. The two 

hybrids are also significantly different at moisture stress treatments 

that occurred during the flowering and grain-filling stages. The 

moisture stress treatments showed significant differences (Appendix A). 

There was a significant hybrid x moisture stress treatment interaction 

(Table 4). 

The controls show a basic genetic difference in panicle length 

between the two hybrids. The greatest reduction in panicle length of 

the high yielding hybrid due to moisture stress treatments occurred 

on plants stressed during the early boot stage. In the low yielding 

hybrid the greatest reduction occurred on plants stressed during the 

early boot and grain-filling stages. Inflorescence development starts 

during the early boot stage. It is plausible that moisture stress 

occurring during this stage (early boot) can restrict inflorescence 

development which encompasses early panicle length development. 

Although both hybrids had great reductions in the average panicle 
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length compared to their respective controls, due to the moisture stress 

treatments imposed during the early boot stage, it seems from the 

magnitude of reductions that the high yielding hybrid was more suscepti

ble (13.55% reduction) than the low yielding hybrid (6.18% reduction). 

Panicle length is usually fully developed by the flowering stage and 

grain-filling stage. The reductions in average panicle length in 

plants stressed during the flowering and grain-filling stages might have 

been due to experimental error as a result of the small number of plants 

sampled for the measurement of this character. 

Total Plant Height 

The average total plant heights of the high yielding hybrid 

(T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of the five 

moisture stress treatments are graphically presented in Figure 4. The 

average total plant height is comprised of three components: height to 

upper leaf collar, peduncle assertion and panicle length. The controls 

reflect the true genetic height differences between the two hybrids 

which resulted in the high yielding hybrid having a relatively greater 

average total plant height (136.6cm) than the low yielding hybrid 

(130.1cm). Similarly, the average total plant height was greater on 

the high yielding hybrid than the low yielding hybrid at moisture stress 

treatments imposed during the seedling, flowering and grain-filling 

stages. . However, for plants stressed during the early boot stage the 

low yielding hybrid had a 0.8% greater average total plant height than 

the high yielding hybrid. 
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1(C) 11 2(S) 3(EB) 4(F) 5(GF) 

Moisture stress treatments 

Figure 4. Mean total plant height of two sorghum hybrids 
under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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The moisture stress treatments reduced the average total plant 

heights of both hybrids. Conpared to its control, the high yielding 

hybrid shoved reductions in this character amounting.to 3.1, 13.1, 2.3 

and 5.1% due to moisture stress treatments imposed during the seedling, 

early boot, flowering and grain-filling stages respectively. Similarly, 

the low yielding hybrid showed reductions of 1.3, 7.9, 4.9 and 1.8% due 

to moisture stress treatments imposed during the seedling, early boot, 

flowering and grain-filling stages respectively. The greatest reduc

tion in the average total plant height occurred on plants stressed 

during the early boot stage in each of the two hybrids. The contribu

tions to the average total plant height calculated from the control by 

each component of total plant height in the high yielding hybrid were 

75.92, 2.11 and 21.97% by the height to the upper leaf collar, peduncle 

exsertion and panicle length respectively. A similar trend was observed 

in the low yielding hybrid with contributions amounting to 63.0, 15.3 

and 21.7% by the height to the upper leaf collar, peduncle exsertion and 

panicle length respectively. The height to the upper leaf collar con

tributed the most to the total plant height, followed by the panicle 

length, and the least contributor being the peduncle exsertion. 

Statistically there was a significant difference between the 

two hybrids for plants stressed during the flowering stage. The moisture 

stress treatments also showed significant differences (Appendix A). 

There was no significant variety x moisture stress treatment interaction 

(Table 4). 
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Water stress has been shewn to induce the accumulation of 

abscisic acid (ABA) in plant parts (Saini and Aspinall, 1982; Michael 

and Cohen, 1975). It also has been demonstrated that ABA acts as an 

antagonist to gibberellic acid (Thomas, et al, 1965). Gibberellic acid 

has been shown to increase the height of many sorghum cultivars (Morgan, 

et al, 1977) and to inhibit root growth (Bhatt, et al, 1976). In our 

study the early boot stage had the longest stress duration relative to 

the other growth stages. Assuming that this long stress period had 

induced changes in the levels and/or activity of the growth regulators, 

as previously described, it is plausible that the reduced total plant 

height to a greater extent during the early boot stage may have been 

a consequence of reduced GA levels and/or activity. At the same time 

these reduced levels and/or activity may have induced promoted root 

development to a greater extent in the plants stressed during the early 

boot stage. This improved root development may have been a major 

factor in contributing to the higher grain yield produced by the plants 

stressed during the early boot stage in each of the two hybrids in our 

study. 

Leaf Area 

The average total leaf areas of the three leaves below the flag 

leaf (hereafter referred to as average total leaf area) of the high 

yielding hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) at 

each of the five moisture regimes are graphically presented in Figure 5. 
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FUNK HW6125 

Moisture stress treatments 

Figure 5. Mean leaf area of the three leaves below the flag 
leaf of two sorghum hybrids under five moisture 
stress treatments. 

Let.ters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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The high yielding hybrid had a lower average leaf area than the low 

yielding hybrid across all the moisture stress treatments. The control 

treatments indicate that there is a relative genetic difference between 

the two hybrids in this character. The low yielding hybrid control had 

a greater average total leaf area (334.3cm2) than the high yielding 

hybrid control (286.lcm̂ ) (Figure 5). The high yielding hybrid showed 

reductions, from its control, in average total leaf area amounting to 

25.6 and 9.1% on plants stressed during the early boot and flowering 

stages respectively. However, the plants of the high yielding hybrid 

stressed during the seedling and grain-filling stages showed increased 

average total leaf area over their control amounting to 12.5 and 2.6% 

respectively. A similar trend wap evident in the low yielding hybrid 

also, which showed reductions amounting to 36.9 and 2.2% on plants 

stressed during the early boot and flowering stages respectively. As 

with the high yielding hybrid, the low yielding hybrid also shewed 

increased average total leaf area over their control of 21.5 and 4.7% on 

plants stressed during the seedling and grain-filling stages respective

ly. The plants stressed during the seedling stage had the largest 

average total leaf area and those stressed during the early boot stage 

had the smallest in each of the two hybrids (figure 5). The statistical 

results showed a significant difference between the two hybrids on plants 

stressed during the seedling, flowering and grain-filling stages. The 

moisture stress treatments showed significant differences (Appendix A). 

There was no significant hybrid x moisture stress treatment interaction. 



48 

Much of leaf expansion in sorghum occurs concurrently with 

development of the panicle during growth stage 2 (from panicle initiation 

to anthesis) (Eastin, 1972). In our study stage 2 is synonymous with 

what we have referred to as the early boot stage to the flowering stage. 

It therefore seems that moisture stress occurring during the early boot 

and flowering stages can result in a reduced leaf expansion, as was the 

case in the present study. Sharp, et al (1979) noted the sensitivity 

of sorghum leaves to drought stress. Their work indicated that very 

small reduction in leaf turgor potential could cause a considerable 

reduction in leaf expansion. The moisture stress in our study during 

the seedling stage was relatively mild compared to the stresses at the 

other growth stages. Our observation suggests that the increased leaf 

area on plants stressed during the seedling stage in both hybrids may 

have been due to the instantaneous growth recovery of plant leaves 

which had undergone a mild water stress, as was observed by Hsiao, et al, 

1970. 

The relatively smaller average leaf area in the high yielding 

hybrid may have meant that less water transpired from this hybrid 

compared to the low yielding hybrid due to differences in the average 

areas of the transpirational surfaces (leaves). The assumption that 

the high yielding hybrid lost less water due to reduced average leaf 

area leads to the suggestion that the high yielding hybrid was able to 

maintain a relatively higher internal moisture content than the low 

yielding hybrid during the stress periods. The net result was a 
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higher grain yield for the high yielding hybrid, as has been shown by 

our yield results. 

It also can be safely assumed that the low yielding hybrid 

expended more energy in leaf development than the high yielding hybrid. 

Perhaps this might also account for the differences in the final grain 

yield between the two hybrids. 

Head Number 

The average number of heads per square meter for the high 

yielding hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) at 

each of the five moisture stress treatments are presented in Table 5. 

The high yielding hybrid had a significantly greater number of heads 

per square meter (14.22) than the low yielding hybrid (12.32), as was 

shown by the control treatments (Table 5). 

Significant differences between the two hybrids were found 

only at the control moisture stress treatment and at the grain-filling 

moisture stress treatment. However, the moisture stress treatments did 

not differ significantly according to our F test results (Tables 5 and 

6). Thus the differences in the number of heads per square meter 

observed at the different moisture stress treatments in each of the two 

hybrids are due mainly to experimental error rather than moisture stress 

treatment effect. There was no significant hybrid x moisture stress 

treatment interaction (Table 6). 

These results seem to indicate genotypic differences between the 

two hybrids for this character. The high yielding hybrid had a greater 
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2 
Table 5. Mean number of heads per unit area Cm ) of two sorghum 

hybrids under five moisture stress treatments. 

Moisture Stress Treatments 
Hybrid 1CC)1[ 2CS) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 14.22p* 14.87p 14.32p I4.13p 14.27p 14.36x# 

FUNK HW6125 12.32q 13.57p 13.92p I4.49p 12.53q 13.37y 

Mean 13.27a## 14.22a 14.12a 14.31a 13.40a 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

'̂Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: CC) = control; (S) = seedling; 
(EB) • early boot; OF) a flowering; (GF) = grain-filling. 

*The letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

T̂he letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

#The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 



Table 6. Observed F values of yield and yield components of grain sorghums. 

Source of Variation 
No. Heads 
per m2 

No. Grains/ 
Panicle 

500 Grain 
Weight 

Grain Yield 
per Hectare 

Grain Test 
Weight 

Stover 
Yield 

Moisture stress 
treatments . 78 

Hybrids 5.96* 

Moisture stress 
treatment x hybrid 1.10 

7.50** 

27.86** 

.93 

16.87** 

14.82** 

1.00 

12.28** 

78.06** 

3.40* 

13.87** 

. 2 2  

1.61 

.83 

.36 

.43 

* - Significant at 5% level, according to the F test. 
** - Significant at 1% level, according to the F test. 

Ul 
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number of heads per square meter than the low yielding, as shown by the 

control treatment, likely due to a genetically controlled greater till

ering ability than the low yielding hybrid. 

Number of Grains per Panicle 

The average number of grains per panicle for the high yielding 

hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of 

the five moisture stress treatments are graphically presented in Figure 

6. The control treatments indicated a basic significant difference 

between the two hybrids, with the high yielding hybrid having more 

grains per panicle (1808) than the low yielding hybrid (1350). Similar

ly, the high yielding hybrid had a relatively greater number of grains 

per panicle than the low yielding hybrid across all other moisture stress 

treatments (Figure 6). 

The high yielding hybrid showed reductions in the average 

number of grains per panicle on plants stressed during the early boot 

stage of 263 (14.6%), flowering stage of 195 (10.8%) and grain-filling 

stage of 466 (25.8%) compared to their control treatments. To the con

trary, the plants of the same hybrid (high yielding) stressed during the 

seedling stage had an increase of 69 (3.7%) in this character compared 

to its control treatment. The low yielding hybrid showed a slightly 

different trend, with reductions occurring on plants stressed during the 

early boot stage of 208 (15.4%) and grain-filling stage of 221 (16.4%) 

compared to their control treatment. The plants of the low yielding 
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FUNK HW6125 

*,1500 

Moisture sress treatments 

Figure 6. Mean number of grains per panicle of two sorghum 
hybrids under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: CC) = control; (S)•= seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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hybrid stressed during the seedling stage also had an increase in the 

average number of grains per panicle of 334 (19.8%) coup ared to its 

control. Unlike the high yielding hybrid, which showed a decrease in 

this character on its plants stressed during the flowering stage, the 

low yielding hybrid had an increase of 36 (2.6%) over its control on 

plants stressed during the same stage (flowering). The highest average 

nunfeer of grains per panicle were produced by the plants stressed 

during the seedling stage within each of the two hybrids (Figure 6). 

On the other hand, the lowest average number of grains per panicle were 

produced by plants stressed during the grain-filling stage in each of 

the two hybrids. 

The statistical results showed significant differences between 

the two hybrids at the control treatment and at the moisture stress 

treatment imposed during the early boot stage. The moisture stress 

treatments also showed significant differences (Appendix A). There was 

no significant hybrid x moisture stress treatment interaction (Table 6). 

The results of our study are in agreement with the findings of 

Lewis, et al (1974), who indicated that the early boot stage, when the 

florets are being formed and potential grain number laid down, is 

particularly sensitive. Both hybrids tested in our study did show 

reductions in their average number of grains on plants stressed during 

the early boot stage compared to their respective controls. The low 

average number of grains per head on the plants stressed during the 

grain-filling stage of each of the two hybrids may have been due to the 
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problem of not saving and counting all of the very small, poorly devel

oped and light seed during laboratory seed cleaning and counting activi

ties. Losses of similar grains may have occurred when combine harvesting 

the field plots. 

500 Grain Weight 

The average 500 grain weight of the high yielding hybrid (T.E. 

Y77) and the low yielding hybrid (FUNK HW6125) at each of the five 

moisture stress treatments are graphically presented in Figure 7. The 

control plants of the high yielding hybrid had an average grain weight 

of 8.195g (Figure 7). The high yielding hybrid showed increased average 

grain weight over its control from plants stressed during the seedling 

stage of 1.115g (12.0%), early boot stage of 3.725g (31.3%) and flowering 

stage of 0.113g (1.4%). However, the plants stressed during the grain-

filling stage in this hybrid (high yielding) showed a reduction of 1.21g 

(14.8%) compared to their control. The low yielding hybrid showed a 

similar trend. Its control had an average grain weight of 7.043g. The 

low yielding hybrid also showed increased average grain weight over its 

control on plants stressed during the seedling stage of 0.695g (9.0%), 

early boot stage of 2.815g (.28.6%) and the flowering stage of 0.677g 

(8.8%). Similarly, the low yielding hybrid plants stressed during the 

grain-filling stage showed a reduction of 0.473g (6.7%). 
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FUNK HW6125 

Moisture stress treatments 

Figure 7. Mean 500 grain weight of two sorghum hybrids 
under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (£) = control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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The high yielding hybrid had 1.152g (14.1%), 1.572g (16.9%), 

2.062g (17.3%), 0.588g (7.1%) and 0.415g (5.9%) more average grain 

weight than the low yielding hybrid on plants at the control, seedling 

stage, early boot stage, flowering stage and grain-filling stage 

moisture stress treatments respectively. The highest grain weight was 

observed in plants stressed during the early boot stage, while the 

lowest grain weight was observed in plants stressed during the grain-

filling stage in each of the two hybrids. There were significant 

differences between the two hybrids at the seedling and early boot 

moisture stress treatments. The moisture stress treatments showed 

significant differences (Appendix A). There was no significant hybrid 

x moisture stress treatment interaction (Table 6). 

The range of grain weight variability across the moisture stress 

treatments was narrower in the low yielding hybrid than that of the high 

yielding hybrid. This seems to indicate that the high yielding hybrid 

is more sensitive in responding to moisture stress treatments in this 

character than the low yielding hybrid. 

The controls of the two hybrids differed by 14.1%, showing a 

relative basic genetic difference between them which was not due to 

treatments. The plants stressed during the early boot stage in both 

hybrids produced fewer grains per panicle than their controls but had 

greater average grain weight than their controls. The reduced number 

of grains per panicle in plants stressed during the early boot stage 

may have been compensated for by an increased final dry weight 
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of grains. This has been shown to occur in sorghum by Kiniry (1987), 

who demonstrated that there is an increase of individual grain weight 

in sorghum in response to reduced grain number per panicle. The smaller 

grain weights of plants stressed during the grain-filling stage may have 

been due to a number of reasons (discussed in detail in the literature 

review section of this work). 

Grain Yield 

The average grain yields of the high yielding hybrid (T.E. Y77) 

and the low yielding hybrid (FUNK HW6125) at each of the five moisture 

stress treatments are graphically presented in Figure 8. The control 

treatment of the high yielding hybrid produced an average grain yield 

of 4175Kg/ha. The high yielding hybrid showed greater average grain 

yield of 1053Kg/ha (20.1%) and 1102Kg/ha (20.9%) over its control treat

ment in plants stressed during the seedling stage and early boot stage 

respectively. However, plants stressed during the flowering and grain-

filling stages showed reductions in their average grain yield, compared 

to the control, amounting to 438Kg/ha (10.5%) and 1478Kg/ha (35.4%) 

respectively. 

A slightly different trend was shown by the low yielding hybrid 

in its average grain yield response to the same moisture stress treat

ments. Its control treatment produced an average grain yield of 2334Kg/ 

ha. There was an increase in the average grain yield of the low yielding 

hybrid over its control in plants stressed during the seedling stage of 

1147Kg/ha (33.0%), early boot stage of 761Kg/ha (24.6%) and flowering 
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FUNK HW6125 

1(C) 11 2(S) 3(EB) 4(F) 5(GF) 

Moisture stress treatments 

Figure 8. Mean grain yield of two sorghum hybrids under 
five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) « seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 
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stage of 779Kg/ha (25.0%). Likewise, the low yielding hybrid showed a 

reduction of 467Kg/ha (20.0%) on plants stressed during the grain-

filling stage compared to its control treatment. 

The control treatment showed a significant genetic difference 

between the two hybrids in their average grain yields, with the high 

yielding hybrid producing 1841Kg/ha (44.1%) more grain yield than the 

low yielding hybrid. Similarly, at the other moisture stress treatments 

the high yielding hybrid produced 1747Kg/ha (33.4%), 2182Kg/ha (41.4%), 

624Kg/ha (16.7%) and 830Kg/ha (30.8%) more grain yield than the low 

yielding hybrid at the seedling stage, early boot stage, flowering 

stage and grain-filling stage respectively. 

The highest average grain yield in the high yielding hybrid was 

found in plants stressed during the early boot stage which produced 

5277Kg/ha, whereas the lowest average grain yield was from plants 

stressed during the grain-filling stage which produced 2697Kg/ha. On 

the other hand, the low yielding hybrid had its highest average grain 

yield from plants stressed during the seedling stage, which produced 

34811£g/ha, and its lowest also from plants stressed during the grain-

filling stage C3113Kg/ha). 

The statistical results showed a significant difference between 

the two hybrids at the control, seedling stage and early boot stage 

moisture stress treatments. Significant differences were also observed 

among the moisture stress treatments CAppendix A). There was a signif

icant hybrid x moisture stress treatment interaction (Table 6). 
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As In the average grain weight results, the low yielding hybrid 

shewed a narrower range of average grain yield variability across the 

moisture stress treatments than the high yielding hybrid. This seems 

to indicate the high yielder to be more sensitive in responding to mois

ture stress treatments in this character than the low yielding hybrid. 

These results seem to indicate inter-genotypic differences in 

yield ability between the two hybrids and confirm the fact that T.E. 

Y77 is a higher yielding hybrid than FUNK HW6125. Inuyama (1978) also 

fotmd differences in the ability to yield grain among different varieties 

under similar water stress conditions. Merrill and Rawlings (1979) 

compared root distribution of sorghum plants that were frequently irri

gated and those that were less frequently irrigated and found a greater 

proportion of the root mass at a deeper depth in the less frequently 

irrigated plants, as did Kaigama, et al (1977) for irrigated and non-

irrigated grain sorghum. It has also been reported that root growth in 

sorghum is completed by, if not before anthesis (Kaigama, et al, 1977). 

With these findings it is plausible that stress imposed around the 

seedling and early boot stages could have modified the rooting pattern 

of plants stressed at these stages of growth, to a degree where they had 

a deeper root system than those plants stressed at later stages of 

development. This increased rooting density in the lower portion of the 

soil profile may have allowed timely extraction of greater quantities 

of soil water. The net result could have been a delay in the time 

required to deplete the profile to the extent where serious water 
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deficit occurs, especially during the grain-filling stage of plant 

development, and could have helped the plants stressed at the seedling 

and early boot stages to maintain higher yields than plants stressed 

at other growth stages as our yield results indicate. This assumption 

seems even more plausible since all the plants in our study apparently 

did undergo an unplanned moisture stress during the later part of the 

grain-filling period. 

The present study showed that stress at the grain-filling stage 

resulted in the lowest yield in both the hybrids. These results agree 

with those of Miyata (1978), whose work at Marana indicated that an 

inqportant part of the yield differences between plants grown under opti

mal and suboptimal soil moisture conditions resulted from differences in 

the soil moisture availability during the grain-filling period. 

Grain Test Weight 

The average grain test weight of the high yielding hybrid (T.E. 

Y77) and the low yielding hybrid (FUNK HW6125) are graphically presented 

in Figure 9. The control treatment of the high yielding hybrid had an 

average grain test weight amounting to 739.5Kg/m̂ . The high yielding 

hybrid showed increased average grain test weight over its control from 

plants stressed during the seedling stage of 12.0Kg/m̂  (.1.6%), early 

boot stage of 33.3Kg/m3 (4.3%) and the flowering stage of 14.0Kg/m̂  

Cl.9%). The average grain test weight in the high yielding hybrid from 

plants stressed during the grain-filling stage showed a reduction of 

26.2Kg/m3 (3.5%). The control treatment of the low yielding hybrid had 



63 

FUNK HW6125 

Moisture stress treatments 

Figure 9. Mean grain test weight of two sorghum hybrids 
under five moisture stress treatments. 

Letters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 



64 

an average grain test weight amounting to 730Kg/m̂ . A similar trend 

was observed in the low yielding hybrid. It had an increased average 

grain test weight over its control in plants stressed during the seed

ling stage of 12.8Kg/m3 (1.7%), early boot stage of 37.2Kg/m3 (4.9%) 

and the flowering stage of 18.6Kg/m~ (2.5%). The plants stressed 

during the grain-filling stage had £ reduction of 1. SKg/m̂  (0.3%) in 

the average grain test weight compared to its control treatment. 

Within each of the two hybrids the plants stressed during the 

early boot stage produced grain with the highest average grain test 

weight, while the plants stressed during the grain-filling stage had 

the lowest average grain test weight. The F test for this character 

showed there was no significant difference between the two hybrids at 

any of the moisture stress treatments. The moisture stress treatments 

showed significant differences (Appendix A). 

The results of our study are in agreement with those obtained by 

Fischer and Hagan (1965). They reported that water stress at the early 

stage of inflorescence development (early boot stage in our study) 

reduces the number of grains produced and that water stress at the late 

stage of reproductive growth (grain-filling stage in our study) reduces 

grain volume weight. 

Stover Yield 

The average stover dry matter yields of the high yielding hybrid 

(T.E. Y77) and the low yielding hybrid (FUNK HW6125) at each of the five 

moisture stress treatments are presented in Table 7. When averaged 
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Table 7. Mean stover yield (dry weight Kg/ha) of two sorghum 
hybrids under five moisture stress treatments. 

Moisture Stress Treatments 
Hybrid 1(C) 11 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 6304p* 6389p 5946p 5976p 6378p 6199x# 

FUNK HW6125 5574p 649 7p 5998p 6313p 5393p 5955x 

Mean 5939a## 6443a 5972a 6145a 5886a 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) = seedling; 
(EB) « early boot; (F) = flowering; (GF) = grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

T̂he letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

^The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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across all the moisture stress treatments the high yielding hybrid pro

duced 6198Kg/ha of stover dry matter, while the low yielding hybrid 

produced 5955Kg/ha (Table 7). However, statistically there was no 

significant difference between the two hybrids at any of the moisture 

stress treatments. Also, the moisture stress treatments did not show 

any significant differences (Table 7). There was no significant hybrid 

x moisture stress treatment interaction. 

These results seem to indicate that the final amount of dry 

matter in the stover was similar in the two hybrids and that the 

moisture deficits during the specific growth stages tested in this study 

did not have significant influence on this character in either hybrid. 

Correlations 

It is evident from the correlations (Table 8) that seed size 

(500 grain weight) was the most important component of yield for both 

hybrids. The seed size accounted for 71% and 41% of the variability in 

yield for T.E. Y77 and FUNK HW6125 respectively. In the case of T.E. 

Y77, the second in importance of the yield components was the number of 

grains per panicle, whereas for FUNK HW6125 it was the number of heads 

per square meter. The least important yield component was the number 

of heads per unit area for T.E. Y77 and number of grains per panicle for 

FUNK HW6125. 

Some interesting differences between the two hybrids in the 

kinds of associations among the yield components were shown. There was 



67 

Table 8. Correlation coefficients (r) and coefficients of 
determination (r^) between grain yield and yield 
components of two sorghum hybrids. 

Coefficients 

T.E. Y77 FUNK HW6125 

Correlations r 
2 
r r 

2 
r 

2 
Yield vs. No. of heads/m .08 .006 .50* .25 

Yield vs. 500 grain weight .84** .71 .65* .41 

Yield vs. No. of grains/panicle .65** .42 .46* .22 

No. of grains/panicle vs. 
500 grain weight .25 .06 -.15 .02 

No. of grains/panicle vs. 
No. of heads/m̂  -.33 .11 -.25 .06 

500 grain weight vs. 
No. of heads/m̂  -.06 .003 

CM • .07 

* - Significant at 5% level. 
** - Significant at 1% level. 
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a positive relationship between grain weight and number of grains per 

panicle in T.E. Y77. On the other hand, a high number of grains per 

panicle was associated with a low grain weight in FUNK HW6125, showing 

a tendency towards increase in grain weight as the number of grains per 

head decreased. There was an inverse relationship between the number 

of grains per panicle and the number of heads per unit area in both 

hybrids. The hybrid T.E. Y77 had a negative association between its 

grain weight and the number of heads per unit area, whereas FUNK HW6125 

had a positive association between those same yield components. All the 

coefficients of correlation (r) for all the tested yield component 

combinations were too small in both hybrids to be of predictive value 

(Table 8). 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

An experiment to evaluate the relative response of two sorghum 

hybrids to moisture deficits occurring at four different stages of plant 

development was conducted at the University of Arizona Marana Agricul

tural Center in 1987. A split plot design was used, with four moisture 

stress treatments coinciding with four growth stages (i.e., seedling, 

early boot, flowering and grain-filling, and an unstressed control) 

randomized on the main plots. The two sorghum hybrids of similar 

maturity but with different (low and high) grain yield capabilities 

were assigned randomly as subplots within each of the five main plots. 

Each treatment combination was replicated four times. 

The two sorghum hybrids were representative of two groups of 

hybrids. The high yielding hybrid (T.E. Y77) represented the full 

maturity and high yielding hybrids, while the low yielding (FUNK HW6125) 

represented the full maturity but low yielding hybrids. The hybrids 

were planted on 19 May 1987, in six-row subplots, at the same 

planting rate of 20 seeds per meter of row. Each row was 12.2m 

long and spaced at 1.016m apart. Only the two center plot rows were 

used for the evaluation of agronomic characters and grain yield. 

The entire experimental area received a uniform fertilizer 

application at the rates of 104.32 Kg N and 67.3 Kg P per hectare. A 
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pre-planting irrigation was done to normalize soil water content. The 

total amounts of irrigation water and rainfall received by each main 

plot were 857.49, 768.85, 739.63, 907.78 and 910.32mm for plants stressed 

during the seedling, early boot, flowering, grain-filling stages and 

controls respectively. A moisture stress was imposed by withholding 

irrigation water for each specific stress treatment. The sorghum, 

other than when stressed, was irrigated normally. Plant signs were 

used as stress indicators. Twelve agronomic plant characteristics were 

measured for the purpose of evaluating differences in response between 

the two hybrids to the five water deficit treatments. The agronomic 

and yield characters measured included: days to 50% bloom, height to 

upper leaf collar, peduncle exsertion, panicle length, total plant 

height, the average total leaf area of the three leaves below the flag 

leaf, number of heads per square meter, number of grains per panicle, 

500 grain weight, grain yield per hectare, stover dry matter yield per 

hectare, and grain test weight. 

The results showed no significant difference between the high 

yielding hybrid (T.E. Y77) and the low yielding hybrid (FUNK HW6125) in 

the number of days to 50% bloom which was expected and shown by the 

control treatment. The moisture stress treatments imposed at the 

different stages of growth also did not significantly affect the number 

of days to 50% bloom in either of the hybrids. Perhaps water stresses 

in our study were not severe enough to delay flowering, which has been 

shown to occur in sorghum plants grown under severe stress by Whiteman 

and Wilson (1965). 
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The high yielding hybrid had a significant genotypic greater 

average height to the upper leaf collar (103.2cm) than the low yielding 

hybrid (82.5cm) as shown by the control treatment. Similarly, the high 

yielding hybrid showed a significantly greater average height to the 

upper leaf collar than the low yielding hybrid at each of the other 

moisture stress treatments. The moisture stress at the different stages 

of growth reduced the height to the upper leaf collar coup ared to the 

controls, the greatest reduction occurring on plants stressed during the 

early boot stage in each of the hybrids. Height to the upper leaf collar 

depends on the elongation of the intemodes. Most of the upper inter-

nodes elongation takes place during the early boot stage of plant devel

opment. It is plausible that moisture stress during the early boot stage 

might have restricted internode elongation through either reduced cell 

division or cell expansion, or both. 

A. significant genotypic difference between the two hybrids in 

their peduncle exsertion was observed. The high yielding hybrid had a 

smaller peduncle exsertion (3.72cm) than the low yielding hybrid (19.75cm) 

at the control treatment. Similarly, significant differences between the 

two hybrids were observed at the other moisture stress treatments, where 

the high yielding hybrid had smaller peduncle exsertion than the low 

yielding hybrid. The moisture deficits at the different stages of growth 

did not significantly affect the peduncle exsertion, although small actual 

reductions were observed on plants stressed during the seedling stage, 

early boot stage and flowering stage in the low yielding hybrid when 
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compared to the control. The high yielding hybrid seemed to have a 

genotypically small peduncle exsertion, which also showed actual but 

insignificant reductions due to moisture stress treatments imposed at 

all other moisture stress treatments when compared to the control 

treatment. From these results it would seem the moisture stress 

treatments were not severe enough to reduce peduncle exsertion sig

nificantly in either of the hybrids. 

The high yielding hybrid control had a small but significantly 

greater panicle length (29.9cm) than the low yielding hybrid control 

(27.9cm). The high yielding hybrid also had greater panicle length 

than the low yielding hybrid on plants stressed during the seedling 

stage, flowering stage and grain-filling stage, but these differences 

between the two hybrids were significant only at the flowering and 

grain-filling moisture stress treatments. However, the low yielding 

hybrid had a 0.28cm greater panicle length, though insignificant 

compared with the high yielding hybrid, on plants stressed during the 

early boot stage. The greatest reduction in panicle length in the 

high yielding hybrid occurred on plants stressed during the early boot 

stage. In the low yielding hybrid the greatest reduction occurred on 

plants stressed during the grain-filling stage, though differing little 

(0.21cm difference) from plants stressed at the early boot stage. 

Inflorescence development, which encompasses panicle length develop

ment, starts during the early boot stage. It is therefore possible 

that moisture stress during the early boot stage can restrict 
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inflorescent development and consequently panicle length. Panicle 

length usually is fully developed by the flowering stage and grain-

filling stage. Thus the reductions in panicle length observed on 

plants stressed during the flowering and grain-filling stages might 

have been due to experimental error as a result of the small number 

of plants sampled for the measurement of this character. 

Results of the total plant heights of the controls showed the 

high yielding hybrid to be non-significantly taller (136.6cm) than the 

low yielding hybrid (130.1cm). The high yielding hybrid was relatively 

taller than the low yielding hybrid at moisture stresses imposed during 

the seedling stage, flowering stage and grain-filling stage. The low 

yielding hybrid, on the other hand, was 1 cm taller than the high yield

ing hybrid in plants stressed during the early boot stage. A signifi

cant difference between the two hybrids in this character was found 

only on plants stressed during the flowering stage. In both hybrids the 

moisture stress treatments tended to reduce the total plant heights 

compared to their respective controls. The greatest reduction occurred 

on plants stressed during the early boot stage. The greatest contribu

tion, calculated from the control treatments of the two hybrids, to the 

total plant height in both hybrids was from the height to the upper leaf 

collar component, which contributed 75.9%' and 60.0% to the total plant 

heights of the high yielding and low yielding hybrids respectively. The 

total plant height and panicle length components were significantly 

reduced by the moisture stress treatments in both hybrids, especially 
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during the early boot stage. On the other hand, the peduncle exsertlon 

component was not significantly affected by the moisture stress treat

ments in our study. 

The average total leaf area of the three leaves below the flag 

leaf (hereafter called leaf area) of the controls showed that the low 

2 
yielding hybrid had a non-significant larger leaf area (334.3cm ) than 

2 
the high yielding hybrid (286.1cm ). Significant differences between 

the two hybrids were found on plants at the seedling stage, flowering 

stage and grain-filling stage moisture stress treatments. In both 

hybrids the plants stressed during the early boot and flowering stages 

showed reductions in their leaf areas compared to*their respective 

controls. However, the plants of both hybrids stressed during the 

seedling and grain-filling stages showed increases in leaf area compared 

to their respective controls. The greatest reduction in leaf areas 

compared to their controls occurred on plants stressed during the early 

boot stage, while the largest increase in leaf areas of both hybrids 

occurred on plants stressed during the seedling stage. Much of leaf 

expansion in sorghum occurs concurrently with development of the panicle 

during growth stage 2 (from panicle initiation to anthesis) (Eastin, 

1972). In our study, stage 2 is synonymous with what we have referred 

to as the early boot stage to the flowering stage. It therefore seems 

that moisture stress occurring during the early boot and flowering 

stages can result in a reduced leaf expansion of the upper leaves, as 
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was the case in the present study. Moisture stress during the seedling 

stage was relatively mild compared to that at other growth stages. The 

increase in leaf area on plants stressed during the seedling stage in 

both hybrids may have been due to the instantaneous growth recovery of 

plant leaves which have undergone a mild water stress, as was observed 

by Hsiao, et al (1970). 

The control treatment showed the high yielding hybrid to have 

a significantly higher average number of heads per square meter (14.2) 

than the low yielding hybrid (12.3). The other significant difference 

between the two hybrids was found on plants stressed during the grain-

filling stage. However, the moisture stress treatments did not have 

a significant effect on the number of heads in either hybrid. These 

results seem to indicate genotypic differences between the two hybrids 

for this character. The high yielding hybrid probably has a greater 

tillering ability than the low yielding hybrid. 

The average number of grains per panicle produced by the high 

yielding hybrid control (1808) was significantly greater than in the low 

yielding hybrid control (1350). Other significant differences between 

the two hybrids in their number of grains per panicle were found on 

plants stressed during the early boot stage. The high yielding hybrid 

produced a greater number of grains per panicle across all moisture 

stress treatments. The highest number of grains was produced by plants 

stressed during the seedling stage within each hybrid when compared to 

their respective controls. The greatest reduction in the number of 
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grains per panicle occurred on plants stressed during the early boot 

stage In each of the hybrids compared to their respective controls. 

Our results are In agreement with those of Lewis, et al (1974), who 

Indicated that the early boot stage, when florets are being formed and 

potential grain number laid down, is particularly sensitive to moisture 

stress. There was a lower average number of grains per panicle observed 

in plants stressed during the grain-filling stage in each of the hybrids 

compared to their respective controls. This may have been due to the 

problem of not saving and counting all of the very small, poorly devel

oped and light seed during laboratory seed cleaning and counting activi

ties. Losses of similar grains may have occurred when combine harvesting 

the field plots. 

The average 500 grain weight results showed the high yielding 

hybrid produced heavier (larger) grains than the low yielding hybrid 

across all moisture stress treatments. However, significant differ

ences between the two hybrids were found on plants at the seedling 

stage and early boot stage moisture stress treatments. In both hybrids 

the plants stressed at the seedling stage, early boot stage and flower̂  

ing stage showed an increase in their grain weights compared to their 

respective controls. The greatest significant increase in grain weight 

occurred on plants stressed during the early boot stage in both 

hybrids. This may have been due to the reduced number of grains per 

panicle in plants stressed during the early boot stage having been 

compensated for by an increased final dry weight of grains, a phenom

enon shown to occur in sorghum by Kiniry (1987). The greatest reduction 
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in grain weight occurred on plants stressed during the grain-filling 

stage in both hybrids. This could have been due to reduction of photo

synthesis of the uppermost leaves as a result of moisture stress, as 

was found in barley by Allison and Watson (1966), and/or due to limited 

grain growth as a result of prolonged and slowed translocation of 

assimilates out of the leaves because of moisture stress (Muchow and 

Wilson, 1976). 

The average grain yields of the control treatment showed that 

the high yielding hybrid produced a significantly higher grain yield 

(4175Kg/hja) than the low yielding hybrid (2334Kg/ha), as was expected. 

The high yielding hybrid produced more grain than the low yielding 

hybrid across all moisture stress treatments. However, significant 

differences between the two hybrids were found only in plants stressed 

during the seedling stage and early boot stage. The high yielding 

hybrid showed increased grain yield in plants stressed during the seed

ling stage and early boot stage compared to their control. On the other 

hand, the plants stressed during the flowering stage and grain-filling 

stage showed reductions in their grain yield compared to the control. 

The low yielding hybrid showed a slightly different trend with 

increased grain yield found in plants stressed during the seedling 

stage, early boot stage and the flowering stage compared to their 

controls. As in the high yielding hybrid, the low yielding hybrid 

showed a reduction -in grain yield in plants stressed during the grain-

filling stage compared to their control. The greatest increase in 
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grain yield was found in plants stressed during the seedling stage and 

the early boot stage in the low yielding and high yielding hybrids 

respectively. The plants stressed during the seedling stage and the 

early boot stage could have modified their rooting pattern to a degree 

where they had a deeper root system than plants stressed at later stages 

of growth and on the frequently irrigated controls, as was found by 

Merrill and Rawlings (1979). The improved rooting pattern could have 

helped the plants stressed at the seedling and early boot stages to 

maintain higher yields than plants stressed at the other growth stages 

and the controls. This assumption seems quite plausible in that all 

plants in our study apparently underwent an unplanned moisture stress 

during the latter part of the grain-filling period. The greatest 

reduction in grain yield for both hybrids occurred in plants stressed 

during the grain-filling stage. Our results are in agreement with 

those of Saturo (1978), who indicated that an inportant part of yield 

difference between optimal and suboptimal soil moisture conditions 

results from differences in the soil moisture availability during the 

grain-filling period. 

The average grain test weight results showed no significant 

difference between the two hybrids in this character at any of the 

moisture stress treatments, although the high yielding hybrid had a 

relatively higher but non-significant grain test weight than the low 

yielding hybrid at the control, seedling, early boot and flowering 

stages moisture stress treatments. The moisture deficits, however, 
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did have significant effects on grain test weight, with both hybrids 

showing increased grain test weight in plants stressed during the seed

ling stage, early boot stage and flowering stage, coup ared to their 

respective controls. The lowest grain test weight in both hybrids was 

found in plants stressed during the grain-filling stage. These results 

seem to indicate that despite the differences in seed size (500 grain 

weight) and number of grains per panicle between the two hybrids, the 

amount of dry matter accumulated per unit volume of grain was not 

significantly different. Our results are also in agreement with those 

obtained by Fischer and Hagan (1965), who reported that water stress at 

the late stage of reproductive growth (grain-filling stage) reduces 

grain volume weight. 

There was no significant difference between the two hybrids in 

their average stover dry matter yield at any of the moisture stress 

treatments, although the high yielding hybrid produced relatively more 

stover dry matter (6304Kg/ha) than the low yielding hybrid (5955Kg/ha) at 

the control moisture treatment. The moisture stress treatments also 

showed no significant differences. It seems from these results that 

the final amount of dry matter in the stover in the two hybrids was 

not significantly different. The moisture deficits did not have sig

nificant effect on the final stover dry matter in either hybfid. 

The regression analysis results indicated that seed size (500 

grain weight) was the most important component of grain yield in both 

hybrids. The seed size accounted for 71 and 41% of the variability 
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in grain yield for the high yielding and low yielding hybrids respect

ively. The nuniber of grains per panicle was the second most important 

yield component in the high yielding hybrid, whereas in the low yielding 

hybrid it was the number of heads per square meter. The least inportant 

of the yield components was the number of heads per square meter in the 

high yielding hybrid and the number of heads per unit area in the low 

yielding hybrid. The regression analyses, showing the kinds of rela

tionships among the yield components, resulted in such insignificant 

coefficients of correlation (r) values as to be of no predictive value 

in either hybrid. 

The following conclusions can be made from this study: 

1. The two hybrids have a similar trend of reaction to moisture 

stress treatments in the following characters: height to upper leaf 

collar, panicle length, total plant height, leaf area, 500 grain weight 

and grain test weight. 

2. The two hybrids responded similarly to moisture stress 

treatments effect on their number of days to 50% bloom. Hence the grain 

yield differences between the two hybrids were not due to the number of 

days in the growing season. 

3. The high yielding hybrid showed a narrower range of varia-

bility than the low yielding hybrid in their peduncle exsertions, leaf 

area and stover yield across the moisture stress treatments. The low 

yielding hybrid is more sensitive than the high yielding hybrid in 
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responding to moisture stress treatments in the characters mentioned 

above. 

4. The low yielding hybrid showed a narrower range of varia

bility than the high yielding hybrid in their heights to upper leaf 

collar, panicle lengths, total plant heights, 500 grain weights and 

grain yields across the moisture stress treatments. The high yielding 

hybrid is more sensitive than the low yielding hybrid in responding to 

moisture stress treatments in the characters mentioned above. 

5. The moisture stress during the early boot stage was the 

most sensitive in affecting the height to the upper leaf collar, panicle 

length, total plant height and leaf area in both hybrids. 

6. The low yielding hybrid expends relative!;' more energy into 

its vegetative production than into grain production, compared to the 

high yielding hybrid. 

7. The relatively small number of grains per panicle in plants 

stressed during the early boot stage in both hybrids had the highest 

grain weight. Lower grain numbers can be compensated for by an increase 

in the final grain dry weight. 

8. Imposing a moisture stress at the seedling stage or early 

boot stage, as long as that stress is not severe and prolonged, 

enhances the grain yield relative to moisture stress at the other 

growth stages in both hybrids. On the other hand, moisture stress 

imposed at the grain-filling stage is relatively detrimental to grain 

yield in both hybrids. 
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9. The high yielding hybrid (T.E. Y77) demonstrated its 

superiority in grain yield production over the low yielding hybrid 

(FUNK HW6125) across all moisture stress treatments tested. The high 

yielding hybrid also produced a greater number of grains per panicle 

and more grain weight than the low yielding hybrid across all moisture 

stress treatments. 



APPENDIX A 

MEAN VALUES OF AGRONOMIC CHARACTERS OF 

TWO SORGHUM HYBRIDS AT EACH OF THE 

FIVE MOISTURE STRESS TREATMENTS 

83 
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Table 9. Mean height to upper leaf collar (cm) of two sorghum 
hybrids under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)1 2 (S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 103.20p* 99. 10p 89.13p 102.30p 100.60p 98.84x# 

FUNK HW6125 82.50q 80. 35 q 76.20q 78.43q 79.15q 79.33y 

Mean 92.82a" 89. 73b 82.66c 90.34ab 89.86ab 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

\etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) =» control; (S) = seedling; 
(EB) = early boot; (F) = flowering; (GF) = grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

## 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 10. Mean peduncle exsertion (cm) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)1 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 3.72q* 3. 20q 3. 70q 2.62q 0.53q 2. 75y# 

FUNK HW6125 19. 75p 18.33p 17. 37p 18.27p 22.65p 19.27x 

Mean 1! 7/ ** 11. 74a 10.76a 10.54a 10.45a 11.59a 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

\etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) • control; (S) * seedling; 
(EB) ® early boot; (F) • flowering; (GF) = grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

a 
The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

## 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 11. Mean panicle length (cm) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)11 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 29.90p* 30.08p 25.85p 28.63p 28.55p 28.60x# 

FUNK HW6125 27.85q 29. 70p 26.13p 27.07q 25.92q 27.34y 

Mean 28.88ab## 29.89a 25.99d 27.85bc 27.24cd 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

\etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) • control; (S) » seedling; 
(EB) • early boot; (F) • flowering; (GF) • grain-filling. 

Ĉhe letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

JIJi 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 12. Mean total plant heights (cm) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)1 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 136.6p* 132.3p 118.7p 133.5p 129.6p 130.2x# 

FUNK HW6125 130.lp 128.4p 119.7p 123.7q 127.7p 125.9y 

Mean i « / ** 133.4a 130.3ab 119.2c 128.6b 128.6b 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) » control; (S) * seedling; 
(EB) • early boot; (F) • flowering; (GF) * grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

^The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 13. Mean leaf area (cm^) of three leaves below the 
flag leaf of two sorghum hybrids under five 
moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)' 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 286. lp* 327.0q 210.Op 260.Oq 293.8q 275.4y# 

FUNK HW6125 334.3p 425.9p 211.Op 326.8p 350.9p 329.8x 

Mean 310.2b ĉ  } 376.4a 210.5d 293.4c 322.4b 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

\etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) • control; (5) * seedling; 
(EB) • early boot; (F) - flowering; (GF) • grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

i 
The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

## 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 14. Mean number of grains per panicle of two sorghum 
hybrids under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid «of  2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 1808p* 1877p 1545p 1613p 1342p 1637x# 

FUNK HW6125 1350q 1684p 1142q 1386p 1129p 1338y 

Mean 1579ab## 1780a 1344bc 1499b 1235 c 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) • control; (S) = seedling; 
(EB) » early boot; (F) • flowering; (GF) » grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

£ The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 15. Mean 500 grain weight (g) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid KC)11 2 (S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 8.195* 9.310p 11.920p 8.308p 6.985p 8.944x# 

FUNK HW6125 7.043p 7. 738q 9.858q 7.720p 6.5 70p 7.786y 

Mean 7.619bc 8.524b 10.889a 8.014b 6.778c 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) • control; (S) * seedling; 
(EB) = early boot; (F) • flowering; (GF) = grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

## 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 16. Mean grain yield (Kg/ha) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)11 2 (S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 4175p* 5228p 5277p 3737p 269 7p 4223x# 

FUNK HW6125 2334q 3481q 3095q 3113p 186 7p 2778y 

Mean 3254b## 4355a 4186a 3425b 2282 c 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) * control; (S) = seedling; 
(EB) = early boot; (F) • flowering; (GF) • grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

^The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 17. Mean grain test weight (Kg/m^) of two sorghum hybrids 
under five moisture stress treatments. 

Moisture Stress Treatments 

Hybrid 1(C)11 2(S) 3(EB) 4(F) 5(GF) Mean 

T.E. Y77 739.5p* 751.5p 772.8p 753.5p 713.3p 746. iJ 

FUNK HW6125 730.2p 743.Op 767.4p 748.8p 728.4p 743.6x 

Mean 734.9 cd̂  1 747.2bc 770.1a 751.2b 720.8d 

LSD at 5% level. Values possessing the same letter are not signifi
cantly different. 

L̂etters in parentheses signify the growth stage at which moisture 
stress occurred as a treatment: (C) = control; (S) * seedling; 
(EB) • early boot; (F) • flowering; (GF) = grain-filling. 

e letters p and q show the difference between the two hybrids at the 
same moisture stress treatment. 

The letters x and y show the difference between the two hybrids means 
averaged across the five moisture stress treatments. 

## 
The letters a, b, c or d reflect differences among the moisture stress 
treatments means averaged over the two hybrids means. 
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Table 18. £
 

CO F*
 

CO of variance (days to 50% bloom). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 4.875 1.625 

Moisture stress (MP) 4 1.350 .338 . 491NS .745 

Error (a) 12 8.250 .688 

Hybrids (SP) 1 .025 .025 •049NS .828 

Moisture stress 
x hybrid 4 3.850 .963 1.893NS .164 

Error (b) 15 7.625 .508 

Totals 39 25.975 

Probability that a significant F value would occur by chance. 

NS - Not significant. 
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Table 19. Analysis of variance (height to upper leaf collar). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 109.6 36.6 

Moisture stress (MP) 4 462.6 115.6 15.4** .00 

Error (a) 12 90.0 7.5 

Hybrids (SP) 1 3808 3808 314.0** 

o
 
o
 • 

Moisture stress 
x hybrid 4 135.1 33.8 2.8NS .07 

Error (b) 15 181.9 12.1 

Totals 39 4787.2 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 
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Table 20. Analysis of variance (peduncle exsertion). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 55.33 18.44 

Moisture stress (MP) 4 11.69 2.92 .34 .84 

Error (a) 12 102.20 8.51 

Hybrids (SP) 1 2729 2729 240.20** .00 

Moisture stress 
x hybrid 4 84.92 21.23 1.87NS .17 

Error (b) 15 170.50 11.36 

Totals 39 3153.64 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 
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Table 21. Analysis of variance (panicle length). 

Source of Variation df SS MS 
Observed 
F value P value 

Rep 3 7.94 2.65 

Moisture stress (MP) 4 71.82 17.95 10.49** .00 

Error (a) 12 20.54 1. 71 

Hybrids (SP) 1 16.00 16.00 23.65** .00 

Moisture stress 
x hybrid 4 11.42 2.86 4.22* .02 

Error (b) 15 10.15 .68 

Totals 39 137.87 

Probability that a significant F value would occur by chance. 

* - Significant at 5% level. 
** - Significant at 1% level. 
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Table 22. Analysis of variance (total plant height). 

Source of Variation df SS MS 
Observed 
F value 

a 
P value 

Rep 3 208.50 69.51 

Moisture stress (MP) 4 901.50 225.40 15.14** .00 

Error (a) 12 178.70 14.89 

Hybrids (SP) 1 176.40 176.40 8.43* .02 

Moisture stress 
x hybrid 4 137.40 34.34 1.64NS .22 

Error (b) 15 314.00 20.93 

Totals 39 1916.50 

Probability that a significant F value would occur by chance. 

* - Significant at 5% level. 
** - Significant at 1% level. 
NS - Not significant. 
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Table 23. Analysis of variance (leaf area). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 1039 346 

Moisture stress (MP) 4 115700 28930 42** .00 

Error (a) 12 8300 692 

Hybrids (SP) 1 29620 29620 25** .00 

Moisture stress 
x hybrid 4 10030 2508 2NS .13 

Error (b) 15 18090 1206 

Totals 39 182779 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 
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Table 24. Analysis of variance (number of heads per unit area). 

Source of Variation df SS MS 
Observed 
F value P value 

Rep 3 11.86 3.95 

Moisture stress (MP) 4 7.64 1.91 . 78NS .56 

Error (a) 12 29.27 2.44 

Hybrids (SP) 1 9.60 9.60 5.85* .03 

Moisture stress 
x hybrid 4 7.39 1.84 1.12NS .39 

Error (b) 15 24.62 1.64 

Totals 39 90.34 

Probability that a significant F value would occur by chance. 

* - Significant at 5% level. 
NS - Not significant. 
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Table 25. Analysis of variance (number of grains per panicle). 

Source of Variation df SS MS 
Observed 
F value P value 

Rep 3 32920 10970 

Moisture stress (MP) 4 1428000 357100 8** .00 

Error (a) 12 571400 47620 

Hybrids (SP) 1 890200 890200 28** .00 

Moisture stress 
x hybrid 4 119500 29880 INS .47 

Error (b) 15 479200 31950 

Totals 39 3521220 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 



102 

Table 26. Analysis of variance (500 grain weight). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 42 0.47 

Moisture stress (MP) 4 76.81 19.20 16.87** .00 

Error (a) 12 13.66 1.14 

Hybrids (SP) 1 13.42 13.42 14.82** 

o
 
o
 • 

Moisture stress 
x hybrid 4 3.74 0.94 1.03NS .42 

Error (b) 15 13.58 0.91 

Totals 39 . 122.63 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 
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Table 27. Analysis of variance (grain yield). 

Source of Variation df SS MS 
Observed 
F value P value3 

Rep 3 634200 211400 

Moisture stress (MP) 4 22010000 5501000 12** .00 

Error (a) 12 5376000 .448000 

Hybrids (SP) 1 20870000 2087000 78** .00 

Moisture stress 
x hybrid 4 3689000 922200 4* .03 

Error (b) 15 4010000 267400 

Totals 39 56589200 

Probability that a significant F value would occur by chance. 

* - Significant at 5% level. 
** - Significant at 1% level. 
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Table 28. Analysis of variance (grain test weight). 

Source of Variation df SS MS 
Observed 
F value P value 

Rep 3 1092 364 

Moisture stress (MP) 4 10260 2564 14** .00 

Error (a) 12 2218 185 

Hybrids (SP) 1 37 37 0.2NS .64 

Moisture stress 
x hybrid 4 1056 264 2NS .22 

Error (b) 15 2460 164 

Totals 39 17123 

Probability that a significant F value would occur by chance. 

** - Significant at 1% level. 
NS - Not significant. 
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Table 29. Analysis of variance (stover yield). 

Source of Variation df SS MS 
Observed 
F value P value 

Rep 3 2959000 986300 

Moisture stress (MP) 4 1642000 410600 0.4NS .84 

Error (a) 12 13830000 1153000 

Hybrids (SP) 1 591500 591500 INS .36 

Moisture stress 
x hybrid 4 2670000 667600 INS .43 

Error (b) 15 9790000 652600 

Totals 39 31482500 

Probability that a significant F value would occur by chance. 

NS - Not significant. 
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Plant Physiol. 64:852-856. 

Suraj, Bhan, Harri G. Singh, and Amar Singh. 1973. Note on root devel
opment as an index of drought resistance in sorghum (Sorghum bicolor 
(L) Moench). Indian J. Agric. Sci. 43:828-830. 

Tal, M., and D. Imber. 1970. Abnormal stomatal behaviour and hormonal 
imbalance in flacca, a wilty mutant of tomato. II. Auxin and 
abscisic acid-like activity. Plant Physiol. 46:373-376. 

Teare, I. D., and G. T. Kanemasu. 1972. Stomatal diffusion resistance 
of water potential of sorghum and soybean leaves. New Phytol. 71: 
805-810. 

Teare, I. D., E. T. Kanemasu, W. L. Powers, and H. S. Jacobs. 1973. 
Water use efficiency and its relation to crop canopy area, stomatal 
regulation and root distribution. Agron. J. 65:207-211. 

Thomas, T. H., P. F. Wareing, and P. M. Robinson. 1965. Action of the 
sycamore 'dormin' as a gibberellin antagonist. Nature. 205:1270-
1272. 

Turner, N. C. 1974. Stomatal behaviour and water status of maize, 
sorghum, and tobacco under field conditions. II. At low soil 
water potential. Plant Physiol. 65:455-459. 

Vanderlip, R. L. 1972a. Growth stages of sorghum (Sorghum bicolor (L) 
Moench). Agron. J. 64:13-16. 

Vanderlip, R. L. 1972b. How a sorghum plant develops. Kansas Agric. 
Exp. Stn. C1203. 



114 

Wardlaw, 1. F. 1967. The effect of water stress on translocation in 
relation to photosynthesis and growth. I. Effect during grain 
development in wheat. Aust. J. Bio. Sci. 20:25-39. 

Wardlaw, I. F. 1968. The control and pattern of movement of carbo
hydrates in plants. Bot. Rev. 34:79-105. 

Wardlaw, 1. F. 1969. The effect of water stress on translocation in 
relation to photosynthesis and growth. II. Effect during leaf 
development in Lolium temulentum L. Aust. J. Bio. Sci. 22:1-6. 

Whiteman, P. C., and 6. L. Wilson. 1965. The effects of water stress 
on the reproductive development of Sorghum vulgare. Pers. pap. 
Queensland University. Dept. Bot. 4:233-239. 

Williams, J. 1976. Dependence of root water potential on root radius 
and density. J. Exp. Bot. 27:121-124. 

Zartman, R. E., and R. T. Woyewodzic. 1979. Root distribution patterns 
of two hybrid grain sorghums under field conditions. Agron. J. 
71:325-328. 

Zelitch, 1. 1963. Control and mechanisms of stomatal movement. Conn. 
Agr. Exp. Stn., New Haven. Bull. 664:18-42. 


