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ABSTRACT 

Physiological and agronomic responses of two pearl millet 

(Pennisetum americanum L. K. Schum) parents and their hybrid were 

evaluated under different water levels on a Brazi to sandy loam soil at 

Tucson, Arizona in 1983 and 1984. A line source sprinkler irrigation 

gradient was used to create the treatments. Soil moisture and 

physiological parameters were measured under field conditions at 

weekly intervals. GrO\."th was analyzed every other week, while yield 

and yield components were evaluated at the end of the experiment. 

Harvest index, drought tolerance index, and water use efficiency (WUE) 

were calculated. Percent crude protein of seeds was analyzed, and 

photosynthesis was measured in 1984 only. Hegression analysis was 

used to compare the performance of the cultivars for stability. 

Water stress significantly affected all parameters measured, 

and the stress effects were more pronounced in 1983. There was no 

significant difference between entries at each water level for most 

parameters. Plant height, dry matter, and total leaf area decreased 

as watering level decreased. The leaf area of the hybrid was signifi

cantly higher at high water level in 1983. Firing ratio was increased 

significantly by stress in both seasons and was significantly lower 

for the male at 10\." water level in 1983. Yield and yield components 

were reduced significantly by stress in both seasons, which was 

reflected in the reduced harvest index. Relative yield of dry matter 

x. 



was higher for the male in both seasons. The hybrid had the highes t 

drought tolerance index in 1983, while the female had the highest 

drought tolerance index in 1984. WUE of dry matter increased with 

stress, while WUE of grain yield decreased with stress in both 

seasons. The significant reduction in transpiration was 57, 56, and 

66% in 1983 and 45, 53, and 52% in 1984 for female, male, and hybrid, 

respectively. Leaf diffusive resistance and leaf temperature were 

increased by water stress in both seasons. Stability regression 

analysis provided no adequate differentiation among culti vars. The 

percent crude protein (weight basis) was increased significantly by 

stress by 38, 43, and 28% in 1983 and by 47, 33, and 46% in 1984 for 

female, male, and hybrid, respectively. 

xi. 



GlAPTER I 

INTRODUCTION 

The water status of plants is dynamic, changing not only with 

the soil water status and atmospheric conditions, but also with the 

stage of plant grCMth. When soil moisture is Iimited,plant water 

status becomes inadequate, and mqny of the important physiological 

and morphological processes in pl,ants are often adversely affected. 

Thus, where water is a limited r~source, the objectives of irrigation 

management may shift from obtaini,ng maximumi yield to obtaining maximum 

economic production per unit of Cl-pplied water (Garrity, et al., 

1982B). In such areas it may be possible to improve yields by 

choosing crop species or culti val,'S that decrease the probabilities of 

high water demand during the repl'oducti ve phase (Pandey, et al., 

1984A) . 

In general, mi11ets are ~;nown to bel we11 adapted to conditions 

of light soil, high temperature, and high solar radiation, and can 

have very high rates of gro.vth arid water use efficiency under 

favorable rain-fed conditions. ~':urthermorel, once the crop has been 

established, mi11et has a marke<l degree of: drought tolerance. As one 

of the most drought tolerant crops, pearl m;i11et has great economic 

potential for grain production in the semi -Iarid Southwestern United 

States. Unfortunately, very Ii ttle research exists on drought 
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resistance characteristics and water stress response in millets. ~Jch 

of the work that has been published concerns the use of pearl millet 

as a forage crop. 

TIle primary objectives of thie research were: 

(1) to study some morphological and physiological responses of 

pearl millet to water stress, 

(2) to study pearl millet's drought resistance characteristics, 

and 

(3) to compare results obtained under stress with those 

obtained at the wet side of the gradient. 



o-IAPTER 2 

LITERATURE REVIEW 

General Description 

Pearl millet (Pennisetum americanum L. K. Schum.), is 

grmffi extensively in the arid and semi -arid tropics as a dry-land 

crop. Millet is referred to by a number of connnon and scientific 

names, which causes confusion in the literature (Pomeranz, et 

al., 1980). Millet is an annual warm season bunchgrass that is used 

for both forage and grain (Begg, 1965B; Burton, et al., 1972; Fussel 

and Pearson, 1978; Gregory and Squire, 1979; Okono and Vanderlip, 

1980; and Singh and Kanemasu, 1980). There are few detailed 

descriptions of the growth of pearl millet, and much of the work that 

has been published concerns its use as a forage crop (Gregory and 

Squi re, 1979; and Ong and Everard, 1979). However, only recently has 

there been much interest in the physiology of the crop and the factors 

that limit its yield (Gregory and Squire, 1979). 

As a grain crop pearl millet is considered one of the most 

important crops on the Indian sub-continent and in Africa (Begg, 1965B; 

Norman and Begg, 1968; Gregory and Squire, 1979; and Ong and Everard, 

1979). Burton, et al. (1972), and Burton, et al. (1980A), described 

millet as an important grain crop on some 31 million ha of the world 

whe.re semi-arid conditions prevail. In India, Pakistan, and Africa 

3 



more than 20 million ha are grown primarily as a SlUIUIler grain crop 

for human consumption (Burton, et al., 1972; and Fussel and Pearson, 

1978). According to Begg (1965B) and Norman and Begg (1968), millet 

is grown extensively for grain on poor, light-textured soils in the 

drier areas of regions with a tropical savannah climate. Utkhade 

(1972) added that no crop seems better able to supply the major food 

requirements for man in the dry, infertile lands of the tropics. 

4 

Millet is an excellent annual grazing crop in the southeastern 

United States (Burton, et al., 1972; Ferraris, et al., 1973; Burton, 

et al., 1980A; and Hanna and Monson, 1980). Ferraris, et al. (1973) 

reported that millet is generally as productive as or more productive 

in this region than sorghum (Sorghum bicolor L. Moench) species or 

hybrids. Millet rapidly develops a complete canopy even when sown 

in rows 0.9m apart (Begg, et al., 1964). Tyagi, et al. (1980), 

added that millet is considered an important fodder crop because of 

its quick grO\oJing habi t, thick and succulent stern, heavy tillering 

habit, and leafiness. However, traditionally millet has been 

considered a poor man's food and the crop of last resort (Pomeranz, 

et al., 1980). A major concern is poor seed vigor and establishment 

that affects grain yield (Criag, et al., 1973; and Okono and 

Vanderlip,1980). In addition, the highly cross-pollinated nature 

of pearl millet is a great problem with regard to maintenance of 

genetic identity (Pomeranz, et al., 1980). 

Gro\oJth and Development 

Pearl millet is relatively simple to grO\.;, cuI tural methods 

being virtually identical with those for sorghum (Norman and Begg, 



1968). Mai ti and Bidinger (1981) discussed the three major growth 

phases: the vegetative phase, from emergence to panicle initiation of 

the main stem; the panicle development phase, from panicle initiation 

to flowering in the main stem; and the grain- filling phase, from 

flmvering to physiological maturity. They furthermore subdivided 

these phases into nine morphologically distinct and recognizable 

growth stages. 

5 

Seedlings started to emerge four days after sowing (Norman and 

Begg, 1968). Approximately one week after planting, the coleoptile 

emerged through the soil surface (Powers, et al., 1980). Leaves are 

long and scabrous, with a wavy margin, and the ligule narrow and 

membranous with a fringe of hairs closely surrounding the stem (Norman 

and Begg, 1968). Norman and Begg (1968) also added that stomata are 

present on both surfaces of the lamina in approximately equal numbers. 

Hanna, et al. (1974) reported the presence of two types of leaf 

surfaces in pearl millet: the normal hairy, or trichomed t)~, and the 

trichomeless type. 

The main stem develops slmvly during the first twenty-eight to 

twenty days after emergence (Powers et al., 1980). Elongation of stem 

internodes begins shortly after panicle initiation, starting with the 

short basal internodes, follmved by the longer upper internodes, and 

finally the peduncle. This produces the common sigmoid pattern of 

stem elongation (Maiti and Bidinger, 1981). The root system has three 

components: (1) the seminal, or primary, root derived directly from 

the radicle; (2) the adventitious root, \vhid1 develops from nodes at 
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the base of the stern; and (3) the crrnvn (collar) roots, which originate 

from several lower nodes of the stem at or above the soil surface 

(Mai ti and Bidinger, 1981). Begg (1965B) added that millet develops \3-

secondary root system originating from the first and higher nodes on 

the stern. On reaching ground level these roots branch, forming an 

extensive fibrous root system. Pearson (1975) reported that branchin~ 

of roots was most prolific, and production and expansion of new leave$ 

were faster at high temperatures. 

The inflorescence is a terminal, compound spike with a 

variable number of rachillae spirally arranged and inclined to the 

rachis. At the end of each rachilla there is a whorl of bristles 

enclosing several- -usually DvO- - spike lets , the lower being staminate, 

and the upper hermaphrodite (Norman and Begg, 1968). According to 

Burton (1962), Burton and Prnvell (1968), Norman and Begg (1968), 

Burton (1974), and Boye-Goni (1977), pearl millet is protogynous 

(the stigma COIreS out several days before the anthers appear), a 

characteristic that seems to favor a very high percentage of natural 

outcrossing. However, most millet plants, unless seeded at a very 

high rate, produce several culms that reach anthesis on different 

dates (Burton, 1974). Norman and Begg (1968) concluded that because 

of the protogynous nature of the flower and the long interval between 

the exsertion of the stigma and the first anther, extensive cross

pollination occurs, making the plant highly heterozygous. Because of 

this heterozygosity and the influence of the environment on its 

expression, distinguishing di fferent varieties is \'ery difficult in 



this species. Although insects may cross-pollinate millet,. wind is 

unquestionably the major cross-pollinating agent (Burton, 1974; and 

Boye-Goni, 1977). 

7 

Tillers first appeared the second week after emergence, when 

there were four or five fully emerged leaves on the main shoot (Begg, 

1965B; Norman and Begg, 1968; Boye-('lOni, 1977; and Maiti and 

Bidinger, 1981). Norman and Begg (1968) stated that during the 

establishment period tillering was active, though there was relatively 

little top growth in terms of dry matter, leaf area, and internode 

elongation. According to Ferraris, et al. (1973), tiller number 

reached a maximum at six weeks from sowing. Boye-Goni (1977) reported 

a peak tiller production uoJenty- fi ve days after emergence. Norman and 

Begg (1968) added that tillering continued until full light inter

ception, which for a three foot row spacing occurred five weeks after 

emergence when there were six or seven fully emerged leaves on the 

main shoot. By that time there were four or five tillers on each 

plant. A decrease in tillering rate as internode elongation commences 

has been reported by Begg (1965B), Ferraris, et al. (1973), and 

Boye-Goni (1977). Begg (1965B) explained it in terms of competition 

for nutrient, competition for energy substrate, or the control of the 

growth of the various meristematic centers by auxin. 

In pearl millet, tillers become independent units at a 

relati vely early stagl' (Boye-Goni, 1977). As reported by Mai ti and 

Bidinger (1981) the number of tillers reaching flowering was a 

function of both the variety and environmental conditions, 
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particularly the spacing between plants. The number of leaves produced 

on each plant did not seem to affect. the number of tillers produced 

(Boye-Goni, 1977). In addition, he suggested ~ possible correlation 

between tiller production and panicle ini tiati~)n. 

There are three main types of tillerin~ in pearl millet: 

synchronous and non-synchronous basal tillerin~ thal are produced by 

buds in the axils of basal leaves, and the sub-terminal tillering 

that are produced from axillary buds which dev~lop in the main stem 

(Boye-Goni, 1977). According to Boye-Goni (1977) basal tillers began 

to appear on the pearl millet genotypes ten days after emergence, 

when three to four leaves had fully emerged on the l1lain culm of each 

plant. ~biti and Bidinger (1981) stated that podal tillers (from the 

upper nodes of the main stem after grain set ip the main panicle) were 

connnon when grain set on the main panicle is ppor. I The synchronous 

basal tillering is most desirable because it npt onily gives lIDiformi ty 

but also produces primary tillers which are ab:le tOI suppress the 

development of subsequent ones (Boye-Goni, 1977). 

~tillet height ranges from 150 to 300cm or more (Boye-Goni, 

1977). Apart from lodging, which is the chara~teri:stic associated 

wi th tall varieties, there is also a harvestin~ problem. 1110Ugh they 

are highly efficient in production of total dry matlter, grain yield is 

generally very low. Furthermore, very tall varieties have reportedly 

been less fertile, and as a result the heads hp.ve poor seed set (Burton, 

1951). A similar result was fOlIDd by Owonubi .and Klanemasu (1982), who 

stated the dwarf variety with its lower dry matter produced the most 



grain in both seasons. In contrast, Boye-Goni (1977) reported that 

the very short varieties suited for combine harvesting often mature 

very early and produce low yields. He explained this phenomenon in 

terms of the short vegetative growth period of such varieties 

resulting in an underdeveloped capacity to fill the potential grain 

sink. 

9 

~lillet is capable of very high rates of dry matter production 

(Norman and Begg, 1968). Begg (1965A) and Norman and Begg (1968) 

reported that the peak growth rate of millet exceeded that of irrigated 

Sudangrass (SorghlIDl sudanense L.) in Cali fornia, whi ch represents a 

considerably higher photosynthetic efficiency. Pearson (1975) 

reported high rates of dry matter production in tropical environments. 

A high maximlIDl growth rate was recorded by Begg (1965A) in a low 

latitude environment for a rain-fed crop of mi11et following fu11 light 

interception and floral initiation at a time of active internode 

elongation and inflorescence development. Field studies of Ferraris, 

et al. (1973) and Pearson (1975) to evalute the productivity of 

millets in more temperate areas have shown rates of dry matter 

acclIDlulation in summer which exceed those of native temperate grasses 

and equal to those of other tropical grasses for which there exist 

comparati ve data. In mi11et on a per plant basis, the dry matter 

aCClIDlu1ation, leaf area development, and tiller production \vere a11 

substantially greater in intercropping compared with sole cropping 

(Reddy and Wi11ey, 1981). 



10 

Yield and Yield Components 

Grain development is divided into three sequential phases: a 

short lag period, an exponential phase, and a final or maturation phase 

in which there is a reduced rate of increase in grain dry weight as the 

grain approaches maximum dry weight (Fussel and Pearson, 1978). Ac

cording to Boye-Goni (1977) the length of the stiff, cylindrical head 

ranged from less than 20 to more than SOcm. In their experiment near 

Manhattan, Kansas, Powers, et al. (1980) fOlmd that pearl millet devel

oped an earhead in Dventy-eight to thirty-five days, about one-third to 

one-fourth of the time required for the plant to reach physiological 

maturity (about eight-Dvo days). This physiological maturity is marked 

by the formation of a small black layer in the hilar region of the seed 

(Maiti and Bidinger, 1981). Fussel and Pearson (1978) reported that 

the appearance of the black region on the grain was always rapid and 

easily visible. This appearance and its coincidence with the 

achievement of maximum individual grain dry weight indicates that the 

black region is an extremely useful and easily determined visual 

indicator of the ad1ievement of maximum dry weight. 

Wi th the introduction of high yielding pearl millet hybrids, 

it became essential to work out the agronomic requirements under 

different agro-climates (Kaushik and Gautam, 1980). As indicated by 

Praeger, et al. (1980), the highest yielding pearl millet hybrids 

were comparable to hybrid grain sorghum of the same maturity. The 

main contributors to yield were the primary shoot and tillers which 

developed up to the time of full light interception (Nonnan and Begg, 
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1968). Boye-Goni (1977) added that grain yield was increased with the 

productive tillers. Studies of Maranville and Clegg (1977) and Okona 

and Vanderlip (1980) have shown a close positive relationship between 

seed size, vigor, and grain yield. 

Furthennore, Lawan, et al. (1980) found that plant density 

significantly affected the percentage of emergence, seedling vigor, 

days to anthesis, heads per hectare, head weight, and yield per hec

tare. In addition, Boye-Gani (1977) reported that yield was 

influenced by length and girth of head, head compactness (grain cm- 2) 

seed mnnber, seed size (1000 seed weight), and number of productive 

tillers. Dry matter yield and tiller number over all planting to 

harvest dates were very strongly correlated (Ferraris, et al., 1973). 

The 1974 results of Khadr, et al. (1979) indicated that increases in 

grain yield were due to the application of the first SOkg Nha-1 

Kano, Nigeria. Reddy and Willey (1981) found that the final seed 

yield per plant was just over twice as high in intercropping, this 

being achieved by increases in heads per plant and seeds per head. 

Late maturing millets are preferable for forage production. 

They remain vegetative longer, give a more uniform dist~ibution of 

forage, and are easier to manage for grazing (Ferraris and Nonnan, 

1973). According to Hanna and Monson (1980) one of the major 

advantages of the interspecific hybrids of millet appears to be their 

ability to produce quality forage in late summer and fall until frost. 

Tyagi, et al. (1980) found that days to flowering and plant height 

had a negative direct effect on green fodder yield. Burton, et al. 
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(1980B) noted that the induced early mutant in T18 crossed with its 

normal counterpart increased forage yield significantly each year and 

gave an average yield increase of 38 percent. Gregory and Squire 

(1979) concluded that yields of millet might be increased in three 

ways: (1) by increasing leaf area and the duration of maximum leaf area 

index; (2) by increasing the size of the root system; or (3) by 

increasing the number of tillers that produce panicles. All of these 

strategies would result in a greater use of water. Where water is in 

short supply and leaf senescence is rapid, the movement of stored 

assimilate to fill grain will be important. 

Pearl millet has a higher protein content than other cereals 

grmVIl under similar conditions. The reason for the higher protein 

content was not clear (Pomeranz, et al., 1980). In general, 

the results of Mvasike, et al. (1979) and Pomeranz, et al. 

(1980) showed millet protein to be more like that of corn (Zea mays 

L.) than that of grain sorghum in distribution and lysine content of 

the protein fractions. Burton, et al. (1972) reported that grain 

from pearl millet inbreds grmVIl at Tifton, Georgia had protein 

concentrations ranging from 8.8 to 20.9 percent and that grain 

samples from India had protein concentrations ranging from 10.2 

to 23.0 percent. 

As stated by Burton, et al. (1972), Boye-Goni (1977), and 

Burton, et al. (1980A) the grain usually contains enough protein and 

essential amino acids, except lysine, to meet the consumer's minimum 

nutritional requirements. Hrnvever, Ferraris, et al. (1973) indicated 



that protein content was fairly low and. decreased with the age of 

plant. At the same time Badi, et al. (1976) and Pomeranz, et 
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al. (1980) found that millet did not have starch in the mesocarp. In 

addition, Pomeranz, et al. (1980) stated that in general, pearl 

millet is low in lysine, tryptophan, threonine, and the sulfur 

containing amino acides, as are other cereals. Certain lines, however, 

shrnv values for lysine and tryptophan equal to those found in opaque-2 

corn. In general, hybrids having higher grain yield had bold, hard 

grains, but low protein content. Treatment with ni trogen was found 

to increase protein content (Srovhney and Naik, 1969; Deosthate, et 

al., 1972; Khadr, et al., 1979; Okono and Vanderlip, 1980; and 

Pomeranz, et al., 1980). 

Physiological Aspsects 

Water use efficiency (WUE) is generally defined as the ratio 

of dry matter produced (Y) to the amount of evapotranspiration (ET) 

(o.vonubi and Kanemasu, 1982). Stomatal closure was recorded by Begg, 

et al. (1964) and Norman and Begg (1968) during the middle of the 

day and had a marked effect on the energy balance of the crop, 

resul ting in a substantial decrease in transpiration, particularly in 

the upper leaves, and an increase in sensible heat loss by the plants 

to the atmosphere. Begg, et al. (1964) showed that the fraction of 

net radiation utilized for transpiration generally decreased with 

depth into the plant canopy. Both physiological and meteorological 

factors are postulated to contribute to this phenomenon. Owonubi and 



14 

Kanemasu (1982) found that tall plants had the highest evapotranspir

ation and the highest water use efficiency for dry matter, though the 

mvarf plants were more efficient with respect to grain water use. 

Diffusi ve resistance by itself is not always a good indicator 

of a plant I s response to shortage of water. Transpiration depends on 

both diffusive resistance and leaf area, and many species are known 

to conserve water by losing some of their leaves (Squire, et al., 

1981). Singh and Kanemasu (1980) found that the relative leaf 

diffusion resistance, which is further defined as the ratio of cumula

tive afternoon leaf diffusion resistance under no irrigation for a 

given genotype to its cumulative aftelTIOOn resistance under irrigation, 

was also directly related to the percentage reduction in grain and 

total yields under rain-fed treatments. Singh and Kanemasu (1980) 

also showed that tall genotypes were stressed even under irrigation 

in the 1980 dry and hot season and concluded that leaf diffusion 

resistance was correlated to the amount of soil water depletion. 

t-lcPherson and Slatyer (1973) found strong evidence that 

stomatal resistance to CO2 transport was the primary factor regulating 

photosynthesis under the conditions used in their experiments. In many 

respects this reflects the high biochemical efficiency of the leaf 

material, so that C02 supply rather than photosynthetic capacity 

appeared to be limiting the maximum rates of photosynthesis which 

were observed. Millet had a high photosynthetic 

efficiency which contributed to the very high growth rates and high 

seasonal yields obtained under favorable conditions in a tropical 



savannah climate (Begg, 1965A; Begg, 1965B; Norman and Begg, 1968; 

and Begg and Burton, 1971). In addition, the results presented by 

McPherson and Slatyer (1973) provided strong confirmation of the 

extremely high photosynthetic capacity of millet, a feature already 

documented under field conditions by Begg (1965A), Begg (1965B), 

Norman and Begg (1968), and Begg and Burton (1971). 

Al though tiller removal may reduce grain yield, it was 
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thought that by directing the photosynthate to the main head only, 

seed size and density could be improved (Okona and Vanderlip, 1980). 

Two aspects of maturity have been shown by McPherson and Slatyer 

(1973) to affect photosynthesis: (1) the order of emergence of leaves, 

and (2) the stage of individual leaves in their rnvn maturity cycle. 

The observation by Pearson (1975) that dIY weight accumulation was 

fastest at the highest temperature was consistent with an optimum for 

net photosynthesis of millet. Pearson (1975) added that cool tempera

ture depression of dry weight accumulation in millet was due not only 

to lower rates of net photosynthesis, but also to slower germination. 

Qvonubi and Kanemasu (1982) indicated that the photosynthetically 

active radiation (PAR) interception in the double dwarf canopy was 

lrnver than in other plots. 

Seasonal factors such as temperature, light intens i ty, and 

most of all photoperiod (daylength) have been reported by Burton 

(1965), Begg and Burton (1971), and Boye-Gani (1977) as the main 

factors determining the timing of floral initiation. Begg and Burton 

(1971) found that with the increase in photoperiod there was also an 
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increase in the munber of tillers and the munber of leaves on the main 

stem. The results were considered in the context of the development 

of forage types for use in wann temperate regions. Burton (1965) 

dem:mstrated that l'lhen planted in May, the short day sensi ti ve pearl 

millet reached heights of about 460an, more than twice the height of 

the day neutral lines. 

The JOOst obvious effect of short day induction was the 

considerable reduction in both plant height and the final number of 

leaves on the main culm (Ong and Everard, 1979). Begg and Burton 

(1971) reported that although the solar radiation received was the 

same in all treatments, the yield was at least doubled under long 

photoperiods (fourteen and sixteen hours). With the increase in 

photoperiod there was also an increase in the munber of tillers and 

the number of leaves on the main stem. Begg and Burton (1971) also 

found that flowering was insensitive to temperature under a twelve 

hour photoperiod. In contrast, Pearson (1975) found that flowering 

was fastest at 33/28oC. Observation by Burton (1965) suggested that 

short day sensitive millets could be planted as a second Sl.lImIler crop 

as late as September to early October in areas where killing frost 

rarely occur until after mid-December. Such plants would be much 

shorter than early planting and should be sui table for combine 

harvesting. 

Effects of Water Stress 

The effects of water deficits at different stages of develop

ment on crop growth and yield have been studied extensively, and 
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early work in this area has been slnlID1arized by Salter and Goode (1967) 

and Begg and Turner (1976). There is abundant evidence which shows 

that in cereal grains the most sensitive portion of the life cycle 

to drought is the stage of floral development and flowering (Salter 

and Goode, 1967). Nix and Fitzpatrick (1969) and Passioura (1976) 

stated that if water is lirni ted the grain yield of cereal depends on 

the amount of water which the plants use between anthesis and maturity. 

Water stress during inflorescence development reduced the number of 

primordia and the development of these into fertile florets (Slayter, 

1969). According to Boyer and McPherson (1975) desiccation at this 

time frequently causes a reduction in the mnnber of seeds set by the 

plant. 

The period of maximl.D1l water requirement by the crop occurred 

when the ·leaf area index was greater than 1.8 and coincided with the 

period when the amount and frequency of rainfall was greatest (Kassam 

and Kowal, 1975). The main effects of irrigation on vegetative 

growth, discussed by Gregory and Squire (1979) were to reduce both 

crop height and growth of tillers. Additionally, they reported that 

yield of the irrigated crop was higher than that of the dry crop, 

mainly because more tillers survived to produce grain. The results 

of Gregory (1979) showed that irrigating millet not only increased 

crop dry weight and nutrient uptake, but also increased root voll.D1le. 

Moreover, Gregory and Squire (1979) reported that irrigation increased 

both the dry weight of roots and the number of root axes. 

In general, water use efficiency (yie1dh\'ater used) for grain 

yield was reduced under no irrigation (Singh and Kanemasu, 1980). 
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Gregory and Squire (1979) added that tiller panicles of the dry crop 

were much smaller than in the irrigated crop, with fewer grains per 

head and smaller grains. Water stress on the non-irrigated plot seemed 

to have affected plant mass, shoot number, and green leaf area (Leach, 

1980). Lawlor (1976) discussed the changes induced by water stress in 

photosynthesis, photorespiration, respiration, and C02 compensation 

concentration. He added that plant growth decreases as the water 

potential of the tissue decreases primarily because photosynthesis was 

restricted. As reported by Leach (1980) the main effect of water 

stress during the growing season mediated by the survival of fewer 

tillers and the premature senescence of leaves was a reduction of leaf 

area by 40 percent. The flux of mZ into water stressed leaves was 

smaller because of the smaller resistance of both the stomata and the 

mesophyll (Lawlor, 1976). 

Working on wheat (Triticum aesti vum L.), Lawlor (1976), has 

reported that water stresses that were sufficient to decrease leaf 

water potentials were also able to reduce net photosynthesis and to 

increase stomatal and mesophyll resistance. However, Leach (1980) 

reported that for barley (Hordeum vulgare L.) net photosynthetic rates 

per unit area of single leaves showed no dependence on water stress. 

As stated by Gregory and Squire (1979) grain growth of the dry crop 

occurred when the net growth of the crop was zero, probably because 

of movement of assimilate from stems to panicles. The field enclosure 

and chamber measurements of Leach (1980) showed that the net mZ 

assimilation per unit leaf area was affected little if at all by water 

stress. 
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In genera1,"millets are kn01.m to be well adapted to conditions 

of light soil, high temperature, and high solar radiation, and can 

have very high rates of growth and wate"r use efficiency lIDder favor

able rain-fed conditions. Furthermore, once the millet crop has been 

established, it has a marked degree of drought tolerance (Kassam and 

Kowal, 1975). According to Fawusi and Agboola (1980) the obsenration 

that millet performed well at low soil moisture regimes partly 

explains its ability to survive in dry ecological zones. Singh and 

Kanemasu (1980) stated that the plant type with (a) short to inter

mediate height, (b) minimum reduction in number of mature tillers, and 

(c) maximum soil-water depletion lID.der stress, would be most drought 

resistant. Norman and Begg (1968) added that the deep rooting habit 

enables it to withstand drought and recover deep accumulations of soil 

nitrate-nitrogen better than most other crops. 

Leaf hairiness or pubescence is an adaptive feature of plants 

occupying arid habitats lending to drought tolerance (Boye-Gani, 1977). 

Although the presence of trichomes was fOlIDd by Boye-Goni, (1977) to 

decrease transpirational losses by providing increased bOlIDdarylayer 

resistance and reducing light interception, Hanna, et al. (1974) 

fOlIDd that trichomeless millet genotypes have a slower rate of water 

loss through their leaves and were as mud1 or more drought tolerant 

than the trichomed types. According to Singh and Kanemasu (1980) 

genotypes having high yield reduction had high reduction in number of 

heads lIDder no irrigation. Thus, head number may be an index of 

drought tolerance. 
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Indices of Drought Resistance 

Drought resistance is separated into two components: drought 

avoidance and drought tolerance, as described by Pandey, et al. 

(1984A). Drought avoidance is the extent to which plant water status 

is maintained in the presence of environmental drought, and drought 

tolerance is the extent to which plant functions are maintained even 

during internal water stress. Plants may respond quite differently 

to moisture deficits depending on their history of drought exposure 

(Hsiao, et aI.,1976). Kannangara, et al. (1982), stated the 

complexity of stress effects on plants and the difficulty of identifi

cation of simple parameters that reflect plant response to stress. To 

be useful in screening programs for breeding for improved drought 

resistance, methods of assessing water stress must be rapid enough 

to screen relatively large numbers of lines and accurate enough to 

detect real genotypic differences (Clarke and McCaig, 1982A). 

Various physiological indices have been used to differentiate 

genotype response to water stress (Singh, et al., 1983), and many 

tec1miques have been used to indicate water stress intensity. Integral 

stomatal opening as an indicator of ,.,rater stress was used by Black and 

Squire, 1979; Squire, 1979; Hensen, et al., 1982A; Ackerson, 1983; 

Hensen, et a1., 1983; Fiscus, et al., 1984; and Garrity, et a1., 

1984. Hensen, et al. (1983) considered the maintenance of stomatal 

opening under stress as a characteristic of drought conditioned plants. 

Black and Squire (1979) added that stomatal response was greatly 

reduced or absent in unirrigated plants, and stomatal conductance was 



observed by Henson, et al. (1982A), and Henson:, et al. (1983), to 

decline rapidly with declining water potential. 
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Osmotic adjustment has recently been recognized to be an 

important adaptive response to water stress in higher plants (Hsiao, 

et al., 1976; Matsuda and Riazi, 19&1; Henson,! 1982; and Henson, et 

al., 1982B). Plants were found to mqintain positive turgor despite 

lower water potential. Together with that, internal water relation 

was used extensively (Turner, et al., 1978; Jones and Rawson, 1979; 

Squire, 1979; Meyer and Boyer, 1981; Clarke and McCaig, 1982B; 

Ackerson, 1983; and Garrity, et al.~ 1984). Kpnnangara, et al. 

(1982) suggested that endogenous plant honnone levels might prove 

useful in evaluating drought resistaqce in crop'plants. Pinter, et 

al. (1981), and Shiow- Long (1981) fOl;mcl a posi ti ve correlation between 

free proline accumulation and drought; resistance. 

Yield and yield components w~re also fomd as very useful 

indicators for drought resistance (Rqsielli and: Hamblin, 1981; Vidal 

and Arnoux, 1981; Stewart, et al., +983; GarrH:y, et al., 1984; 

Meckel, et al., 1984; and Pandey, el al., 198i4A). Rosielli and 

Hamblin (1981) defined tolerance to $tress as the difference in yield 

between stress and non-stress environments, whi'le mean producti vi ty 

\"as the average yield in stress and non-stress environments. According 

to Pandey, et al. (1984A), seed yie~d was affe:cted linearly by the 

amount of water applied. Growth analysis expressed as dry weight 

(Fanous, 1967; Constable and Hearn, J978; ShiO\.,r-Long, 1981; Vidal and 

Arnoux, 1981; Mustafa and Abdelmagid, B82; Garrity, et al., 1984; 
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Meckel, et a1., 1984), height (Fanous, 1967; Constable and Hearn, 

1978; Shiow-Long, 1981; MUstafa and Abde1magid, 1982), and different 

forms of leaf area (Constable and Hearn, 1978; Vidal and Arnoux, 1981; 

Mustafa and Abde1magid, 1982; Garrity, et a1., 1984; and Pandey, et 

a1., 1984C) were common factors in drought assessment. Pandey, et 

a1. (1984C), considered leaf area as an important drought avoidance 

mechanism, particularly the increased leaf senescence which results in 

less water use. 

The most commonly used indicators for drought tolerance were 

photosynthesis (Ra\vson, et a1., 1978; Turner, et a1., 1978; Jones 

andRawson, 1979; Clarke and McCaig, 1982B; Ackerson, 1983; Garrity, 

et a1., 1984; and Hofmann, et a1., 1984), transpiration (Rffivson, et 

a1., 1978; Squire, 1979; Azam-A1i, 1983; and Hofmann, et a1., 1984), 

evapotranspiration (Burch, et a1., 1978; Garrity, et a1., 1982B; 

and Sharrat, et a1., 1983), leaf diffusive resistance (Jones and 

Rawson, 1979; Squire, 1979; Clarke and McCaig, 1982A and B; Singh, et 

a1., 1983; and Hofmann, et a1., 1984), water use efficiency (Rawson, 

et a1., 1978; Jones and Ra\vson, 1979; Garrity, et a1., 1982B; and 

Stewart, et a1., 1983), relative water content (Turner, et a1., 

1978), and leaf water deficit (Khidse, et a1., 1983), and leaf 

temperature (Clarke and McCaig, 1982A and B; Ong, 1983A and B; and 

Singh and Kanemasu, 1983). 

Canopy temperature (Carter and Sheaffer, 1983B; Sharratt, et 

al., 1983; and Singh and Kanernasu, 1983), and differential temperature 

(Singh and Kanemasu, 1983; Walker and Hatfield, 1983; and Pandey, et 
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al., 1984B) were found to correlate with the level of water stress in 

a plant. In stressed plants, a greater fraction of available energy 

was found by Sharratt, et al. (1983) to be consumed in sensible heating. 

Differential temperature (AT), obtained by sl.mlming the canopy tempera

ture minus air temperature, would be greater than zero in stressed 

plants (Pandey, et al., 1984B). Differential temperature can be con

sidered a useful index in comparing drought avoidance characteristics 

of crop species and can be used as a parameter for improving the yield. 

Many other parameters have been used by researchers. O'Toole 

and ~bya (1978) reported that two visual scoring techniques, one based 

on leaf firing and the other on leaf drying, were highly correlated 

with leaf water potential. Shiow-Long (1981) added that screening by 

using the leaf fire rate method would be simple, reliable, and 

desirable. Drying rates of excised leaves were used by Shiow-Long 

(1981) and Clarke and McCaig (1982A). According to Turk and Ha11 

(1980) and Pan day , et al. (1984C), the reduction in leaf area ,,,as 

considered an important drought index, particularly the increased leaf 

senescence which results in less water use. 

Drought tolerance index, leaf cell enlargement, and assimilate 

transport were considered by Vidal and Amoux (1981) as a good basis 

for which to define new selection criteria for drought tolerance. 

They regarded the drought tolerance index as independent of earliness 

and the productivity of cul ti vars . Panicle exsertion was found by 

O'Toole and Narnuco (1983) to decrease by water stress as a fraction of 

the spikelet near the panicle base never emerged from the flag leaf 
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sheath. Root characteristics in terms of distribution, volume, and 

soil water depletion were studied by Burch, et al. (1978); Shiow-Long 

(1981); Garay and Wilhelm (1983); and O'Neill, et al. (1983). Under 

drought conditions roots go to a deeper depth. Shiow-Long (1981) 

added that root dry weight might be the most suitable indication for 

screening. 

According to Rosielli and Hamblin (1981) the most widely used 

cri teria for selecting for high and stable perfonnance were mean yield, 

regression response on site mean yield, and deviations from regression. 

This stable perfonnance method was used by Finlay and Wilkinson (1963); 

Rosielli and Hamblin (1981); and Hofmann, et al. (1984). Finlay and 

Wilkinson (1963) proposed that regression coefficients approaching 

zero indicated stable perfonnance, while Phul (1969) and Langor et al. 

(1971) proposed use of variety ranges (highest mean yield minus lowest 

mean yield) as a crude measure of stability across variable environ

ments. Rosielli and Hamblin (1981) concluded that lines with high 

tolerance to stress would be expected to have low regression 

coefficient stability parameters. 

The Line Source Sprinkler 

A line source sprinkler procedure described by Hanks, et al. 

(1976, 1978, 1980) has been found very useful for applying various 

levels of irrigation to experiments. The system produces a water 

application pattern which is unifonn along the length of the plot, 

and continuously but unifonnly variable across the plot. It has been 

used successfully for evaluating water deficit effects on crop 
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production, evapotranspiration, and soil salinity relations (Johnson, 

et al., 1982). Puckridge and O'Toole (1981) suggested that in water 

stress work with the line source sprinkler, an amount of water 

equivalent to pan evaporation should be applied at a point one-half 

to two-thirds of the distance from the line to the edge of the watered 

area. 

The sprinkler gradient (SG) has been successfully used with corn 

(Zea ~ 1.) (B1ad, et al., 1980; Sorensen, et al., 1980), dry 

beans (Phaseolus vulgaris L.) (Miller and Burke, 1983; Pandey, et al., 

19 84A, B, and C), cowpe as (Vi gna ungui cula te L. Walp. spp.) (Turk, et 

al., 1980, Pandey, et al., 1984A, B, and C), rice (~sativa L.) 

(Aragon and DeDatta, 1982; O'Toole and Namuco, 1983; and Cruz and 

O'Toole, 1984), sugar beet (Beta vulgaris L.) ~iller and Hang, 1980), 

wheat (Triticum aestivum L. em. theIl.) (Hang and Miller, 1983), and 

sorghum (Sorghum bicolor L. Moench.) (B1ad, et al., 1980; Chaudhuri 

and Kanemasu, 1982; Garrity, et al., 1982A and B; Garrity, et al., 

1983; Kannangara, et al., 1983; O'Neill, et al., 1983; and Garrity, 

et al., 1984) to impose a water application gradient and enable 

measurements of various physiological and agronomic measurements over 

a wide range of soil moisture .. 

The system provided a continuously decreasing moisture 

gradient away from the water source. SG has the advantage of mini

mizing the amount of land needed, besides allowing continuous 

variation of irrigation from excess to almost no water. The gradient 

system is economical and simple to install and operate (Hanks, et al., 
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1976). However, even low winds can alter the sprinkler pattern 

(Hanks, et al., 1976). This can be overcome by operating the system 

during calm periods (early in the morning) and laying the line parallel 

to the direction of the wind. Another limitation is the di ffi cuI ty 

of statistically testing the effect of irrigation level because the 

irrigation amount is always applied systematically with no randomiza

tion (Hanks, et al., 1980 j Nelson and Rffivlings, 1983). However, 

analysis does provide valid error tenns for testing the effects of 

other variables and their interactions with irrigation levels if the 

treatments are randomized. Hanks, et al. (1980), added that the 

irrigation effects are usually large, and thus statistical analysis 

is not critical. 



CHAFfER 3 

t>1A.TERIALS AND ME1HODS 

Field experiments were conducted during the st.nnrners of 1983 

and 1984 at tile Campus Agricultural Center, Tucson, Arizona, to stu~r 

the performance of three millet entries at different water levels. 

Millet entries were provided by W.D. Stegrneier, Kansas State 

University. The entries 81-1014 female (male sterile), which is a 

cornman U.S. early maturing variety, Senegal bulk male, which was se

lected from a bulk drought tolerant population, and their hybrid were 

planted on 26 April, 1983 and 26 April, 1984 in east-west rows, 100crn 

apart (Fig. 1) on a sandy loam soil. 

The experiment was a split plot in a randomized complete 

block design with four replications. The entries were assigned to the 

main plot, which consisted of fourteen rmvs each side and 4.5 meters 

wide with water levels as subplots. Subplots were taken as high water 

level for the first two rows from the source line, medium water level 

for the seventh and eighth rows, and low water level for the last DvO 

rows away from the source line (Fig. 1). 

The field was planted with a DvO row precision cone planter at 

a rate of 120 seeds per 4.5 meters plot in 1983, and 180 seeds per 3.0 

meters plot in 1984. In both seasons the field was pre-irrigated end 

then furrow irrigated to field capacity immediately after planting. 

In 1983 another furrow irrigation (approximately 100nun) was applied a 
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Fig. 1. Diagram of the experimental site at the Campus Agricultural 
Center, Tucson, Arizona. 
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week later, while in 1984 t\vo furrow irrigations (approximately 200nun 

total were applied. 

After emergence the field was thinned to a uniform stand 

(approximately 10 to 15cm between plants). At the t\vo leaf stage of 

growth (Maiti and Bidinger, 1981) atrazine (2-chloro-4- ethylamino -

6-ispropylamino-s-triazine) was applied for weed control at the rate 

of 0.80kg/ha A.I. in 1983, and O.70kg/ha A.I. in 1984 (Cooperative 

Extension Service, 1981). 

At the five leaf stage of growth (Haiti and Bidinger, 1981) 

the sprinkler line was assembled. The system consisted of a single 

line of sprinklers which was located at the center of the plot and 

parallel to the crop row direction (Fig. 1) so that numerous plants 

would be available for studies at each water level. The sprinkler line 

provided a continuous variable moisture gradient m"ay from the water 

source. Catch cans were located between the entries ir the rows of 

each replication at 200cm intervals. Water was measured from the 

catch cans throughout the season after each irrigation or rainfall. 

The amount of water applied at the middle location (medium water level) 

and at the end away from the sprinkler source (1m" water level) were 

compared, with the maximum amount applied nearest the source (high 

water level). Irrigation was applied in the early morning when wind 

speeds were low and continued for an average of one hour with a uniform 

pressure of 30psi. 

Soil samples were taken from the surface, at 30 and at 60cm 

depth for soil analysis in the laboratory and for soil moisture tension 
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determination by the pressure plate apparatus. A Campbell Pacific 

neutron moisture meter, Model 503 (manufactured by Campbell Pacific, 

San Francisco, California), was used to estimate soil water content. 

Aluminum access tubes were installed in the field for neutron probe 

moisture determination at a distance of one meter (high water level), 

seven meters (medium water level), and 13 meters (low water 

level) from the line source (Fig. 1). r.~asurements were taken 

at 30 and at 60mm depths. In 1983 only four weeks of measurements 

were taken, while seven weeks of measurements i-Jere taken in 1984. 

Samples were obtained from the same depths for gravimetric determina-

tion of moisture content and for field calibration of the neutron 

probe (Nakayama and Reginato, 1982). 

Plant measurements using two plants from each water level 

(eight plants per treatment) were started one week after the stress 

was imposed. Plant height from soil surface to the collar of the flag 

leaf and dry weight in terms of aboveground parts were recorded every 

other week. The leaf area per plant was recorded at the three main 

growth phases (Mai ti and Bidinger, 1981) using a Li -Model 3100 area 

meter (manufactured by Li-Cor, Inc., Lincoln, Nebraska). The specific 

leaf area (cm2 leaf area per gram dry leaf weight) and the fraction of 

dry weight composed of leaves were determined for a representative two 

plants in each sample. The leaf area of the sample was calculated as 

the product of the sample dry leaf weight and the specific leaf area: 

Leaf area per plant Ccm2) , (Garrity, et al., 1983)= 

specific leaf area d 
speCIfic leaf weight x total ry weight. 
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Physiological measurements were made at weekly intervals one 

week after stress was imposed. The repeated measurements included the 

use of Licor Model LI -1600 steady state porometer (manufactured by Li

Cor, Inc., Lincoln, Nebraska) to measure transpiration (Ug cm- 2 S-I), 

diffusive resistance (Scm-I), leaf and ambient temperatures (OC) , and 

relative humidity (%) on the adaxial surface of the two upper exposed 

leaves of each plant in each water level. Eight sampling dates were 

measured during the growing season in 1983, while seven samples were 

taken in 1984. 

The data for the porometer was analysed using a regression 

analysis with a regression method developed by Finlay and Wilkinson 

(1963) which measures the genotype-environment interactions. To help 

in identification of stable and drought resistant materials, the 

lines 'vi th regression coefficients (B) approaching zero indicate stable 

performance. If DvO entries have the same regression coefficient (B): 

(a) the one 'vi th the highest mean response is superior, or (b) the one 

with high correlation coefficient (R2) is more stable. The values for 

transpi ration, diffusive resistance, and differential temperature 

(ambient temperature minus leaf temperature) of an individual entry 

from each of the weekly measurements were correlated to the mean 

response from low, mediLUll, and high water level. The seasonal mean 

response for each entry at the three water levels was graphed. 

Apparent photosynthesis was measured only once in 1984 at mid

grain filling (Jones and Rawson, 1979) with a closed chamber syringe 

system described by Clegg and Sullivan (1975) and Clegg, et al., 

(1978) . A portion of the uppermost fully e:>.."panded leaf of the millet 



plant was enclosed in a plexiglass chamber for 30 seconds. The CO2 

uptake by the leaf during this time was measured by taking a syringe 

sample of five milliliters gas at zero time, and another syringe 

sample 30 seconds later. The two coded syringes from each plant 

sampled were taken to the laboratory for analysis. The leaf area 

wi thin the chamber was estimated by measuring the width of the blade 

on either side of the chamber. 

The CO2 concentration difference in the "hl/O syringes was 
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measured using a Beckman Model 865 infrared gas analyzer (manufactured 

by Beckman Instruments, Inc., Fullerton, California). 1he photosyn-

thetic rate was calculated by the equation (Muramoto, et al., 1967): 

Net Ps in mg C02dm-2 hour- l 

44,000mg C02/mole x 10-6 x chamber x dppm x 273 x 760 x 3600 
22.4L/mole volume (per T atm 

(li ters) sec.) 

dm2 (leaf area) 

where chamber volume = 2.364L, 

Ps = Photosynthesis, 

dppm = (PPm CO2 initial sample - PPm C02 second sample 

30 seconds 

T = ambient (air) temperature in degrees Kelvin, 

Atm = atmospheric pressure (rrunI-Ig) , 

3600 = conversion from seconds to hours. 

At mid-grain filling (Jones and Rml/son, 1979) plant samples 

were taken from the three water levels and the dead and burned leaves 

were dried and weighed. The rest of the leaves were dried separately, 



and the leaf firing ratio was calculated (Shiow-Long, 1981): 

Leaf Fire Ratio (%) = 

Dry weight of dead and burned leaves x 100. 
Dry weight of all plant leaves 
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To prevent severe problems caused by birds eating the grain, 

the heads were bagged at anthesis in both seasons to obtain estimates 

of yield. In 1983 pyrex glass wool was tried, but the birds managed 

to get to the seed and the color was changed from whitish to brown. 

1\vo plants from each plot were sampled, and the munbers of seeds were 

counted for the main head and for the whole plant using an electronic 

seed counter Model 850-3 (manufactured by Old lvlill Company, Savage, 

Maryland). The same plants were used to count mnnber of leaves in main 

stem, number of tillers, and number of productive tillers. Length of 

the head and head exsertion, as the distance between the collar of the 

flag leaf and the bottom of the head, were measured. One hundred 

seeds from each sample were weighed, and the weight was then adjusted 

to 1000 seeds weight at fi ve percent. 

Yields and dry weights were used to calculate harvest index, 

relative yield, drought tolerance index, and water use efficiency for 

the stress period: 

Harvest Index (O'Neill, 1982) = 

weight of grains per plant x 100 
total shoot dry welgfit per plant ' 

relative yield of dry matter (Vidal and Arnoux, 1981) 

shoot dry weight at 10\v water level 
shoot dry weight at high water level x 100, 



drought tolerance index (Vidal and Arnoux, 1981) 

weight of grains at low water level 100 
weight of grains at high water level x , 

-1 -1 water use efficiency (\\TUE) g plant an ) (Garrity, et al., 
1982B) = 

grams dry matter or seeds per tlant 
total amount of applied water em) 

34 

Seeds were taken to the laboratory for crude protein determina

tion. Seeds from two plants in each sample were analyzed by a modified 

Kjeldahl digestion method (Summerfield, et al., 1977). Samples were 

weighed (approximately 0.5 grams) and put into 25 x 200mm pyrex tes t 

tubes with 1.0g K2S04, O.lg Na2Se03, and 10ml concentrated H2S0
4

, 

Samples were then digested at approximately 4000 C on a block digester 

until they turned to a clear amber color. The tubes were removed and 

placed in test tube racks to cool. The digestate was then quanti tati vely 

transferred to a 100ml vohunetric flask along with three grams K2S04 . 

The sample was diluted to the mark with de-ionized water and trans-

ferred to polyethylene bottles. 

Aliquots of the digest (0. 4m1) were injected into a Technicon 

Auto analyser (manufactured by Technicon Industrial System, Terryto"TI, 

New York), which quantitatively detected ammonia by indophenal-blue 

formation in the presence of sodium phenate and sodium hypod1lorite. 

Different peaks for different samples were drawn and ppm nitrogen were 

found from the peaks in reference to standard. Percentage nitrogen 

was calculated by the equation: 

%N = (PPM) (100) (10-6) 100 
sample weIght 



Percent crude protein was obtained by multiplying the percentage 

nitrogen by 6.25 based on the assumption that about 16 percent of 

protein is nitrogen (Chapman and Pratt, 1961). 

Daily minimum, mean, and maximum temperature, together with 

rainfall were monitored throughout the season. These data were 

collected at the \veather station at the Campus Agricultural Center, 

Tucson, Arizona. Pan evaporation was determined by Water Resource 

Research Center, University of Arizona at a station about five 

kilometers from the field. 

Calculations of leaf area, photosynthesis, and fire ratio 
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were conducted by the Rainbow Computer, Plant Science Department, 

University of Arizona. Other calculations were done by the Stat Pac 

and 82162A thermal printer. Analysis of the data was conducted by the 

Statistical Package for the Social Sciences (SPSS) in a Cyber 175 

computer HP41-CV at the University Computer Center. 



Q-lAPTER 4 

RESULTS AND DISCUSSION 

r-~eteorological Data 

The SlUTllTlers of 1983 and 1984 presented quite different growing 

condi tions with regard to rainfall, teJPperature, and evaporation. 

Seasonal rainfall in 1983 (24nun) was less than no mal and occurred at 

the end of the growing season (Fig. 2). However, rainfall in 1984 

(129J1DTI) was much higher than nonnal and caused the tennination of the 

experiment fifteen days earlier (Fig. 3). Temperature in 1983 was 

within the limits described by Ibrahim and Dennis (1982) and McColm, 

et a1. (1982) for this time of the year. The mean ranged from 15 

to 35°C, with a minimum of 6°C (Fig. 2). There were seven days 

during the season with a temperature of 40°C or higher, with 45°C the 

highest. TI1is was reflected by the high evaporation (1279mm) during 

the growing season (Fig. 2). 

The mean temperature in 1984 ranged from 17 to 33°C, with SoC 

as the minimum (Fig. 3). There were seven days during the growing 

season with a temperature of 40°C or more, with 42°C as the highest. 

In general, the growing season of 1984 was cooler, with much more rain 

than the 1983 season. This was reflected in the lower evaporation 

(1025nun) compared to that of 1983 (Figs. 2 and 3). 
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Water Application 

Water applied by the sprinkler irrigation gradient decreased 

with increasing distance from the line (Fig. 4). Total water applica

tion was greater for all water levels in 1984 than in 1983 due to the 

extra furrow irrigation at the beginning of the season (20 and 30crn in 

1983 and 1984, respectively) and abnormal rains. At high water level 

in 1983 the entries had 61.2, 61.5, and 61.0crn for female, male, and 

hybrid, respectively, which is close to the consumptive use (63.5crn) 

described by Erie, et al. (1982). 

The wet side of the gradient in 1984 received 67.8,67.4, and 

66.8cm of water for female, male, and hybrid, respectively (Fig. 5). 

At mid-field the difference in the total amount of water applied in 

1984 to that applied in 1983 was about 12crn. However, at low water 

level the total amount of applied water was almost doubled in 1984 

(Fig. 5). The amount of water received each irrigation was less in 

1983 than in 1984 due to wind problems. 

Soil Analysis 

The routine soil analysis for the site is shown in Appendix A. 

The soil is classified as Brazi to sandy loam, a member of the sandy, 

mixed, thermic typic torrifluvent family (Table I). The amount of 

sand and gravel increased at the lower depths and reach 81 percent at 

60crn depth. This was clearly shown in the soil moisture release curve 

(Fig. 6). At 30crn depth the field capacity was more than 20 percent, 

and the permanent wilting point was less than five percent. However, at 

60crn depth the field capacity dropped to less than five percent, and 

the pennanent wilting point was around two percent. 
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Table 1. Soil types for the sprinkler gradient site at the Campus Agricultural Center. 

Soil Depth % Sand % Silt % Clay Soil Type 
(on) 

surface 67.8 21.1 11.1 sandy loam 

30 on 53.6 29.0 17.3 sandy loam 

60 cm 81.3 11.8 6.9 loamy sand 

+>
N 
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Fig. 7 represents the regression of volumetric moisture content 

on count ratio for the probe used in 1983 and 1984 (Nakayama and 

Reginato, 1982). The correlation coefficient (R) was 0.87 in 1983 and 

0.63 in 1984, with a significance of 0.05 and 0.10, respectively. 

Soil Moisture 

Soil moisture at the first depth (30crn) was higher for the 

female parent in 1983 than for either the male parent or hybrid (Fig. 

8) in both high and low water levels. TIlis might have been due to the 

female extracting less water during the season. The same trend was 

repeated at the second depth (60crn). However, the difference in 

available moisture percentage was small between high and low water 

levels, which might reflect the high extraction of available soil 

moisture from the 30crn depth. Burch, et al. (1978) found rapid 

depletion of water in the top soil by species with dense surface 

rooting. However, at the high water level soil moisture was higher 

in the 30crn depth than at the 60cm depth. 

The trend was different in 1984 due to the higher amount of 

water received at each irrigation and also the extra water from furrow 

irrigation and abnormal rainfall. At high water level the moisture at 

30cm and 60cm depths were approximately similar (Fig. 9). However, 

soil moisture at the 30cm depth was less, and at the 60cm depth soil 

moisture was higher than in 1983 (Figs. 8 & 9). TIle male parent had 

the highest soil moisture towards the end of the season at 30cm depth, 

while the hybrid had the highest soil moisture throughout the season 

at 60cm depth. 
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At the low water level in 1984 the trend was similar to that 

of the low water level in 1983. The female had the highest soil 

moisture at the end of the season at 30an depth and throughout the 

season at 60an depth. Soil moisture of the female parent and the 

hybrid at low water level was higher at the 60cm depth except at the 

end of the season (Fig. 9), indicating that most of the extraction 

was from the 30cm depth. In contrast, the male parent had a higher 

soil moisture in the 60cm depth only at the beginning of the season 

(Fig. 9), indicating that stored soil water was steadily depleted in 

the dry (low water) treatment. Similar results were obtained by 

Garri ty, et al. (1984). 111is can be also interpreted to rean that 

when under stress the male parent has the ability to extract water from 

lower depths than either the female parent or the hybrid. 

Growth Analysis 

Growth was reduced significantly by water stress. Mean separ

ations of dTy weight, helght, and leaf area for both seasons are 

shown in Appendix B1 , BZ' and B3, respectively. 

Biomass 

Total shoot fresh weights were not significantly different for 

entries at high water level for both seasons (Tables 5 & 6). At low 

water level the hybrid had significantly higher fresh weight than both 

parents in 1983. At both water levels the final fresh weight was 

doubled in 1984 (Tables 5 & 6). This might be attributed to the higher 

amount of water received at each irrigation and also rainfall and extra 

furrow irrigation. 
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Final shoot dry weights (Tables 5 & 6) showed no significant 

difference among entries at both water levels in both seasons, but 

water stress reduced the final dry weight significantly. Plant dry 

weight at high water level showed a linear phase of growth with the 

hybrid reaching about 148g in 1983 and 178g in 1984 at the stationary 

phase of growth towards the end of the season (Fig. 10). However, at 

low water level, growth was reduced significantly with the hybrid again 

having the highest dry weight (64g) in 1983 and the male having the 

highest dry weight (92g) in 1984 (Fig. 10). These results were 

consistent with those obtained by Mustafa and Abdelmagid (1982), who 

found that dry weights of sorghum were reduced with decreases in water

ing intervals. 

Plant height 

The common sigmoid pattern of stem elongation described by 

~miti and Bidinger (1981) was clearly illustrated at high water level 

in 1983 (Fig. 11). In 1983 the hybrid had the greatest height at the 

beginning of the season, but the male parent reached the maximum (65cm) 

at the end of the season. The trend in 1984 was different in that the 

hybrid dominated throughout the season, reaching 99cm at the stationary 

phase of growth (Fig. 11). In both seasons, growth of the female 

levelled off firs t, as it was an early maturing variety. 

At low water level there was a significant reduction in height 

in both seasons (Fig. 11). The female had the highest height through

out the season of 1983, except at the end when the male reached 25cm. 

The female also dominated through the season of 1984 except at the end 
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when the hybrid reached S4cm. For both water levels in 1984, the plant 

heights were double those in 1983. The increase in height was 

attributed to the high amount of water received at each irrigation and 

to the extra furrow irrigation and abnormal rains. 

Total leaf area 

The total leaf area (LA) was reduced significantly by water 

stress. At the high water levle (1983) the hybrid had the highest leaf 

area throughout the season, reaching a final LA of 14,OOOcm2 (Fig. 12). 

During 1984 the male parent had the highest leaf area at the beginning 

of the season; then the hybrid again exceeded the parents reaching 

13,ccm2 (Fig. 12). There ,,,as no significant difference in LA occurring 

at low water level in 1983, with the male reaching only about 2,OOOcm2 

at the ~nd of the season. The male parent again had the highest leaf 

area (6,OOOcm2) at the end of the 1984 season. Although the differ

ence in leaf area was not significant at the high water level of the 

two seasons, the leaf area ,,,as more than doubled for 1984 at the low 

water level (Fig. 12). This was due to the high amount of water in the 

dry side in 1984 caused by the higher amount of water received at each 

irrigation and abnormal rains and extra furrow irrigation at the 

beginning of the season. 

Number of leaves 

Number of leaves in the main stern were reduced significantly 

by s tress in 1983 (Table 3). However, in 1984 due to excessive rains 

the difference between water levels ,,,as not significant (Table 4). 
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There were no differences in leaf number among entries in both seasons. 

The number of leaves in the main stem ranged between seven and 12 

with the season of 1984 having higher numbers at low water levels than 

the 1983 season (Tables 3 & 4). 

The reduction in growth of cereals as measured by dry weight, 

height, and leaf area, with decreased amount of applied water has been 

supported by many researchers (Chadhuri and Kanemasu, 1982; Hang and 

NaIler, 1983; O'Neill, et al., 1983; Garrity, et al., 1984). 

Firing Ratio 

Leaf firing ratio was found to increase significantly with 

stress for both seasons (Table 2). The percentage increase was 89, 

78, and 83 percent in 1983, and 58, 49, and 47 percent in 1984 for 

female, male, and hybrid, respectively. There was no significant 

difference bet\<Jeen entries at high or medium water levels in 1983 or 

beDveen the three water levels in 1984. However, at low water level 

in 1983, the male parent was significantly different from the female 

parent or the hybrid (Table 2). In both seasons the firing 

percentage was very high, even at the high water level (4 to 12' 

percent). This might have been due to increased leaf senescence, as 

the samples were taken late in both seasons. 

The results were in agreement with O'Toole and ~bya (1978), 

who found leaf firing and leaf drying to correlate highly with leaf 

water potential; with Shiow-Long (1981), who found significant 

increase with stress; and with Turk and Hall (1980), and Pandey, et 

al. (1984C), who reported that increased leaf senescence will result 

in less water use in grain leglDTIes. 



Entries 

Female 
81-1014 

Male 
Senegal Bulk 

Hybrid 
81-1014 x 
Senegal Bulk 

Table 2. Leaf firing ratio for three millet entries grown lHlder a 
sprinkler gradient line during 1983 and 1984 

Leaf Fire Ratio (%) 

1983 Water Levels 1984 Water Levels 

high medium low high medium low 
+* * * * * * 3.88a 9.00a 37.75b 9.88a 16.88a 23.75a 

* * * * * * 3.75a 12.00a 17.50a 11.50a 20.13a 23.00a 

* * * * * * 3.63a 9.63a 22.87b 9.80a 14.63a 19.25a 

+-Means followed by the same letter within each coltmm are not significantly different at the 
5% level according to the SNK Method. 

*Treatment means indicated horizontally are significantly different each year at the 5% level 
according to the SNK Method. 

U"1 
U"1 



Entries ,.,rater 
treat-
ment 

Female high 
81-1014 medium 

low 

t·lale high 
Senegal medium Bulk 

low 

Hybrid high 
10-1014 x medium Senegal 
Bulk low 

Table 3. Yield and yield components for three millet entries 
grown under a sprinkler gradient line in 1983 

# of # of # of head ex- # of seeds # of seeds size of length 
leaves in tillers productive sertion of head head- 1 plant- 1 grain 
main stem tillers (em) (em) (1000 seed 

wt. g) 

10.13b t 7.13a 6.00c 3.89b 16.40b 338.13c 502.88c 11.06b 

11. OOb 5.50a 3.75c 1.44b 17.12b 109.38b 6.26a 

7.00a 4.50a 0.25a 0.24a 8.11a 12.17a 12.17a 1.21a 

12.00b 6.38a 2.50b 1.64b 32.84d 1584.13e 2684.00d 9.48a 

11.62b 6.25a 1.13b 0.84b 31.65d 291.63c 7.87a 

8.25a 5.75a 0.08a 0.04a 10.18a 32.63a 33.13a 2.27a 

11. SOb 7.13a 4.63c 3.39b 27.91c 831.63d 2224.13d 12.18b 

11.75b 6.50a 2.25b 0.85b 23.96c 341. 31c 8.51a 

7.00a 6.50a 0.50a 0.20a 10.25a 113.75b 113.75b 9.73a 

Hfeans followed by the same letter within each colUJID1 are not significantly different at the 5% level 
according to the SNK t-fethod 

U1 
Q\ 



Entries water 
treat-
ment 

Female high 
81-1014 medilDll 

low 

t-.!a1e high 
Senegal rnedilDll Bulk 

low 

Hybrid high 
81-1014 x rnediwn Senegal 
Bulk low 

Table 4. Yield and yield components for three millet entries 
grmVJ1 mder a sprinkler gradient line in 1984. 

# of # of # of head ex- length # of seeds 
leaves in tillers productive sertion of head head- 1 
main stem tillers (em) (em) 

1lo13a· 6.2Sa lo2Sa 4.9Sa 29.21a 1698.7Sa 

11. 2Sa 6.13a 1.38a 3.44a 29.60a 123lo63b 

11.63a 7.7Sa 1.38a 1.0Sb 19.39b 221. OOc 

11.88a 8.63a 1.7Sa 3.37a 31. 39a lS63.2Sa 

11.13a 6.2Sa 0.88a 3.09a 24.49a 1242.38b 

10.7Sa 10.00a 0.31a O.SOb 20.7Sb 13S.2Sc 

12.13a 6.2Sa 1.38a S.16a 29.90a lS98.63a 

1loOOa 6.2Sa 1.00a 1.83a 26.68a 926.2Sb 

11.7Sa 8.63a 0.88a 1.4Sb 20.24b 153. 75c 

# of seeds size of 
p1ant- 1 grain 

(1000 seed 
wt. ~) 

4300.00a 8.S0a 

2274.38b 6.88a 

246.88c 4.88b 

4173.88a 8.S0a 

2606.2Sb 6.13a 

137.88c 4.63b 

3397.88a 9.88a 

1767.38b 8.63a 

177.13c 3.38b 

Heans followed by the same letter within each column are not significantly different at the 5% level 
according to the SNK Method. 

tn 
---J 
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Yield and Yield Components 

Correlation coefficients of the different yield components in 

1983 and 1984 are shown in Appendix D1 and D2, respectively. 

Grain yield 

Grain yields of all entries were significantly higher in high 

water level than in the low water level in both seasons (Tables 3 & 4). 

This has been attributed to increased sterility of spikelets under 

water stress (O'Toole and Namuco, 1983). The female parent was 

significantly different from other entries in number of seeds per 

plant at high water level in 1983 (male sterile), while the hybrid 'vas 

significantly different from other entries at low water level (Table 

3). In 1984 there was no significant difference beuveen entries at 

high, rnedi tun, or low water level (Table 4). 

Number of seeds in the main head were significantly different 

at the high water level in 1983 (Table 3). The female parent was 

significantly different from other entries at the medium water level 

(male sterile), while the hybrid was significnatly different from 

other entries at low water level. However, there was no significant 

difference in yield between entries in 1984. Due to the varietal 

differences in yield under stress, Aragon and DeDatta (1982) 

suggested that drought tolerance should not be equated solely with 

grain yield. 

Under stress the hybrid had the highest yield in 1983 (Table 

3), while the female had the highest yield in 1984 (Table 4). In 



general, yields were much higher in 1984 than in 1983. This can be 

explained by the high rainfall in 1984 and by the large number of 

honeybees that escaped from cages in the adjacent experiment and 

consequently increased the chance of cross-fertilization. This 

explains the higher yield of the female in 1984. 

Grain size 

S9 

Grain size was reduced significantly by stress (Tables 3 & 4). 

However, in 1983 the male parent showed no significant difference 

between high, medium, or low water levels (Table 3). The grains were 

bigger at high water level of the 1983 season than of the 1984 season. 

On the other hand, at low water level the grains were bigger in 1984, 

except for the hybrid which had bigger seeds in 1983 (Tables 3 & 4). 

Under stress, grains were bigger for the hybrid than for the other 

entries in 1983 and bigger for the female than for the other entries 

in 1!J84. 

Tillering capacity 

There was no significant difference among entries or water 

levels in tiller number in both seasons (Tables 3 & 4). The tiller 

number ranged between five and eight in both seasons. The number of 

productive tillers showed no significant differences between entries 

or water levels in 1984 (Table 4), or between entries in 1983 (Table 

3). However, stress reduced the munber of productive tillers 

significantly in 1983. This can be attributed to the severe stress 

in 1983 compared to the lesser stress of 1984. 
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The number of productive tillers at high or medium water levels 

greater in 1983 than in 1984. However, at lm</ water level all 

entries showed higher -productive tillers in 1984. This was reasonable, 

though there was no supportive explanation for the higher m.nnber in 

1983 at medium and high water levels. 

Head characters 

Head exsertion was reduced significantly by water stress in 

both seasons (Tables 3 & 4). This reduction was due to some fraction 

of the head near the panicle base that never emerged from the flag leaf 

sheath. The results were in agreement with Cruz and O'Toole (1984), 

who reported that the degree of exsertion of the rice panicle was a 

visible response to water stress. This may be a useful indicator in 

the selection of drought tolerant breeding lines. Under low water 

level the female had the greatest exsertion in 1983, while the hybrid 

had the highest degree of exsertion than the parents in 1984. Exser

tion of all entries at all water levels was found to be greater in 

1984 than in 1983 (Tables 3 & 4) due to a greater amount of water 

recei ved. 

There was a significant reduction in head length by stress in 

1983 (Table 3) and in 1984 (Table 4). At high and medium water levels 

there was a significant difference between entries in 1983 (Table 3.), 

while there was no significant difference in 1984 (Table 4.). There 

was no significant difference between entries at low water levels in 

both seasons. Due to higher ammmts of water in 1984, head length was 

much greater in all water levels. 



Harvest Index, Relative Yield, and 
Drought Tolerance Index 

There was no significant difference among entries at low 

water level for harvest index in 1983 (Table 5) or 1984 (Table 6). 

However, at high water level the female parent was significantly 

lower than the other two entries in 1983 (Table 5), while there was 

no difference in 1984 (Table 6). For the three entries in both 

seasons, water stress reduced the harvest index significantly. The 

reduction in harvest index suggested to Pandey, et al. (1984A) that 
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seed yield was more sensitive to water stress than total plant yield. 

Harvest index was much higher for both high and low water 

levels in 1984 than in 1983 for all entries due to increased yield 

resulting from the high total amount of water applied. Under stress, 

the hybrid had the highest harvest index in 1983, while in 1984 all 

entries had the same harvest index value (Tables 5 & 6). 

The relative yield of dry matter was higher for the male 

(0.45, 0.54) and hybrid (0.44, 0.51) than for the female (0.29, 0.47) 

in 1983 and 1984, respectively (Tables 5 & 5). The hybrid had the 

highest drought tolerance index (0.04 in 1983, followed by the male 

parent (Table 5). In 1984 the hybrid (0.02) and the male (0.02) had 

lower drought tolerance index than the female (Table 6). These 

resul ts indicated that drought tolerance index and relative yield \.,rere 

independent of earliness and productivity of cultivars as reported 

before by Vidal and Annox (1981) and Singh and Kanemasu (1983), who 

used the tenn grain-yield stability instead of drought tolerance 

index and relative yield. 



Entries 

Female 
81-1014 

Male 
Senegal 
Bulk 

Hybrid 
81-1014 x 
Senegal 
Bulk 

Table 5. :t<leasured and calculated parameters for three millet entries 
grown mder a sprinkler gradient line in 1983. 

Water Treatment 

High LolV 

Total Total Wt. of Harvest Total Total Wt. of Harvest 
shoot shoot seeds Index shoot shoot seeds Index 
.c~~h drf plarlt-1 fresh dry p1ant- 1 
.LLC;:'l1 

wt. wt. (g) wt. wt. (g) 
(g) (g) (g) (g) 

457.92a' ll3.38a 5.56a 0.05a* 139.08a 32.87a O.Ola 0.0003a* 

394.69a 106.50a 25.44b O.24b* 165.57a 48.13a 0.08a 0.0020a* 

356.91a 142.75a 27.09b O.19b* 241. 79b 62.87a l.11a 0.0200a 

Rela- Drought 
tive To1er-
Yield ance 

Index 

Dry Grains 
Matter 

0.29 0.002 

0.45 0.003 

0.44 0.040 

oH1eans followed by the same letter within each co1UlTlI1 are not significantly different at the 5% level 
according to the SNK ~~thod. 

*Treatment means indicated horizontally an"' significantly different at the 5':; level according to the 
SNK Method. C]\ 

N 



Entries 

Female 
81-1014 

Male 
Senegal 
Bulk 

Table 6. Measured and calculated parameters for three millet entries 
grown tmder a sprinkler gradient line in 1984. 

Water Treatment 

High Low 

Total Total Wt. of Harvest Total Total lilt. of Harvest 
shoot shoot seeds Index shoot shoot seeds Index 
fresh dry p1ant- l fresh dry p1ant- l 
wt. wt. (g) wt. wt. (g) 
(g) (g) (g) (g) 

722.73a~ 174.00a 36.55a 0.21a* 366.23a 81.01a 1.20a O.Ola* 

563.40a l72.73a 35.48a 0.21a* 458.0la 92.83a 0.64a O.Ola* 

Hybrid 80l.S9a l78.63a 33.57a 0.19a* 545.84a 90.29a 0.60a 0.01a* 
81-1014 x 
Senegal 
Bulk 

Rela- Drought 
tive Toler-
Yield ance 

Index 

Dry Grains 
Matter 

0.47 0.03 

0.54 0.02 

0.51 0.02 

+ Means followed by the same letter within each column are not significantly different at the 5% level 
according to the SNK Method. 

*Trcatmcnt means indicated horizontally are significantly (li fferent at the 5% level according to the 
Sl\lJ( Method. 0\ 

IN 
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Water Use Efficiency (WUE) 

Water use efficiency for total dry matter was increased with 

water stress for all entries in 1983 (Table 7) and 1984 (Table 8). 

However, when WUE was calculated on the basis of grain yield there was 

a decrease with stress from 0.135 to 0.001; from 0.614 to 0.009; from 

0.661 to 0.116 for female, male, and hybrid, respectively (Table 7), 

and from 0.97 to 0.08; from 0.95 to 0.04; from 0.91 to 0.04 for 

female, male, and hybrid, respectively (Table 8) for 1983 and 1984, 

respectively. 

The decrease in WUE on yield basis agreed with results of Singh 

and Kanemasu (1980), who found reduced \VUE for grain yield under no 

irrigation and Garrity, et al. (1982B) who found strong negative trends 

in WUE with water stress. In contrast, the increase in \VUE for dry 

matter was different from Olandhuri and Kanemasu (1982) findings that 

increasing the watering level increased the WUE for total dry matter. 

\VUE was much higher for both water levels of the three entries 

in 1984 than in 1983 due to increased yield and dry matter (Tables 7 & 

8) . In this study, WUE was calculated by the actual amount of water 

applied after the stress was imposed. Stewart, et al. (1983) calcu

lated WUE value both on the basis of kg grain/m3 evaporation (ET) and 

kg grain/m3 applied irrigation water. The method of the actual applied 

water was used in this study because water is the main limi tting 

factor to production in this state, and the emphasis should be geared 

toward maximlUll economic production per unit of applied water rather 

than maxiffilUll yield. 



Entries Water 
treat-
ment 

Female High 
81-1014 

Low 

Male High 
Senegal 
Bulk Low 

Hybrid High 
81-1014 x 
Senegal Low 
Bulk 

Table 7. Water use efficiency for three millet entries 
grown tmder a sprinkler gradient line in 1983. 

Irri- Rainfall Total Final Grain Water use efficiency 
gation (an) water dry yield g plant- l em-I 
(an) applied matter g plant- l 

(an) g plant- l total dry yield 
matter 

38.84 2.35 41.19 113. 38at 5.56a 2.80 0.135 

6.94 2.35 9.29 32.87b O.Olc 3.50 0.001 

39.10 2.35 41.45 106.50a 25.44b 2.60 0.614 

6.94 2.35 9.26 48.13b 0.08c 5.20 0.009 

38.62 2.35 40.97 142.75a 27.09b 3.50 0.661 

7.18 2.35 9.53 62.87b 1.l1d 6.60 0.l16 

ni=ans follm.,red by the same letter within each column are not significantly different at the 5% level 
according to the SNK Method. 

Q\ 
U1 



Entries Water 
treat-
ment 

Female High 
81-1014 

Low 

Male High 
Senegal 
Bulk Low 

Hybrid High 
81-1014 x 
Senegal Low 
Bulk 

Table 8. Water use efficiency for three millet entries 
grown under a sprinkler gradient line in 1984. 

Irri- Rainfall Total Final Grain Water use efficiency 
gation (em) water dry yield g plant- l em-I 
(an) applied matter g plant- l 

(an) g plant- l total dry yield 
matter 

24.89 12.93 37.82 l74.00at 36.55a 4.60 0.97 

2.55 12.93 ·15.48 81. Olb 1.20b 5.23 0.08 

24.45 12.93 37.38 172.73a 35.48a 4.62 0.95 

2.71 12.93 15.64 92.83b 0.64b 5.94 0.04 

23.84 12.93 36.77 178.63a 33.57a 4.86 0.91 

2.71 12.93 15.64 90.29b 0.60b 5.77 0.04 

t Means followed by the same letter within each coll..lJJU1 are not significantly different at the 5% level 
according to the SNK Method. 

0\ 
0\ 
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Water use efficiency at lav water level was higher for the 

hybrid for both yield (0.12) and dry matter (6.6) in 1983 (Table 7). 

In 1984 it was higher for the female (0.08) and male (5.94) for yield 

and dry matter, respectively (Table 8). The findings in 1984 

contrasted with those of Singh, et al. (1983), who fmmd that lIDder 

stress Senegal bulk (male) used the greatest amount of water. Under 

stress, the hybrid used more water in both seasons (Figs. 7 & 8.), 

but it was only able to express that in terms of production in 1983 

(Table 7) when the stress was more pronounced. 

Porometer Measurements 

Mean separation of different physiological parameters for both 

seasons is shown in Appendix B4 and B5, while the correlation 

coefficients are in Appendix D3 and D4. Stress had a pronolIDced effect 

on all parameters both years (Figs. 13 & 14). For each entry, stress 

reduced transpiration, temperature differential, and relative humidity 

and increased diffusive resistance and leaf temperature. 

Transpiration 

Transpiration 'vas reduced 57, 56, aJld 66 percent by stress for 

female, male, and hybrid, respectively in 1983 (Fig. 13.). In 1984 the 

rate of transpiration was higher for a1l water levels due to 

increased amounts of water. The reduction due to stress was 45, 53, 

and 52 percent for female, male, and hybrid, respectively (Fig. 14.). 

Under stress the female had the highest transpiration rate in both 

seasons (Figs. 13 & 14). 
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Fig. 13. ~lean responses for transpiration, diffusive resistance, leaf 
temperature, temperature differential, and relative hlUTlidity 
for three millet entries grown under a sprinkler gradient 
line in 1983. 
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Fig. 14. ~~an responses for transpiration, diffusive resistance, leaf 
temperature, temperature differential, and relative hUJ1lidity 
for three millet entries grown under a sprinkler gradient 
line in 1984. 
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Diffusive resistance 

Leaf diffusive resistance was increased 151, 148, and 249 

percent by stress for female, male, and hybrid, respectively in 1983 

(Fig. 13.). The rates were lower in 1984, except for the male and 

hybrid at low water levels. The increase with stress was 423, 1018, 

and 960 percent for the female, male, and hybrid, respectively (Fig. 

14.). The female had the lrnvest diffusive resistance under stress in 

both seasons (Figs. 13 & 14). 

Leaf temperature 

Stress increased leaf temperature in both seasons (Figs. 13 & 

14) due to stomate closure. This may be related to decreased photo

synthesis and transpiration rates. Although the difference in leaf 

temperature was not great, the female was the less affected in both 

seasons. 

Differential temperature 

Temperature differential obtained by subtracting leaf tempera

ture from ambient temperature showed a reduction pattern with stress 

both seasons with the female having the highest differential 

temperature (Figs. 13 & 14.). The results in 1984 (Fig. 14.) showed 

a posi ti ve temperature for female and hybrid which were better 

results than 1983 (Fig. 13.) due to the increased water available in 

1984. TI1is was supported by Idso, et al. (1977), who reported that in 

the arid climatic conditions of Phoenix, Arizona, yield would be 

reduced if the differential temperature (ambient temperature minus 

leaf temperature) was negative. 
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Relative humidity 

The percent relative humidity in the plots was reduced by the 

stress in both seasons (Figs. 13 & 14), but the reduction was greater 

in 1983 (Fig. 13). The reduction in relative humidity was correlated 

with the increase in diffusive resistance. This was in agreement with 

results reported by Squire (1979), who stated that the stomata could 

open wider on humid days, reducing the diffusive resistance. The 

difference between entries was very small and not significant in both 

seasons. This was reasonable, as rela ti ve humidity is a climatic 

factor and probably not influenced by germ plasms. 

Stability 

By the regression analysis method of Finlay and Wilkinson 

(1963) it was possible to evaluate different responses in terms of 

regression coefficient (b) and mean genotypic response (x), but the 

results were not consistent. TI1e transpirational response observed 

in Fig. 15 showed the stability of the male parent in 1983 and the 

hybrid in 1984 because of their relatively lower regression coeffici

ents. Diffusive resistance responses (Fig. 16) favored the female in 

1983 and the male in 1984. The male parent was found to be more stable 

in both years (Fig. 17) with the differential temperature responses. 

Stability regression comparisons provided useful information 

on the average responses of the individual genotypes, but there was no 

adequate differentiation among cultivars. However, the results of 

1983 were considered more reliable, as the conditions were more 

variable and the stress was more pronounced. 
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Finlay and Wilkinson regressions with regression coefficient 
(r 2), mean (x), and slope (b) for transpiration of three 
millet entries grown tmder a sprinkler gradient line in 1983 
and 1984. 
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Finlay and Wilkinson regressions with regression coefficient 
(r2), mean (x), and slope (b) for temperature differential 
of three millet entries grmVJl under a sprinkler gradient line 
in 1983 and 1984. 
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Photosynthesis 

The observed F-values of photosynthesis for the 1984 season are 

shown in Appendix Cl . Photosynthesis was reduced significantly by 

decreased water application. Heterosis was expressed by the hybrid at 

high water level, but under stress the female was showing better per

formance (Fig. 18) followed by the hybrid. The reduction in net 

photosynthesis was 27, 61, and 47 percent for female, male, and hybrid, 

respectively. The results were consistent with those of Garrity, et 

al. (1984), who found a reduction of 14 to 26 percent for canopy 

apparent photosynthesis. This was considered a result of less leaf 

area in the stressed treatment. 

Constable and Hearn (1978) reported that the response of a 

single leaf may not have been proportional to that of the canopy. 

While upper leaves respond to water stress, lower leaves may 

compensate. However, Hofmann, et al. (1984) using the same method 

used in this study fOlIDd similar results. 

Proteins 

The observed F-values for the percent crude protein for both 

seasons is shown in Appendices C2 and C3. The percent crude protein on 

a weight basis was significantly increased by stress. One explanation 

might be that stress reduced the Tllunber and size of the grain, while 

the assimilates were moving to the main sink, the seeds. The percent 

crude protein \.,ras greater in 1983 for all entries at high water level 

and for female and male at low water level than in 1984 (Fig. 19). 

This might be attributed to less total water used in 1983. The 



-
50 ~ 

I 
"-
::l 
0 
.c 40 I-
t\J 
I 

E 

...--

i- F 

-0 

C, 30 -
E 
(J) -
(J) 
Q) 
.c 20 --c: 
>- -(J) 

0 
"0 10 .c l-

Cl. 
i-

0 

r-

H 
,...-

M 

High 

-
F 

F=Female 
M= Male 
H= Hybrid 

r---
M 

I--
H 

Medium 

Water Levels 

76 

-
F -

H 

f--
M 

Low 

Fig. 18. Apparent photosynthesis of the uppennost fully expanded leaf 
of three millet entries at mid-grain filling in 1984. 
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increase in crude protein due to stress was 38, 43, and 28 percent 

in 1983 and 47, 33, and 46 percent in 1984 for female, male, and 

hybrid, respectively (Fig. 19). 

The results were supported by Campbell, et al. (1981), who 

reported an increase in protein of spring wheat with high moisture 

stress during boot stage. In contrast, Carter and Sheaffer (1983A) 

found that the crude protein of alfalfa was not affected by plant 

water status. 
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The results in general indicated that stress significantly 

affected all parameters measured. Stress effects were more pronounced 

in the 1983 season than in the 1984 season due to less amount of water 

either from irrigation or rains. Identification of stable and drought 

tolerant genotypes was difficult due to seasonal differences and 

varietal differences with the different indices used. 

Under stress of 1983, the hybrid extracted more water than 

other entries which ,,,as reflected in higher munber of productive 

tillers that lead to higher yield, higher harvest index, higher 

drought tolerance index, and better '"ater use efficiency. Stress of 

1984 showed that the female had the highest munber of productive 

tillers, highest yield, consequently higher photosynthesis, higher 

harvest index, higher drought tolerance index, and better water use 

effiCiency. Physiological measurements in both seasons favored the 

female parent under low water level. The male had the highest leaf 

area in both seasons and the lmvest firing ratio under stress in 1983. 

Most of the porameter stability measurements favored the male in both 

seasons. 
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Stabili ty comparisons provide useful information on the 

average response of each cultivar, but there was no adequate differ

entiation among cultivars. Due to this and the differences found 

among cultivars' responses to different parameters, drought tolerance 

should not be equated solely with one index or another. One way to 

overcome this is by choosing the indices that will clearly express the 

objectives of any study in question. 



o-IAPTER 5 

S~~wu{Y AND CONCLUSION 

Three millet genotypes were evaluated over a two-year period 

for their responses to many parameters under varying levels of \vater 

application. The data showed that stress significantly affected all 

measured parameters. Stress was more pronounced in 1983 than in 1984 

due to the lesser amount of water received at each irrigation and to 

the abnormal rains that reduced the stress effects in 1984. 

Growth as measured by dry weight, height, and leaf area was 

reduced significantly by stress. However, there was no significant 

difference between entries at high or low water levels for all 

parameters except for the leaf area at high water level of 1983 when 

the hybrid was significantly higher than both parents. Leaf fire 

ratio was increased significantly by stress. The firing ratio was 

significantly lower for the male at low water level in 1983. 

Grain yield was reduced significantly by stress in both 

seasonS. There were no differences in grain yield among genotypes 

at high or low water levels in 1984. However, in 1983 the sterile 

female had a significantly lower yield at high 'vater level, while the 

hybrid had a significantly higher yield than both parents at low 

water level. There was no significant difference among entries or 

water levels for tiller number in both seasons, but there was a signif

icant difference in numbers of productive tillers at high water levels 

in 1983. Head exsertion was not different for entries at each water 

level in both seasons, but it was reduced significantly by stress. 
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There was no significant difference between entries in head length or 

grain size at high or low water level in 1984 or low water level in 

1983. However, at high water level in 1983 the male had the longest 

head and the smallest grain size. 

Harvest index was reduced significantly by stress, with no 

significant difference between entries at high or low water levels in 

1984 or low water level in 1983. At high water level in 1983 the male 

sterile female had a significantly lower harvest index than the male 

parent or the hybrid. The relative yield of dry matter was higher for 

the male in both seasons. The hybrid had the highest drought tolerance 

index in 1983, while the female had the highest drougl:t tolerance 

index in 1984. Water use efficiency of the dry matter increased with 

stress in both seasons. When measured for grain yield, WIJE decreased 

with stress in both seasons. \vUE was higher in 1984 than in 1983. The 

hybrid had the highest WUE for both dry matter and yield at both high 

and low water levels in 1983. Results from 1984 differed in that at 

high water level the hybrid had the highest WUE of dry weight, while 

the female had the highest WUE for grain yield. At low water level the 

male and the female had the highest ~DE for dry weight and grain yield 

respectively. 

Most porometer measurements favoured the female at low water 

level. Transpiration and differential temperature were reduced 

significantly by stress. The reduction in transpiration was 57, 56, 

and 66% in 1983 and 45, 53, and 52% in 1984 for female, male, and 

hybrid, respectively. Leaf diffusive resistance and leaf temperature 



were increased by water stress. Stability regression analysis for 

identification of stable and drought tolerance genotypes provided 

useful information on the average responses of individual genotypes, 

but no adequate differentiation among cultivars. 
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Photosynthesis ''las reduced significantly by stress, and the· 

reduction was 27, 16, and 47 percent for female, male, and hybrid, 

respectively. The hybrid had the highest photosynthesis at high water 

stress, while the female showed the highest photosynthesis under 

stress. The percent crude protein of grains on a weight basis was 

increased significantly by stress. The increase was 38, 43, and 28 

percent in 1983, and 47, 33, and 48 percent in 1984 for female, male, 

and hybrid, respectively. 

In conclusion, stress signi ficantly affected all parameters 

measured. Identification of stable and drought tolerant genotypes 

was di fficul t due to seasonal and varietal differences, with different 

indices used. During the 1983 season when the stress was greater, 

relative yield and firing ratio were good indicators for forage 

production for the male. On the other hand, drought tolerance index 

was a good index of yield for the hybrid in 1983 and for the female in 

1984. Due to these complexities, drought tolerance should not be 

equated solely with one index or another, but by the indices that will 

clearly express the objectives of the study in question. 
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Table A. I. 

Soil depth 
(cm) 

surface 

30 cm 

60 ern 

Routine soil analysis for the gradient site, Campus Agricultural Center, 1984 

PH EX x 103 Soluble Na K ESP N P' 
Salts (m /1) (m /1) (ppm) (ppm) 
(ppm) 

7.60 1.24 868 4.95 1.35 2.82 11.33 15.02 

7.55 0.69 483 2.48 1. 59 1. 78 4.76 6.71 

7.60 0.81 567 2.47 1.66 1.30 5.17 6.66 

00 
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Table B.l. Dry weight of shoots for three millet entries grown lIDder a 
sprinkler gradient line during 1983 and 1984. 

Shoot Dry Weight (g) 

1983 1984 

Water levels Water levels 

Entries High Medium Low High }~dilun Low 

Female + 113.38a* 99.38a* 32.87a* 174.00a* 107. 47a'~ 81. 03a* 
81-1014 

t-Iale 106.50a* 69.00a* 48.13a* 172.72a* 96.63a* 92.83a* 
Senegal Bulk 

Hybrid 142.57a* 84.87a* 62.87a* 174. 14 a'" 13l.53a* 90.29a* 
81-1014 x 
Senegal Bulk 

+l\leans followed by the same letter wi thin each column are not significantly different 
at the 5 percent level according to the SNK Method. 

*Treatment means indicated horizontally are significantly different eadl year at the 
5% level according to the SNK Method. 

00 
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Table B. 2. Height of main stem to flag leaf collar for three millet entries 
grown tmder a sprinkler gradient line during 1983 and 1981\.. 

1983 height (cm) 1984 height (cm) 

Water levels Water levels 

Entries High Medium Low High Medium Low 

Female 51.27:* 34.34a 22.47a* 87.33a* 61. 75a 54.45a* 
81-1014 

t-.lale 55.67a* 40.76a 20.85* 89.95a* 69.05b 47.70a* 
Senegal Bulk 

Hybrid 58.0la* 36.44a 21.56* 99.58a* 77.43c 54.23a* 
81-1014 x 
Senegal Bulk 

Hleans followed by the same letter wi thin each column are not significantly different 
at the 5 percent level according to the SNK Method. 

*Treatment means indicated horizontally are significantly different each year at the 
5~i> level according to the SNK t-.1ethod. 

00 
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Entries 

Female 
10-1014 

~1ale 
Senegal Bulk 

I1ybrid 
10-1014 x 
Senegal Bulk 

Table B.3. Final leaf area for three millet entries grown mder a 
sprinkler gradient line during 1983 and 1984. 

Leaf Area (cm2) 

1983 water levels 1984 water levels 

High ~dium Low I1igh Medium Low 

4281. 44t* 3863.02a 20l6.89a* 10715. 87a* 8058.94a 5203.34a* 

9403.26b* 6445.81b 2167.58a* 9ll2.47a* 7471. 68a 6007.75a* 

13512.38c* 7199.92b 2114.60a* 12704.68a* 8496.53a 5528.57a* 

,. Means followed by the same letter wi thin each column are not significantly different 
at the 5 percent level according to the SNK ~~thod. 

*Treatment means indicated horiznntally ,Ire si~ificantly djfferent each year Rt the 
5% level according to the SNK Method. 
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Table B. 4. Physiological parameters for three millet entries 
grown tmder a sprinkler gradient line in 1983. 

Water Transpiration Leaf Relati ve 
level (ugan-Zs- l ) diffusive humidity 

resistance (% ) 
(San-I) 

Entries 

Female High lZ ..49 at 4.65a 26.8Za 
81-1014 

~~dium 7.l6b 11. Olb Z3.33a 

Low 5.33c l1.66c 21.l5a 

tvlale High 10.24a 5.72a Z5.83a 
Senegal bulk 

}.~dium 7.4Zb 10.57b 23.55a 

Low 4.55c l4.Zlc ZO.8la 

Hvbrid High 11.l4a 4.6Za 28.50a 
81-1014 x 

f'.~dium 7.6lb 11.96b Z3.39a Senegal bulk 
Low 3.75c l8.Z0c ZO.70a 

Leaf Differ-
tempera- ential 
ture tempera-
(c) ture (c) 

35.13a +0.63a 

36.53a -0.17a 

36.58a -O.lZa 

35.4la +0.39a 

36.67a -0.14a 

36.8la -0.Z6a 

35.44a +0.57a 

36.44a -O.Oga 

37.42a -0.80a 

4 Means followed by the same letter within each column are not significantly different at the 
5 % level according to the SNK Method. 
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Table B.S. Physiological parameters for three millet entries 
~rown under a s!>rinkler gradient line in 1984. 

Water Transpiration Leaf Relative 
level (ugcm- 2s- l ) diffusive humidity 

resistance (%) 
(Scm-I) 

Entries 

Female High 14.38a' 1.71a 28.38a 
81-1014 

~1edium 12.04b 4.62b 28.29a 

Low 8.17c 8.9Sc 27.3la 

Male High 13.6la 1. 88a 28.3la 
Senegal bulk t·1edium 10.Slb 7.67b 28.11a 

Low 6.37c 2l.03d 27.49a 

Hybrid High 14.42a 1.80a 28.20a 
81-1014 x 

~dium 10.79b 4.73b 28.19a Senegal bulk 
Low 6.9lc 19.09d 27.66a 

Leaf Differ-
ternpera- ential 
ture tempera-
(c) ture (c) 

32.63a 0.93a 

32.79a 0.69a 

32.90a O.11a 

33.0Sa 0.83a 

33.33a 0.S8a 

34.08a -0.23a 

33.60a 0.82a 

33.8Sa O.Sla 

34.l8a 0.06a 

t~ans followed by the same letter within each colunm are not significantly different at 
the S percent level according to the SNK "Method. 

'.::J 
o 



APPENDIX C 

OBSERVED F-VALUES OF DATA 

9] 



Table C.1. Observed F-va1ues of net photosynthesis of three millet 
entries grO\Vll under a sprinkler gradient line in 1984. 

Source Degrees SlIll of ~can of F-va1ue Significance 
of Squares Squares 

Freedom 0.05 0.01 

Subplot 35 6810.10 194.57 

"lain plot 11 1510 .40 137.31 

Blocks (B) 3 795.58 265.19 

Entries (E) 2 6.57 3.29 0.03 5.14 10.92 NS 

~Iain plot error 6 708.25 118.04 

Treatnent (T) 2 2761.46 1380.73 11.04 5.14 10.92 ** 
(Hater 1eve Is) 

Interaction 4 693.87 173.47 1.93 3.26 5.41 NS 
(EXT) 

Subplot error 18 1844.37 102.47 

Blocks x treatment 6 750.51 125.09 
(BT) 

Blocks x treatment 12 1093.86 91.16 
x entries 

(BxTxE) 

NS = Not significant at 0.05 level 
** = lIighly signi ficant (0.01) 
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Table C.2. Observed F-values of percent crude protein of seeds for three 
millet entries grown under a sprinkler gradient line in 1983. 

Source fugrees Sum of ~Ean of F·value Si gni fi cance 
of Squares Squares 

Freedom 0.05 0.01 

Subplot 35 291.97 8.34 

~lain plot 11 8l.20 7.38 

Blocks (B) 3 2l.53 7.18 

Entries (E) 2 7.03 3.52 0.40 5.14 10.92 NS 

t-Iain plot error 6 52.64 8.77 

Treatnent (T) 2 127.38 63.69 15.65 5.14 10.92 jIjI 

(Iiater levels) 

Interaction 4 4.52 l.13 0.25 32.6 5.41 NS 
(EXT) 

Subplot erTOr 18 78.87 4.38 

Blocks x treatment 6 24.44 4.07 
(BT) 

Blocks x treatnent 12 54.43 4.54 
x entries 

(BxTxE) 

NS = Not significant at 0.05 level 
** . flighly significant (0.01) 
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Table C.3. Observed F-values of perc~nt crude protein of seeds for three 
millet entries grown under a sprinkler gradient line in 1984. 

Source £egrees Sun of ~ean of F-value Signi ficance 
of Squares Squares 

Freedom 0.05 0.01 

Subplot 35 447.97 12.80 

~lain plot 11 28.36 2.58 

Blocks (B) 3 3.61 1.20 

Entries (E) 2 17.78 8.89 7.66 5.14 10.92 * 
~lain plot error 6 6.97 1.16 

Treatment (T) 2 348.31 174.16 39.67 5.14 10.92 ** 
(Nater levels) 

Interaction 4 11.94 2.99 1.09 3.26 5.41 NS 
(EXT) 

Subplot error 18 59.36 3.30 

Blocks x treatment 6 26.34 4.39 
(BT) 

Blocks x treatment 12 33.02 2.75 
x entries 

(BxTxE) 

NS = Not significant at 0.05 level 1c = significant at 0.05 level 
** = highly significant (0.01) 
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Table D.l. Correlation coefficients of the yield and yield components of three millet 
entries grown under a sprinkler irrigation gradient in 1983. 

I~ater (1) (Z) (3) (4) (S) (f> ) (7) (B) (9) 
level Dry • of • of pro- Uead Length • of , of Grain I of 

I~eight tillers ductive exersion of head seeds seeds 1 size (GS) leaves in 
(O~) (g) (tIT) ti llers (lIE) (ill) head- 1 plant - (g/1000 main stem 

(NPT) (on) (on) (NSII) (NSP) seeds) (NUts) 

O~ Ihigh 
low 

tIT zhigh 0_ 37** 
low 0.3Z** 

NPT 3high 0.33u 0.7B*** 
low 0.l6* O.B* 

lIE 4high 0.003NS 0.07NS 0.33** 
low O.OlNS 0.4l*** 0.61*u 

UI shigh -0.02NS -0.15NS -0.44"" -0.l9* 
101~ 0.09NS -O.OSNS 0.44""" 0.44"" 

NSiI 6high -O.OSNS O.OINS -0.38"" -O.SZIIII" 0.S9"* 
low 0.04NS 0.04NS -0.09NS -0.13NS -0.Z8" 

NSP 7high -0.14NS -O.ZONS -0.33u -0.49 1t
" 0.S8**" 0.78**" --

low 0.04NS 0.04NS -0.09NS -O.I3NS -0.Z8" 0.99*** --

GS 8high O.IZNS 0.17NS 0.36"* O.ZB* -0.08NS -O.SO*** -0.Z9* 
101~ O.OlNS 0.06NS -0.09NS -O.13NS -o.ZlNS 0.98*** 0.97"" 

NUts 9high -0.19NS -O.13NS -0.Z6* -0.39*** 0.S7*** 0.43 .... * 0.46"** -O.IONS 
101" 0.04NS -0.29" 0.08NS 0.l8" 0.33** 0.30** 0.30** 0.31** 

Itts Whigh 0.09NS 0.2lNS 0.23* -0.04NS 0.02NS 0.12NS O.ZONS -O.IONS 0.14NS 
101" -0.04NS -0.19NS 0.48*** 0.46*** 0.86*** -0.24* -0.24" -0.20NS 0.2lNS 

NS = Not significant * = Significant at 0.05 level ** = Significant at 0.01 level 
**" = Significant at 0.001 level II-ts = lleight of main stem 
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Table D.Z. Correlation coefficients of the yield and yield components of three millet 
entries grown under a sprinkler irrigation gradient in 1984. 

Water (1) (2) (3) (4) (5) (6) (7) (8) (9) 
level Dry • of • of pro- Head length • of H of Grain H of 

I~eight tillers ductive exersion of head seeds seeds size (GS) leaves in 
([l~) (g) (NT) tillers (lIE) (UI) head- 1 plant- 1 (g/1000 main stem 

(NPT) (em) (em) (NSI!) (NSP) seeds) (NUlS) 

[l~ Ihigh 
low 

NT 2high 0.31** 
1 ali 0.84** 

NPT 3high 0.28" 0.39""" 
low -0.16NS -0.24" 

lIE 4high 0.10NS -O.UNS 0.04NS 
ION -O.13NS -0.08NS 0.76**" 

UI 5high 0.41**" 0.16NS 0.14NS O.03NS 
low -0.03NS -0.17NS 0.51*** 0.44*1\1\ 

NSf! 6high -0.331\1\ -0.13NS -0.22NS 0.321\1\ -0.19NS 
low 0.56"'** 0.70*""" -0.16NS -0.20NS -0.36"'''' 

NSP 7high -0.44*""" -0.12NS -0.16NS 0.33"" O.OINS 0.77"""* 
ION -O.OINS -0.03NS -O.13NS -0.15NS -0.36""" 0.25" 

GS 8high -0.23* -0.2UIS -0.15NS O.IONS 0.l8NS 0.004NS -0.05NS 
ION -0.09NS -0.20NS -0.07NS O.OINS -0.50"""" 0.36""" 0.48"""* 

NUS ghigh 0.03NS 0.15NS 0.03NS 0.24* 0.25* -O.12NS -0.04NS 0.37** 
low O.l1NS 0.19NS -O.14NS -O.OOlNS -O. 44*** O.20NS 0.27" 0.23* 

IItS lOhigh 0.02NS -0.32** -O.OINS O.llNS 0.05NS -0.13NS 0.03NS 0.37** 0.45"""'" 
IOI~ -O.18NS -0.15NS -O.l1NS -0.2INS 0.32""" -0.09NS -0.13NS -0.29* -0.27* 

NS = Not significant " = Significant at 0.05 level "" = Significant at 0.01 level 
**" = Signi ficant at n.OOl le\'el 111-\5 = l!eight of main stem 
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Table D.3. Correlation coefficients of the physiological parameters of three 
millet entries grown tmder a sprinkler irrigation gradient in 1983. 

Water 1 2 3 4 5 6 
level Date CD) Transpiration Diffusive Relative Leaf Ambient 

(TS) resistance humidity temperature temperature 
(Ug an- 2 S-I) (LDR) (R.4) (% ) (LT) Cc) (AT) (c) 

(S an-I) 

1 D high 
low 

2 TS high 0.35** 
low -O.llNS 

3 LDR high -0.29* -0.57*** 
low -0.24* -0.62*** 

4RH high 0.76*** 0.25* -0.33** 
low 0.73*** O.llNS -0.43*** 

5 LT high -0.36** -0.07NS 0.34** -0.66*** 
low -0.48*** -0.003NS 0.40*** -0.68*** 

6 AT high -0.36** 0.15NS 0.21NS -0.63*** 0.93*** 
low -0.54*** 0.12NS 0.30** -0.73*** 0.84*** 

7 DT high -0.09NS -0.54*** 0.41 *** -0.22NS 0.41*** 0.04NS 
low -0.06NS -0.19NS 0.27* -O.llNS 0.53*** -0.008NS 

NS = Not significant DT = Differential temperature COC) 
* = Significant at 0.05 level (ambient temp. - leaf temp.) 
** = Significant at 0.01 level 
*** = Significant at 0.001 level 
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Table D.4. Correlation coefficients of the phYsiological parameters of three 
millet entries grown rnder a sprinkler irrigation gradient in ]984. 

Water 1 2 3 4 5 6 
level Date CD) Transpiration Diffusive Relative Leaf Ambient 

(TS) resistance humidity temperature temperature 
CUg an- 2 S-l (LDR) (RH) (%) (LT) (c) (AT) (c) 

(S an-I) 

1 D high 
low 

2 TS high -0.38*** 
low 0.25* 

3 LDR high -0.08NS -0.68*** 
low -0.13NS -0.64*** 

4RH high 0.82*** -0.25* -0.38*** 
low 0.77*** 0.46*** -0.29* 

5 LT high 0.08NS 0.03NS 0.44*** -0.33** 
low -0.07NS -0.70*** 0.50*** -0.35** 

6 AT high O.14NS 0.04NS 0.38** -0.23* 0.93*** 
low -0.03NS 0.61*** 0.44*** 0.32** 0.91*** 

7 DT high -0.15NS -0.02NS 0.28* -0.29* 0.32** -0.05NS 
low -O.llNS -0.38*** 0.26* -0.19NS 0.46*** -0.05NS 

NS = Not significant Dr = Differential temperature (OC) 
* = Significant at 0.05 level (ambient temp. - leaf temp.) 
** = Significant at 0.01 level 
**-J: = Significant at 0.001 level 
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