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ABSTRACT :

A sprinkler irrigation gradient line was used to evaluate the
physiological response of three millet (Pennisetum americanum L. K.
Schum ) entries at Tucso, Arizona in 1983 and 1984. Due to shortage
of water in the southwest, drought tolerance indices were evaluated to
point out the good indicators of the plant to water shortage. Water
stress affected significantly all parameters measured and the effects
were more pronounced in 1983,

Transpiration and differential temperature (abmient temperature
minus leaf temperature) were reduced siginificantly by stress. Leaf
diffusive resistance and leaf temperature were increased by water stress
in both seasons. Stability regression analysis provided no adequate
differentiation among genotypes. The significant reduction in
photosynthesis with water stress was 27, 61, and 47% for female, male,
and hybrid, respectively in 1984. Water use efficiency of dry matter
and grain yield decreased with stress in both seasons.

Key words : Drought tolerance, Stability, Transpiration, Water use
efficiency.

INTRODUCTION

Pear millet (Pennisetum americanum L. K. Schum) is one of
the most important crops that grow in arid and semiarid areas of the
world for both food and forage production. The physiology of the crop
is very important under water stress as the crop is considered one of the

most drought tolerent.
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Various physiological indices have been used to differentiate
millet genotypes response to water stress (Singh et al., 1983), and
many techniques have been used to indicate water stress intensity.
The most commonly used indicators were photosynthesis (Hofmann
et al., 1984); transpiration (Hofmann et al., 1984; Ibrahim et al., 1985
and 1986, and Ibrahim 1992); evaportanspiration (Sharrat et al.,
1983): diffusive resistance (Hofmann et al., 1984 and Ibrahim 1992);
water use efficiency (Squire et al., 1984 and Ibrahim et al. 1985); leaf
temperature (Singh and Kanemasu 1983 and Ibrahim 1992); and
differential temperature (Singh and Kanemasu 1983 and Ibrahim,
1992)

Diffusive resistance by itself is not always a good indicator of

a plant's response to water shortage. Transpiration depends on both
diffusive resistance and leaf area, and many species are known (o
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 cummulative
afternoon leaf diffusion resistance under no irigation for a given
genotypes to its cummulative afternoon resistance under irrigation,
was also directly related to the perentage 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.

According to Rosielli and Hamblin (1981) the most widely
used criteria for selecting for high and stable performance were mean
yield, regression response on site mean yield and deviations from
regression. This stable performance method was used by Finalay
and Wilkinson (1963); Rosielli and Hamblin (1981); and Hofmann, et
al. (1984),

Finalay and Wilkinson (1963) proposed that regression
coefficients approaching zero indicated stable performance, while
Langer, et al. (1979) proposed used of variety ranges (highest mean
yield minus lowest mean yield) as a crude measure of stability across
variable environments. Rosielli and Hamblin (1981) concluded that
lines with high tolerance to stress would be expected to have low
regression coefficient stability parameters.
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The main objectives of this research were to study some
physiological response of pearl millet under various irrigation levels
and to evaluate some drought tolerance indices.

MATERIALS AND METHODS

Field experiments were conducted in Tucson, Arizona in 1983
and 1984 under line source sprinkler irrigation system to study the
physiological perforamce of three millet entries at different irrigation
water levels. The entries, 81-1014 female, a male sterile early
maturing genotypes; Senegal-bulk male, a selection from a bulk
drought tolerant population; and their hybrid, were planted on 26
April 1983 and 26 April 1984 in east - west rows, 100cm apart on a
Brazito sandy loam soil. Type of soil and Meteorology data were
described previously (1983 and 1984).

The experiment was a split plot in a systematic complete block
strip plots, which consisited of 14 rows each side of the source line
and 4.5 m wide with water levels as subplots. Subplots were taken as
high irrigation level for the first two rows from the line source,
intermediate irigation level for the seventh and eighth rows and low
irrigation level for the last two rows away from the line source.

The field was planted at a rate of 120 seeds per 4.5 m plot in
1983, and 180 seeds per 3.0 m plot in 1984. In both seasons the field
was furrow irrigated to field capacity immediately after planting.
After emergence the field was thinned to a uniform stand
(approximately 10 to 15 cm between plants).

At the five leaf-stage of growth, the sprinkler line was set up.
The system consisted of a single line source of sprinkler which was
located at the center of the plots and parallel to the crop row
direction. Catch cans were located between the entries in the rows of
each replication at 200 cm intervals. Water was measured from the
catch cans throughout the season after each irrigation or rainfall.
Irrigation treatments were applied for an average of 1 hour in the early
morning when wind speeds was low. Wind conditions in 1983
resulted in decreased water application, which placed severe stress on
the plants. In 1983 the treatments received a total of 61.2, 26.4, and
9.4 cm of water while in 1984 they received 67.3, 29.0, and 15.6 cm
of water for high, medium and low water levels, respectively.
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Physiological measurements were made at weekly intervals
one week after stress was imposed. The repeated measurments
included the use of a Li-Cor Model Li - 1600 steady state porometer
(manufactured by Li - Cor, Inc., Lincoln, Nebrasks) to measure
transpiration (Ug em-2 S-1), diffusive resistance (Scm-1), leaf and
ambient temperatures (C), and relative humidity (%) on the adaxial
surface of the two upper exposed leaves of each plant in each water
level (6 plants). Eight sampling dates were measured during the
growing season in 1983, while seven samples were taken in 1984.

The data for the porometer was analyzed using a regression
analysis with a regression method developed by Finalay and
Wilkinson (1963) which measures the genotype - environment
interactions. To help in identification of stable and drought resistant
meterials, the lines with regression coefficients (B) approaching zero
indicates stable performance. If two entries have the same regression
coefficient (B) : a) the one with the highest mean response is superior,
or b) the one with high correlation coefficient R2) is more stable. The
value for t(ranspiration, 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, medium, and high water
level. The seasonal mean response for each entry at the three water
levels was graphed.

Apparent photosynthesis was measured only in 1984 with a
closed chamber syringe system described by Clegg and Sullivan
(1975) and Clegg, et al., (1978). A portion of the uppermost fully
expanded leaf of the millet plant was enclosed in a plexiglass chamber
for 30 seconds. The Co, uptake by the leaf during this time was
measured by taking a syringe sample of 5 ml gasat zero time, and with
another syringe at 30 seconds later. The two coded syringes from
each plant sampled were taken to the laboratory for analysis. The leaf
area within the chamber was estimated by measuring the width of the
blade on either side of the chamber.

The Co, concentration diference in the two syringes was
measured using a Beckman Model 865 infrared gas analyzer
(manufactured by Beckman Instruments, Inc., Fullerton, California).
The photosyntheitc rate was calculated following Hesketh (1980).
Yields and dry weights were used to calculate water use efficiency
(WUE) (Kg/ha-1 c¢m) following Singh and Kanemasu (1980).

23



Analysis of variance and Neumans keuls test were used to determine
differences in dry matter and yield per plant and WUE between
irrigation treatments within each entry. Linear regression analysis
were performed to determine differences between entries for
transpiration, diffusive resistance, and differential temperature.

RESULTS AND DICUSSIONS
Porometer measurements :
Transpiration :

Transpiration was reduced 57, 56, and 66% by stress for
female, male, and hybrid, respectively in 1983 (Fig. 1). In 1984 the-
rate of transpiration was higher for all water levels due to increased
amounts of water. The reduction due to stress was 45, 53, and 52%
for female, male, and hybrid, respectively (Fig. 2). Under stress the
female had the highest transpiration rate in both seasons (Figs. 1 & 2).

Deffusive resistance :

[eaf diffusive resistance was increased 7.0, 8.5, and 10. 1Sem-!
by stress for female, male, and hybrid, respectivley in 1983 (Fig. 1).
The rates were lower in 1984, except for the male and hybrid at low
water levels. The increase with stress was 7.2, 19.2, and 17.3 Scm-!
for hte female, male, and hybrid, respectively (Fig. 2). The female
had the lowest diffusive resistance under stress in both seasons (Fig.
1822).

Leaf temperature :

Stress increased leaf tempertaure in both seasons (Figs. 182)
due to stomate closure. This may be related to decreased
photosynthesis and transpiration rates. Although the difference in leaf
temperature was not great, the female was less affected in both
seasons.

Defferential temperature :
Temperature differential obtained by subtracting leaf temper-

ature from ambient temperature showed a reduction pattern with stress
for both seawsons with the female having the highest differential
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temperature (Figs. 1 & 2). The results in 1984 (Fig. 2) showed a
positive temperature for female and hybridwhich was not the case in
1983 (Fig. 1). Idos, et al. (1977) reported that in hot arid climatic
conditions of Phoenix, Arizona, yield would be reduced if the
differential temperature (ambient temperature minus leaf temperature)
was negative. This was also supported by Ibrahim et al. 1990 and
1992 and Ibrahim, 1992,

Relative humidity :

The relative humidity in the plots was reduced in the stress
treatment in both seasons (Figs 1& 2), but the reduction was greater in
1983 (Fig. 1). The reduction in relative humidity was corelated to the
increase in diffusive resistance and to the canopy effects. This was in
agreement with 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 bot
seasons. This was reasonable, as relative humidity is a climatic factor
and probobly not infoluenced by germplasm.

Stability :

By the regression analysis method of Finlay and Wilkinson
(1963)it was possible to evaluatedifferent responses in terms of
regression coefficient (b) and mean genotypic response (x), but the
results were not consistent. The transpirational reponse observed in
Fig. 3 showed the stability of the male parent in 1983 and the hybrid
in 1984 because of their relatively lower regression coefficients.
Diffusive resistance responses (Fig. 4) favored the female in 1983 and
the male in 1984. The male parent was found to be more stable in
both years (Fig. 5), with the diferential temperature responses.

Stability regression comparisions 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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PHOTOSYNTHESIS

Photosynthesis was reduced significantly by decreased water
application. Helerosis was expressed by the hybrid at high water
level, but under stress the female showed better performance (Fig. 6)
followed by the hybrid. The reduction in net photosynthesis was 27,
61, and 47% for female, male and hybrid respectively. The results
were consistent with those of Gariety, et al. (1984) who found a
reduction of 14 to 26% for canopy apparent photosynthesis of
sorghum. This was considered a result of less leaf area in the stressed
reatment,

Constable and Hearn (1978) reported in soybean and sorghum
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 found similar results in sorghum.

WATER USE EFFICIENCY (WUE) :

Water use efficiency for total dry matter and grain yield was
decreased with water stress for all entries in 1983 and 1984 (Table 1).
The decrease in WUE on yield basis agreed with results of Singh and
Kanemasu (1980), who found reduced WUE for grain yield under no
irrigation and Garrity, et al. (1982) who found strong negative trends
in WUE of Sorghum with water stress. The decrease in WUE for dry
matter agreed with Chaudhuri and Kanemasu (1982) findings that
increasing the watering level increased the WUE for tolal dry matter.

WUE was much higher for both water levels of the three
entries in 1984 than in 1983 due to increased yield and dry matter
(Table 1). In this study, WUE was calculated by the actual amount of
water applied after the stress was imposed. Stewart, et al. (1983)
calcuated WUE value of sorghum 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 limiting factor to production in this environment,
and the emphasis should be geared toward maximum economic
Production Per Unit of applied water rather than maximum yield.
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Water use efficiency at low water level was higher for the
hybrid for both yield and dry matter in 1983 (Table 1). In 1934, it was
higher for the female and male for yield and dry matter, respectively
(Table 1). The findings in 1984 contrasted with those of Singh, et al.
(1983), who found that under stress Senegal buldk (male) used the
greatest amount of water. Under stress, the hybrid used more water in
both seasons, but it was only able to express that in terms of
production in 1983 (Table 1) when the stress was more pronounced.

INDICES EVALUATION

Indices of drought used in this study differed considereably in
the two seasons of study. In 1983 when the sltress was more
pronouned, the hybrid had the best transpiration, diffusive resistance,
leaf temperaturre and differential temperature (Fig. 1) and that
corresponded with higher yields. This was also true for the female in
1984. Under stress the female had the highest photosynthesis (Fig. 6)
and also higher yields in 1984. The hybrid and the female had the
highest WUE for yield in 1983 and 1984, respectively (Table 1) which
corresponded with higher yields. The stability regression analysis did
not provide adequate differentiation among cultivars.

CONCLUSIONS

The investigation reported in this study led to the following
conclusions :1) Stress significantly affected all parameters measured
and the effects were more pronouned in 1983. 2) Under stress, yield
was positively correlated with transpiration, diffusive resistance, leaf
temperature, and differential temperature. These parameters could be
considreed good indices for yield under stres. 3) Photosynthesis
correlated positively with grain yield under stress. 4) WUE for grain
yield and dry matter correlated with grain yield and dry matter,
respectively under stress in both seasons. 5) Stability regression
analysis for identification of stable and drought tolerant genotypes
provided useful information on the average responses of individual
genotypes, but no adequate differentiation among cultivars.
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