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Stomatal Response to Water Stress in Two Pearl
Millet Genotypes

Mohamoud Osman, Albert Dobrenz, Haile Tewolde and Robert Voigt

ABSTRACT

A study was conducted in the field to test whether stomatal sensitivity to water stress can be used
as a selection criterion for drought tolerance in two pearl millet genotypes. In both cultivars,
stomatal aperture was significantly reduced by the water stress. However, the proportion of
reduction per 20 mm decrease in applied water was much higher for the hybrid than for the
female parent. This is clearly an indication of a higher stomatal sensitivity in the hybrid, which
probably explains the superior performance under water stress that was previously observed in
this genotype.

INTRODUCTION

The strategy of a plant under water stress is to satisfy two opposing phenomena: it must maximize its CO2
assimilation rate and, at the same time, it must minimize its transpirational water loss. Both of these processes are
controlled by the stomatal behavior. Therefore, an understanding of the stomatal response to soil moisture deficit
can be an important tool for screening crop drought tolerance.

The objectives of this study were to: (1) test genetic differences in stomatal sensitivity among two millet
genotypes exposed to various degrees of water stress levels and (2) determine if such differences could be effective
criteria to select for drought tolerance.

METHODS AND MATERIALS

This study was conducted at the Campus Agricultural Center in Tucson. A pearl millet hybrid and its female
parent were grown under a sprinkler irrigation gradient system. Genotypes were sown in 14 rows running parallel to
the line source with two replications on each side.

The sprinkler was set up after stand establishment. Seven catch cans were placed at 2m intervals in each
replication to measure the depth of water applied at each irrigation level.

Seventy days after planting, leaf samples were taken at seven water levels ranging from 32 mm at the driest
end of the gradient to about 148 mm in the high water level. These leaf samples were then prepared for the
scanning electron microscope (SEM) and used to measure stomatal aperture on both the abaxial (bottom) and the
adaxial (top) leaf surfaces.
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RESULTS AND DISCUSSfiON

Reduction of stomatal aperture in response to the increased water stress became evident below the 125 mm
irrigation level (Fig. la and lb). This trend was similar for both genotypes, without respect to leaf surface. However,
this progressive decline in stomata! size, while less pronounced in the female, was quite rapid for the hybrid. This
was clearly a good indication of higher stomata! regulation in the hybrid.

Regardless of the leaf surface, stomatal aperture was reduced by 15% to 20% for the hybrid, compared to less
than 5% reduction for the female parent per 20 mm decrease in applied water. However, lack of further reduction
below the 60 mm water level indicated that, at this stress level, stomata! sensitivity was lost.

In both genotypes, stomata! aperture was slightly smaller on the adaxial side (Fig. lb) than on the abaxial side
(Fig. la). In addition, significant genotypic differences in stomatal sensitivity to moisture deficits were observed
below and above the 104 mm irrigation level. This trend was observed in both sides of the leaf.

The responsiveness of the stomata of the hybrid to the decreasing moisture levels possibly explains the
hybrid's superior performance in both grain yield and growth characteristic previously observed even at the extreme
water stress level. Under constantly changing environmental conditions, the ability of a plant to survive and
produce a yield depends on the degree of its stomata! adjustment to these changes. A successful plant should
respond very rapidly and react to the environmental changes. The results of this experiment strongly support the
hypothesis that stomata! sensitivity to moisture stress can be an effective criterion in screening for drought
tolerance.
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Fig. 1. Stomatel aperature on the abaxial (A) and adapial (B)
leaf surfaces of a millet hybrid and its female parent taken
at 7 irrigation levels.
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