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ABSTRACT

Plant processes, such as leaf expansion, stomatal conductance and transpiration, are affected by soil water, particularly in water-

stressed environments. Quantifying the effects of soil water on plant processes, especially leaf expansion and transpiration, could be

useful for crop modeling. In order to quantify the leaf expansion and transpiration in response to soil water deficit in three millet

species, common (Panicum miliaceum L.), pearl (Pennisetum glaucum L.) and foxtail (Setaria italica L.) millets, a pot experiment

was performed at the Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran. The soil water status was

characterized by the fraction of transpirable soil water (FTSW). Leaf area and transpiration were measured daily. Relative leaf area

expansion (RL) and relative transpiration (RT) data were plotted against FTSW. Finally the FTSW thresholds for RL and RT

were calculated using linear-plateau and logistic models. The results showed that the thresholds for RL and RT were 0.68 and 0.62,

respectively, based on all measured data of the three millet species using the linear-plateau model, indicating that RL and RT were

constant when FTSW decreased from 1 to the threshold point. Thereafter, until FTSW = 0, RL and RT declined linearly with a

slope of 1.48 and 1.43, respectively. Although millet is cultivated as a resistant crop in arid, semiarid and marginal lands, it showed

an early response to soil water deficit at high FTSW thresholds. As leaf expansion and transpiration can be considered morphological

and physiological variables, respectively, the results in this study indicate that millet has strong morphological flexibility when faced

with soil water deficit.

Key Words: linear-plateau model, logistic model, morphological flexibility, plant process, resistant crop, soil water content, threshold

Citation: Esmaeilzade-Moridani M, Kamkar B, Galeshi S, Ghaderi-Far F, Teixeira da Silva J A. 2015. Leaf expansion and transpi-

ration responses of millet species to soil water deficit. Pedosphere. 25(6): 834–843.

INTRODUCTION

Water availability is an important determinant of

crop growth, development and production, particu-

larly in water-stressed environments (Seghatoleslami,

2008). Available soil water is generally considered to

be the amount of water held by soil, ranging between

its upper limit, field capacity (FC), and its lower li-

mit, the permanent wilting point (PWP) (Wu et al.,

2011b). Within this range, soil water availability to

the plant decreases linearly as the soil dries (Thorn-

thwaite and Mather, 1955). Plant processes such as

leaf expansion, stomatal conductance, photosynthetic

activity, dry matter remobilization and transpiration

are all affected by soil water availability (Takami et

al., 1981; Connor and Sadras, 1992; Poormohammad

Kiani et al., 2007). Cell expansion, cell wall synthe-

sis and protein synthesis in rapidly growing tissues are

the processes most sensitive to water deficit (Hsiao et

al., 1976, 1985; Lawlor and Leach, 1985; Sadras and

Milroy, 1996). Among drought adaptation strategies,

water loss can be minimized by reducing the leaf area,

the transpiration per unit leaf area (stomatal conduc-

tance) or by reducing the energy load of the plant (ex-

tinction coefficient) (Sadras et al., 1993; Weisz et al.,

1994; Williams II et al., 2008; Gilbert et al., 2011).
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