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DROUGHT STRESS

Effect of Drought and Nitrogen Availability on Osmotic
Adjustment of Five Pearl Millet Cultivars in the Vegetative
Growth Stage
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Growth of pearl millet (Pennisetum glaucum CL) R. Br.) is affected in areas with
limited and erratic rainfall, often combined with nitrogen deficiency. Therefore,
effects of severe drought and nitrogen availability on mechanisms of dehydration
avoidance were investigated. Five pearl millet genotypes were cultivated in soil '
differing in nitrogen availability, low (NI), medium (N2) or high (N3) in a cli
mate chamber. Thirty-five days after sowing, the plants were exposed to drought
for 12 days. Drought decreased leaf area and stomatal conductance strongly and
caused leaf rolling. In the youngest fuHy expanded leaves, drought led to an
osmotic adjustment from around -0.5 to -0.9 MPa, in NI and N2 substantially
achieved by potassium accumulation. Nitrate contributed to the osmotic adjust
ment in N2 and N3, proline only slightly, increasingly from NI to N2, whereas
the sum of glucose, fructose and sucrose did not playa role. The dehydration
independent osmotic force for water uptake (osmotic potential at fuIl turgor)
was under drought strongest at N2 and in the landrace Dembi Yellow stronger
than in the cultivars Ashana and Ugandi. This contributed to the higher relative
water content (RWC) of 'Dembi Yellow', whereas due to other factors nitrogen
had no effect on the RWC.

Introduction

Limited and erratic rainfall and nit~ogen deficiency are
major constraints to pearl millet (Pennisetum glaucum (L.)
R. Br.) production and yield stability in many regions in
Sudan as well as in other regions worldwide. In these
regions, the survival and recovery of the staple food pead
millet when exposed to drought is essential for subsistence
smallholders.
.
Mechanisms of dehydration avoidance can playa cmcial
role in adaptation of plants to drought. These include regu
lation of leaf area size, stomatal conductance, leaf rolling
and osmotic adjustment (B1um 2011, Kadioglu et al. 2012).
An important drought tolerance mechanism for survival
and recovery is the osmotic adjustment. The osmotic
potential of the cell sap can be decreased by active accumu
lation of solutes such as minerals, sugars, amino acids and
passively by dehydration. Osmotic adjustment is defined as
the net accumulation of solutes, that is the active
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accumulation of solutes independent of dehydration
(Turner 2006). Potassium is apredominant cationic con
tributor to tell turgor of plants (Grabov 2007). Soluble sug
ars provide osmotic potential (Chen and Jiang 2010) and
may act as metabolie signal in the response to stress
(Chaves and Oliveira 2004). Proline accumulates under
drought stress in many plant species (Ashraf and Foolad
2007, Heuer 2010). It acts as an osmoticum in the cyto
plasm, has a function in stabilizing proteins. membranes,
and subcellular structures during dehydration, and is
involved in the scavenging of reactive oxygen and reduc
tion of stress-induced cellular acidification (Ashraf and
Foolad 2007, Verslues and Sharma 2010).
Osmotic adjustment is considered as a major drought
adaptation mechanism (Valliyodan and Nguyen 2006, Cat
tivelli et al. 2008, Blum 2011). It leads to a higher, more
favourable gradient of water potential between soil and
plant cdIs. Therefore, osmotic adjustment antagonizes cell
dehydration and turgor loss in response to drought
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