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Abstract The severity of drought is unpredictable as it depends on many factors such as occurrence and 

distribution of rainfall, evaporative demands and moisture storing capacity of soils. Investigations carried out in 

the past provide considerable insights into the mechanism of drought tolerance in plants at molecular level. The 

mechanism by which Rubisco may be down regulated in the light due to tight binding inhibitors could be pivotal 

for tolerance and recovery from stress and may be central to integrating the midday depression of 

photosynthesis. Additionally, enhanced rates of oxygenase activity and photorespiration maintain the ET rate in 

response to drought and are quantitatively much more important than the Mehler reaction. Stomatal activity, 

which is affected by environmental stresses, can influence CO2 absorption and thus impact photosynthesis and 

plant growth. In response to a water deficit stress, ion- and water-transport systems across membranes function 

to control turgor pressure changes in guard cells and stimulate stomatal closure. 
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Introduction 

Faced with scarcity of water resources, drought is the single most critical threat to world food security. It was 

the catalyst of the great famines of the past. Because the world’s water supply is limiting, future food demand 

for rapidly increasing population pressures is likely to further aggravate the effects of drought [1]. The severity 

of drought is unpredictable as it depends on many factors such as occurrence and distribution of rainfall, 

evaporative demands and moisture storing capacity of soils [2]. Investigations carried out in the past provide 

considerable insights into the mechanism of drought tolerance in plants at molecular level [3]. Three main 

mechanisms reduce crop yield by soil water deficit: (i) reduced canopy absorption of photosynthetically active 

radiation,(ii) decreased radiation-use efficiency and (iii) reduced harvest index [4]. This article is review and the 

aim and scope is influence of drought stress on stomatal signaling, rubisco, Heat shock proteins in crop plants. 

 

Effect of Water Stress on Root Growth 

A developed root system is constitutive feature in many environments. The roots help the plants to absorb water 

and minerals for their better use. Roots are also important component of drought tolerance at the various growth 

stages of plant [5]. The maximum accumulated water in the root zone depends on the anchorage of roots in the 

soil volume. Under the limited supply of water resource allocation pattern changes; root tissues gain more 

assimilates as compare to leaf tissues. If drought stress prevails at the early seedling stage the root-shoot 

changes [6] and commonly increases [7]. Investigation work showed that root weight enhance while shoot 

weight reduce with the application of water deficit stress [8]. It was found that drought reduced fresh and dry 

shoot and root weight by 40 and 58 %, respectively. Drought stress decreased the length and fresh weight of 

shoot in maize [9]. 
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Rubisco 

The mechanism by which Rubisco may be down regulated in the light due to tight binding inhibitors could be 

pivotal for tolerance and recovery from stress and may be central to integrating the midday depression of 

photosynthesis [10]. Additionally, enhanced rates of oxygenase activity and photorespiration maintain the ET 

rate in response to drought and are quantitatively much more important than the Mehler reaction [12]. Kanechi 

et al. [13] found a close relationship between Rubisco content and maximal O2 evolution rate measured at high 

photosynthetic photon flux density (PPFD) during leaf dehydration. It was established that below –2.0 MPa 

inhibition of photosynthesis in two maize cvs is in part attributed to stomatal conductance but mostly to the 

decreased activities of carbonic anhydrase, phosphoenol pyruvate carboxylase and Rubisco [14]. As mentioned 

above, the primary site of limitation of maximal O2 evolution rate, measured at high PPFD, seemed related to 

significantly reduced RuBP content, not to the amount of Chl or Rubisco. But as mentioned above, Rubisco is 

not a prime target of water deficit and is not limiting net CO2 assimilation of leaves submitted to desiccation 

[15]. Decreased supply of CO2 to Rubisco under both mild and severe water deficit is primarily responsible for 

the decrease in CO2 fixation [16]. Specific proteins display particular structural features such as the highly 

conserved domain predicted to be involved in hydrophobic interaction leading to macromolecular stabilization 

[17]. The majority of new proteins belong to dehydrin-like proteins, which are abundantly induced during 

embryo maturation of many higher plants as well as in water stressed seedlings [18]. Dehydrins are synthesized 

by the cell in response to any environmental influence that has a dehydration component such as drought, 

salinity or extracellular freezing [19]. Dehydrins may stabilize macromolecules through detergent and chaperone 

like properties and may act synergistically with compatible solutes [17, 20]. The steady state levels of major PS2 

proteins, including the Dl and D2 proteins in the PS2 reaction center, declined with increasing water deficit 

possibly as a result of increased degradation. The effects of WD on PS2 protein metabolism, especially on the 

reaction center proteins may account for the damage to PS2 photochemistry [21]. 

 

Seed germination 

Seed germination and seedling growth traits are extremely important factors in determining yield [22]. Indicated 

that seed vigor index and plumule length are the most sensitive traits to drought stress. The rate of seed 

germination and the final germination percentage as well as amount of water absorption by seeds were 

considerably lowered with the rise of osmotic stress level at grain growth [23]. There are many studies such as 

the selecting plant species or the seed treatments that are helpful for alleviating the negative effect of drought 

stress on different plants [24]. 

 

Stomatal Signaling 

Stomatal activity, which is affected by environmental stresses, can influence CO2 absorption and thus impact 

photosynthesis and plant growth. In response to a water deficit stress, ion- and water-transport systems across 

membranes function to control turgor pressure changes in guard cells and stimulate stomatal closure. 

Endogenous ABA is rapidly produced during drought, triggering a cascade of physiological responses, including 

stomatal closure, which is regulated by a signal transduction network. 9-cis-epoxycarotenoid dioxygenase 3 

(NCED3) in Arabidopsis catalyzes a key step in ABA biosynthesis, and NCED3 expression is rapidly induced 

by drought stress in a vascular tissue-specific manner ([25], Figure 1). Mutations in nced3 reduced, while the 

overexpression of NCED3 enhanced drought tolerance and/or increased WUE in several plant species [25, 26]. 

During drought stress, the accumulated ABA in the vascular tissue is transported to guard cells via passive 

diffusion in response to pH changes and by specific transporters. Two members of the membrane-localized 

ABC transporter family, ABCG25 and ABCG40, and one member from a nitrate transporter family, 

AIT1/NRT1.2/NPF4.6, have been independently isolated from Arabidopsis and reported as ABA transporters 

[27-28]. ABCG25 has a role in ABA export, whereas ABCG40 and AIT1 are involved in the import of ABA. 

ABA-induced stomatal closure and gene expression are reduced in the atabcg40 mutation, resulting in reduced 

drought tolerance [27]. 
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Figure 1: Model for the role of signaling factors in stomatal closure and retrograde signaling during water 

stress 

Photosynthetic enzymes under water stress 

The data on water stress induced regulation of the activity of photosynthetic enzymes other than Rubisco are 

scarce. Thimmanaik et al. [29] studied the activity of several photosynthetic enzymes under progressive water 

stress in two different cultivars of Morusalba. Unlike Rubisco, which is highly stable and resistant to water 

stress, the activity of some enzymes involved in the regeneration of ribulose-1,5-bisphosphate(RuBP) are 

progressively impaired from very early stages of water stress. Thus, these results present the possibility that 

some enzymes involved in the regeneration of RuBP could play a key regulatory role in photosynthesis under 

water stress. During water stress induced by polyethilenglycole, Rubisco activity significantly increased in 

young potato leaves, while decreased in mature leaves [30]. Similarly, some reports have shown strong drought-

induced reductions of Rubisco activity per unit leaf area [31] and permg showed that the decrease of Rubisco 

activity in vivo was not connected with the protein content. It occurs because of CO2 concentration decrease in 

the carboxylation center in consequence of the partly closing of stomata [32]. 

 

Nutrient Relations 

Decreasing water availability under drought generally results in limited total nutrient uptake and their 

diminished tissue concentrations in crop plants. An important effect of water deficit is on the acquisition of 

nutrients by the root and their transport to shoots. Lowered absorption of the inorganic nutrients can result from 

interference in nutrient uptake and the unloading mechanism, and reduced transpirational flow [33]. However, 

plant species and genotypes of a species may vary in their response to mineral uptake under waterstress. In 

general, moisture stress induces an increase in N, a definitive decline in P and no definitive effects on K [33]. As 

nutrient and water requirements are closely related, fertilizer application is likely to increase the efficiency of 

crops in utilizing available water. This indicates a significant interaction between soil moisture deficits and 

nutrient acquisition. Studies show a positive response of crops to improved soil fertility under arid and semiarid 

conditions. Currently, it is evident that crop yields can be substantially improved by enhancing the plant nutrient 

efficiency under limited moisture supply [33]. 

 

Heat Shock Proteins 

Heat shock proteins belong to a larger group of molecules called chaperones. They have a role in stabilizing 

other proteins’ structure. Low-molecular-weight heat shock proteins are generally produced only in response to 

environmental stress, particularly high temperature [34]. But many heat shock proteins have been found to be 

induced by different stresses such as drought, anaerobic conditions and low temperatures [35]. They are reported 

to serve as molecular chaperones that participate in adenosine triphosphate-dependent protein unfolding or 
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assembly/disassembly reactions and prevent protein denaturation during stress [36]. Membrane-stabilizing 

proteins and late embryogenic abundant proteins are another important protein group responsible for conferring 

drought tolerance. These increase the water binding capacity by creating a protective environment for other 

proteins or structures, referred to as dehydrins. They also play a major role in the sequestration of ions that are 

concentrated during cellular dehydration [36]. These proteins help to protect the partner protein from 

degradation and proteinases that function to remove denatured and damaged proteins. Dehydrins, also known as 

a group of late embryogenesis abundant proteins, accumulate in response to both dehydration and low 

temperature [17]. 
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