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ABSTRACT: Biotic and abiotic stress conditions such as high temperature, drought, salinity and chemical 
toxicity have been a threat to agriculture and agricultural fields in many parts of the world. There is a need 
to limit the use of water resources in arid and semi-arid climates, particularly due to the threat of climate 
change. Decreased water reserves due to global warming accompanied by irregular seasonal and annual 
precipitations have increased the importance of irrigation scheduling, including deficit irrigation programs. 
The chlorophyll content was decreased with decreasing the irrigation water and this decrease was 
correlated with relative water content in leaves. Although studies in relation to cultivation techniques in 
rosemary have been realized, the agronomic and physiological responses to irrigation are scarce. 
Moderate water stress may induce the spread of roots in deeper layers of the soil, so that plants would 
obtain a larger spatial distribution from which to uptake more nutrients and water. Water relation to plant 
cell depends upon the movement of K ions in order to retain and regulate turgidity and stomatal control 
can be affected if K is deficient. 
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INTRODUCTION 
 

 Water is one of the important factors affecting plant growth and yield. In addition, water resources need to be 
used efficiently because of the increasing competition of the limited water resources between domestic, industrial 
and agricultural consumptions. Biotic and abiotic stress conditions such as high temperature, drought, salinity and 
chemical toxicity have been a threat to agriculture and agricultural fields in many parts of the world (Wang, 2004; 
Vinocur and Altman, 2005; Berenguer, 2009). There is a need to limit the use of water resources in arid and semi-
arid climates, particularly due to the threat of climate change. Decreased water reserves due to global warming 
accompanied by irregular seasonal and annual precipitations have increased the importance of irrigation scheduling, 
including deficit irrigation programs (Anonymous, 2011a). One of the most important stress factors that influences 
plant growth is stress occurring because of limited water application (Steele, 1997; Wanjura, 1990; Imtiyaz, 2000; 
Kaçar, 2006). Increasing plant production per unit of water is one of the greatest challenges facing the researchers 
especially in arid and semi-arid areas, which have limited water resources and in tropic and sub-tropics, characterized 
by hot dry weather. Efficient use of water by irrigation is becoming increasingly important, and alternative water 
application methods such as drip and sprinkler, may contribute substantially to the best use of water for agriculture 
and improving irrigation efficiency. The trend in recent years has been towards conversion of surface to drip irrigation 
which is considered to be a more efficient delivery system. Scheduling water application is very critical to make the 
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most efficient use of drip irrigation system, as excessive irrigation reduces yield, while inadequate irrigation causes 
water stress and reduces production. On the other hand, the intensity of the operation requires that the soil water 
supply be kept at the optimal level to maximize returns to the farmer. High-frequency water management by drip 
irrigation minimizes soil as a storage reservoir for water, provides at least daily requirements of water to a portion of 
the root zone of each plant, and maintains a high soil metric potential in the rhizosphere to reduce plant water stress 
(Tiwari  (1998) Singh and Rajput (2007) Al-Harbi  (2008) Zotarelli  (2009). 
 
Chlorophyll content 
 The chlorophyll content was decreased with decreasing the irrigation water and this decrease was correlated 
with relative water content in leaves (Munne-Bosch and Alegre, 2000). Although studies in relation to cultivation 
techniques in rosemary have been realized, the agronomic and physiological responses to irrigation are scarce 
(Nicola´s, 2008). There have been few studies performed. Chlorophyll loss is a negative consequence of water stress; 
however, it has been considered as an adaptive feature in plants grown under water deficit (Munne-Bosch and 
Alegre, 1999). In addition, the negative effect of deficit irrigation was reflected in decreasing the chlorophyll content 
of rosemary leaves. On the other hand, some authors found an opposite trend since chlorophyll increased by deficit 
irrigation. Khayatnezhad, (2011) and Alaei (2011) reported that drought stress condition increased the leaf chlorophyll 
content in wheat genotypes. This is because the exact effect of deficit irrigation may vary according to the intensity 
of the water stress imposed (Cameron, 1999). 
 
The technique to measure plant water stress 
 A technique to measure plant water stress should provide nondestructive, rapid, and reliable estimates of plant 
water status. During the 1960s, infrared technology advanced rapidly, and instruments that could be used for 
agricultural purposes (to measure crop canopy temperature) became commercially available. During the past 
decades, lightweight, hand-held, portable, and battery operated infrared thermometers (IRT) became available. 
Infrared thermometers can rapidly measure canopy temperatures over large areas. The theory of IRT operation 
(Fuchs and Tanner, 1966; Fuchs .,1967; Hatfield, 1990; Gardner and Shock, 1989); and (Gardner ., 1992a) and 
temperature effects in infrared thermometry (Jackson and Idso, 1969) have been discussed. In the 1980s, the use 
of IRT become more routine in irrigation scheduling when Idso . (1981a) developed and demonstrated an empirical 
method for using the crop water stress index (CWSI). 
 
Absorption of nutrient elements 
 Deficit irrigation had a negative effect on NPK plant. As a result of vegetative growth reduction, the absorption 
of nutrient elements could be decreased (Pascale, 2001). These results support the growth reduction obtained in our 
study at deficit irrigation because that effect may be resulted from deficiency of nutrients, as our results shown, and 
that high irrigation level could compensate for nutrient deficiency (Silber, 2003). 
 
Root  
 The root is the first organ to be exposed to water deficit. Leaf growth is very sensitive to water stress, and may 
be inhibited by a slight reduction of water potential in the tissue (Hsiau and Xu, 2000). Therefore, under water deficit 
conditions, it is assumed that osmotic adjustment in the root occurs before that in the leaf, to enhance turgor pressure 
for continued root growth and absorption of water and nutrients. Thus, osmotic adjustment in the root is expected to 
delay the onset of water deficit in the shoots, which reduces the activity of stomatal conductance and photosynthetic 
activity. The changes of soil moisture not only significantly affect the spatial distribution of crop roots and the efficiency 
of nutrition and water adsorption, but also directly affect the biomass of shoots. When the conditions of water and 
nutrient are favorable, the roots and shoots of crops would function normally and benefit each other. In contrast, their 
functions would be weak (Kang, 2002; Price, 2002; Woodall and Ward, 2002; Benjamin and Nielsen, 2006). Moderate 
water stress may induce the spread of roots in deeper layers of the soil, so that plants would obtain a larger spatial 
distribution from which to uptake more nutrients and water (Zhang and Wang, 1997; Yang, 2008). Currently, one of 
the most crucial issues in the application of drip irrigation under plastic mulch is to determine the appropriate 
parameters for drip irrigation management based on the water demand of the crops (Peter, 2003; Patel  and Rajput, 
2007). 
 
Potassium 
 Water relation to plant cell depends upon the movement of K ions in order to retain and regulate turgidity and 
stomatal control can be affected if K is deficient. The injurious effect on stomatal regulation can result in reduced 



Intl J Farm & Alli Sci. Vol., 3 (9): 994-997, 2014 

 

996 
 
 

photosynthetic capacity. It was found a close association between K concentration in maize leaves and rate of carbon 
dioxide integration. Potassium also endorses the translocation of photosynthetic assimilates from leaves to grain 
through the phloem and both the rate at which grain fills and the period for when it fills can be increased by K 
fertilization in maize. K fertilizer increases the grain weight eventually increasing the maize yield. Optimum availability 
of k can increase the roots development and roots become powerful enough to absorb water from soil especially 
under the water deficit condition. K recovers water shortage problem in plant tissue during water deficit condition by 
increasing water captivation that causes to improve the osmotic potential, enlarge cell pressure and length 
(Maddonni, 2001). 
 
Essential oil ratio 
 Exposing rosemary plant to water stress led to a decrease in growth parameters at different cuts while the volatile 
oil percentage improved by water stress. The oil constituents were also affected by deficit irrigation (Leithy, 2006). 
Under water stress, fresh and dry weights of the herbs were significantly influenced and the essential oil percentage, 
the main constituents of the essential oil, proline and total carbohydrate content increased, and the N, P, K, and 
protein contents decreased (Khalid, 2006). Water stress negatively affected the plant height and the yields of basil 
plant. On the contrary, the essential oil ratio of the plant increased as the applied amount of irrigation water 
decreased. Water stress has a positive effect on essential oil composition of the plant (Omidbaigi, 2003; Moeini 
Alishah, 2006; Bettaieb, 2009; Ekren, 2012). 
 
Proline 
 Production and accumulation of free amino acids, especially proline by plant tissue under water deficit conditions 
is an adaptive response. Proline has been proposed to act as a compatible solute that adjusts the osmotic potential 
in the cytoplasm (Caballero, 2005) and its content can be used as a physiological marker in relation to osmotic stress. 
 
Glucosinolate 
 The glucosinolates collected by plants under stress conditions are amino acid derived chemicals that can be 
found in all species of the Caparales order. Similar to other secondary compounds, glucosinolates show variation 
between the different tissues (roots, leaves, generative organs, seeds, etc.) of each plant, influenced by their 
development period and environmental factors, although the genetic structure of the product is the most determining 
factor (Rosa and Rodrigues, 2001; Martinez-Ballesta, 2004). It is further known that the eco-physiological elements 
of water and nutrition affect phytochemicals (Rosa and Rodrigues, 2001). Glucosinolate precursors, which are 
secondary metabolites appearing under low turgor pressure in tissues facing drought stress, are thought to be 
produced for future use (Larkin, 1976). 
 
Acclimation of plants to water deficit 
 Acclimation of plants to water deficit leads to adaptive changes in plant growth and physio-biochemical 
processes, such as changes in plant structure, growth rate, tissue osmotic potential and antioxidant defenses (Duan 
., 2007). 
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