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ABSTRACT: The experiment was carried out in Western Azerbaijan agricultural research center at Miandoab 
station in growing season 2009-2011. Main plots in this experiment included Different levels of irrigation after 
heading stage (70, 100 130 and 160 mm evaporation from class A pan) and the sub-plots consisted of 10 
genotypes of bread wheat were planted in six rows. Drought is an important environmental factor, which induces 
significant alterations in plant physiology and biochemistry. Carotenoids are a large class of isoprene molecules, 
which were synthesized by all photosynthetic and many non-photosynthetic organisms. Results of analysis of 
variance show that significant differences between the fore late drought stress levels on carotene, Flavonoid, 
Fenol Tom, sucrose, fructose, glucose, proline and grain yield, Also inter action effect of drought stress level and 
genotype had the significant effect on same treat and it was show that the drought had a significant effect on 
biochemical regulation against drought condition. Otherwise correlation coefficient table for measured treat 
showed the high positive and negative correlation between measured treat in drought stress condition and there 
could be a mechanism for scape the drought period in experimental variety and line. Grain yield were affected by 
photosynthesis rate of crop and it was dependent light harvesting by organic complex like carotenoids and 
xanthophylls. Synthesis of lipids and pigments such as chlorophyll, xanthocynin and carotenoid is interrupted by 
water stress, and dues the high grain yield variety and genotype should have the molecular defensive mechanism 
as shown in this phase. 
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INTRODUCTION 
Drought stress affects 40 to 60 percent of the world’s agriculture lands [33]. Much of the land under wheat 
cultivation has been in arid and semiarid regions. Drought in Iran was considered as the most important factor 
limiting crop growth and production. In these areas, Understanding the effect of drought stress and temperature 
regimes on molecular characteristic and yield were the effective step in the development of cultivars with high 
yield and stable situation [15]. Drought is an important environmental factor which induces significant alterations 
in plant physiology and biochemistry. Some plants exhibit a number of physiological adaptations that allow them 
to tolerate water stress conditions. Plants adaptations to dry environments can be expressed at four levels: 
phenological or developmental, morphological, physiological, and metabolic and the last one known and 
understood as metabolic or biochemical adaptations involved [16]. Photosynthetic pigments are important to 
plants mainly for harvesting light and production of reducing powers [12]. Carotenoids are a large class of 
isoprene molecules, which are de novo synthesized by all photosynthetic and many non-photosynthetic organisms 
[4]. Carotenoids have a very important role in photosynthesis. Biosynthesis of carotenoids in plants is a genetic 
characteristic, but environmental conditions also have an essential role. They are involved in light harvesting, 
energy transduction and protection against damage by photo-oxidation [12]. However, carotenoids have 
additional roles and partially help the plants to withstand adversaries of drought. Total carotenoid content were 
found that decline under water deficit conditions. The rate of decline in a drought-sensitive cultivar was much 
faster than in a more drought resistant cultivar. Oxidative damage generated by drought stress in the plant tissue is 
alleviated by a concerted action of both enzymatic and non-enzymatic antioxidant systems. Carotenes form a key 
part of the plant antioxidant defense system, but they are very susceptible to oxidative destruction. Water stress, 
among other changes, has the ability to reduce the tissue concentrations of chlorophylls and carotenoids [18], 
other wise Plant have developed and complex biochemical defense system that including carotenoids and 
flavonoid. Flavonoid compounds, as secondary metabolites are considered to play a major role in protecting 
plants from UV-B damage [22].  
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These flavonoid generally absorb the light in the region of 280~320 nm and thus are capable of acting as a UV 
filter, thereby protecting the photosynthetic tissues from damage [32]. Flavonoids stabilize and protect the lipid 
phase of the thylakoid membrane, and are quenchers of the excited triplet state of chlorophyll and singlet oxygen 
[1]. Apart from the carotenoids, flavonoid also has antioxidant properties which act as an internal filter against 
UV-B radiation. Plants scavenge reactive oxygen species by detoxification mechanism produced by enzymatic 
antioxidant such as catalase, peroxidase, superoxide dismutase and phenylalanine ammonia–lyase etc. [26]. Both 
Physiological and biochemical changes including carbohydrates, proteins and lipids Observed in many plant species 
under various water stress levels, which may help in better understanding survival mechanisms in drought. 
The available reports stated that the content of soluble sugars and other carbohydrates in the leaves of various 
water stressed plants are altered and may act as a metabolic signal in the response to drought [2, 3, 8] however, 
accumulation or decrease of sugars depending on stress intensity and role of sugar signaling in these processes is 
not totally clear yet [8]. Drought stress is a decrease of soil water potential so plants reduce their osmotic potential 
for water absorption by congestion of soluble carbohydrates and proline and in other words osmotic regulation is 
performed [24]. Carbohydrates, which among other substrates are essential for cell growth, are produced via 
photosynthesis and the latter is significantly reduced under stress conditions [36]. The aim of this study was to 
investigate the effect of water stress on the activities of some soluble sugar (Sucrose, Fructose, Glucose and 
Proline), Photosynthetic pigments (Carotene, Flavonoied and Phenol tom) of 20 barley promising lines/cultivars. 

MATERIALS AND METHODS 
Plant materials were performed in the form of strip plot on the basis randomized complete block designs, with 
fore replications in the close location. The experiment was carried out in Miyandoab Agricultural and Natural 
Resources Research Station, in growing season 2010-2011. The experimental field station was located in latitude 
36° 58', longitude 46° 6' and altitude 1371m, by a typical silty loam texture. Before planting, the soil tillage was 
practiced based on the research station/s routine. Fertilizers were applied before sowing (100kg ha-1 P2O3 and 
50kg ha-1 N) in October, and at stem elongation (50kg ha-1 N) in March.  
 Main plots in this experiment included Different levels of irrigation after heading stage (70, 100 130 and 160 mm 
evaporation from class A pan) and the sub-plots consisted of 10 genotypes of bread wheat (Zarrin, Shahriar, 
Alvand, Sardari, C-80-4, C-81-10, C-81-4, C-83-3, C-83-8 (Zare) and C-83-9 (Pishgam)). Seeding rates for all 
wheat genotypes was 450 seed/m2 and each line was planted in 6 rows with 20 cm apart and 5 m long.  Irrigation 
treatments were applied after heading stage. To prevent the penetration of water main plots spacing together 
between the two meters. The field was watered with siphons and the amount of the irrigation is accounted. To 
quantify soluble sugar and Photosynthetic pigments, fifteen young leaf samples were taken randomly from each 
plot and were placed in liquid nitrogen and then stored at -80°C pending biochemical analysis. Leaf sampling 
from all plot were done after 70% evaporation of each irrigation treatment. Carotenoid content was estimated 
using the formula of Kirk and Allen [19] and expressed in milligrams per gram dry weight. The total flavonoid 
content of the sample was determined using ammonium chloride colorimetric method as described by Chang [7], 
with slight modifications.  
For Measurements of compatible solutes seven flag leaves per plot were dried and ground. 0.02 g dry weight of 
leaf tissue was extracted in 2 ml of 70% (v/v) ethanol and centrifuged at 2000g for 10 min. The pellet was washed 
with 2ml of 70% ethanol and then with 0.8ml distilled water. The pooled supernatant was mixed with an equal 
volume of chloroform and the aqueous phase was recovered and brought to 4ml with distilled water. Soluble 
carbohydrates and proline were determined by methods of anthrone and ninhydrin [6] respectively. After 
maturity, yield and yield components were measured and analysis of data was done using MSTATC Statistical 
Program. 
 
RESULTS AND DISCUSSION  
Results of analysis of variance show that significant differences between the fore drought stress levels on 
Flavonoid, Fenol Tom, sucrose, fructose, glucose content level and grain yield (Table 1) (p<0.01). Also inter 
action effect of drought stress level and genotype had the significant effect on carotenoied, fenol tom, sucrose, 
fructose, glucose and grain yield level and its show that the drought had a significant effect on genotype 
biochemical regulation level that affected by drought stress condition (Table 1) (p<0.01). At the other hand result 
were showed the different in proline concentration level (Table 1) (p<0.05) and it could be due to the difference 
of genotype to scape the drought. Otherwise correlation coefficient table for measured treat showed the high 
positive and negative correlation between measured treat (Table 2), and it could be due to the regulation of 
metabolic treat in a shape of down regulated or up regulated in drought stress condition and there could be a 
mechanism for scape the drought period in experimental variety and line. 
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Table-1: Variance Analysis of wheat genotypes traits under drought stress 

 
Carotenoied 
Shahriar  variety at 70 mm evaporation from E.T pan had the highest carotenoied level (20.08 milligram/ gr leaf 
DW)between the variety and genotype, zarrin under 100 evaporation from E.T pan conditions has the lowest 
carotenoied level (10.02 milligram/ gr leaf DW). In contrary C-83-9 at 170 mm evaporation from E.T pan 
conditions were showed the high concentration of carotenoied (19.61milligram/ gr leaf Dw) and its could be due 
to the up regulated of carotenoied synthesis in this variety and carotenoids have additional roles and partially help 
the plants to withstand adversaries of drought. Total carotenoid content were found that decline under water 
deficit conditions (Figure 1). The rate of decline in a drought-sensitive cultivar was much faster than in a more 
drought resistant cultivar. High carotenoied level under stress could express tolerant genotype, because it may be 
a mechanism for escape from the stress (Table 3). Water stress, among other changes, has the ability to reduce the 
tissue concentrations of chlorophylls and carotenoids (Kiani et al., 2008), primarily with the production of ROS in 
the thylakoids [30]. However, reports dealing with the strategies to improve the pigments contents under water 
stress. The available reports show that exogenous application of methyl jasmonate improved the drought tolerance 
with increased activities of SOD, CAT and APX, ABA and total improved carotenoid contents in maize [23], 
while methyl jasmonate brought about a threefold increase in the β-carotene synthesis as well as degradation of 
the chlorophyll contents in the epidermal peels [27]. Likewise, an important role of tocopherols, lipid-soluble 
antioxidant in chloroplasts, has been envisioned in improved pigments contents under stress conditions in the 
photosynthetic organisms including tobacco [34] and Arabidopsis thaliana [11]. 
Flavonoid and fenol tom 
C-83-9 (13.87 milligram/ gr leaf DW) genotype under 100 mm evaporation from E.T pan conditions has the 
highest flavonoid level. In contrary C-83-3 at 100 mm evaporation from E.T pan conditions and C- 81-10 at 70 
mm evaporation from E.T pan conditions with 5.361 and 5.517 milligram/gr leaf DW was the lowest values of 
flavonoid concentration respectively. High flavonoid level under stress could express tolerant genotype, because it 
may be have mechanism escape from the stress (Table 3). Treat mean showed that genotype C-83-9 had the 
highest level of flavonoid concentration between other genotype and variety in all of drought stress level. 
Flavonoid stabilizes and protects the lipid phase of the thylakoid membrane, and is quenchers of the excited triplet 
state of chlorophyll and singlet oxygen (Agawal and Rathore, 2007). Mean analyze showed that C-83-9 genotype 
with 122.5 milligram/ gr leaf DW under170 mm evaporation from E.T pan drought stress level after heading have 
the highest fenol tom level. In contrary C-81-10 at 70 mm evaporation from E.T pan conditions with 56.43 
milligram/gr leaf DW were the lowest values (Figure 2). Treat mean showed that the concentration of fenol tom is 
up regulated approximately in all of genotype and variety (Figure 3). Oxidative damage generated by drought 
stress in the plant tissue is alleviated by a concerted action of both enzymatic and non-enzymatic antioxidant 
systems (Table 3).with no attention to genotype we could see that the highest level of flavonoid could be 
determined in high drought stress (170 mm Evapotranspiration from E.T pan) level and it were due to the 
regulation of genotype fore scape the drought for sustainable there interior condition and show that resistance 
genotype as a defensive system regulated there flavonoid and fenol tom level. Result of Correlation coefficient 
(Table 2) showed the high positive correlation (p<0.01) between flavonoid and fenol tom level in wheat variety 
and genotype (r2 = 0.868). Flavonoid were the important part of plant defense system and in environmental stress 
such as water stress chemical composition of plant are increase and it could be the both of primary and secondary 
metabolites.  

Fructose and Glucose 
Base on analyze of variance result for chemical treat of bread wheat genotype and variety C-83-9 genotype with 
135.00 milligram/gr leaf DW under 170 mm evaporation from E.T pan conditions has the highest fructose level 
between the other genotype and variety.  
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In contrary alvand with the 33.67 milligram /gr leaf DW under 100 mm evaporation from E.T pan (second level 
of drought condition) had the lowest one (Table 3). It could be due to the regulation reflex of plant for scape the 
drought. The available reports stated that the content of soluble sugars and other carbohydrates in the leaves of 
various water stressed plants are altered and may act as a metabolic signal in the response to drought [2, 3, 8]. 
This is believed to be due to osmotic adjustment, the process in which solutes accumulate in growing cells as their 
water potential falls [25]. Accumulation of solutes in response to osmotic potential decreasing from the net and 
thus maintaining turgor in tissues, osmotic adjustment may allow growth to continue at low water potential. At the 
other hand we could saw the same situation for glucose that highest level of drought (170 mm evaporation from 
E.T pan conditions) showed the highest level of glucose concentration with 166.00 milligram /gr leaf DW in C-
83-9 genotype (Table 3). This result was the same as the fructose data and base on correlation coefficient result 
(Table 2) fructose concentration had the high and positive relation with glucose (r2 = 0.750). Adaptation to all 
these stresses is associated with metabolic adjustments that lead to the accumulation of organic solutes such as 
sugars, polyols, betaines and proline [14, 35]. 

Proline 
Many various inhibitor factor can be accrued in plant life cycle in the field such as heat, drought and cold, dues 
plant should have been a way for escape this condition in there hole life and it could be fundamental change in 
biochemical and physiological process, the assumption behind this approach has been that over production of 
these osmolytes may help plants to tolerate stress by improving their ability to adjust osmotically [31]. In these 
study Base on analyze of variance result for chemical treat of bread wheat genotype and variety C-83-9 genotype 
with 274.7 milligram/gr leaf wet weight under 170 mm evaporation from E.T pan conditions has the highest 
proline level between the other genotype and variety (table 3). In contrary C-81-4 with the 69.33 milligram/gr leaf 
wet weight under 70 mm evaporation from E.T pan (second level of drought condition after heading stage) had 
the lowest one (Table 3).  

Table 2 - Correlation coefficients for quality traits of wheat variety and genotypes under drought stress 

 
 

 
Figure 3 - Means of fenol tom content in 10 wheat varieties and line in irrigation after heading stage 
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Figure 4 - Means of proline content in 10 wheat varieties and line in irrigation after heading stage 
Table 3:  Mean treat of wheat genotypes and variety under drought stress level on farm condition 

 
 

International Journal of Plant, Animal and Environmental Sciences                            Page: 39                      
Available online at www.ijpaes.com 



 
Farshad et al                                                               Copyrights@2014     IJPAES       ISSN 2231-4490 

 
Regardless of variety and genotype the high average of proline concentration were seen in high evapotranspiration 
rate in this study and 170 mm evaporation from E.T pan demonstrate that the osmoregulator had up regulated and 
approximately all genotype in comparison of their situation in non stress or lower stress with stress condition were 
showed that the proline amount up regulated (Figure 4). Thus, many plants accumulate one or more types of 
compatible solutes, such as proline or glycine- betaine, in response to low ψw, salinity, freezing and other abiotic 
stresses that alter water status. These and other similar solutes are termed compatible solutes because they can 
accumulate to high levels without interfering with metabolism [35] and may also have other protective properties. 
Osmotic adjustment and accumulation of compatible solutes can be an important factor in drought tolerance in the 
field [21], and engineering of increased synthesis of compatible solutes is one approach that has been taken to 
increase abiotic stress tolerance in plants [5]. The trade-off in this case is that increased accumulation of 
compatible solutes can be energy and resource intensive for the plant, and, in cases of severe stress where soil 
water content is largely depleted, may have only a small effect on water uptake [21]. 

Grain yield 
The most widely used criteria for selecting high yield performance are mean yield, (average yield performance 
under stress and non stress conditions) and relative yield performance in drought-stressed and more favorable 
environments [29]. Zarrin (6.860 ton/ha) variety under normal condition (70 mm evaporation from E.T pan 
conditions) have the highest grain yields and sardari (2.945 ton/ha) at 170mm evaporation from E.T pan 
conditions was the lowest value (Table 3). Sardarri one of the prevalent varieties in Iran dry farming and this 
average of production were normal but in this study we were looking for the new high performance variety and C-
81-10 with high concentration of proline in 170 mm evaporation from E.T pan after heading irrigation had the 
highest yield between the varieties in the same situation. High grain yield under stress couldn’t express tolerant 
genotype, because it may be have mechanism escape from the stress and/or have high grain yield potential. 
Moreover, the genotype may perhaps had tolerant gene but had the low grain yield potential, and opposite 
genotype may have high grain yield potential but have high reduction percent under stress. Result of correlation 
coefficient analyse showed that the C-83-9 that had the highest proline amount did not range in high yield 
performance variety (Table 2) result showed high negative correlation between proline content and grain yield ( 
r2= - 0.148) (p<0.05) in this study evaluation of different traits like relative yield of genotypes under drought 
stress and non stress conditions is a starting point to identify drought tolerance and to select genotypes for 
reformation in dry regions [13]. When we were saw the result of proline concentration and in compared With the 
grain yield result it was very clearly showed that the high resistance variety and genotype had the highest level of 
proline content in their leaf tissue. Grain yield were affected by photosynthesis rate of crop and it was depended 
dependent on water light harvesting by organic complex like carotenoids and xanthophylls. Synthesis of lipids 
and pigments such as chlorophyll, xanthocynin and carotenoid is interrupted by water stress, and dues the high 
grain yield variety and genotype should have the molecular defensive mechanism as shown in this phase 
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