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Abstract 

Wheat is an important food for more than 35% of the world population and widely cultivated in 

wide range of altitudes in Ethiopia. However, recently, it is being affected by water stress 

throughout the country. Having this thought, considering the study of morphological, physiolog-

ical and biochemical parameters ware important to understand the effect of water stress. The 

study was carried out at Kulumsa Agricultural Research Center (KARC), in lath house using 

randomized complete block design (RCBD) with three replications comprising two water re-

gimes of well-water (100% FC) and water stressed (30% FC). Twelve wheat varieties, six from 

bread wheat Wane, Danka, Kakaba, Ogolcho, Paven-76 and Kingbird and six from durum 

wheat Donmatia, Mangudo, Utuba, Alemtena, Ude and Mukuye were planted in pots. In this 

study, a total of seven traits plant height (PH), spike length (SPL), spikes per plant (SPP), chlo-

rophyll content(CC), relative water content (RWC), Proline (PRO) and total soluble sugar (TSS) 

under water stress were considered. In this study, the results showed that all the seven traits 

were significantly affected (p<0.05). Nevertheless, under water stress a non-significant differ-

ence was observed on the plant height and relative water content among the varieties. The 

longest and superior SPL (6.9 cm) was recorded from Ogolcho variety under water stress con-

dition. Compared to Ogolcho, the SPL of Mukuye, Ude, Alemtena, Utuba, Mangudo and Wane 

varieties were found shorter than by 39%, 37%, 36%, 35%, 32% and 29%, respectively. 

Alemtena and Utuba contained a high amount of proline content (4.78ɛmol/g and 4.65ɛmol/g) 

and total soluble sugar (51.05mg/g and 49.6 mg/g) respectively. In a nutshell, the differences in 

the synthesis of proline and total soluble sugar with an increase in water stressed among the 

selected wheat varieties showed that each variety had different ability to cope up with water 

stresses. This difference in the responses is also likely to be due to the genetic differences 

among the varieties. 

                      

Key words: Field capacity; Proline; Triticum durum desf.; Triti cum aestivum L.; Water stress.             
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1. INTRODUCTION  

1.1 Background of the study 

The initial domestication of wheat (Triticum species) occurred 10,000 years ago (Tanno and 

Willcox, 2006). The history of wheat domestication saw the selection for an indehiscent ear 

and a naked grain (to ease harvesting and improve flour quality), increased yield, more and 

larger seeds, the adaptation to a wide range of climatic and farming regimes (Gustafson et 

al., 2009) and the development of polyploidy. There are six types of Triticum species of 

which Triticum aestivum and Triticum durum are the most dominantly grown species in 

Ethiopia. Based on the number of chromosomes, wheat is usually classified into three 

groups: diploid (2x = 2n = 14, where n = 7), tetraploid (2x = 4n = 28), and hexaploid (2x = 

6n = 42). Wheat gives more protein and calories to the diet of the world than any of other 

cereal crops (Abd-El-Haleem et al., 2009). 

Wheat is one of the most important small cereal crops in Ethiopia widely cultivated in wide 

range of altitudes. Most wheat producing area in Ethiopia lie between 6o and 16o N latitude 

and 35o and 42o E longitudes of an altitude range from 1500 to 3000 meters above sea level 

(masl). However, the most suitable agro-ecological zones fall in between 1900 to 2700 masl 

(Bekele et al., 2000). Agriculture in Ethiopia is predominantly traditional and thus mainly 

landraces are grown. This is mainly attributed to problems of adaptability and stability of 

improved varieties to the adverse farming conditions that prevail on small peasant farms and 

also due to the unavailability of seeds of improved varieties to farmers in sufficient quantity. 

Phenomenon encountered by wheat crop and long duration of water stress lead to severe re-

duction in overall production (Nezhadahmadi et al., 2013). 

Drought induces significant alterations in plant physiology and biochemistry. Some plants 

have a set of physiological adaptations that allow them to tolerate water stress conditions. 

The degree of adaptations to the decrease of water potential caused by drought may vary 

considerably among species. (var) Plant response to water stress include morphological and 

biochemical changes and later as water stress become more severe to functional damage and 

loss of plant parts (Sangtarash, 2010). 
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The stress factors especially drought, negatively affect plant growth and development and 

causes a sharp decrease of plants productivity (Pan et al., 2002). It can have a substantial 

impact on the agriculture of the affected region as its short intense can cause significant 

damage and harm the economy. In addition to the complexity of drought itself, plant re-

sponses to water scarcity are complex due to unpredictable factors in the environment and 

the interaction with other abiotic and biotic factors. Drought is one of the major abiotic 

stresses that severely affect and reduce the yield and productivity of food crops worldwide 

up to 70% but, plants response to water stress is complex and involves changes in their 

morphology, physiology and metabolism (Lum et al., 2014). Drought is the most important 

problem of dry land regions and leads to poverty, food insecurity and malnutrition in sub-

Sahara African countries like Ethiopia (FAO, 2009). The response of plants to water stress 

depends on several factors such as development stage, severity and duration of stress and 

cultivar genetics (Beltrano and Marta, 2008).  

Development of drought tolerant varieties has been the approach used to alleviate the nega-

tive effects of water stress on crops and crop yields. To date conventional plant breeding 

techniques have allowed the development of high yielding, drought tolerant crop varieties. 

However, the shortcomings of this approach are that it is time consuming, labor intensive, 

may lead to the loss of other desirable traits from the hostôs gene pool (Ashraf, 2007).  

Therefore, the objective of this research was to study the effect of soil water stress on some 

morphological, physiological and biochemical parameters in durum wheat and bread wheat 

varieties and to determine the traits which can be used for identification tolerant wheat vari-

eties under water stress conditions. 
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1.2. Statement of the problem 

Wheat is one of the most important cereal crops worldwide. It is currently grown on more 

than 215 million hectares annually and its production is more than 725 million metric tonnes 

in 2014, the third highest cereal production after maize (1021 million metric tonnes) and 

rice (740 million metric tonnes) (FAO, 2015). A key factor in the success of wheat as a 

global food crop is its adaptation to a wide range of climat (IWGSC, 2014).   

Wheat is one of the most important cereal crops in Ethiopia extensively cultivated in wide 

range of altitudes and it ranks fourth next to Teff (Eragrostis tef), Maize (Zea mays) and 

Sorghum (Sorghum bicolor) in area coverage and third in total production (CSA, 2018). 

Even though the country is having the potential climate for wheat culture and being the 

center of diversity for wheat, the average national yield is low (on average 2.1 t/ha) well 

below the experimental yield of above 5 t/ha ( MOA, 2012).  Ethiopian farmers rely almost 

entirely on rain-fed agriculture and seasonal rainfall is volatile in large parts of the country. 

Over the last fifty years, Ethiopia has experienced 15 drought seasons. Drought has a direct 

effect on poverty and to attain national food self-sufficiency and rural poverty reduction 

(Dercon, 2004). 

Therefore, it is important to identify drought tolerant wheat varieties which are grown under 

water stress condition. This study used some morphological, physiological, and biochemical 

traits under well watered and water stressed condition to help in the selection of drought 

tolerant varieties which will be better than other varieties under water stress condition. 
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1.3. Objective of the study 

1.3.1. General objective 

The general objectives of this study was to assess the effect of soil water stress on some 

morphological, physiological and biochemical characteristics of durum wheat (Triticum 

durum desf.) and bread wheat (Triticum aestivum L.) varieties for drought resistance.  

1.3.2. Specific objectives 

ü To investigate morphological traits (plant height, the spikes length and number of 

spikelet per spikes) of durum wheat (Triticum durum desf.) and bread wheat 

(Triticum aestivum L.) varieties under well watered and water stress condition.  

ü To determine chlorophyll content and relative water content in leaves of durum 

wheat (Triticum durum desf.) and bread wheat (Triticum aestivum L.) varieties under 

well watered and water stress condition.  

ü To determine proline and total soluble sugar content in the leaves of durum wheat 

(Triticum durum desf.) and bread wheat (Triticum aestivum L.) varieties under well 

watered and water stress condition. 

1.4. Significance of the study 

World population is expected to increase over the next years. Ethiopia is one of the countries 

predicted to account for increases world population. Therefore, there is a pressing need for a 

significant increase in food production to feed this population. Hence, this study on wheat 

response to water stress will become increasingly important, as most climate change 

scenarios suggest an increase in aridity in many areas of the globe. Therefore, outperforming 

varieties under drought stress conditions can be useful in future wheat breeding programs, 

and early selection for based on morphological, physiological, and biochemical traits 

recommended in this study will be important for developing drought-tolerant wheat 

varieties. 
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2. LITERATURE REVIEW  

2.1. Effects of drought on wheat 

The effects of drought range from morphological to molecular levels and are manifested at 

all phenological stages of plant growth. Environmental stresses trigger a wide variety of 

plant responses, ranging from changed gene expression and cellular metabolism to changes 

in growth and productivity. Technological developments have led to climate change 

resulting in a number of biotic and abiotic stress factors with severe disturbance to 

ecosystems. Among abiotic stresses, water stress, or water deficiency is the major factor, 

which causes severe damage to plants. Global warming, less precipitation, low ground water 

table, and reduction in the level of soil water are the main factors responsible for the 

development of drought condition in field crops (Mishra and Cherkauer, 2010).  

Drought limits plant growth and field crops production more than any other environmental 

stresses (Almeselmani et al., 2011). It remains an ever-growing problem that severely limits 

crop production worldwide and causes important agricultural losses particularly in arid and 

semiarid areas. Demirevska et al. (2008) concluded that drought affects morphological, 

physiological and biochemical processes in plants resulting in growth inhibition, stomatal 

closure with reduction in transpiration, decrease in chlorophyll content and inhibition of 

photosynthesis. Beltrano and Marta (2008) found that response of plants to water stress 

depends on several factors such as developmental stage, severity and duration of stress and 

cultivar. Buchanan et al. (2000) explained that during water stress, water is lost from the 

tissue of the plant which affects the membrane structure and function.  

Drought stress is characterized by reduction of water content that diminish relative water 

potential and turgor loss, closure of stomata and decrease in cell enlargement and growth. 

Severe water stress may result in the arrest of photosynthesis, disturbance of metabolism 

and finally the death of plant. The problem is particularly very serious in arid and semi-arid 

regions of many developing and under developed countries. In these regions, water potential 

in the rhizospheres more reduced during water stress period which decreases water 

availability for plant growth and development (Jaleel et al., 2009). All stages of plant 

growth from seed germination to plant maturation are dependent on water (Manivannan et 

al., 2008). The decline in plant growth is the most outcome of water unavailability in the 
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plant and the drop of water potential results for retardation of leaf and stem elongation. The 

inhibition of cell expansion due to turgor loss of cells and reduction of carbon assimilation 

are the major reasons for reduction in growth as a consequence of drought. Turgor loss due 

to water stress inhibits turgor dependent activities such as leaf expansion and root elongation 

(Taiz and Zeiger, 2006).  

Wheat plants may be affected by drought at any stage of life, but certain stages such as 

germination and anthesis growth stages are very critical (Dhanda et al., 2004). Wheat 

breeders have been successful in increasing yield under productive conditions, but 

achievement has been uncertain in production regions where environmental stresses occur. 

Shao et al. (2009) explored physiological mechanisms of water stress tolerance for different 

wheat genotypes as it is essential to find out new drought resistant gene resources. Water is 

needed by wheat crop for the whole growth duration, but there are some stages which are 

more liable to water deficiency. Dencic et al. (2000) found that water stress during stages 

before anthesis can reduce number of ear heads and kernels per ear. When water stress 

occurs during later stages, it causes a reduction in number of kernels/ears and kernel weight 

(Gupta et al 2014). Baser et al. (2004) reported the effect of water stress on the yield and 

yield components of winter wheat and obtained a reduction of about 40% in yield under 

water stressed conditions as compared to the control. 

2.2. Morphological traits of wheat influenced under water stress 

Wheat yield under drought stress suffer serious moisture deficit throughout its growth 

period from seedling to full maturity (Bilal et al., 2015). Under drought condition 

decreasing pattern was experienced in morphological yield contributing characters like plant 

height (PH), grains per spike (GPS), spikes per plant (SPP), 1000- grain weight (TGW) in 

wheat. Blum & Pnuel (1990) reported that yield and yield contributing traits of wheat crop 

were drastically decreased under least annual precipitation. Drought stress leads to reduction 

in number of fertile tillers per plant, grains per spike and 1000-grain weight (TGW) which 

ultimately cause noticeably low grain productivity. Relationship between plant height (PH), 

leaf area, fertile tillers per plant, and grains per spike in wheat has been noticed at booting 

and anthesis phase which cause improvement in grain yield under water deficit condition 

(Gupta et al. 2014). Blum & Pnuel (1990) investigation depicted that under drought 

conditions grain filling period and spikelets per spike were associated with high grain 
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production. Therefore, it is suggested that these morphological attributes should be selected 

for screening diverse wheat genotypes under drought in successful breeding schemes. 

Plant height is affected by the association of genetic constitution and environmental 

conditions of the plant. Several experiments were made to relate plant height and yield 

under receding soil moisture conditions. Though plant height is genetically controlled, water 

stress also influences its regulation. Drought stress affects both elongation and expansion of 

growth due to the low turgor pressure (Bhatt and Srinivasa Rao, 2005). Among the crops, 

wheat is probably more susceptible to drought stress than most other plant species. 

Reduction in plant height and stem length reported in wheat crop under drought condition 

(Wu et al., 2008).  The decrease in plant height might be due to decrease in relative turgidity 

and dehydration of protoplasm which is associated with a loss of turgor and reduced 

expansion of cell and cell division. Manivannan et al. (2007) also mentioned that the 

reduction in plant height could be attributed to decline in the cell enlargement and more leaf 

senescence in the plant under water stress. The plant height in wheat reduced from 77 cm to 

61.66 cm when irrigation was skipped at tillering stage of crop growth (Gupta et al. 2014). 

Abdul Raziq et al. (2014) reported that tallness in wheat plants is mostly associated with the 

genetic makeup of the variety. Therefore it is suggested that these morphological attributes 

should be selected for screening diverse wheat genotypes under drought in successful 

breeding schemes. The adverse and unfavorable outcomes of water deficit stress on wheat 

sensitive stages of crop growth such as reproductive, booting and grain filling stage can be 

minimized by preventing stress at these stages to develop genotypes showing drought 

tolerance (Abdul Raziq et al.,2014). 

2.3. Physiological traits of wheat influenced under water stress 

Different types of plant physiological responses have been reported by various Plant 

physiologists in their findings under drought stress situation. Zaharieva et al. (2001) 

reported that in globally drought affected area; physiological mechanism is very handy 

approach in evaluating and screening the extraordinary genotypes having drought resistant 

mechanism. Comprehensive information of physiological mechanisms permits plant 

researcher to develop promising genotypes that would be utilized efficiently, continue its 

growth and production under water deficit stage (Ashraf et al., 1994). 
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Plants may survive drought by minimizing its adverse effects that is combating the stress by 

developing the capacity to tolerate the stress conditions (Puijalon et al., 2011). Plants 

improve their survival by enhancing their root density, and reducing their transpiration rate, 

low stomatal conductance, leaf rolling, slow wilting, and delayed senescence. The main 

physiological processes affected by water stress are transpiration, photosynthesis, and 

stomatal conductance (Anjum et al., 2011). Cell water relationship is also affected by water 

deficiency, as insufficient water may reduce water potential and relative water content in 

leaf and stem. 

2.3.1. Chlorophyll contents  

Chlorophyll is one of the major chloroplast components for photosynthesis and chlorophyll 

content has a positive association with photosynthetic rate. Under drought stress, the 

decrease in chlorophyll content has been considered as a typical side effect of oxidative 

stress and may be the result of pigment photo-oxidation and chlorophyll degradation. 

Photosynthetic pigments are important to plants mainly for harvesting light and production 

of reducing powers. Both the chlorophyll a and b are responsible for soil dehydration 

(Farooq et al., 2009). Decreased or unchanged chlorophyll level during drought stress has 

been reported in many species, depending on the duration and severity of drought (Zhang et 

al., 2002). 

Higher leaves chlorophyll contents is significantly correlated with photosynthesis and 

regarded as encouraging selection trait in crop productivity (Teng et al., 2004). It has been 

reported in many studies that under water stress photosynthesis exhibit direct relationship 

with wheat grain production because less stomata opening frequency and low amount of 

CO2 fixation lead to reduction in photosynthetic amount (Mafakheri et al., 2010). Severe 

water stress restricts the photosynthesis by damaging the chlorophyll contents (CC) and 

changing the photosynthetic machinery (Iturbe-Ormaetxe et al., 1998). Decreased 

photosynthetic amount under water stress condition is an outcome of inhibition of RuBisCO 

(ribulose-1, 5-bisphosphate carboxylase/oxygenase) enzyme activity and development of 

ATP (Dulai et al., 2006). 
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There are reports about decrease of chlorophyll in the water stress conditions. Almeselmani 

et al. (2011) reported that chlorophyll content of resistant and sensitive cultivars reduced in 

response to drought and thermal stress. Chlorophyll maintenance is essential for 

photosynthesis under water stress and higher chlorophyll content and lower percent of 

reduction under stress in tolerant varieties of wheat has also been reported (Farooq et al., 

2009). According to Manivannan et al. (2008), chlorophyll is one of the major chloroplast 

components for photosynthesis and relative chlorophyll content has a positive relationship 

with photosynthetic rate and flag leaf chlorophyll content is an indicator of the 

photosynthetic activity and its stability for the conjugation of assimilate biosynthesis. 

Many studies have been reported that under water stress, photosynthesis shows a direct 

relationship with wheat grain production because less stomata opening frequency and low 

amount of CO2 fixation lead to the reduction of amount in photosynthesis (Mafakheri et al., 

2010). A severe water deficit stress restricts the photosynthesis by damaging the chlorophyll 

components (CC) and changing the photosynthetic machinery. Inhibition of RuBisCO 

(ribulose-1, 5-bisphosphate carboxylase/oxygenase) enzyme activity and development of 

ATP decreased photosynthetic amount under water stress condition (Dulai et al., 2006). 

2.3.2. Relative water content  

Leaf relative water content (RWC) is very frequently taken as substitute to the measure of 

plant water status, thereby serving as measure of the metabolic activity level within the 

tissues (Taiz & Zeiger, 2006). Relative water content of the plants growing under water 

stress was significantly low in comparison to the well watered plants. Momentous pattern of 

divergence can be observed in relative water content (RWC) among diverse genotypes 

during various plant growth stages. Under water stressed condition, decrease in water status 

and osmotic potential in plants is the ultimate outcome of lower relative water content. 

Osmoregulation mechanism plays a phenomenal role in preserving turgor pressure which 

helps in soil water absorption and continue plant metabolic activities for its survival. 
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During drought stress, the relative water content (RWC) and water potential of the plants 

decrease (Bajji et al. 2001), leading to a significant decline in photosynthetic CO2 fixation. 

The reduction in the net CO2 assimilation rate is mainly due to stomatal closure, which is 

the most efficient way to reduce water loss (Cornic, 2000). When the stomata are closed, so 

that the conductance of water vapors through the stomata is low, the diffusion of CO2 into 

the leaves is limited, resulting in a decrease in the leaf intercellular CO2 concentration 

(Cornic 2000). However, during drought stress, the diffusion of CO2 from the leaf 

intercellular spaces to the chloroplast of the mesophyll cells may also be reduced depending 

on the structure of the mesophyll cell and the rearrangement of the intercellular spaces 

(Loreto et al., 2003). 

2.4. Biochemical response of plants to water stress 

Osmotic adjustment is an important physiological adaptation for drought tolerance and it is 

an accumulation of solutes in the cell in order to decrease water potential and maintain cell 

turgor and volume (Oliveira et al., 2012). Osmotic adjustment accomplished by 

accumulation of various solutes such as sugar, organic acids, amino acids (proline) and also 

inorganic ions (Oliveira et al., 2012). Zivcak et al. (2009) stated that osmotic adjustment 

play a significant role in maintaining turgor potential and other associated processes such as 

stomatal opening, photosynthesis, shoot growth and growth of roots to deeper soil layers 

which assist supply of water. Osmotic adjustment had a significant role in maintaining 

stomatal conductance and accumulation of solutes that extend time for CO2 assimilation and 

increase the net assimilation rate under drought condition. Genotypes that have higher 

osmotic adjustment ability were less affected than those with lower ability of osmotic 

adjustment. Also yield of wheat genotypes with higher osmotic adjustment showed lower 

yield reduction as a result of drought induced than those with lower level of osmotic 

accumulation (Zivcak et al., 2009). 
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2.4.1. Proline 

Plants accumulate various solutes like proline, sucrose, soluble carbohydrates, glycine, 

betaine, and others to maintain turgidity in the cell wall under drought stress (Rhodes and 

Samaras, 1994). Proline, being an essential amino acid, plays a key role in maintaining the 

osmotic potential of cells and protecting them from severe dehydration (Anjum et al., 2011). 

Higher levels of proline help in overcoming the adverse effects of drought and it also 

minimizes the damage caused by ROS to cells. Proline level is associated with the ability of 

plants to tolerate drought; hence, the higher the level of proline, the more tolerant plant will 

be to drought. Compared to any other amino acid present in plants, proline is the one that is 

accumulated at far higher levels under water stress (Ghaderi and Siosemardeh, 2011). 

Proline works as a signaling molecule to regulate mitochondria, cell production and cell 

death.  

Proline production is triggered by various types of stresses and it plays a great role in 

drought tolerance, but the accumulation depends on the type and intensity of the water 

stress. Oraki et al. (2012) reported that proline content increase with drought stress 

especially with severe water stressed condition. Results from Moayedi et al. (2009) showed 

that accumulation of proline depends on the developmental stage of the plant. The amount 

of proline produced increased by 22 %, 47 % and 114 % by water stress which occurs from 

one leaf stage to floral initiation; from floral initiation to anthesis and after anthesis, 

respectively. The accumulation of proline in plant tissues is a clear indication of plants 

inherent ability of tolerance against environmental stress, particularly in plants under 

drought stress. Proline accumulation may also be part of the stress signal influencing 

adaptive responses (Maggio et al., 2002). Therefore, the more the proline, better the ability 

of plants to withstand drought, which is one of the most common compatible osmolytes in 

drought stressed plants. 
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2.4.2. Total soluble sugar 

Accumulations of soluble sugars in plants give drought tolerance ability and protect cells 

from damage in two ways. Sugars create hydrophilic interaction with membrane protein 

because of their OH group; these prevent protein denaturation during desiccation. Also 

sugars form biological glass in the cytoplasm of dehydrated cell and this can prevent the 

movement of reactive compounds in the cell and extend the life of dehydrated tissue (Oraki 

et al., 2012). Under severe water stressed condition, total soluble sugars play a great role in 

osmotic adjustment (Oliveira et al., 2012). Mohammadkhani and Heidari (2008) reported 

that the seedling of maize variety showed an increase in total soluble sugar content as the 

water potential becomes lower. Keyser (2010) reported that soluble carbohydrate of flag leaf 

obtained from drought stress at grain filling stage is higher in cultivars of wheat than the 

amount on other stages.  
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3. MATERIALS AND METHODS  

3.1. Description of the study area 

The pot experiment was carried out at Kulumsa Agricultural Research Center (KARC) from 

March to July, 2019 under lath house conditions. The site is located at 8°08' N and 39°08' E 

at an elevation of 2200 masl in Arsi Administrative Zone of Oromia Regional State, 167 km 

southeast of Addis Ababa. The agro ecology of the study area is characterized as cool 

highland to semi-arid. The area has a uni-modial kind of annual rainfall, which extends from 

March to September; however, the peak season is from July to August. The data obtained 

from the weather station located at KARC revealed that the area receives a mean annual 

precipitation of 809 mm whereas the mean maximum and minimum temperature are 

23.08°C and 9.9°C, respectively. The dominant soil type of the study area is vertic luvisol 

(IUSS Working Group WRB, 2014).  

3.2. Experimental design and treatments 

The pot experiment was designed to characterize drought resistant bread and durum wheat 

varieties morphologically, physiologically and biochemically. The experiment had two 

factors; twelve varieties and two water management combined factorially, which made up a 

total of 24 treatments, and was arranged in RCBD with three replications. The six bread 

wheat (Triticum aestivum L.) varieties were (Wane, Danka, Kakaba, Ogolcho, Paven-76 and 

Kingbird,) whereas the six durum wheat (Triticum durum desf.) varieties were Donmatia, 

Mangudo, Utuba, Alemtena, Ude and Mukuye. The bread and durum wheat varieties were 

collected from KARC and Debrezeit Agricultural Research Center (DARC), respectively.  

The 12 wheat varieties were planted in pots with capacity of 5 liters each. The soil was col-

lected from the nearby site where the experiment was conducted in the lath house. The soil 

was air-dried, sieved to pass through a 2-mm mesh, and its residual moisture content (17%) 

and bulk density (1.05 g cm-3) were determined prior to repacking. Each pot was repacked 

with 4.5 kg air-dried soil. The repacked soil was saturated with water and kept overnight. 

The next day, 16 March 2019, a total of 15 and 10 seeds of bread and durum wheat respec-

tively were sown in each pot. The germinated wheat were thinned to 10 and 8 plants of 
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bread and durum wheat, respectively after emergence to meet the recommended seed rate of 

wheat for sowing (125 kg ha-1). The numbers of seedlings per pot were attained considering 

the area of the pot (334 cm2) and the mean TKW of six bread wheat (41.08 g) and six durum 

wheat (54.25 g) varieties. Based on the recommended package for wheat, 0.53 g nitrogen 

(N) and 0.50 g phosphorous (P) fertilizers from urea and triple super phosphate per pot were 

applied at sowing, which were equivalent to 73 and 30 kg N and P ha-1, respectively. 

The water management under well-watered treatment was equivalent to 100% FC and was 

measured according to Khakwani et al.( 2011). The 100% FC was equivalent to replenishing 

the same amount of water lost in the form of evapotranspiration per a certain period. The 

water stress was induced by refilling the soil to only 30% FC. The application of water 

treatment was started after germination of the crop continued until maturity. 

Table 1 : Weather variables and reference evapotranspiration of wheat in the study area     

              during March ï July 2019. 

 

Month 
Max Temp 

(°C) 

Min Temp 

(°C) 

Relative  

humidity (%)  

wind speed 

(m s-1) 

Sunshine 

(hrs) 

ETo  

(mm day-1) 

March 28.4 12.8 34 1.0 8.2 4.64 

April  26.4 13.2 51 0.7 6.2 3.83 

May 26.0 12.8 48 1.1 8.0 4.46 

June 24.2 13.1 69 0.8 5.9 3.45 

July 22.9 12.3 65 0.5 5.0 3.13 

 

Note: Max Temp is average maximum temperature; Min Temp is average minimum   

           temperature and ETo is average total reference evapotranspiration. 

 

The irrigation water requirement for the 100% FC, that is the amount of water that had to be 

applied to replenish the cropôs evapotranspiration without significant reduction in yield was, 

therefore, computed based on the CWR of the test crop per its stages of growth and weather 

conditions. The 30% FC was calculated once the 100% FC value was obtained. Irrigation 

water was applied every four days since germination to physiological maturity. 
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3.3. Data collection 

The morphological and physiological data were collected (computed) from the pot 

experiment at KARC whereas the biochemical test in the laboratory experiment was carried 

out at Melkassa Agricultural Research Center (MARC). 

3.3.1. Evaluation of morphological traits 

The morphological traits measured for this experiment included plant height (PH), spike 

length (SPL) and number of spikelet per spike (SPS). The measurement of each of the 

morphological traits was recorded from the randomly selected three sample plants from each 

pot at physiological maturity and the values were expressed as a mean per each pot. The PH 

was measured using a meter scale from the surface of the pot (soil) to apex of the plant 

excluding awns. The SPL was measured using a meter scale from the base of spike to its tip 

excluding awns. The SPS was counted from three plants randomly selected and the mean 

value was taken. 

3.3.2. Evaluation of physiological traits 

3.3.2.1. Determination of chlorophyll content  

The relative amount of chlorophyll present in wheat leaves (chlorophyll index), is an 

indicator parameter to predict nitrogen fertilization in wheat, was measured with a SPAD 

502 meter (Konica Minolta, Inc.) just after anthesis stage from the randomly selected three 

sample flag leaves of the plant from each pot. The SPAD-502 meter is a small portable 

device employed for quick, accurate and non-destructive measurements of relative 

chlorophyll concentrations in plant leaves (Richardson et al., 2002). The technique instantly 

measures the CC of the leaves by simply clamping the meter over the leaf and obtaining the 

reading on a scale. The measurement values were expressed as a mean of three individual 

SPAD meter readings per pot. 
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3.3.2.2. Determination of relative water content  

The RWC was determined according to procedure of Schonfeld et al. (1988) on one fully 

expanded leaf per pot. The leaf from each pot was cut at the base of lamina, preserved 

within a polyethylene plastic bag and immediately brought to laboratory. The fresh weight 

of leaf was weighed immediately after reaching at the laboratory using a sensitive balance 

(precision = 0.01 g) and the turgid weight was measured after saturating the leaf within 

distilled water for 24 h at room temperature. After saturating, the leaf was carefully 

transferred to a tissue paper and its dry weight was recorded after drying it in an oven at 

70°C for 24 h. RWC was calculated by using the following formula. 

 

27# Ϸ         
&7 ɀ $7

47 ɀ $7
     z   ρππ 

 

Where, FW is the weight of freshly collected leaf, TW is the weight after rehydration 

(saturation) for 24 hours at room temperature and DW is the weight after drying the leaf at 

70°C for 24 hours. 
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3.3.3. Evaluation of Biochemical traits 

3.3.2.1. Proline determination 

Analysis of proline in the leaves was measured following method of Bates et al. (1973). The 

reagents used for this analysis were (1) Acid-ninhydrin, which was prepared by warming 

1.25 g ninhydrin in 30 ml glacial acetic acid and 20 ml 6 M phosphoric acid, with agitation, 

until dissolved and kept cool (stored at 4°C), (2) extraction buffer 3% (w/v) aqueous 

sulfosalicylic acid, (3) glacial acetic acid, (4) toluene and (4) L-Proline reagent was 

prepared. 

In order to examine the amount of proline content in response to water stress, analysis of 

leaf samples was done at flowering stage after water stress was induced. Fresh plant sample 

(0.5 g) was homogenized with 10 ml of 3% aqueous sulfo salicylic acid and the homogenate 

was filtered using Watman No. 2 filter paper. The filtrate was then used for proline 

concentration determination. Two milliliter ml of the filtrate was mixed with 2 ml of acid 

ninhydrin and 2 ml of glacial acetic acid in a test tube and allowed to react for 1 hour in a 

water bath at 100°C. Then, it was allowed to be cooled, producing reddish color. The 

reaction mixture was extracted with 4 ml of toluene, mixed vigorously in a test tube and 

stirred for 15-20 second until separate layers was formed. Chromophore or upper toluene 

layer containing the color complex due to proline ninhydrin reaction was separated from 

aqueous phase to other test tube and was warmed at room temperature and absorbance was 

read at 520 nm by spectrophotometer. The proline concentration was determined from the 

standard curve constructed from the known concentration of proline, and was expressed in 

ɛmol of proline per g fresh weight of the leaf and calculated on a fresh weight basis as 

follows. 

ὖὶέὰὭὲὩ ὧέὲὸὩὲὸ

‘Ὣ ὴὶέὰὭὲὩz
άὰ ὸέὰόὩὲὩ
ρρυȢυ ‘Ὣ

Ὣ ίὥάὴὰὩ
υ

 

 

Where the content of proline was expressed in units of ɛmol/g fresh weight of leaves 

(ɛmol/g FW). 
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3.3.2.2. Total soluble sugar  

Total soluble sugar in the leaf samples was determined according to DuBois et al. (1956) 

with some modifications (Tiwari et al., 2016). Reagents used in this analysis was 5% phenol 

solution, which was prepared by mixing 5 g of phenol in 95 ml of double distilled water 

(DDW), and 90% ethanol, which was prepared by mixing 90 ml of ethanol and 10 ml of 

DDW. A 0.25 g of fresh leaf material was kept in 10 ml of 90% ethanol for 1 h at 60°C in a 

water bath. The extract was then filtrated using filter paper into a volumetric flask and the 

residue was re-extracted. Final volume was made up to 25 ml by adding 90% ethanol. One 

milliliter  of the aliquot was transferred to test tube and 1 ml of 5% phenol was added to it 

and mixed thoroughly. Later, 5 ml of 95% sulfuric acid was added to it and mixed 

thoroughly by vertical agitation. For exothermic reaction, the test tube was cooled in the air 

(Appendix 5). Absorbance was recorded at 490 nm on spectrophotometer and soluble sugar 

was calculated from standard glucose graph. 

 

4ÏÔÁÌ ÓÏÌÕÂÌÅ ÓÕÇÁÒ 
ÍÇ

Ç

3ÕÇÁÒ ÖÁÌÕÅ ÆÒÏÍ ÇÒÁÐÈ ʈÇ

 !ÌÉÑÕÏÔ ÓÁÍÐÌÅ ÕÓÅÄ   
 z 
4ÏÔÁÌ ÖÏÌÕÍÅ ÏÆ ÅØÔÒÁÃÔ  

 7ÅÉÇÈÔ ÏÆ ÓÁÍÐÌÅ
Ø  ρππ 

 

3.4. Data analysis 

The wheat physiological, morphological and biochemical data were subjected to two-way 

analysis of variance (ANOVA) using Statistical Analysis System (SAS) version of 9.0 (SAS 

Institute Inc., Cary NC, USA). Means comparison for treatments with significant effects was 

performed using the least significant difference test at 5%. Simple correlation analysis 

between traits was also carried out using the same statistical tool. Graphs were made using 

Microsoft Excel 2010 (Microsoft® Corp., Redmond, Washington, USA). 
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4. RESULTS AND DISCUSSIONS 

Analysis of variance (ANOVA) indicated that there were significant differences (p<0.05) 

among the bread and durum wheat varieties in terms of the studied morphological, 

physiological and biochemical characters (Table 2). The ANOVA also indicated that water 

stress negatively affected all of the studied morphological, physiological and biochemical 

traits of the wheat varieties (Table 2). Since there were no significant interaction effects 

between variety and water management in all traits the main effects was only variety and 

water management.  

Table 2: ANOVA table for the influence of varieties and water management on the        

              morphological, physiological and biochemical characteristics of wheat. 

Sources of 

variation  

Plant 

height 

(cm) 

Spike 

length 

(cm) 

Spikelet 

No spike-1 

Relative 

water 

content 

(%)  

Chlorophyll 

content 

(SPAD 

unit)  

Proline 

(µmol g-1) 

Total 

Soluble 

Sugar 

(mg/g) 

Rep *  Ns Ns ***  ns ns ns 

Variety (V) Ns ***  ***  Ns ***  ***  ** *  

Water management 

(WM) 
***  ***  ***  ***  ***  ***  ***  

V*WM  Ns Ns Ns Ns ns ns Ns 

Mean 56.23 5.25 10.69 69.52 44.22 3.43 48.34 

CV 8.07 10.8 9.4 15.54 9.64 17.99 5.28 

LSDV 5.27 0.66 1.16 12.56 4.95 0.71 2.96 

LSDWM 2.15 0.27 0.47 5.12 2.02 0.29 1.21 

Note: ns, * and *** indicated not significant at p < 0.05, significant at p < 0.01 and   

significant at p  < 0.001, respectively. CV= coefficient of variation; LSDV = list significant 

difference of varieties; LSDWM = list significant difference of water management 
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4.1. Morphological, physiological and biochemical characteristics of wheat 

as influenced by water stress 

4.1.1. Morphological traits of wheat as affected by water stress 

The influence of water stress on the morphological, physiological and biochemical 

characteristics of wheat varieties has been shown in Table 3. Water deficit adversely affected 

the plant height (PH), spike length (SPL) and number of spikelet per spike (SPS). Overall, 

the mean PH of wheat was very stunted under water stress (48 cm) compared to the well-

watered treatment (65 cm). Water stress was highly significantly (p < 0.001) and affected the 

mean SPS and SPL of wheat varieties. Compared to the well-watered treatment (12.0), the 

mean number of spikelet per spike was lower by 2.7, which was 23% reduction (Table 3). 

Similarly, the SPL of wheat varieties was found shorter under water stressed (5 cm) in 

contrast to the well-watered treatment (5.5 cm). 

The stunted growth in the wheat varieties could ascribe to the decrease in relative turgidity 

and dehydration of the protoplasm, which in turn associated to the loss of turgor as well as 

the reduced division and expansion of cell. Similar findings have been reported by 

Manivannan et al. (2008) that the stunted growth attributed to the decline in the cell 

enlargement and more leaf senescence in the plant under water stressed condition. 
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4.1.2. Physiological characteristics of wheat as affected by water stress 

The relative water content (RWC) estimated for the wheat varieties under controlled and 

water stressed condition was shown in Table 3. In this study, the RWC was determined to 

give an indication on the plant water status under drought condition. As expected, water 

stress resulted in significantly lower (p < 0.001) RWC under water stressed condition (63.54 

% RWC) compared to the control treatment (75.51 % RWC), which was found inferior by 

11.97 %. During water stress, the water balance of plants is disrupted, as a result of which 

the RWC and water potential of leaves decrease (Bajjii et al., 2001). Decreased RWC with 

water stress in all the tested varieties were also reported in common bean (Korir et al., 

2006). 

Water stressed was also very highly significantly (p < 0.001) influenced the chlorophyll 

content (CC) of wheat varieties. Deficiency in water availability (41.62 SPAD units) brought 

significant reduction in CC in contrast to the well-watered treatment (46.83 SPAD units) 

(Table 3), which was found inferior by 11%. This finding is in similar with the work of 

Araus et al. (1998) who reported that drought treatment caused a 20% reduction in leaf 

chlorophyll content. The reduction in CC under the water stressed treatment could attribute 

to destruction of the chlorophyll and deterrence of its synthesis. Several researchers 

including Lessani and Mojtahedi (2002) reported the damage of leaf pigments because of 

water deficit. A further reason for the diminution in chlorophyll content in response to water 

stress was that drought or heat stress as a consequence of the production of reactive oxygen 

species (ROS) such as O2- and H2O2 can lead to lipid peroxidation and thus, chlorophyll 

destruction (Foyer et al., 1994). Also, with decreasing chlorophyll content due to the 

changing green color of the leaf into yellow, the reflectance of the incident radiation is 

increased (Schelmmer et al., 2005). It is also supported by the findings of Sikuku et 

al.(2010) noting the inhibition of chlorophyll synthesis and inability of wheat to withstand 

water deficit. 

High chlorophyll content is a desirable characteristic because it indicates a low degree of 

photo inhibition of photosynthetic apparatus; therefore, reducing carbohydrate losses for 

grain growth (Farquhar et al., 2009). Chlorophyll is one of the major components of 

chloroplast, which helps for photosynthesis (Manivannan et al., 2007). CC has a positive 

relationship with photosynthetic rate, and the flag leaf chlorophyll content is an indicator of 
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the photosynthetic activity and its stability for the conjugation of assimilate biosynthesis. 

Several researchers have successfully employed this trait for screening and selection of 

drought tolerance in wheat cultivars (Almeselmani et al., 2011). Finally, the assessment of 

photosynthetic pigments and consequently their relationships is an important indicator of 

senescence (Brown et al., 1991). 

 

 

4.1.3. Biochemical characteristics of wheat as affected by water stress 

Proline was significantly (p < 0.001) affected by water stress (Table 3). ANOVA revealed 

significantly higher amount of PRO under water stress (3.85 µmol g-1) than well-watered 

condition (3.01 µmol g-1). This implies that the tested varieties produced significantly higher 

amount of PRO under water stress than well-water condition as a mitigation strategy to cope 

up with the drought condition. The accumulation of proline in plant tissues is a clear 

indication of plants inherent ability of tolerance against environmental stress, particularly in 

plants under drought stress. Proline accumulation may also be part of the stress signal 

influencing adaptive responses (Maggio et al., 2002). Therefore, the more the proline, the 

better ability of plants to withstand drought, which is one of the most common compatible 

osmolytes in drought stressed plants. 

Total soluble sugars was also significantly (p < 0.001) affected by water stress (Table 3). 

ANOVA revealed significantly higher amount of TSS under water stressed (49.84 mg/g) 

than well-watered condition (46.84 mg/g). This implies that the tested varieties produced 

significantly higher amount of TSS under water stress than well-water condition as a 

mitigation strategy to cope up with the droughty condition. Leaf osmotic adjustment via 

soluble sugars has been a well-known mechanism to resist water stress in many plants (Wu 

and Xia, 2006). This is because the synthesis of soluble sugars plays great role in osmotic 

adjustment for drought tolerance. According to Zhang et al. (2002), solutes are accumulated 

during stress serve as an aid to cope with the existing condition. 
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Table 3: Mean comparison of the Plant height, Spike length. Spikelet No spike-1 Relative 

water content, Chlorophyll content Proline and Total Soluble Sugar characteristics of 

wheat varieties under well water and water stress condition. 

Sources of 

variation  

Plant 

height 

(cm) 

Spike 

length 

(cm) 

Spikelet 

No spike-1 

Relative 

water 

content 

(%)  

Chlorophyll 

content 

(SPAD 

unit)  

Proline 

(µmol g-1) 

Total 

Soluble 

Sugar 

(mg/g) 

Well watered 64.6a 5.5a 12.0a 75.51a 46.83a 3.01b   46.84b 

Water stress 47.9b 5.0b 9.29b 63.54b 41.62b         3.85a 49.84a 

        

        

Mean 56.23 5.25 10.69 69.52 44.22 3.43 48.34 

CV 8.07 10.8 9.4 15.54 9.64 17.99 5.28 

        

LSDWM 2.15 0.27 0.47 5.12 2.02 0.29 1.21 
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4.2. Morphological, physiological and biochemical characteristics of wheat  

       as influenced by varieties 

4.2.1. Morphological traits of wheat as affected by varieties 

The ANOVA indicated that there were marginally significant (p < 0.05) differences among 

the tested varieties related to the plant height (PH). The tallest plant (61.1 cm) was recorded 

from the Ude variety; however, this result was statistically similar to Ogolcho (58.4cm), 

Danka (58.2 cm) Mangudo (49.69 cm), paven-76 (56.4 cm) and Utuba (56.3 cm)  (Figure 1)  

varieties. The shortest wheat variety was noted from Donmatia variety (50.8 cm) (Figure 1). 

Nevertheless, this result found statistically similar to Wane (54.08 cm), Kakaba (54.18 cm) 

Mukuye (55.5 cm), Kingbird (55.6 cm) and Alemtena (55.8 cm) varieties. The difference in 

PH of the varieties should be attributed to the difference in their genetic makeup (Jemal et 

al., 2015). On top of the genetic makeup of a variety, environmental factors can also control 

the PH of plants (Shahzad et al., 2007).  Manivannan et al., (2007) also mentioned that the 

reduction in plant height could be attributed to decline in the cell enlargement and more leaf 

senescence in the plant under water stress. The plant height in wheat reduced from 77 cm to 

61.66 cm when irrigation was skipped at tillering stage of crop growth (Mushtaq et al., 

2011). These results are in agreement with the findings of Bayoumi et al., (2008) who 

observed that drought caused reduction in plant height by 14.7 %. 

 

Figure 1: Mean result of plant height differences among bread wheat and durum wheat 

varieties under water stress. 
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The statistical analysis results revealed that spike length was significantly (p<0.001) 

affected by water stress and varieties (Table 2; Figure 2). The lengthiest and statistically 

superior SPL (6.9 cm) was recorded from Ogolcho variety (Figure 2). However statistically 

lesser compared to the Ogolcho variety, the next longest SPL was recorded from King bird 

(6.2 cm), Danka (6.1 cm), Paven-76 (5.9 cm) and Kakaba (5.6 cm) varieties, which were 

statistically similar to each other. The shortest SPL was recorded from Mukuye variety (4.2 

cm), however, it was statistically similar to Ude (4.4 cm), Alemtena (4.5 cm), Utuba (4.5 

cm), Mangudo (4.7 cm) and Wane (4.9 cm) varieties. Compared to Ogolcho, the SPL of 

Mukuye, Ude, Alemtena, Utuba, Mangudo and Wane varieties were found shorter by 39%, 

37%, 36%, 35%, 32% and 29%, respectively. The varietal difference in spike length is 

governed by genetic makeup of the varieties and the environmental effect (Shahzad et al., 

2007). This result is in agreement with Jemal et al. (2015) who reported that with increasing 

the stress, the spike length was declined by 8.57%. Many researchers have reported similar 

effect of irrigation on spike length in wheat (Ahmad, 1994). 

 

 

Figure 2: Mean of the spike length among bread wheat and durum wheat varieties. 
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Likewise, there were very highly significant (p < 0.001) differences among the tested 

varieties regarding the SPS (Table 2; Figure 3). The maximum number of SPS (12.16) was 

recorded from the Donmatia variety; however, this result was statistically similar to the 

Alemtena (11.95), Kingbird (11.38), Mangudo (11.16), and Danka (11.1) varieties (Figure 

3). The lower most number of SPS was noted from the Wane (8.55) variety. Nevertheless, 

this result found statistically similar to Kakaba (8.81) variety (Figure 3). Wane and Kakaba 

varieties yielded 29.68 and 27.54 % lower SPS in contrast to the Donmatia variety. The 

potential of wheat spike is determined by the spikelet per spike, which is an important yield 

component of grain yield. The result of this study was consistent with the findings of Rahim 

et al. (2012) who reported that water stress produced significantly decreased number of 

grains (kernels) per spike. 

 

            

 

Figure 3: Mean of the number of spikelet per spike among bread wheat and durum wheat  

                varieties. 
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4.2.2. Physiological characteristics of wheat as affected by varieties 

Considering the relative water content (RWC), ANOVA did not present statistically 

significant difference (p< 0.05) in the tested varieties (Table 2 and Figure 4). The only 

difference regarding the RWC was in Ogolcho (60.41%) varieties. That variation in RWC 

might attribute to the differences in the abilities of the varieties to absorb more water from 

the soil and/or the ability to control the water loss through their stomata. The RWC values in 

control and water deficit treatments were comparable with those reported by Abdul Raziq et 

al. (2004). Water deficit caused a 36.7% reduction of the RWC of the leaves but genotypes 

were varied in maintaining their RWC under both water deficit and well -watered conditions. 

During drought stress, the water balance of a plant is disrupted and as a result of which the 

RWC and water potential of leaves decreased (Bajjii et al., 2001). Changes in the RWC of 

leaves are considered as a sensitive indicator of drought stress and more useful integrator of 

plant water balance than the leaf water potential (Strauss and Agenbag, 2000). 

 

Figure 4: Mean result of relative water content in the leaves of bread wheat and durum 

wheat varieties. 
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The result indicated that chlorophyll content (CC) differed significantly (p < 0.001) among 

varieties (Table 3). The highest CC (49.55) was recrded from the Mangudo variety (Figure 

5). Statistically similar CC was also noted from the Donmattia, Alemtena, Mukuye, Utaba 

and Ude varieties, which were (49.13), (47.58), (47.03), (46.48) and (44.67), respectively 

(Figure 5). Conversely, the lowest CC was recorded in Danka variety (39.38), which were 

also statistically similar to Paven-76 (39.38), Kakaba (40.88), Kingbird (41.15), Ogolcho 

(42.52) and Wane (42.92) varieties. Compared to the Mangudo variety, the RCC measured 

from the Danka, Paven-76, Kakaba, Kingbird, Ogolcho and Wane varieties were lesser by 

20.5%, 20.5%, 17%, 17%, 14%, and 13%, respectively. These findings was in agreement 

with Araus et al. (1998) who reported that drought treatment caused a 20% reduction in leaf 

chlorophyll content. The result was supported by the findings of Sikuku et al. (2010) noting 

the inhibition of chlorophyll synthesis and inability of sensitive wheat to withstand water 

deficit. High chlorophyll content is a desirable characteristic because it indicates a low 

degree of photoinhibition of photosynthetic apparatus, therefore reducing carbohydrate 

losses for grain growth. 

 

 

Figure 5: Mean result of chlorophyll content in the leaves of bread wheat and durum wheat   

              varieties. 
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4.2.3. Biochemical characteristics in wheat as affected by in response to varieties 

All varieties produced significantly (p < 0.05) higher amount of proline content (PRO) due 

to water stress at varying extents. ANOVA presented significant differences among the 

tested varieties concerning the production of PRO when exposed to stress. Utuba variety 

yielded the highest PRO (4.78 µmol g-1) followed by Alemtena (4.65 µmol g-1), Don-mattia 

(4.36 µmol g-1) and Mukuye (4.28 µmol g-1) varieties, respectively (Figure 6). The lowest 

PRO was produced by Danka variety (2.21 µmol g-1). However, this result was found 

statistically similar to Ogolcho (2.25 µmol g-1), Wane (2.75 µmol g-1) and Paven -76(2.9 

µmol g-1) varieties (Figure 6). Overall, these varieties yielded 53.9%, 52.9 %, 42.4% and 

39.3% reductions in the PRO production compared to Utuba under water stressed condition 

respectively. Varieties which had high PRO content might increase ability to synthesize 

osmotic regulators for protection from the damage of soil water deficits. Furthermore, PRO 

may play a role as an enzyme-stabilizing agent and has the ability to mediate osmotic 

adjustment, stabilized sub-cellular structure and scavenge free radicals (Hassanein, 2004). 

Proline is one of the osmoprotectant that accumulate in a lot of crops in response to different 

kinds of stresses including drought (Mafakher et al., 2010). According to Taize and Zeiger 

(2006), proline is a compatible solute which plays a great role in osmotic adjustment 

through osmotic balance in cytoplasm and vacuole and protection of membrane and proteins 

from oxidative damage during water stress (Schulze et al., 2005). 

 

Figure 6: Mean result of proline content (ɛmol/g fresh weight) in the leaves of bread wheat   

                and durum wheat varieties. 
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All varieties produced significantly (p < 0.05) higher amount of total soluble sugar (TSS) 

due to water stressed at. ANOVA presented significant differences among the tested varieties 

concerning the manufacture of TSS when exposed to stress. Ogolcho yielded the highest 

TSS (51.32mg/g) followed by Utuba (51.05mg/g), Alemtena (49.6mg/g), Kakaba 

(49.6mg/g) and Kingbird (49.03mg/g) varieties, respectively (Figure 7). The lowest TSS 

was manufactured by Mangudo variety (44.1). However, this result was found statistically 

similar to Mukuye (46.86) and Paven-76 (46.9) varieties, respectively (Figure 7). Overall, 

these varieties yielded 8.6% - 14% reductions in the TSS production compared to Ogolcho 

variety under stressed condition. 

These results were in accordance with Irigoyen et al. (1992), who reported that the sugar 

content in leaves of the plant could increase under drought conditions. Moreover, one of the 

mechanisms plants use to withstand water stress is by regulating osmotic potential of the 

cell, especially if water stress increase gradually from mild stress to severe one (Lipiec et 

al., 2013). Osmotic cell potential can be adjusted by increasing the concentration of TSS, 

which can decrease water potential of cells without inhibiting the function of the enzyme 

and does not reduce turgidity of the cell. Sugar accumulation in water stressed conditions 

helps to maintain the stability of the membrane prevents and protects membrane fusion, and 

keeps protein so as to remain functional (Arabzadeh, 2012; Lipiec et al., 2013). 

 
 

Figure 7: Mean result of soluble sugar content (mg/g fresh weight) in the leaves of bread   

                 wheat and durum  wheat varieties. 
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5. CONCLUSION AND RECOMMENDATIONS  

In the present study, plant height was not significantly affected by water stress, however it 

was significantly but negatively correlated with proline content and total soluble sugar. 

Solutes were accumulated during stress, and served as an aid to cope with the existing 

condition. In general, the result of proline and total soluble sugar content with the highest 

value was obtained in the drought stress treatment and the lowest in the well water 

treatment. The highest proline content in drought stress treatment (30% FC) was obtained in 

the variety of Utuba (4.78 ɛmol g-1 FW), and the lowest in variety of Danka (2.21 ɛmol g-1 

FW). Whereas, the total soluble sugar content was the highest in Ogolcho (51.31 ɛmol g-1 

FW) and the lowest in Mangudo (44.1 ɛmol g-1 FW). The differences in the synthesis of 

proline and total soluble sugar with an increase in drought stress among the selected wheat 

varieties showed that each variety has different ability to cope up with stresses. This 

difference in the responses is also likely to be due to the genetic differences among the 

varieties. 

Based on the study the following recommendations were made:  

× Further work is required on the molecular identification the genes controlling the 

morphological, physiological and biochemical traits  

× Since the current research was done under controlled condition, the reliability of 

observed traits should be studied under field and different environmental condition 

to solve the problem in water stress. Therefore, it is of paramount importance to 

select and recommend varieties for the area. 

× Among the parameters, the present findings revealed that plant height and relative 

water content was not significantly affected (p > 0.05) by water stress among the 

varieties that it will recommended to replace with other traits to see their effects 

towards water stress. 

× Soluble sugar content and proline content can be used as potential biochemical traits 

to select drought tolerant wheat varieties. 
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7. APPENDICES  

Appendix 1: Partial view of the pot experiment at KARC 

 

       

 

Appendix 2: Leaf sampling for the relative water content, proline and total soluble sugar    

               determination 

 








