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ABSTRACT 

Water stress is one of the major factors restricting the growth and development of 

chickpea plants by inducing various morphological and physiological changes. 

Therefore, a set of four field experiments was designed to evaluate the antioxidant 

status and their enhancements strategies for water stress tolerance in chickpea on loam 

and clay loam soils under agro-ecological conditions of Arid Zone Research Institute, 

Bahawalpur and Cholistan farm near Derawer Fort Cholistan desert of Bahawalpur, 

Southern Punjab, Pakistan during Rabi 2013-14 and 2014-15. In the first study, 

experimental treatments comprised of five approved chickpea cultivars (Thall 2006, 

DUSHT, Punjab 2008, Bakhar 2011, and AZC 06) were selected to screen out for 

their drought tolerance under seven water stress levels (water deficit at flowering 

stage, water deficit at pod formation stage, water deficit at grain filling stage, water 

deficit at flowering + pod formation stage, water deficit at flowering + grain filling 

stage, water deficit at pod formation + grain filling stage and water deficit at 

flowering + pod formation + grain filling stage) including well-watered (control). 

Results indicated that water stress at various growth stages adversely affects the 

growth, yield, and quality attributes of all chickpea cultivars. However, the chickpea 

cultivar Bakhar 2011 showed promising antioxidant enzymatic activity under water 

stress at various growth stages and produced significantly higher growth and yield 

contributing attributes. Whereas chickpea cultivar DUSHT exhibited poor 

performance under water stress conditions. In the second study, experimental 

treatments comprised of two chickpea cultivars i.e. Bakhar 2011 (drought tolerant) 

and DUSHT (drought sensitive), two water stress levels i.e. water stress at flowering 

stage and water stress at flowering + pod formation + grain filling stage including 

well-watered (control) and two exogenous application of osmoprotectants i.e. glycine 

betaine (GB) 20 ppm and proline 10 uM including distilled water (control). Results 

indicated that the exogenous application of GB improved the growth, yield, and 

quality parameters of both chickpea cultivars even under water stress conditions. Our 

results suggested that the application of GB mitigates the adverse effects of water 

stress and enhanced tolerance in chickpea mainly due to higher antioxidant enzyme 

activity, demonstrating the protective measures of plant cells in stress conditions. In 

third study, experimental treatments comprised of two chickpea genotypes i.e. Bakhar 

2011 (drought tolerant) and DUSHT (drought sensitive), two water stress levels i.e. 
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water stress at flowering stage and water stress at flowering + pod formation + grain 

filling stage including well watered (control) and three exogenous application of 

nutrients i.e. KCl 200 ppm, MgCl2, 50 ppm and CaCl2, 10 mM including distilled 

water (control). Results indicated exogenous application of potassium chloride 

improved the growth, yield, and antioxidant enzyme activities of both chickpea 

genotypes even under water stress conditions. In the fourth study, experimental 

treatments comprised of two chickpea genotypes i.e. Bakhar 2011 (drought tolerant) 

and DUSHT (drought sensitive), two water stress levels i.e. water stress at flowering 

stage and water stress at flowering + pod formation + grain filling stage including 

well watered (control) and application of organic manures i.e., farmyard manure 

(FYM): 20 tons ha-1 and press mud: 15 tons ha-1 either alone or in combination in 

addition to control. Results indicated that water deficit at distinctive growth stages 

adversely affected the growth, yield and quality attributes of both chickpea cultivars. 

Combined application of FYM and press mud produced superior growth and yield 

contributing attributes while maximum antioxidant enzyme activities were observed 

in drought tolerant genotype (Bakhar 2011) under well-watered conditions and under 

water stress at flowering + pod formation + grain filling stage, respectively. These 

results suggested that the combined application of organic manure mitigated the 

adverse effects of water stress as its decomposition incorporated micro and 

macronutrients into the soil.   
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Chapter 1 

INTRODUCTION 

Chickpea (Cicer arietinum) belongs to leguminosae family, is a nutritionally 

important pulse crop produced in arid to semi-arid tropics (Jaleel et al., 2009). 

Chickpea plays an imperative role in the human nutrition sector in the developing 

world. It is ranked as a healthy food in many developed countries (Merga and Haji, 

2019. Protein-rich seeds of chickpea may prove alternatives of animal protein in the 

human diet due to its high protein content (20-28%) and carbohydrates (60-65%), 

chickpea is a good source of essential amino acids such as tryptophan and lysine, 

dietary fiber, unsaturated fatty acids, β-carotene and minerals such as calcium, 

potassium, phosphorus, iron, magnesium, manganese and zinc (Merga and Haji, 

2019). Therefore, it is assumed to be a nutraceutical plant and plays an especially 

essential role in solving malnutrition problems in developing countries. Moreover, 

chickpea is a crucial source of fodder and also fixes atmospheric nitrogen through 

symbiotic nitrogen fixation, hence plays a key role in enhancing and sustaining the 

overall productivity of the cropping systems (Khaitov et al., 2016). 

Chickpea is an ancient crop believed to have originated in south-eastern Turkey and 

the adjacent areas of Syria. The major chickpea producing countries include India, 

Australia, Pakistan, Turkey, Myanmar, Ethiopia, Iran, Mexico, Canada, and the 

United States. In Pakistan chickpea is traditionally cultivated on residual moisture 

preserved after monsoon precipitations (during July and August). Sowing usually 

starts from early October and continued up to early–November when most of the soil 

moisture is declined progressively. Pakistan ranked third among chickpea producing 

countries of the world with an annual production of 340 thousand tones obtained from 

978 thousand hectares cultivated area (Anonymous, 2018). The Punjab province alone 

is the major contributor of chickpea production with more than 85% of the total 

chickpea grown in the country. In Punjab, about 94% of the crop is planted as rain-

fed, out of which 91% is concentrated in the semi-desert area of Thall comprising of 

sand dunes and inter-dunal valleys having little soil moisture and marginal soil 

fertility. The remaining 3% rain-fed area is planted in Pothohar and 6% irrigated area 

is scattered throughout the province (Ali et al., 2002). In the rain-fed areas, the 

chickpea production is low and un-static because the crop is planted on marginal 
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lands where the success of the crop depends upon the availability of soil moisture by 

rains. Biotic stress of ascochyta blight and fusarium wilt diseases, abiotic stresses of 

drought and high temperature at maturity stages caused early maturity (Fang et al., 

2010). According to estimation, the annual yield losses in chickpea due to abiotic 

stress are more as compared to biotic factors (Singh, 2006). As chickpea is mainly 

cultivated in arid and semi-arid tropical regions under rain-fed conditions. It is 

susceptible to terminal drought stress due to decreased rainfall and depletion of stored 

soil moisture towards maturation and experiences up to 50% yield loss (Sinha et al., 

2019). Due to low production cost, wide climate adaptation, and atmospheric nitrogen 

fixation ability, chickpea ranked the most important legume plants in the sustainable 

agricultural system (Farshadfar and Farshadfar, 2008).  

Among the abiotic stresses, drought stress is a serious threat to agriculture that 

harmfully affects plant productivity and survival in semiarid and arid climatic regions 

(Samarah et al., 2004). Drought is the major production constraint in rainfed 

agriculture, particularly in the arid region. Plants experience drought stress either 

when the water supply to roots is interrupted or when the transpiration rate becomes 

very high. It can be either intermittent or occasioned by a break in the normal rainfall 

pattern during the growing season, resulting from continued moisture decline from the 

soil profile during the flowering/pod formation stage towards the end of the growing 

season (Reddy et al., 2004). The yield losses are found to be different at various 

moisture stresses experienced by crops at different growth stages. When plants 

subjected to water deficit conditions lot of morpho-physiological and biochemical 

changes appeared in them (Reddy and Raghavendra, 2006). Under such conditions, 

some reactive oxygen species (ROS) such as hydrogen peroxide (H2O2), superoxide 

(O2-), hydroxyl radicals (OH) and singlet oxygen (1O2) are produced (Munne-Bosch 

and Penuelas, 2003). While the amount of ROS production beats the antioxidant 

defense competency of the cell and cellular damages (Almeselmani et al., 2006). The 

imbalance between the production of reactive oxygen species (ROS) and the 

antioxidant defense reduces the growth and photosynthetic abilities of plants under 

water stress conditions (Peifang et al., 2015).  To alleviate and repair the injury 

instigated by reactive oxygen species, plants have developed an intricate antioxidant 

system that is activated to defend cells against oxidative stress and support plants 

against oxidative hurt (El-Beltagi and Mohamed, 2013).    
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Plants adapted to abiotic stress environments accrue particular molecules, which have 

a cryo-protective role (Farooq et al., 2009). Glycine betaine (GB) is one such cryo-

protective solute that stabilizes membranes and photosynthetic apparatus, 

detoxification of reactive oxygen species, cellular osmotic adjustment and protects the 

activities of proteins and enzymes involved in the antioxidant defense system under 

water deficit conditions (Chen and Murata, 2011). Glycine betaine (N,N,N-trimethyl 

glycine) is an organic compound present in plants, which is an amphoteric quaternary 

amine, plays an imperative part as a compatible solute in plants under abiotic stress 

conditions (Ashraf and Foolad, 2007). It is abundant primarily in chloroplast where it 

plays a dynamic part in the adjustment and protection of thylakoid lamella, thereby 

improving the photosynthetic efficiency under drought stress conditions (Wang et al., 

2010). GB was observed to improve the synthesis of D1 protein, which supports the 

repair of photo-damaged PS-II (Allakhverdiev et al., 2007 and Allakhverdiev et al., 

2007). The accumulation of GB prevented the sequestration of Rubisco activase to the 

thylakoid membrane, thereby maintaining the activity of Rubisco under stress 

conditions (Yang et al., 2005).  

In addition to GB, the exogenous application of proline is attaining important 

consideration in modern agricultural research to cope with drought stress (Sadak and 

Ahmed, 2016). Proline is a proteinogenic amino acid, extremely important for 

numerous vital metabolic processes within the plant tissues. At optimum level, it has 

various roles such as osmoprotectants, balance of redox status, storage of carbon and 

nitrogen, turgor generation, maintenance of the structure of proteins and cytosolic pH, 

acting as a part of stress signal, an inhibitor of lipid membrane peroxidation and 

antioxidant as an effective quencher of ROS formed under stress conditions in plants 

(Hayat et al., 2012). Proline can act as a signaling molecule to influence cell 

proliferation, modify mitochondrial functions and trigger specific gene expression, 

which can be vital for plant recovery from water deficit conditions (Ali et al., 2008; 

Hayat et al., 2012). It also plays a significant role in regulating the uptake of mineral 

nutrients in plants subjected to drought stress (Ali et al., 2008). 

Plants under moisture deficit conditions are incapable to absorb sufficient nutrients 

from the soil causing nutrient deficiencies and as consequent reduced productivity. 

Exogenous application of essential nutrients mitigates these deficiencies and improves 

drought tolerance by maintaining vital physiological processes. Among various 
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nutrients, exogenous application of potassium stimulates a wide range of enzymatic 

systems, regulating water use efficiency, protein building, nitrogen uptake, 

photosynthesis and translocation of photosynthetic into sink organs. Similarly, the 

application of calcium play role in controlling mechanisms that stimulate the plant to 

become adopted to adversarial environmental conditions (Shao et al., 2008; 

Upadhyaya et al., 2011). Furthermore, it has been shown to improve the adverse 

impacts of drought stress on plants and is involved in signaling anti drought responses 

(Shao et al., 2008). Calcium performs an essential role in the activation of various 

defense mechanisms that are induced by water stress and Ca2+ signaling is mandatory 

for the acquisition of drought tolerance or resistance (Cousson, 2009). In addition to 

these nutrients, magnesium is involved in numerous biochemical and physiological 

processes. It is the central core of the chlorophyll molecule in plant tissue and play 

role in the light-absorbing complex of chloroplasts and its contribution to 

photosynthetic fixation of carbon dioxide (Gerendás and Führs, 2013). It also 

participates in the activation of many enzymes, for instance, phosphoenol pyruvate 

(PEP), glutathion synthetase, carboxylase, kinases and phosphatases, etc (Bose et al., 

2011). Magnesium is a crucial element for plant growth and development and plays 

an important role in plant defense mechanisms under water-deficit conditions 

(Cakmak and Yazici, 2010).  

Organic manures such as farmyard manure and press mud can serve as an alternative 

practice to curtail the adverse impacts of drought stress as they aid in improving soil 

physicochemical properties of soil, provide sufficient amounts of essential nutrients, 

increase soil organic carbon and microbial biomass (Muhammad and Khattak, 2009). 

The application of organic manures promotes seed germination and enhanced the root 

growth of crop plants by improving the water holding capacity and aeration of the soil 

(Tolessa and Friesen, 2001). Long-term application of organic manures are valuable 

tools for determining yield trends, understanding changes in yield, estimating nutrient 

dynamics and assessing system sustainability under water stress conditions.  

Keeping these facts in view, the present investigation was therefore undertaken: 

i. To study the impact of water stress on physiological traits, biochemical and 

yield attributes in newly approved chickpea genotypes. 

ii. To determine the role of various enhancement strategies to mitigate drought 

stress.        
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Importance of Chickpea  

Chickpea (Cicer arietinum L.) is one of the important pulses in the human diet and 

being grown in over 50 countries globally. It is a cool season annual legume 

cultivated generally in most of the arid regions in developing countries (Varshney et 

al., 2011). Chickpea is a highly self-pollinating crop that belongs to the fabaceae 

family which is classified into 650 genera with 18,000 species (Varshney et al., 

2009). After dry bean (Phaseolus vulgaris L.) and field pea (Pisum sativum L.), 

chickpea is 3rd most widely grown legume and it ranks 5th among legumes and 15th 

among grain crops (Merga and Haji, 2019). It originated in southeastern Turkey and 

adjacent regions of Syria (Singh, 1987). Southwest Asia and the Mediterranean region 

were identified by Vavilov (1926) as the two primary centers of origin, whereas 

Ethiopia was a secondary center of origin. He also observed that large seeded lines 

were copious rounds in the Mediterranean basin while small seeded lines were 

dominant eastward. 

Chickpea is a small, copious branched herbaceous plant with pinnately compound 

leaves, generally have one terminal leaflet. However, the size, as well as number of 

leaflets, differs with the type ranging from 9 to 15 pairs. Chickpea leaves are light 

green, green or dark green with glandular hairs. Particular types retain red leaflets 

margins white to shades of pink or blue flowers of different chickpea cultivars were 

observed and their anthesis starts between 9 AM – 10 AM and may remain up to 3 

PM. These flowers remain exposed for 2 days, the blossoming course being over early 

on the second day. Chickpea is a 90-95% self-pollinated plant; however, cross-

pollination may occur up to some extent due to the agency of insects. Its plant 

produces 40 to 160 pods that are about 2 cm long and generally comprises two grains 

in each pod. A well-developed central strong tap root system having several lateral 

branches with nodules was noted. Rhizobium bacteria present in these nodules fix up 

atmospheric nitrogen (Khaitov et al., 2016). 

Chickpea plays a key role in human nutrition for large population sectors in 

developing countries and is regarded as a vigorous food in various developed nations 
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of the world (Jaleel et al., 2007). It is a rich source of protein (22-28%), carbohydrates 

(60 %), dietary fiber, essential amino acids such as lysine and tryptophan, unsaturated 

fatty acids, β-carotene and minerals such as phosphorus, potassium, calcium, 

magnesium, zinc, iron, and manganese and it is supposed to be a nutraceutical plant 

that plays a principally crucial role in solving malnourishment glitches in developing 

world (Thudi et al., 2011; Jukanti et al., 2012). Moreover, chickpea like other 

leguminous crops also fixes atmospheric nitrogen through symbiotic nitrogen fixation 

with the help of Rhizobia present in root nodules (Rubiales et al., 2018), hence plays 

an imperative role in enhancing and maintaining the overall productivity of the 

cropping systems (Macar and Ekmekci, 2009). 

Chickpea is conventionally a low-input crop and is cultivated broadly in moisture 

stress environments. The key restrictions restraining chickpea production worldwide 

comprise of different abiotic and biotic stresses. However, soil moisture stress at the 

reproductive stage of the crop with increasing severity towards the end of the season 

is the main limitation to chickpea production in more than 80% of the world (Sinha et 

al., 2019). 

2.2 Chickpea Production in Pakistan  

Chickpea is the third most important pulses after dry beans and peas globally. It is has 

been categorized into two main kinds depending upon their seed size, shape and color. 

A relatively small seed with darker colour is called desi and Kabuli has creamed 

colour with larger seeds (Mansfeld, 2008). Desi type of chickpea is mainly grown in 

Pakistan. It is cultivated in tropical, sub-tropical and temperate regions of the country. 

Kabuli chickpea is cultivated in temperate tropics while the desi chickpea in the arid 

to semi-arid areas. The major portion of chickpea is cultivated in rice areas during the 

winter season and it is known as the common Dubari crop of rice tract in Sindh. 

However, in Punjab, it is mainly cultivated in the Thall desert, Khushab, Bahawalpur 

and Cholistan areas. Chickpea is also grown in rainfed areas of Khyber Pakhtunkhwa. 

Whereas, in Baluchistan, it is cultivated on residual moisture after the rice harvest. 

Only Punjab province produces about 80% of the total gram in Pakistan where 90% 

area of chickpea is cultivated under rain-fed conditions. Chickpea is the major Rabi 

pulse crop, secretarial for 76% of the total production of pulses in Pakistan and 

occupies about 5% of cropped area (Anonymous, 2018). During 2017-18, chickpea 

production enhanced up to 3% due to more area under cultivation and favorable 
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environmental conditions. It was grown on an area of 978 thousand hectares and 

produced 340 thousand tonnes (Anonymous, 2018) which is enormously lower as 

compared to the yields obtained in developed countries of the globe. Among various 

factors responsible for low yield, the inaccessibility of improved cultivars and 

adequate supply of nutrients, insect pest and weeds pressure and water stress are the 

major ones (Samarah et al., 2004).  

2.3 Water Stress 

Plant growth, development and productivity are negatively affected by nature's fury in 

the form of different abiotic and biotic stresses. Abiotic stresses can have components 

in common such as the inadequate supply of water may be due to un due loss of 

water, or inadequate uptake of water. The later may be due to the high concentration 

of osmotic material like salt in water. Similarly, freezing and chilling may also be the 

source of osmotic stress (Gong et al., 2002). Whereas, stress is a modified 

physiological condition instigated by reasons that tend to interrupt the equilibrium. 

Water stress is one of the chief abiotic stresses that harmfully impact chickpea growth 

and productivity. Almost 90% of chickpea of the world is produced in regions 

depending upon preserved and receding soil moisture. Thus, its productivity is 

dependent on the effective use of accessible soil moisture (Sehgal et al., 2018). Water 

stress arises as the accessible moisture in the soil is reduced and atmospheric 

conditions cause incessant loss of water by transpiration or evaporation due to high 

temperature in the surroundings. It affects various morphological and physiological 

processes related to plant growth and productivity (Reddy and Raghavendra, 2006). 

These changes include diminished leaf water potential, reduction of water content and 

turgor loss, stomata closure and a decline of cell enlargement and plant growth by 

affecting photosynthesis, the membrane stability index respiration and nutrient 

metabolism (Jaleel et al., 2008). These morpho-physiological and metabolic changes 

due to water stress can be helpful to identify drought resistant cultivars or produce 

new genotypes to improved productivity (Reddy and Raghavendra, 2006). The 

reactions of plants to water stress depend on the intensity and extent of stress as well 

as the plant species and its stage of growth (Pouresmaeil et al., 2012). 

  



 10 

2.4 Effect of Water Stress on Chickpea 

Water deficit is one of the important factors limiting crop production in arid and semi-

arid regions. Water stress reduced the productivity and has the ability for leading to 

complete crop failure under severe conditions. Nonetheless, chickpea is known for 

drought tolerance as compared to most of the other Rabi season pulses (Gunes et al., 

2006). Moreover, water stress is one of the major causes for plummeting the overall 

growth and productivity of gram (Jaleel et al., 2009). Under such conditions plant 

shows various morphological, physiological and biochemical changes. Water is 

essential to plant growth because it provides the medium within which most cellular 

functions take place. Increasing crop tolerance to water limitation would be the most 

economical approach to enhance productivity and reduce agricultural use of fresh 

water resources (Sinha et al., 2019). 

2.5 Effect of Water Stress on Crop Growth and Productivity 

The major impact of water stress is decreased germination percentage which results in 

poor stand establishment (Bayu et al., 2005). Later on, Kaya et al. (2006) also 

observed that water stress adversely affected the germination and seedling stand. Zeid 

and Shedeed (2006) experimented on alfalfa and reported that germination 

percentage, hypocotyl length, root and shoot fresh and dry biomass were decreased by 

PEG induced moisture stress; however, the root length was improved (Zeid and 

Shedeed, 2006). Moisture stress during the vegetative phase adversely affects plant 

growth and productivity (Manikavelu et al., 2006). Plant growth is the result of 

complex interactions between cell division, enlargement and their differentiation, 

includes genetic, morphological physiological and ecological instances. Quantity, as 

well as quality of growth, depends on these events that are affected by moisture stress. 

Cell growth is one of the supreme moisture stress receptive physiological processes 

due to the decline in turgor pressure (Taiz and Zeiger, 2006). Under severe moisture 

stress, cell elongation can be subdued by the interruption of moisture flow from the 

xylem to the adjacent extending cells (Siddique et al., 2001). Reduced mitosis, cell 

elongation and development consequence in decline plant growth and productivity 

under moisture stress conditions (Kaya et al., 2006). 

Numerous yield dominant physiological processes in plants react to moisture stress. 

For moisture scarcity, harshness, length and timing of stress and reactions of plants 
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after drought omission and interaction between drought and additional elements are 

important (Plaut, 2003). Moisture stress at pre-anthesis phase decreases time to 

anthesis, whereas at post-anthesis it condensed the grain filling duration in triticale 

species. Water stress reduced the number of tillers per unit area, spike length, number 

of grains per spike, and sole grain weight which ultimately debility the productivity. 

Post-anthesis moisture stress was injurious to economic yield irrespective of the 

drought severity (Samarah, 2005). Earlier a field experiment was conducted on wheat 

by Wardlaw and Willenbrink (2000) and observed that the degree of grain filling and 

its duration was condensed and biomass minimized at the maturity stage. Water stress 

reduced the lint yield, though the timing, harshness, period had roles in determining, 

and how the plant reacted to moisture stress. Lint yield was usually decreased due to 

decline in boll production because of fewer flowers and higher percentage of boll 

abortions when the drought strength was superior during reproductive growth 

(Pettigrew, 2004). 

2.6    Effect of Water Stress on Photosynthesis  

The main influence of water stress is the decline in photosynthesis that takes place by 

the reduction in leaf expansion, early leaf senescence, damage to the photosynthetic 

apparatus, and related decrease in food production (Wahid and Rasul, 2005). Under 

water stress conditions plant induced stomatal closure that reduced the carbon dioxide 

uptake by leaves which leads to enhance vulnerability to photodamage (Pettigrew, 

2004). Moisture stress brings modifications in photosynthetic pigments and 

components, impaired photosynthetic machinery and decreases the activities of calvin 

cycle enzymes, which are the main reasons for lower productivity (Anjum et al., 

2011). Furthermore, water stress causes imbalance between the antioxidant defense 

and the production of reactive oxygen species (Reddy et al., 2004), resulting in the 

accumulation of reactive oxygen species that decreases the oxidative stress in cellular 

components, proteins and lipids. Desiccation consequences in cell contraction, which 

is reduction in cellular volume and makes cellular contents more viscous. The 

improved concentration of solutes leading to improved viscosity of cytoplasm may 

become toxic which is injurious to the working of enzymes, including those of the 

photosynthetic apparatus (Hoekstra et al., 2001).  

Moisture deficit regularly improves the allocation of biomass to the roots that can 

improve moisture uptake (Leport et al., 2006). Pettigrew (2004) analyzed the 
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separation and distribution of assimilates in annual and perennial cotton during 

moisture stress and observed that the root-to-shoot biomass ratio was high in 

perennial cotton, presenting an accumulation of starch and biomass in roots as an 

adaptation to water stress conditions. 

2.7   Effect of Water Stress on Water Relations  

Leaf and canopy temperature, leaf water potential, relative water content, stomatal 

resistance and rate of transpiration are imperative characters that affect the plant water 

relation. Primarily higher relative water content was observed during leaf 

development and reduced at leaf maturity and during biomass production (Farooq et 

al., 2009). Seemingly, lower relative water content was observed during drought 

stress conditions as compared to normal situations. The additive nature of gene action 

for relative water content and leaf temperature was observed by Hussain et al. (2009). 

Under water stress conditions relative water content, leaf water potential and 

transpiration rate reduced, with the increase in leaf temperature (Siddique et al., 

2001). In other experiments during water stress conditions, transpiration, relative 

water content, turgor potential stomatal conductance and water use efficiency reduced 

(Egilla et al., 2005). Infect, though the components of plant water relations are 

pretentious by lowered accessibility of moisture, stomatal opening and closing are 

affected. Furthermore, modification in leaf temperature may be an imperative factor 

in adjusting leaf water status under water stress conditions. Drought tolerant plants 

sustain water use efficiency by decreasing moisture loss.  

2.8 Effect of Water Stress on Nutrient Uptake 

Reducing moisture accessibility under water stress usually consequences in limited 

nutrient uptake. A significant impact of water scarcity is on the demand for nutrients 

by the root and their passage to shoots. Nutrients and moisture requirements are 

greatly associated, nutrients availability is possibly to improve the effectiveness of 

crops in consuming existing moisture. It was observed in cotton plants that water 

stress reduced the uptake of nitrogen and potassium (Silva et al., 2017). A reduced 

transpiration rate due to moisture stress consequences in decline in nutrient absorption 

and effectiveness of their consumption. 
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2.9 Effect of Water Stress on Stomatal Oscillations 

There is a continuous discussion for a long time as to whether moisture deficit 

reduced the photosynthesis through metabolic impairment or stomatal closure (Sehgal 

et al., 2018). Stomatal closure was generally believed to be the fundamental 

determinant for reduced photosynthesis in moisture stress situations (Silva et al., 

2017). As the supply of moisture is liming; the main preference for plants is the 

closure of stomata (Manikavelu et al., 2006). Therefore, it is clear that stomata close 

gradually as moisture stress arises followed by debility in net photosynthesis rate. 

Though, stomatal opening and closing are not regularized by soil moisture 

accessibility sole but through a complex interaction of factors. 

2.10 Effect of Water Stress on Respiration 

Moisture deficit tolerance is a costly marvel because considerable amount of energy is 

consumed to treat it. The portion of carbohydrates extinct through respiration defines 

the overall metabolic efficacy of the plant (Davidson et al., 2000). The root is the 

main user of carbon static in photosynthesis and consumes it for growth, biomass 

production and maintenance (Siddique et al., 2001). Conversely, the frequency of 

photosynthesis confines plant growth as soil water accessibility decline (Sehgal et al., 

2018).  For example in wheat crop, depending on cultivar, growth phase and nutritive 

status, more than 50% of amassed photosynthates were translocated to the roots and 

about 60% of this portion was respired daily (Siddique et al., 2001). Therefore, it is 

concluded that severe water stress conditions reduced the root respiration rate, 

photosynthesis, shoot and root biomass. 

2.11 Effect of Water Stress on Oxidative Damage 

Reactive oxygen species have been the undesirable outcome of aerobic life, since 2.7 

billion years before, molecular oxygen became portion of our atmosphere by oxygen 

evolving photosynthetic creatures (Halliwell, 2006). The oxygen molecule is termed 

as a free radical and holds 2 weak electrons that retain a similar spin quantum number. 

This spin bounds the reception of electrons and oxygen accepts its electrons one by 

one, instigating the development of reactive oxygen species which may be injurious to 

cells. These are produced continuously as by-products of various metabolic pathways 

that occur in diverse cellular sections such as the mitochondria, chloroplast and 

peroxisomes (Sandalio et al., 2006; Navrot et al., 2007). Various biotic and abiotic 
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stresses such as water deficit, salinity, high temperature stress, heavy metals, UV 

radiation, air pollution, nutrient deficiency, herbicides and pest occurrence may 

interrupt the equilibrium between the production and scavenging of reactive oxygen 

species. This alarm in equilibrium encourages abrupt rises in intracellular sums of 

ROS that may the source of major loss to cell structure. It has been expected that use 

of 1-2% oxygen leads to the production of reactive oxygen species in plant tissues 

(Bhattachrjee, 2005). Through various reactions oxygen encourages the production 

H2O2, OH. and other reactive oxygen species which are comprised of ROOH, HO2.-, 

O2.-, RO, ROO., 1O2, OH., and H2O2 are highly lethal and reactive. 

Reactive oxygen species accretion due to numerous atmospheric stresses is the key 

reason for lower crop production (Sharma et al., 2012). Contingent on the equilibrium 

between reactive oxygen species production and sifting at various sites and times, it 

may perform as injury prompting, defensive, or gesturing factors (Gratao et al., 2005). 

Reactive oxygen species modifies peroxidation (Foyer and Noctor, 2005).  It may 

harm the cell; however, on the other side, it might prompt reactions too. Instigation of 

the cell reaction powerfully relies on numerous factors for the production of reactive 

oxygen species as it enters through a quite small space afore responding with cellular 

molecules. Moisture stress initiating reactive oxygen species production is opposed by 

antioxidant enzyme systems which comprise the number of scavengers, such as 

ascorbate peroxidase, superoxide dismutase, glutathione-S-transferase, catalase and 

glutathione peroxidase. Non-enzymatic antioxidant systems such as reduced 

glutathione, ascorbates, ∞-tocopherol, flavonoids and carotenoids have also opposed 

the production of ROS (Mittler et al., 2004). 

ROS can react with lipids deoxyribonucleic acid, proteins, instigating oxidative 

damage and harming the usual activities of cells (Sharma et al., 2012). Numerous cell 

sections produces ROS, of them, chloroplasts are significant source. The procedure 

for the group of ROS in plant systems is denoted by both non-enzymatic and 

enzymatic reactions. These species are molded as by-products in electron transport 

chains of mitochondria, chloroplasts (Apel and Hirt, 2004) and plasma membrane 

(Sairam et al., 2005). Oxidative stress might basis the of protein oxidation with a loss 

of enzyme activity. Oxidatively spoiled proteins gather in leaves subjected to drought. 

Generally, the production of reactive oxygen species is rectilinear with the harshness 
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of moisture stress that leads to degradation of nucleic acids, structural and functional 

proteins and improved peroxidation of membrane lipids. 

2.12 Physiological Adaptations of Plant to Water Stress 

Various plants adapt different mechanisms to regulate to moisture stress situation 

which is classified into three broad categories i.e., (1) drought avoidance, (2) drought 

escape and (3) drought tolerance (Tuberosa, 2012). Whereas other scientists propose 

that these approaches should be classified as (1) drought escape, (2) dehydration 

postponement and (3) dehydration tolerance as moisture stress impacts the plant's 

hydration (Turner et al., 2001).  However, these approaches are not equally exclusive 

and in reality, the plant might syndicate a range of reaction types. Thus, as moisture in 

the plant surroundings becomes scarce, plants cannot entirely complete the 

atmospheric requirement and plant moisture stress develops. In this way, the plant 

might escape from moisture stress with early maturity or water stress generates strain 

on plant which causes injuries (Farooq et al., 2009).  

2.13   Water Stress Escape 

Moisture deficit escape is the capability of plants to complete their life cycle afore 

undergoing to continuous moisture stress situations, through keeping a high degree of 

developmental plasticity. It was observed during the last decade in gram, the key 

breeding approach used to manage the terminal moisture stress was selecting for 

water stress escape through decreasing the crop duration and securing the yield afore 

soil water was exhausted (Kashiwagi et al., 2008). Decreasing the crop duration might 

not be useful until the phenological development of the plant is harmonized with the 

period of water accessibility in the soil to curtail the influence of moisture stress on 

productivity in surroundings somewhere the cultivating period is small and terminal 

moisture stress predominates (Turner et al., 2001). Therefore, early maturing cultivars 

release having improved growth and productivity (Ahmed et al., 2017). Consequently, 

moisture stress escape had been reflected as the utmost imperative achievement for 

breeders (Sabaghpour et al., 2006). However, these short-duration chickpea cultivars 

produced comparatively lower dry matter and economic yield primarily because of 

the reduced duration of photosynthesis. Hence, a long-lasting approach is required to 

develop water stress-tolerant cultivars which might optimally use the accessible 

period for an improved yield and its consistency during moisture stress. 
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2.14    Water Stress Avoidance 

Moisture stress avoidance is one of the key physiological components of the water 

deficit resistance mechanism, termed as the capability to evade or decrease plant 

moisture stress through a comparatively greater level of moisture potential 

maintenance (Blum, 2014). It is a similar mechanism for annual as well as perennial 

plants which include (1) reducing the moisture loss and (2) improving moisture 

uptake (Chaves et al., 2003). Decreasing moisture loss is the main reaction of a plant 

to drought by restraining moisture loss primarily through stomatal oscillations, 

reducing leaf area and flaking of mature leaves (Farrant and Ruelland, 2015). 

Whereas, numerous stomatal closing under moisture stress is greatly associated with 

the decline in carbon absorption by the plant that indicates reduced growth (Blum, 

2016). Similarly, moisture uptake improved through regulating the distribution 

arrangement, i.e. enhancing investment in roots that assist in keeping moisture 

potential level high in tissues by retaining moisture uptake through deeper roots and 

improved hydraulic conductance (Jackson et al., 2000). 

2.15   Water Stress Tolerance 

Water stress tolerance is defined as the endurance mechanism when moisture stress is 

austere. The capability of tissue to sustain turgor pressure under severe moisture stress 

is an imperative mechanism of drought tolerance (Sabaghpour et al., 2006). As the 

plants are facing lower moisture potential, protective proteins such as late 

embryogenesis abundant proteins, heat shock proteins and accumulation of abscisic 

acid prepared (Blum, 2016). In real situation, the relative capability of the crop to 

maintain satisfactory biomass accumulation and improved productivity in severe 

moisture stress during the growing season were indispensable, rather than the 

physiological ability for plants subsistence in austere moisture stress (Serraj and 

Sinclair, 2002), that has a restricted commercial attentiveness for the farmers. The 

contemplation of tolerance contrivances depends on the goals of the investigator and 

the pattern of moisture stress or the host organism. 

2.16 Effect of Glycine Betaine on Growth Parameters 

The addition of low molecular weight water-soluble compounds identified as 

“osmolytes” or “osmoregulators” is the general approach implemented by numerous 

plants to fight against abiotic stresses. These compatible solutes are betaines, 
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polyamines, sugars, polyols and amino acid. Their addition is preferred under 

moisture stressed conditions as they provide tolerance against environmental stress to 

cells without prying cellular machinery (Giri, 2011). The sensitive or tolerant plants 

indicate distinction stress tolerance depending on the levels of addition of these 

compounds during environmental stresses (Giri, 2011). Among these nitrogenous 

compounds, glycine betaine gathers in number of organisms in reaction to 

environmental stresses such as moisture stress (Groppa and Benavides, 2008). It is a 

quaternary ammonium compound with zwitterionic nature present in a variety of 

plants, animals and bacterial species and its usual addition is related to environmental 

stress alleviation in different plants (Ashraf and Foolad, 2007; Chen and Murata, 

2011). It was observed that the growing cellular level of glycine betaine either by a 

genetic method or by foliar spray, can successfully develop tolerance in number of 

plants to moisture stress (Shahbaz et al., 2011). Though compatible solutes comprise 

various bio-chemical groups, comparable roles have been allotted to them in plant 

defense against environmental stresses. Whereas, the defined role of compatible 

solutes like glycine betaine, in environmental stress tolerance, is principally 

unidentified and 2 primary tasks ascribed to these solutes are osmotic modification 

and cellular compatibility. Osmotic modification happens through absorption-reliant 

properties on osmotic pressure to captivate extra moisture from environments. These 

compounds substitute moisture in biochemical responses thus, sustaining usual 

metabolism under stress in cellular compatibility mechanism (Shahbaz et al., 2011). 

However, one key dispute with osmoregulators is their lower addition in transgenic 

plants as compared with their natural accumulators. Therefore, osmoregulators might 

not pay ominously to osmotic adjustment.  

Moisture stress reduced the growth parameters such as shoot height, root length, leaf 

number, and leaf area, conversely, foliar spray of glycine betaine improved these 

growth attributes (Rezaei et al., 2012). Similar results were reported by Reddy et al. 

(2013) who observed that glycine betaine spray considerably enhanced the plant 

height, leaf dry weight, leaf area, ear dry weight, stem dry weight and total dry weight 

under moisture stress conditions. Therefore, it is concluded that foliar spray of glycine 

betaine might assist plants to alleviate the adverse impacts of moisture stress. 

However, contradictory results were reported by Mohammed and Tarpley (2011) who 

observed that foliar spray of glycine betaine reduced the vegetative growth. This is 
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different from the results of Farooq et al. (2008), who concluded that foliar spray of 

glycine betaine considerably improved the vegetative growth with increasing dose of 

glycine betaine in the range of 2 to 20 mM and when the dose of glycine betaine was 

greater than 20 mM, there was a reduction in vegetative growth was recorded. It 

showed that glycine betaine might harm vegetative growth plants (Xinghong and 

Congming, 2006). Moisture stress reduced the root length due to reduction of cell 

division and root growth which improve by foliar-applied glycine betaine adversely, 

through moisture associations in impervious and vulnerable genotypes (Rezaei et al., 

2012). Farooq et al. (2008) proposed that the negative impacts of moisture deficit on 

vegetative growth and root length might be due to its impacts on root penetration, 

meristematic cell division and elongation. Moisture deficit decreases total number of 

leaves, relative leaf expansion rate and plant height depends upon the developmental 

stage, mainly when moisture deficit ensued throughout the vegetative stage.  

2.17 Effect of Glycine Betaine on Yield Parameters 

Chickpea productivity is adversely affected under severe moisture deficits due to 

restricted growth of reproductive organs. The application of glycine betaine improved 

growth and productivity under moisture stress. Rezaei et al., (2012) experimented to 

determine the role of glycine betaine under different moisture stress conditions. They 

observed that foliar spray of glycine betaine to moisture deficit plants improved the 

flowering up to 53%. While retention of flowers and setting of pods was improved by 

47% and 38% respectively. Similarly, unproductive pods were decreased by 30% with 

foliar spray of glycine betaine. Higher individual grain weight also improved the final 

yield per plant in stressed conditions with the foliar spray of glycine betaine. This 

study indicated that foliar spray of glycine betaine imparts moisture stress to 

chickpea, probably due to demonstration of its internal levels that seem to be 

inadequate to counter the drought. Water deficit gram plants foliarly applied with 

glycine betaine exhibited obvious improvement in retention of their flowers and pods 

as well as nearly all the yield contributing parameters. Previous research showed that 

plant species with less capability to add glycine betaine might develop water stress 

tolerance with foliar spray of glycine betaine while glycine betaine collectors were 

either not reactive or exhibited reticence (Chen et al., 2000). The anomalies in 

working of flowers may arise through impacts of moisture deficit on flower 

development or on production and utilization of photosynthetic (Raza et al. 2006). 
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Meanwhile, abscisic acid amounts have also been observed to manage the fecundity 

status of flowers, deprived gamete operating observed may be attributed to its supra-

optimal levels in moisture deficit plants or their flowers (Nayyar et al., 2005). Foliar 

spray of glycine betaine seems to refurbish the flower function to a momentous level, 

which may be related to decrease abscisic acid but higher sucrose levels at the same 

time. Higher retention of pods and reduction in the number of infertile pods by 

glycine betaine may also be associated with analogous reasons. There was a 

considerable improvement in most of the yield contributing parameters with foliar 

spray of glycine betaine. This might be due to the effect of glycine betaine on the 

differential allocation of dry matter into various organs (Rezaei et al., 2012).  

In another study, Miri and Armin (2013) observed that the application of different 

concentrations of glycine betaine improved the productivity yield under moisture 

stress conditions. Furthermore, exogenous application of glycine betaine at 150 ppm 

during pre-flowering phase was the most effective amount in improving grain yield. 

Similarly, Dawood and Sadak (2014) concluded that foliar application of glycine 

betaine at 10mM, 15mM and 20mM produced substantial increases in total soluble 

sugars, indole acetic acid, and proline and momentous reduces in MDA, H2O2, in 

canola plants under moisture deficit conditions. All glycine betaine levels 

significantly improve the seed yield, carbohydrate, tannins, oil, total phenolic content, 

protein and antioxidant activity of the seed yield.  

2.18 Effect of Glycine Betaine on Physiological Parameters 

Foliar application of glycine betaine plays a dynamic part in osmotic adjustment and 

improved minerals (Kaya et al., 2013), chilling (Nayyar et al., 2005) and moisture 

stress tolerance (Wang et al., 2010; Dawood and Sadak, 2014) in either glycine 

betaine adding or non-accumulating plants. Its application gives osmo-protection for 

plants and guards cell constituents from tough situations by controlling the moisture 

potential balance in the cell which in turn, sustaining the turgor pressure and guards 

cells from dehydration during moisture stress situations (Kaya et al., 2013). Glycine 

betaine retains anti-transpirant characters and has the potential to develop moisture 

stress tolerance by decreasing the quantity of moisture consumption for irrigation 

(Cha-um et al., 2013). Furthermore, glycine betaine application inhibits the sodium 

chloride induced K+ leak (Cuin and Shabala, 2005) and therefore, indirectly assists 

moisture preservation in plant tissues. Similarly, Kaya et al. (2013) proposed that 
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glycine betaine mitigates the injurious impacts of abiotic stress on the growth and 

development of maize seedlings by maintaining membrane permeability, improving 

antioxidant enzyme activities and concentrations of potassium and calcium ions in the 

plants. This natural compound is primarily contained in chloroplasts and plays an 

energetic part in chloroplast regulation and defense of thylakoid membranes, thus 

sustaining high photosynthetic efficiency (Annunziata et al., 2019). Foliar spray of 

glycine betaine on maize plants improved the interior precursor choline in leaves, 

protected PSII from moisture stress injuries, prohibited chlorophyll degradation, 

repressed the involvement of chlorophyllase enzyme, and improved chlorophyll level 

under moisture deficit conditions (Miri and Armin, 2013). Moreover, glycine betaine 

sheltered the quaternary part of proteins, sustained enzyme activity, prohibited 

oxidative damage to membranes and enhanced the anti-oxidative defense system 

under moisture deficit conditions (Shahbaz et al., 2011).  

Reactive oxygen species are repetitively produced in chloroplast and mitochondria as 

a byproduct of metabolism. While their production is improved during environmental 

stresses that lead to photo-inhibition of PS-II in the chloroplast. Glycine betaine might 

guard plants against oxidative stress by eradicating reactive oxygen species directly or 

through improving the ascorbate – glutathione cycle (Kaya et al., 2013). Mostly, 

Glycine betaine sheltered the plant cells against the adversative impacts of moisture 

deficit via (1) conserving the osmotic balance (2) steadying the structure of 

macromolecules and sustaining membrane permeability (3) shielding the 

photosynthetic apparatus and promoting the photosynthetic capacity and (4) 

improving antioxidant enzyme activities, and acting as radical oxygen scavengers 

(Ashraf and Foolad, 2007; Wang et al., 2010; Mahouachi et al., 2012). 

2.19 Role of Proline on Under Stress Conditions 

During the life cycle, plants are exposed to numerous kinds of biotic and abiotic 

stresses such as ultra violet radiation, accumulation of toxic ions, high temperature, 

salt stress and moisture deficit and these stresses restrict the growth and yield 

contributing parameters to varying degrees, liable to its severity. As plants are 

subjected to water stress situations, they produce an array of metabolites, principally 

amino acids, which have conventionally been regarded as signs and elements of 

proteins and play an imperative part in plant metabolism and development. An earlier 

study shows an encouraging correlation between proline accumulation and plants 
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under moisture deficit (Kaushal et al., 2011; Hayat et al., 2012; Slama et al., 2014). 

Proline is a proteinogenic amino acid, extremely important for numerous vigorous 

metabolic processes inside plant tissues. It might be eminent among other amino acids 

because of its exceptional edifice with α-amino group as a secondary amine and 

retains a unique cyclic structure that reasons extraordinary conformational 

inflexibility to the protein structure (Hayat et al., 2012). Proline also has definite 

biochemical characteristics such as neutral pH, zwitterionic nature, great 

compatibility with cell ambiance and extraordinary solubility as 14 kg of it can be 

dissolved in 1 liter of water (Cuin and Shabalah, 2007). Proline primarily produced by 

P5CS (Δ1-pyrroline-5-carboxylate synthetase) and P5CR (P5C reductase) from 

glutamate in chloroplasts in plants under severe moisture deficit (Székely et al., 

2008). The biosynthesis of proline in crop plants can continue either through 

glutamate or the ornithine alleyway. The former transforms glutamate into proline in a 

two-step alleyway and is assumed to be the imperative biochemical path under 

physiological circumstances and in nitrogen deficiency or moisture deficit, while the 

later leads to proline through the deamination of ornithine and is supposed to perform 

primarily in supra-optimal nitrogen circumstance. Its catabolism is organized by PDH 

(proline dehydrogenase) and P5CDH (P5C dehydrogenase) in Arabidopsis (Deuschle 

et al., 2001).  

Proline plays an extremely useful part in plants exposed moisture deficit situations. 

Foliar application of proline improves its internal levels in plant tissues exposed to 

moisture deficit situations and encouraged plant tolerance (Ashraf and Foolad, 2007; 

Ali et al., 2008). The efficiency of applied proline depends on the variety of plants 

and developing phase as well as application rate and its dose. Hence, it is essential to 

conclude the optimum amount of applied proline which may deliver favorable 

influences in frugally crop plants as subjected to environmental stress (Ashraf and 

Foolad, 2007). Conversely, numerous research reports indicated that, under particular 

circumstances, exogenously applied proline might be injurious to plants and restrict 

growth and cell division (Maggio et al., 2002). Influence of proline is based on its 

dose, as declared by Ashraf and Foolad (2007), as an excessive quantity of free 

proline has adverse impacts on protein functions and cell growth. The over-

accumulation of intracellular proline considerably suppressed numerous genes 

intricate in the production of further amino acids (Nanjo et al., 2003). Furthermore, 
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excessive application of proline negatively influences the moisture deficit on nutrient 

accumulations as it encouraged the uptake of potassium, calcium, nitrogen and 

phosphorus in crop plants (Ali et al., 2008). 

2.20 Role of Proline on Physiological Parameters under Stress Conditions 

Moisture deficit may cause slow down the process of photosynthesis, stomatal closure 

and growth restrictions. Moreover, result of moisture deficit is the production of 

reactive oxygen species and the buildup of poisonous ions within the cell such as Na+ 

or Cl-, instigating severe harm to membrane structures, proteins, nucleic acids and 

lipids (Apel and Hirt, 2004). A reaction of moisture stress extensive in plants contains 

in the buildup of companionable osmolytes such as glycine betaine, glycerol, proline 

betaine, sorbitol mannitol and proline etc. that are supposed to shelter cells against 

moisture deficit (Ashraf and Foolad, 2007). 

Amongst these compatible osmolytes, proline is measured of key importance, as it has 

been described to gather in a huge amount of species in reaction to stresses such as 

heavy metals, nutrient scarcity, high acidity, surplus salinity, pathogen infections, 

cold stress and moisture deficit (Hayat et al., 2012). Moreover, extraordinary amount 

of proline have been detected in halophytic plants cultivated under saline situations, in 

the root apical area of plants developing at lower moisture potentials, in suspension 

cultures of plant cells adapted to water or sodium chloride stress and in floras and 

produces of a great number of species under usual physiological circumstances (Kant 

et al., 2006). Likewise, the buildup of proline in moisture deficit circumstances looks 

an adaptive response common to organisms (Ashraf and Foolad, 2007). 

Current investigations discovered that proline plays an imperative part in plant growth 

and diversity across the plant life cycle. It is a main contributing factor in numerous 

cell wall proteins that plays imperative functions in plant development. The functions 

of arabinogalactan proteins, extensins and hydroxyproline- and proline-rich proteins 

as important components of cell wall proteins that play fundamental part in cell wall 

signal transduction cascades, plant development and moisture stress tolerance. 

Molecular visions are also supplied here into the credible functions of proline 

transporters to moderate insignificant events in plant development. Moreover, the 

functions of proline during seed developmental transitions having storage protein 

synthesis. 
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Application Proline in adequate amount has numerous functions such as turgor 

generation, osmo-protectant, storage of carbon and nitrogen, conservation of proteins 

structure, equilibrium of redox status, upkeep of cytosolic pH, acting as a part of 

stress signal, an inhibitor of lipid membrane peroxidation and antioxidant as an 

efficient quencher of reactive oxygen species formed under moisture deficit 

circumstances in crop plants (Ashraf and Foolad, 2007; Trovato et al., 2008; Hayat et 

al., 2012). It may perform as a signaling molecule to moderate mitochondrial roles, 

stimulate cell proliferation and activate specific gene expression that may be 

indispensable for plant rescue from moisture deficit (Hayat et al., 2012). Though great 

care has been paid on the functions of proline in moisture stress tolerance as a 

compatible osmolyte for osmotic adjustment, minute consideration has been given to 

its functions in influencing the acceptance and addition of mineral nutrients in plants. 

Therefore, it was postulated by Ali et al. (2008) that the foliar spray of proline can 

standardize the uptake of nutrients in plants exposed to moisture stress circumstances. 

2.21 Role of Potassium under Water Stress Conditions 

Moisture deficit has become a substantial restrictive issue for growing of field crops 

throughout the globe. Therefore, sustainable agronomic farming for nutrition needs 

new tactics to improve the effectiveness of all inputs such as applied nutrients and 

moisture. These tactics are vigorous not only to attain improved agronomic 

productivity and to save the agro-ecological conditions (Saeidnejad et al., 2013). 

During the last few decades, the influence of repeated periods of water stress on 

growing crops in most regions of the world including Pakistan (Ge et al., 2012). 

Being complicated nature of moisture deficit, crop plants are negatively impacted and 

therefore, investigation on moisture stress tolerance is continuously varying and being 

updated with the new procedures of stresses (Hasanuzzaman et al., 2013; Wani and 

Sah, 2014). These complicated natures of stresses reason the crop cultural practices, 

modifications in cropping patterns and occasionally, the elimination of plant species. 

Meanwhile, the start of farming, a variety of cultural techniques has been established 

via constant research and error procedures. Amongst these cultivation techniques, the 

consumption of inorganic fertilizers and organic adjustments are the oldest 

approaches for successful crop productivity. Whereas, the inorganic fertilizer, 

potassium (K) has been consumed for growing crops since the nineteenth century 

(Cakmak, 2005). 
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Application of potassium under water stress conditions decreases the activity of 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidases and improves the 

process of photosynthetic electron transport that assists to decrease reactive oxygen 

species (ROS). Whereas scarcity of potassium may reduce the photosynthetic carbon 

dioxide finding and the transport and use of photo-assimilates (Waraich et al., 2012). 

Its deficiency also degraded the membrane and chlorophyll. Plants lacking potassium 

were observed to be light-sensitive and therefore they show chlorotic and necrotic 

symptoms (Cakmak, 2005). The regulation of potassium is related with the enzymes 

activity involved in ROS detoxification (Cakmak, 2005). The application of 

potassium activates the ATP synthase enzyme. H+ ATPase the plasma membrane-

bound is affected by the potassium content (Laursen et al., 2015). The functions of 

potassium as a nutrient have been documented for a long time ago. But, its 

assortments of bioticroles in plant physiological progressions have still not been 

entirely discovered. 

An adequate amount of potassium may increase plant biomass production under 

moisture deficit circumstances (Egilla et al., 2001). Enhancing the growth of roots 

with the application of potassium also improves the root surface area in moisture 

deficit circumstances, that eventually improves the moisture uptake by plant cells 

(Römheld and Kirkby, 2010). Foliar spray of potassium not only enhanced the plant 

biomass and LAI but also encouraged moisture uptake as the plants met moisture 

stress circumstances (Zain et al., 2014). Under such situations, extra ROS production 

in plants can inflate cellular lipid peroxidation, leading to an improvement in the 

cellular membrane absorbency, that is demonstrated by intensifications in the 

electrolyte leakage and malondialdehyde content (Fazeli et al., 2007; Degenkolbe et 

al., 2009). Soleimanzadeh et al. (2010) executed a research study on sunflower and 

described that application of sufficient amount of potassium considerably reduced the 

malondialdehyde contents under moisture deficit circumstances that openly shows the 

function of potassium in alleviating oxidative stress. Kanai et al. (2011) exposed an 

association between the aquaporin activities and the K-channel/transporter, in which 

potassium scarcity prominently altered the K+ channel activity, causing a modification 

in the root hydraulic conductance and signal transduction with consequential 

modifications in the aquaporin activity. Therefore, the lessening in the root hydraulic 

conductance and moisture availability for transpiration was reduced under potassium 
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scarcity. Similarly, Guo et al. (2007), observed a constructive correlation between 

moisture uptake and potassium absorption in common beans. As potassium arbitrated 

the xylem hydraulic conductance, stomatal movement and sustained cell turgor and 

adequate gas exchange as portion of the water stress adaptation because these 

proceedings assist to sustain water balance in plants (Oddo et al., 2011). Sufficient 

availability of potassium may enhance the natural osmolyte production under 

moisture stress circumstances such as proline (Zain et al., 2014). As the plants are 

subjected to moisture deficit, proline accumulation plays an extremely defensive part 

in plants and it is contributing in osmotic adjustments (Teixeira and Pereira, 2007). 

Similarly, Zhang et al. (2014) documented that foliar spray of potassium enhances the 

proline content in maize genotypes under moisture stress circumstances. Likewise, Ali 

et al. (2014) verified that under moisture deficit situations application of potassium 

enhances the shoot proline contents in Brassica napus. Correspondingly, Zahoor et al. 

(2017) concluded that potassium application produces the proline content in cotton 

during moisture deficit situations. Consequently, adequate supply of potassium 

increases the osmotic adjustment and upgrades the plants’ capability to survive water 

stress.  

2.22   Role of Calcium under Water Stress Conditions 

In addition to potassium, the application of calcium intricates in the monitoring 

appliances that crop plants motivate to regulate to contrary ecological circumstances 

of moisture deficit (Shao et al., 2008; Mafakheri et al., 2010; Upadhyaya et al., 2011). 

Moreover, calcium has been revealed to mitigate the contrary impacts of moisture 

deficit on crop plants (Jaleel et al., 2007) and is convoluted in signaling anti-drought 

reactions (Shao et al., 2008). Calcium seems to play a dominant part in numerous 

protection mechanisms that are brought by water stress, and Ca2+ signaling is 

prerequisite for achievement of water stress tolerance or resistance (Cousson, 2009). 

The accessibility of calcium to crop plants relies on its quantity present in the soil 

solution and also on chemical characteristics of soil like pH and aluminum quantity 

etc., (Fageria et al., 2008). In the case of lower availability of calcium, a decline in 

growth attributes such as plant height, leaf area index and shoot and root growth has 

been observed (Leal and Prado, 2008). Crop plants cultivated in a nutrient solution 

with exhausted calcium quantity indicated the symptoms of scarcity like necrosis of 

the root tips after twenty eight days and necrosis of the shoot apices after thirty days 
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of growth, and these indications seemingly caused a restriction in growth, as showed 

by the found absence of xylem sap during harvesting (Schmitt et al., 2013). In reality, 

calcium functions vigorous physiological role in plants, such as the organization of 

cell walls by calcium spectates elongation of the roots, stabilization of membranes, 

pollen tube growth and pollen germination (Ge et al., 2007; Gilliham et al., 2011). 

2.23   Role of Magnesium under Water Stress 

Moisture stress affects the presence of plants in broad spectrum of developments. 

Leaves’ being maximum sensitive plant organs responding under moisture stress 

drops the water potential (Osakabe and Osakabe, 2012). As the water potential 

reduces, it induces decrease in cell division, stomatal closure because of the influence 

of abscisic acid and reticence of photo-assimilates (Taiz and Zeiger, 2002). At lower 

water potential below -1 MPa the development of proline enhances and it works as a 

defensive mechanism of membranes and as osmoticum at the same time (Brestic and 

Olsovska, 2001). To minimize the influence of moisture deficit, particular procedures 

have been proposed. Through improving soil fertility, principally with magnesium 

(Mg) fertilizers the negative impacts of moisture deficit can be mitigated considerably 

(Gransee and Führs, 2013). Plants consume magnesium passively based on 

electrochemical gradients. Antagonistic influence on magnesium uptake was shown 

by K+, Ca2+, NH4+. In conflicting, synergic influence was resolute with NO3- (Sharma 

et al., 2012). 

The application of magnesium affected several physiological and biochemical 

processes; as it is an indispensable nutrient for plant growth and development and 

plays an important part in plant defense mechanisms under moisture deficit 

circumstances (Cakmak and Kirkby, 2008; Cakmak and Yazici, 2010; Gransee and 

Führs, 2013; Mengutay et al., 2013). The most important role of magnesium as the 

essential atom of the chlorophyll molecule in the light-absorbing complex of 

chloroplasts and its involvement in photosynthetic fixation of carbon dioxide 

(Cakmak and Kirkby, 2008; Cakmak and Yazici, 2010; Gerendás and Führs, 2013). 

Whereas, the magnesium bond to chlorophyll makes up only a minor portion of the 

entire magnesium section. Dependent on the magnesium contents of the plant, 20 to 

35% of the mineral nutrients are localized in the chloroplast, while the lasting 

magnesium is existing in mobile forms (Cakmak and Kirkby, 2008; Cakmak and 
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Yazici, 2010; Gransee and Führs, 2013). Due to its higher phloem mobility, 

magnesium may freely be trans located to dynamic growing parts of the crop plant 

where it is required for enzyme activation for protein biosynthesis, chlorophyll 

formation and phloem export of photo-assimilates to confirm vegetative and 

generative growth. Thus, primary typical scarcity indications normally present on 

older leaves (Cakmak and Kirkby, 2008; White and Broadley, 2009; Gransee and 

Führs, 2013). Therefore, even minor magnesium scarcity can influence dry matter 

production and plant susceptibility to water stress by lessening numerous biochemical 

and physiological processes. 

Magnesium plays a significant role in the synthesis of chlorophyll. Furthermore, it 

contributes an important function in numerous plant physiological processes via its 

vital role in phloem loading, being a co-factor and allosteric modulator for more than 

300 enzymes such as kinases, Calvin cycle, RNA, ATPases and polymerases and in 

chelation to nucleotidyl phosphate forms (Verbruggen and Hermans, 2013). Thus, 

magnesium is essential for the passage of photoassimilates from source to sink 

organs, and therefore, a primary indication of magnesium scarcity in plants is the 

bothered partitioning of photoassimilates between roots and shoots, ensuing in 

improved accretion of these photoassimilates in leaves and decline in growth rate of 

sink organs (Cakmak and Kirkby, 2008; Cakmak, 2013). At this point, the roots and 

additional emerging plant parts such as leaves and reproductive parts like grains as a 

substantial sink for photoassimilates agonize from the diminished phloem loading. 

The restricted accessibility of carbohydrates and other photoassimilates clues to a 

decline in root growth, endorsing the risk of moisture and nutrient scarcities from 

condensed investigation of soil volume, triggering less access to soil resources 

(Cakmak and Kirkby, 2008; Cakmak,2013; Gransee and Führs, 2013). Disruption in 

carbohydrates assimilation might be observed as a hidden scarcity indication (Gransee 

and Führs, 2013) and it happens long before perceptible indications like interveinal 

chlorosis (Cakmak and Yazici, 2010). Due to damaged phloem loading, accretion of 

carbohydrates in leaves distress magnesium scarcity often reasons a reduction in 

carbon dioxide fixation by Ribulose-1,5-bisphosphate carboxylase/oxygenase 

(Rubisco), in very initial phases of the scarcity. This might be due to two reasons (i) 

feedback reticence of sucrose synthesis and (ii) accretion of starch in the chloroplast, 



 28 

affecting carbon dioxide conductance of the chloroplast membrane and causing lower 

carbon dioxide partial pressure at the catalytic site of Rubisco (Araya et al., 2006).  

Starch synthesis and accretion in the chloroplasts caused distortion of the chloroplasts 

and a diminution in the rate of carbon dioxide diffusion from the membrane (Keenan 

et al., 2010). Therefore, discrepancy between light capture and its utilization usually 

arises, in which the non-utilization activates the production of ROS in magnesium-

lacking plants (Cakmak and Yazici, 2010). Whether improved reactive oxygen 

species would assist as signaling molecules and/or could reason oxidative damage to 

the chlorophyll molecules depends on the slight balance between reactive oxygen 

species production and their scavenging (Sharma et al., 2002).   

2.24   Role of Farmyard Manure under Water Stress 

Water management is conceivably the chief task facing the farmers of Pakistan. 

Moisture deficit is one of the most imperative aspects restricting crop productivity in 

arid and semi-arid regions of Pakistan. Scattered precipitation in arid semi-arid areas, 

occasionally not consistent with crop requirement due to unpredictability of 

precipitation and because of the great damages of rain water through run-off and 

develop products that are temporary or extended water stress. Thus, it is perilous that 

soil moisture should be consumed effectively by crop plants. Various types of organic 

improvements are used to enhance soil physio-chemical characteristics under such 

situations. These new approaches in farming system have confirmed the efficient 

source of improving soil structure, increasing soil fertility, enhancing crop 

productivity and confirming quality harvest. It includes the use of urban wastes, 

industrial wastes and farmyard manure which may work as substitute exercises to 

diminish the consumption of mineral fertilizers as they assist in improving soil 

structure, increase soil organic carbon and microbial biomass (Suresh et al., 2004). 

They also supplies consider amount of macro as well as micro nutrients and have a 

tireless influence on the soil. 

Application of farmyard manure as organic fertilizer, farming might get assistance 

from these manures and this can be an inexpensive approach for society to preserve 

the agro-ecological conditions. The constructive results of the supplied farmyard 

manure to soil organic matter quantity are well recognized. Conservation and 

enhancement of soil fertility potential are thoroughly associated with the preservation 
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of soil organic matter and organic carbon balance (Bakšienė et al., 2014). Soil organic 

matter plays a central part in sustaining the cropping systems by enhancing the soil 

physical, chemical and biological characteristics (Diacono and Montemurro, 2010; 

Fageria, 2012). Expenses for chemical fertilizers are growing in underdeveloped 

nations of the world therefore it is hard to depend on the only usage of chemical 

fertilizers. Application of farmyard manure improved the soil quality and produced 

higher productivity in safe environmental conditions as compared to sole application 

of chemical fertilizer (Roig et al., 2006). Furthermore, it is increasing disquiets for 

keeping soil productive that has led to the consumption of organic manure as well. 

The use of organic manure is supposed to be imperative in improving soil fertility 

(Olbrich, 2006). Similar results were confirmed by Abubaker et al. (2012) they 

reported that the use of organic matter to crop plants significantly improved root 

growth and nutrient uptake ensuing in higher crop productivity. As farmyard manure 

is an excellent source of variety of macro and micronutrients and organic matter 

(Prado et al., 2013; Barbera et al., 2013). Sharma et al., (2005) described that 

farmyard manure use on equivalent basis with nitrogen enhanced the shoot 

population, number of millable canes and economic yield as compared to the others 

without significant modification in sugar content of cane. 

2.25 Role of Press mud under Water Stress 

Press mud is also known as filter mud and filter cake as well produced from the 

byproduct of sugar mills has been consumed as organic manure and to mitigate the 

impact of moisture deficit (Barry et al., 2001). It is the remainder acquired from 

sedimentation of the suspended materials like sugar, fiber, wax, soil, ash and other 

elements from the cane juice. It is comprising of great quantity of sulphate, extracted 

by the method of sulphidation is called sulphidation press mud cake and press mud 

that comprises great quantity of carbonates is extracted by the method of carbonation 

or by the addition of carbon dioxide and is known as carbonated press mud cake. 

Press mud generally comprises around 70% lime, 15 to 20% organic matter and 2 to 

3% sugar (Khattak and Khan, 2004). The organic portion of press mud is 15 to30% 

fiber, 5 to15% sugar, 5 to15% crude wax and fats,5 to15% crude proteins and 10 to 

20% ash containing oxides of silicon, calcium, phosphorus, magnesium and 

potassium (Partha and Sivasubramanian, 2006). By product of sugarcane is extremely 

soluble and freely accessible to the soil for microbial activities (Rangaraj et al., 2007).  
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Press mud comprises low soluble calcium in calcite form, however, its greater organic 

portion and additional nutrients might produce required impacts in water stress 

situations. Application of press mud considerably improves the production of 

numerous crops (Rangaraj et al., 2007; Elsayed et al., 2008) that were accredited to 

the improvement in soil physical, chemical and biological conditions (Barry et al., 

2001). Continues application of press mud compost helps in conserving the tilt, 

fertility and productivity of agricultural soils (Parmer and Sharma, 2002). It is a good 

source of essential plant nutrients to soil, due to its promising impacts on soil 

structure, texture, infiltration, water holding capacity, soil porosity, bulk density of 

soil, hydraulic properties, and can be connected to most of the central soil possessions 

(Chan, 2001; Stockdale et al., 2001), though, these supplemented through 

enhancements in soil aggregate constancy and these physical atmosphere of the soil 

ecology are precarious for a healthy soil and sustainable agriculture. The application 

of press mud increases soil aeration and drainage in heavy soils, while in sandy soils it 

helps in enhancing the water holding capacity of soil and improved the productivity of 

various crops (Kumar et al., 2017).  
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Chapter 3 

MATERIAL AND METHODS 

The present research studies were designed to evaluate the antioxidant status and their 

enhancements strategies for drought tolerance in Chickpea under agro-ecological 

conditions of Arid Zone Research Institute, Bahawalpur (29.3871 °N, 71.653 °E) and 

Cholistan farm near Derawer (28.19°N, 71.80°E) of Southern Punjab during Rabi 

2013-14 and 2014-15. 

3.1 Cholistan 

Cholistan desert extends over an area of 2.6 million ha having severe atmosphere, 

intense aridity, acute desertification, inconsistent precipitation aspects negatively 

influence plant growth and reproduction. Cholistan has productive land, but the 

unavailability of irrigation water turned it into a desert. Moreover, frequent droughts 

resulting in a severe shortage of food in Cholistan that is the main cause of hundreds 

of deaths in this area. There is a dire need to improve the productivity potential of arid 

lands of Cholistan desert through the cultivation of food especially legume crops to 

target poverty reduction and ensure food security in these resource poor and neglected 

areas. By improving agricultural productivity in arid areas like Cholistan desert 

through improved land management and drought mitigation strategies, the desert area 

will be brought into the main productive regimes of the country. 

3.2 Soil Analysis 

For soil analysis a composite soil sample at the depth of 0 to 30 cm were collected 

from Bahawalpur and Cholistan experimental areas to observe the EC (Rhoades, 

1996), pH (Thomas, 1996), organic matter (Moodie et al., 1959), available 

phosphorous (Kuo, 1996) and available potassium (Helmke and Sparks, 1996). The 

textural class of experimental soil was loam and clay loam in Bahawalpur and 

Cholistan, respectively (Table 3.1). 
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Table 3.1a: Physico-chemical analysis of soil of both sites during 1st year 

experiment  

Location pH OM (%) EC (d Sm-1) N (%) P (ppm) K (ppm) Texture 

Bahawalpur 8.6 0.82 1.6 0.069 7.4 160 Clay loam 

Cholistan 8.1 0. 98 1.8 0.047 4.7 109 Clay loam 

OM= Organic matter, N= nitrogen, P= phosphorus, K= potassium 

 

Table 3.1b: Physico-chemical analysis of soil of both sites during 2nd year 

experiments 

Location pH OM (%) EC (d Sm-1) N (%) P (ppm) K (ppm) Texture 

Bahawalpur 8.2 0.77 2.5 0.073 6.3 192 Loam 

Cholistan 7.9 0. 93 2.1 0.05 4.5 94 Clay loam 

OM= Organic matter, N= nitrogen, P= phosphorus, K= potassium 

 

3.3 Manure analysis 

Well rotten farmyard manure and press mud were used in this study. Farmyard 

manure and press mud were examined to determination of nitrogen, phosphorus, 

potassium and organic matter the phosphorus amount in the poultry and farmyard 

manure contents given in (Table 3.2). 

Table 3.2 Chemical analysis of farmyard manure and press mud 

 Farmyard manure Press mud 

Characteristics Unit Value Value 

Nitrogen % 1.96 1.24 

Phosphorus % 0.83 3.70 

Potassium % 2.09 2.96 

Organic matter % 16.60 21.17 
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3.4 Weather 

Data of different weather elements were collected from Meteorological Observatory, 

Arid Zone Agricultural Research Institute, Bahawalpur and Cholistan Pakistan during 

both growing seasons. Data on average maximum and minimum temperature, average 

relative humidity and total rainfall were recorded on daily basis and averaged each 

month (Figure 3.1.1& 3.1.2). 

 

Figure 3.1.1: Meteorological data for chickpea growth period during 2013-14 

 

Figure 3.1.2: Meteorological data for chickpea growth period during 2014-15 
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3.5 First Year Experiment  

3.5.1 Screening Studies  

In order to investigate the influence of chickpea cultivars to moisture deficit, five 

approved chickpea cultivars were selected to screen out for their drought tolerance. 

This study was conducted at experimental farm areas of Arid Zone Research Institute 

at Bahawalpur and Cholistan farm during Rabi 2013-14. The experiment was laid out 

in a randomized complete block design (RCBD) with factorial arrangement having 

three replications. The screening experiment comprised of the following treatments. 

Factor A: Chickpea Cultivars 

V1= Thall 2006 

V2= DUSHT (NARC) 

V3= Punjab 2008 

V4= Bakhar 2011 

V5= AZC 06 

Factor B: Water Stress 

D1 = Well watered (control) 

D2= Water deficit at flowering stage  

D3= Water deficit at pod formation stage  

D4= Water deficit at grain filling stage 

D5= Water deficit at flowering + pod formation stage 

D6= Water deficit at flowering + grain filling stage 

D7= Water deficit at pod formation + grain filling stage 

D8= Water deficit at flowering + pod formation + grain filling stage (No 

irrigation applied, Received seasonal rainfall only) 

3.5.2 Crop Husbandry 

Prior to seedbed preparation, pre-soaking irrigation was applied. When the soil 

reached to a workable moisture level, seedbed was prepared by cultivating the field 

twice with tractor-mounted cultivator each followed by planking during Rabi 2013-
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14. Chickpea was sown by hand drill and seed dibbler method, using 60 kg ha-1 seed 

rate by keeping row to row distance of 25 cm and plant to plant distance 10 cm. Seeds 

were placed at 3 to 5 cm depth in each row. The seedlings were thinned out by 

maintaining one plant per hill at two weeks after sowing. Before sowing, Urea @ 20 

kg N ha-1 and Di-ammonium phosphate (DAP) @ 22 kg P ha-1 were applied during 

seedbed preparation. Intercultural operations were carried out at three weeks after 

sowing immediately after hand weeding. Plant protection measures and agronomic 

practices were kept uniform and normal for all treatments throughout the growing 

season. The crop was harvested in the third week of April. Ten randomly selected 

plants were tagged to record data regarding growth and yield contributing parameters. 

3.6 Second Year Experiments 

Three experiments were conducted during the second year to employ strategies for 

enhancements of drought tolerance at experimental farm areas of Arid Zone Research 

Institute at Bahawalpur and Cholistan farm during Rabi 2014-15. Chickpea cultivars 

found drought tolerance and sensitive during screening experiment based on their 

morphological, physiological and biochemical attributes were used in these 

experiments. The best and least performing water deficit treatments during first year 

study along with control were included in following experiments. The detail of 

experiments is given as below: 

3.6.1 Experiment 1: Foliar application of Osmoprotectants for drought 

tolerance in chickpea 

Design  Randomized Complete Block Design (RCBD) with factorial 

arrangement  

Replications  3 

Factor A: Cultivar 

V1= Bakhar 2011 (Best performance) 

V2= DUSHT (Least performance) 

Factor B: Drought levels 

D1= Control (Well watered) 

D2= Water deficit at flowering + pod formation + grain filling stage  
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D3= Water deficit at flowering stage  

Factor C: Foliar application of osmoprotectants 

 O1 = Distilled water (Control) 

 O2= Glycine betaine  20 ppm (Bardhan et al., 2007) 

 O3 = Proline  10 uM (Kaur et al., 2011) 

The foliar application was done at 50% flowering and 50% pod formation stage. 

3.6.2 Experiment 2: Foliar application of nutrients for drought tolerance in 

chickpea 

Design: Randomized Complete Block Design (RCBD) with factorial 

arrangement 

Replications: 3 

Factor A: Cultivar 

V1= Bakhar 2011 (Best performance) 

V2= DUSHT (Least performance) 

Factor B: Drought levels 

D1= Control (well watered) 

D2= Water deficit at flowering + pod formation + grain filling stage  

D3= Water deficit at flowering stage  

Factor C: Foliar application of mineral nutrients 

 N1= Distilled water (Control) 

 N2= KCl 200 ppm (Bardhan et al., 2007) 

 N3= MgCl2, 50 ppm (Thalooth et al., 2006) 

 N4= CaCl2, 10 mM (Xu et al., 2013) 

Foliar application was done at 50% flowering and 50% pod formation stage. 

    

3.6.3 Experiment 3: Application of organic manure for drought tolerance in  

  chickpea 

Design  Randomized Complete Block Design (RCBD) with factorial 

arrangement  

Replications  3 
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Factor A: Cultivar 

V1= Bakhar 2011 (Best performance) 

V2= DUSHT (Least performance) 

Factor B: Drought levels 

D1= Control (well watered) 

D2= Water deficit at flowering + pod formation + grain filling stage  

D3= Water deficit at flowering stage  

Factor C: Application of organic manure 

 M1= Control (N:P:K @ 32:84:60 kg ha-1) 

 M2= FYM: 20 tons ha-1  (Sohu et al., 2015) 

 M3= Press mud: 15 tons ha-1 (Ghulam et al., 2010) 

 M4= FYM + Press mud (20:15 tons ha-1) 

All organic manure was applied at the time of seedbed preparation.  

3.6.4 Crop Husbandry 

Prior to seedbed preparation, pre-soaking irrigation was applied. When the soil 

reached to a workable moisture level, seedbed was prepared by cultivating the field 

twice with tractor-mounted cultivator each followed by planking during Rabi 2014-

15. Chickpea was sown by hand drill using 60 kg ha-1 seed rate by keeping row to row 

distance of 25 cm and plant to plant distance 10 cm during last week of October 2014. 

Seeds were placed at 3 to 5 cm depth in each row. The seedlings were thinned out by 

maintaining one plant per hill at two weeks after sowing. Before sowing, 

recommended nitrogen (32 kg ha-1), phosphorus (84 kg ha-1) and potassium (60 kg ha-

1) were applied during seedbed preparation. Intercultural operations were carried out 

at three weeks after sowing immediately after hand weeding. Plant protection 

measures and agronomic practices were kept uniform and normal throughout the 

growing season. The crop was harvested in the third week of April.  

3.7 Parameters Recorded 

Ten randomly selected plants were tagged to record data regarding growth and yield 

contributing parameters. 
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3.7.1 Plant Population at Completion of Germination 

As the germination completed, total numbers of plants from randomly selected one 

meter square were counted in each experimental unit from two places and means were 

computed. 

3.7.2 Plant Population at Maturity 

At the time of physiological maturity, total numbers of plants from one meter square 

were counted in each experimental unit from two places and mean were computed. 

3.7.3 Root Length (cm) 

Ten plants were randomly taken out with roots from each experimental unit at 

flowering stage for recording the root length with meter rod and averaged. 

3.7.4 Shoot length (cm) 

Ten plants were randomly harvested from each experimental unit at flowering stage 

for recording the shoot length with meter rod and averaged. 

3.7.5 Root Fresh Weight (g) 

Ten plants were randomly taken out with roots from each experimental unit at 

flowering stage for recording the root fresh weight with electronic balance and 

averaged. 

3.7.6 Root Dry Weight (g) 

Root samples from ten plants randomly selected were oven-dried at 80 ◦C for 72 h till 

their constant weight for recording the root dry weight with electronic balance and 

averaged. 

3.7.7 Shoot Fresh Weight (g) 

Ten plants were randomly harvested from each experimental unit at flowering stage 

for recording the shoot fresh weight with electronic balance and averaged. 

3.7.8 Shoot Dry Weight (g) 

Shoot samples from ten plants randomly selected were oven-dried at 80 ◦C for 72 h 

till their constant weight for recording the shoot dry weight with electronic balance 

and averaged. 
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3.7.9 Crop Growth Rate (CGR) (g m-2 day-1) 

CGR is the rate of dry matter accumulation per unit ground area. It was calculated by 

using the following formula of  Watson (1952). 

CGR = (W2 – W1) / (T2 – T1) 

W1 = oven dried weight at first sampling 

W2 = oven dried weight at second sampling 

T1 = time of first sampling 

T2 = time of second sampling 

3.7.10 Relative Growth Rate (RGR) (g g-1 day-1) 

RGR is the relative increase in dry matter per unit dry weight per unit time and 

calculated according to Radford (1967). 

RGR = (lnW2 - lnW1) / (T2-T1) 

ln= Natural Log 

W1 = oven dried weight at first sampling 

W2 = oven dried weight at second sampling 

T1 = time of first sampling 

T2 = time of second sampling 

3.7.11 No. of Primary Branches 

Ten plants were randomly selected from each experimental unit for counting number 

of primary branches as the branches sprouting from the main stem and averaged. 

3.7.12 No. of Secondary Branches 

The number of secondary branches were counted as the branches originating from the 

main stem and these were also pod bearing branches and their number was averaged. 

3.7.13 Days to Flowering 

Days taken to blooming were documented as the number of days 

from the date of planting to the time when 50 % of plants within a plot showed the 

appearance of first flower. Daily observations were made till the completion of the 

data. The average numbers of days taken to flowering were calculated. 
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3.7.14 Days to Pod Formation  

Days taken to pod formation were determined from the sowing date to the date on 

which maximum pods developed. Daily observations were made till the completion of 

the data. 

3.7.15 Days to Grain Filling 

Number of days to grain filling was determined from the sowing date to the date on 

which maximum pods filled with grains. Daily observations were made till the 

completion of the data. 

3.7.16 Days to Harvesting  

Number of days to harvesting was calculated from the date of sowing to the 

harvesting date of the crop. 

3.7.17 Number of Pods Per Plant 

Total number of pods per plant was calculated from ten randomly plants at 

maturity and averaged to obtain the number of pods per plant. 

3.7.18 Number of Grains Per Pod 

The twenty randomly selected pods from each randomly selected ten plants per plot 

were taken out and total grains were counted and averaged to get the data of number 

of grains per pod.  

3.7.19 Pod Weight (g) 

For the calculation of pod weight ten pods from the bulk produce of the selected 

plants of each experimental unit was taken and weighed in grams by using an 

electronic balance and the average was worked out. 

3.7.20 100 grain weight (g) 

Randomly selected 100 seeds from the seed yield samples of crop were counted from 

each plot and their combined weight was recorded to get the weight of 100-grains. 

3.7.21 Biological yield (kg ha-1) 

At maturity, plants were harvested, tied into small bundles and left for drying in their 

respective plots. After that weighed was done with help of a spring balance to 
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determine the total sun dried biomass (biological yield) per plot. This was converted 

into kg ha-1. 

3.7.22 Grain yield (kg ha-1) 

The seed yield of net plot after cleaning and proper drying was recorded in grams and 

converted to kg ha-1. 

3.7.23 Harvest index (%) 

Harvest index was computed as follows 

 

3.7.24 Leaf total soluble protein (mg g-1) 

A total soluble protein was determined according to procedure and equation followed 

by Bradford, 1976. 

Leaf total soluble protein (mg g − 1) =
Absorbance of sample x K value x Dilution factor 

Weight of Sample x 100 
 

Enzyme Extraction 

Leaf antioxidant status was observed at flower initiation and pod formation stage. 

Chickpea fresh leaves were harvested and quickly submerged in liquid nitrogen and 

then frozen at −80°C until antioxidant analyses were executed. 

3.7.25 Superoxide dismutase (SOD) (IU min-1mg-1 protein) 

0.5g leaf sample was standardized in 0.1 M phosphate buffer (pH 7.5) comprising of 

0.5 mM EDTA using a pestle and mortar. Superoxide dismutase activity was assessed 

by determining the inhibition of NBT (nitro blue tetrazolium) reduction at 560 nm 

according to the procedure followed by Giannopolitis and Ries (1977). 

3.7.26 Peroxidase (POD) (IU min-1mg-1 protein) 

0.5g leaf sample was standardized in 0.1 M phosphate buffer (pH 7.5) comprising of 

0.5 mM EDTA using a pestle and mortar. Peroxidase activity was assessed by 

determining the peroxidation of hydrogen peroxide with guaiacol as an electron 

donor, according to (Chance and Maehly, 1955). 

3.7.27 Catalase (CAT) (IU min-1mg-1 protein)  

0.5g leaf sample was standardized in 0.1 M phosphate buffer (pH 7.5) comprising of 
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0.5 mM EDTA using a pestle and mortar. Catalase activity was evaluated by 

determining the transformation rate of hydrogen peroxide to water and oxygen 

molecules according to Chance and Maehly, (1955). 

3.7.28 Ascorbic acid (m. mole g-1)  

The ascorbic acid contents of leaf samples were determined according to (Yin et al., 

2008) 

3.7.29 Leaf K+ contents 

The K+ content in leaves were determined by flame photometer (Richards, 1954) 

3.8 Statistical Analysis 

All the collected data was analyzed by using the MSTAT software. The Duncan’s 

New Multiple Range test (DMR) was used to compare the differences among 

treatment means (Steel et al., 1997). 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1   Experiment No.1: Screening of Drought Tolerance Chickpea Cultivars 

4.1.1   Plant population at Completion of Germination 

Comparison of the treatment means indicated non-significant effect of chickpea 

cultivars, drought stress at various growth stages and their interaction on plant 

population at germination at both locations (Table 4.1.1).  

4.1.2   Plant Population at Maturity 

The analysis of variance (Table 4.1.2) indicated the non-significant effect of chickpea 

cultivars, drought stress at various growth stages and their interaction on plant 

population at the time of harvesting at both locations. 

4.1.3   Crop Growth Rate (CGR) (g m-2 day-1) 

Crop Growth Rate (CGR) was defined as the increase in plant dry weight per unit 

time (Hunt et al., 2002). Data regarding crop growth rate recorded at different growth 

stages as significantly affected by chickpea cultivars. The drought stress at various 

growth stages and their interaction at both locations are presented in Figures 4.1.1a & 

b. Results showed that crop growth rate followed an increasing trend in the initial 

stages of crop growth and decreased thereafter. Crop growth rate differed significantly 

at 45-60 DAS, 61-75DAS and 76-90 DAS in Bahawalpur. Chickpea cultivar Bakhar 

2011 followed by Thall 2006 cultivated under well watered conditions produced 

significantly higher crop growth rate during all growth stages. While chickpea cultivar 

DUSHT cultivated under water stress at flowering + pod formation + grain filling 

stage produced minimum crop growth rate (Figure 4.1.1b). The similar trend was 

observed at Cholistan farm. 

4.1.4    Relative Growth Rate (RGR) (g g-1 day-1) 

RGR is a perception related to growth where the increase in a variable growth over 

time. Data regarding relative growth rate taken fortnight at both locations was 

significantly affected by chickpea cultivars, drought stress at various growth stages 

and their interaction is presented in Figure 4.1.2 a & b. Relative growth rate differed 

significantly at 45-60 DAS, 61-75 DAS and 76-90 DAS in Bahawalpur. Chickpea 
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cultivar Bakhar 2011 followed by Thall 2006 cultivated under well watered 

conditions produced significantly higher relative growth rate during all growth stages. 

While chickpea cultivar DUSHT cultivated under water stress at flowering + pod 

formation + grain filling stage produced minimum relative growth rate (Figure 4.1.2 

a). Similar trend was observed at Cholistan farm.  

4.1.5   Number of Primary Branches 

The plumular shoot gives rise to primary as well as lateral branches. Comparison of 

the treatment means at Bahawalpur showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the number of primary branches per 

plant (Table 4.1.3). Among different chickpea cultivars, Thall 2006 produced the 

maximum number of primary branches per plant (3.77), which was statistically 

similar to Bakhar 2011 (3.75) and Punjab 2008 (3.70) in Bahawalpur. Whereas, 

DUSHT produced the minimum number of primary branches per plant (3.21). 

Chickpea cultivars cultivated under well watered conditions produced significantly 

higher number of primary branches per plant (3.83) that is statistically at par with 

drought at the flowering stage (3.72). While chickpea cultivars cultivated under water 

stress at flowering + pod formation + grain filling stage produced the minimum 

number of primary branches per plant (3.50) that is statistically similar to all 

treatments except well watered that produced (3.51) (3.54) (3.56) and (3.58) primary 

per plants respectively. The interaction between chickpea cultivars and drought stress 

at various growth stages also significantly affected the number of primary branches 

per plant in Bahawalpur. Chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions produced the maximum number of primary branches per plant 

(4.03) against the minimum (3.07) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage (Table 4.1.3).  

Study conducted at Cholistan farm showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the number of primary branches per 

plant (Table 4.1.3). Among different chickpea cultivars, Thall 2006 produced 

maximum number of primary branches per plant (3.78), which was statistically 

similar to Bakhar 2011 (3.76) and Punjab 2008 (3.75). Whereas, DUSHT produced 

minimum number of primary branches per plant (3.29). Chickpea cultivars cultivated 

under well watered conditions produced significantly higher number of primary 

branches per plant (3.75). While chickpea cultivars cultivated under water stress at 
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flowering + pod formation + grain filling stage produced minimum number of 

primary branches per plant (3.54). Interaction between chickpea cultivars and drought 

stress at various growth stages also significantly affected the number of primary 

branches per plant. Chickpea cultivar Bakhar 2011 cultivated under well watered 

condition produced maximum number of primary branches per plant (3.86) against 

the minimum (3.16) was observed from DUSHT grown under water stress at 

flowering+ pod formation + grain filling stage (Table 4.1.3).  

4.1.6   Number of Secondary Branches 

It plays an imperative role in influencing the final grain yield. Genetic makeup, 

optimum crop management, availability of nutrients and water greatly influenced the 

setting of secondary branches. Comparison of the treatment means showed that 

chickpea cultivars and drought stress at various growth stages significantly affected 

the number of secondary branches per plant in Bahawalpur (Table 4.1.4). Among 

different chickpea cultivars, Bakhar 2011 produced maximum number of secondary 

branches per plant (9.43). Whereas, Punjab 2008 produced minimum number of 

secondary branches per plant (7.60) which was statistical similar to DUSHT (7.61). 

Chickpea cultivars cultivated under well watered conditions produced significantly 

higher number of secondary branches per plant (10.38). While chickpea cultivars 

cultivated under water stress at flowering + pod formation + grain filling stage 

produced minimum number of secondary branches per plant (7.52). Interaction 

between chickpea cultivars and drought stress at various growth stages also 

significantly affected the number of secondary branches per plant in Bahawalpur. 

Chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

maximum number of secondary branches per plant (12.65) against the minimum 

(6.85) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage (Table 4.1.4).  

Data regarding secondary branches per plant varied significantly due to chickpea 

cultivars and drought stress at various growth stages in Cholistan farm (Table 4.1.4). 

Among different chickpea cultivars, Bakhar 2011 produced maximum number of 

secondary branches per plant (9.13). Whereas, DUSHT produced minimum number 

of secondary branches per plant (8.37). Chickpea cultivars cultivated under well 

watered conditions produced significantly higher number of secondary branches per 

plant (9.44). While chickpea cultivars cultivated under water stress at flowering + pod 
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formation + grain filling stage produced minimum number of secondary branches per 

plant (8.15). Interaction between chickpea cultivars and drought stress at various 

growth stages also significantly affected the number of secondary branches per plant. 

Chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

maximum number of secondary branches per plant (10.44) against the minimum 

(7.98) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage (Table 4.1.4). 
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Table 4.1.1: Effect of water stress on plant population at germination of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall    

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall   

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 22.67ns 22.00ns 22.67ns 23.00ns 22.67ns 22.60ns 22.00ns 22.33ns 21.67ns 22.33ns 22.00ns 22.07ns 

Drought at flowering stage 22.67 23.00 23.00 22.67 23.33 22.93 22.33 22.00 22.67 22.00 22.67 22.33 

Drought at pod formation 

stage 
23.00 22.33 23.00 22.67 23.00 22.80 22.67 22.00 22.67 22.67 22.33 22.47 

Drought at grain filling stage 23.33 22.67 23.00 22.33 23.00 22.87 22.33 22.00 22.00 21.67 22.00 22.00 

Drought at flowering + pod 

formation stage 
23.00 23.00 23.00 22.67 23.00 22.93 22.33 22.33 22.00 22.00 22.33 22.20 

Drought at flowering + grain 

filling stage 
23.00 22.33 23.00 23.00 23.00 22.87 22.00 22.67 22.00 22.00 22.00 22.13 

Drought at pod formation + 

grain filling stage 
22.67 22.33 23.00 23.00 23.00 22.80 22.00 22.00 22.67 22.33 22.00 22.20 

Drought at flowering+ pod 

formation + grain filling stage 
22.67 22.67 22.33 22.00 23.00 22.53 22.33 22.333 21.67 22.33 22.33 22.20 

Mean  22.87ns 22.54ns 22.87ns 22.67ns 23.00ns  22.25ns 22.21ns 22.17ns 22.17ns 22.21ns  

LSD 0.05p Cultivars n.s and n.s, drought levels n.s and n.s, cultivars x drought levels n.s and n.s, in Bahawalpur and Cholistan, 

respectively 

*ns= Non-significant 
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Table 4.1.2: Effect of water stress on plant population at maturity of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Well watered 22.00ns 21.33ns 21.33ns 21.33ns 21.33ns 21.47ns 20.00ns 21.00ns 20.33ns 20.67ns 20.67ns 20.53ns 

Drought at flowering stage 21.33 20.67 21.33 21.67 21.67 21.27 20.67 20.00 20.00 21.00 20.67 20.47 

Drought at pod formation 

stage 
21.67 21.00 21.67 21.67 21.67 21.53 21.00 20.00 20.67 20.67 20.67 20.60 

Drought at grain filling stage 21.33 21.00 22.00 20.67 20.67 21.13 20.33 20.33 21.00 20.00 20.00 20.33 

Drought at flowering + pod 

formation stage 
21.00 21.33 21.33 21.33 21.33 21.27 20.00 20.33 20.33 20.67 20.67 20.40 

Drought at flowering + grain 

filling stage 
21.00 21.00 22.00 21.00 21.67 21.33 20.00 20.00 21.33 20.67 20.33 20.47 

Drought at pod formation + 

grain filling stage 
21.67 21.67 21.00 20.67 21.33 21.27 20.67 21.00 20.00 20.00 20.67 20.47 

Drought at flowering+ pod 

formation + grain filling stage 
21.33 21.67 21.33 21.00 21.67 21.40 20.33 21.00 20.33 20.33 21.00 20.60 

Mean 21.42ns 21.17ns 21.50ns 21.17ns 21.42ns  20.37ns 20.46ns 20.50ns 20.50ns 20.46ns  

LSD 0.05p 
Cultivars n.s and n.s, drought levels n.s and n.s, cultivars x drought levels n.s and n.s, in Bahawalpur and Cholistan, 

respectively 

*ns= Non-significant 
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Figure 4.1.1a: Effect of water stress on crop growth rate (g m-2 day-1) of chickpea genotypes in Bahawalpur 

Whereas, D1= Well watered, D2= Water deficit at flowering stage, D3= Water deficit at pod formation stage, D4= Water deficit at grain filling stage, D5= 

Water deficit at flowering + pod formation stage, D6= Water deficit at flowering + grain filling stage, D7= Water deficit at pod formation + grain filling stage 

and D8= Water deficit at flowering+ pod formation + grain filling stage, DAS= Days after sowing. 
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Figure 4.1.1b: Effect of water stress on crop growth rate (g m-2 day-1) of chickpea genotypes in Cholistan 

Whereas, D1= Well watered, D2= Water deficit at flowering stage, D3= Water deficit at pod formation stage, D4= Water deficit at grain filling stage, D5= 

Water deficit at flowering + pod formation stage, D6= Water deficit at flowering + grain filling stage, D7= Water deficit at pod formation + grain filling stage 

and D8= Water deficit at flowering+ pod formation + grain filling stage, DAS= Days after sowing. 
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Figure 4.1.2a: Effect of water stress on relative growth rate (g g-1 day-1) of chickpea genotypes in Bahawalpur 

Whereas, D1= Well watered, D2= Water deficit at flowering stage, D3= Water deficit at pod formation stage, D4= Water deficit at grain filling stage, D5= 

Water deficit at flowering + pod formation stage, D6= Water deficit at flowering + grain filling stage, D7= Water deficit at pod formation + grain filling stage 

and D8= Water deficit at flowering+ pod formation + grain filling stage, DAS= Days after sowing 
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Figure 4.1.2b: Effect of water stress on relative growth rate (g g-1 day-1) of chickpea genotypes in Cholistan 

Whereas, D1= Well watered, D2= Water deficit at flowering stage, D3= Water deficit at pod formation stage, D4= Water deficit at grain filling stage, D5= 

Water deficit at flowering + pod formation stage, D6= Water deficit at flowering + grain filling stage, D7= Water deficit at pod formation + grain filling stage 

and D8= Water deficit at flowering+ pod formation + grain filling stage, DAS= Days after sowing. 
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Table 4.1.3: Effect of water stress on number of primary branches per plant of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Well watered 3.96ac 3.35jp 4.00ab 4.03a 3.80ag 3.83A 3.87a 3.77ae 3.85ab 3.86a 3.77ae 3.75A 

Drought at flowering stage 3.77ai 3.27lp 3.85ae 3.94ad 3.75ai 3.72AB 3.79ae 3.65cf 3.77ae 3.73af 3.65cf 3.64BC 

Drought at pod formation 

stage 
3.79ah 3.20mp 3.57em 3.81af 3.42hp 3.56BC 3.80ae 3.70af 3.78ae 3.84ac 3.70af 3.68AC 

Drought at grain filling 

stage 
3.64bk 3.18np 3.62cl 3.65bk 3.62cl 3.54C 3.84ab 3.74af 3.76af 3.81ad 3.74af 3.69AB 

Drought at flowering + 

pod formation stage 
3.79ah 3.32kp 3.63bl 3.71aj 3.43gp 3.58BC 3.73af 3.61ef 3.72af 3.70af 3.61ef 3.60CD 

Drought at flowering + 

grain filling stage 
3.75ai 3.18np 3.67ak 3.66ak 3.46eo 3.54C 3.78ae 3.66bf 3.74af 3.72af 3.66bf 3.63BC 

Drought at pod formation 

+ grain filling stage 
3.73ai 3.11op 3.73ai 3.58dl 3.41ip 3.51C 3.76af 3.63df 3.73af 3.76af 3.63df 3.63BC 

Drought at flowering+ pod 

formation + grain filling 

stage 

3.69ak 3.07p 3.54en 3.59cl 3.61cl 3.50C 3.64df 3.57fg 3.66bf 3.66bf 3.57fg 3.54D 

Mean 3.77A 3.21C 3.70A 3.75A 3.56B  3.78A 3.67B 3.75A 3.76A 3.67B  

LSD 0.05p 

 

Cultivars 0.1316 and 0.0689, drought levels   0.1664and 0.0872, cultivars x drought levels 0.3722 and 0.1950, in Bahawalpur and 

Cholistan, respectively 
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Table 4.1.4: Effect of water stress on number of secondary branches per plant of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakha

r 2011 

AZC 

06 
Mean 

Well watered 10.88b 9.09cf 9.27ce 12.65a 9.97bc 10.38A 8.94cg 8.64dl 9.41bc 10.44a 9.75b 9.44A 

Drought at flowering stage 9.45cd 8.73di 9.19ce 10.69b 8.61dj 9.33B 8.59em 8.40gm 8.27hm 9.09cf 8.29gm 8.53B 

Drought at pod formation 

stage 
8.44dj 7.70ho 7.01lo 8.93cg 7.80go 7.97C 8.67dk 8.37gm 8.14jm 9.26bd 8.20jm 8.53B 

Drought at grain filling stage 8.60dj 6.96no 7.13ko 8.84ch 7.81go 7.87C 8.46fm 8.46fm 8.13jm 9.17be 8.44fm 8.53B 

Drought at flowering + pod 

formation stage 
7.51jo 7.00mo 7.17ko 9.06cf 8.12en 7.77C 8.13jm 8.17jm 8.12jm 8.73dj 8.18jm 8.27BC 

Drought at flowering + grain 

filling stage 
8.27dk 7.59io 6.87o 8.21em 8.23ek 7.83C 8.41gm 8.46fm 8.40gm 8.88ci 8.27hm 8.48B 

Drought at pod formation + 

grain filling stage 
7.78go 6.98no 7.20ko 8.24ek 8.22el 7.68C 8.24im 8.43fm 8.55em 8.91ch 8.11jm 8.45B 

Drought at flowering+ pod 

formation + grain filling stage 
7.96fo 6.85o 6.98no 8.81ch 7.01lo 7.52C 8.18jm 7.98m 8.01m 8.54em 8.06km 8.15C 

Mean  8.62B 7.61C 7.60C 9.43A 8.22B  8.45B 8.37B 8.38B 9.13A 8.41B  

LSD 0.05p 

 

Cultivars 0.4298 and 0.2321, drought levels   0.5436 and 0.2936, cultivars x drought levels   1.2156and 0.6566, in 

Bahawalpur and Cholistan, respectively 



 55 

4.1.7   Root Length (cm) 

A well-developed root system facilitating the capture of soil nutrients and water may 

strengthen the plant to overcome the abiotic stresses and for enhancing its 

productivity. The data regarding root length denoted significant (P≤0.05) effect of 

water stress at various stages on different chickpea cultivars in Bahawalpur (Table 

4.1.5). Among different chickpea cultivars, Thall 2006 produced maximum root 

length (20.37 cm) which was statistically similar to Bakhar 2011 (20.23 cm). 

Whereas, DUSHT produced minimum root length (16.18 cm). Well watered 

conditions produced maximum root length (23.38 cm). While water stress at 

flowering + pod formation + grain filling stage produced minimum root length (15.55 

cm). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the root length. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum root length (27.00 cm) 

against the minimum (13.23 cm) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage (Table 4.1.5).  

Data regarding root length varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.5). Among different 

chickpea cultivars, Bakhar 2011 produced maximum root length (22.08 cm). 

Whereas, DUSHT produced minimum root length (17.25 cm). Well watered 

conditions produced significantly greater root length (23.59 cm). While water stress at 

flowering + pod formation + grain filling stage produced minimum root length (16.18 

cm). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the root length. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum root length (28.00 cm) 

against the minimum (13.85 cm) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage (Table 4.1.5). 
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Table 4.1.5: Effect of water stress on root length (cm) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 24.00ac 18.67dl 24.63ab 27.00a 22.60ae 23.38A 24.32ab 19.77bh 23.82ac 28.00a 22.04be 23.59A 

Drought at 

flowering stage 
23.33ad 19.67cj 19.29ck 22.11bf 21.21bg 21.12B 22.00be 17.35ej 20.03bh 24.66ab 19.12ci 20.63B 

Drought at pod 

formation stage 
18.67dl 15.33im 18.93dl 21.27bg 18.67dl 18.57C 19.84bh 18.58ej 18.33ej 22.00be 18.99ci 19.55BC 

Drought at grain 

filling stage 
21.00bh 16.62gm 17.67em 20.33bh 19.33ck 18.99C 20.97bg 18.64ej 20.61bh 23.61ad 19.18ci 20.60B 

Drought at 

flowering + pod 

formation stage 

19.67cj 14.33lm 16.67gm 19.84ci 15.33im 17.17CD 17.58ej 15.84hj 16.41gj 19.27ci 16.69fj 17.16DE 

Drought at 

flowering + grain 

filling stage 

20.33bh 16.67gm 17.67em 16.33hm 18.67dl 17.93C 18.62ej 16.93fj 18.74dj 19.29ci 17.08fj 18.13CE 

Drought at pod 

formation + grain 

filling stage 

18.33el 14.91km 18.21el 17.67em 17.99el 17.42CD 19.11ci 17.03fj 19.31ci 21.37bf 17.81ej 18.93BD 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

17.67em 13.23m 14.95jm 17.33gm 14.55lm 15.55D 16.80fj 13.85j 16.97fj 18.41ej 14.86ij 16.18E 

Mean  20.37A 16.18C 18.50B 20.23A 18.54B  19.91B 17.25C 19.28B 22.08A 18.22BC  

LSD 0.05p Cultivars 1.6667and 1.7354, drought levels 2.1082 and 2.1951, cultivars x drought levels 4.7142 and 4.9085, in Bahawalpur and Cholistan, 

respectively 
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4.1.8   Root Fresh Weight (g) 

Statistical analysis of data showed that root fresh weight was significantly affected by 

water stress at various growth stages on different chickpea genotypes (Table 4.1.6). 

Among different chickpea cultivars, Bakhar 2011 produced maximum root fresh 

weight (4.02 g) which was statistically similar to Thall 2006 (3.95 g). Whereas, 

DUSHT produced minimum root fresh weight (3.31 g). Well watered conditions 

produced higher root fresh weight (3.83 g). While water stress at flowering + pod 

formation + grain filling stage produced minimum root fresh weight (3.42 g). 

Interaction between chickpea cultivars and drought stress at various growth stages 

also significantly affected the root fresh weight. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum root fresh weight (4.15 

g) against the minimum (3.09 g) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage (Table 4.1.6).  

Data regarding root fresh weight varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.6). Among 

different chickpea cultivars, Bakhar 2011 produced maximum root fresh weight (3.20 

g). Whereas, DUSHT produced minimum root fresh weight (2.67 g). Well watered 

conditions produced significantly higher root fresh weight (3.44 g). While water stress 

at flowering + pod formation + grain filling stage produced minimum root fresh 

weight (2.47 g). Interaction between chickpea cultivars and drought stress at various 

growth stages also significantly affected the root fresh weight. Chickpea cultivar 

Bakhar 2011 cultivated under well watered condition produced maximum root fresh 

weight (3.86 g) against the minimum (2.20 g) was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage (Table 4.1.6). 
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Table 4.1.6: Effect of water stress on root fresh weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 4.10ac 3.45hl 3.83ah 4.15a 3.63dk 3.83A 3.53ab 3.17be 3.36ac 3.86a 3.27bd 3.44A 

Drought at flowering 

stage 
3.98af 3.25jl 3.64ck 4.03ae 3.50gl 3.68AB 3.15bf 2.95cj 3.06bh 3.40ac 2.89ck 3.09B 

Drought at pod 

formation stage 
4.11ab 3.34il 3.68bj 4.07ad 3.53fl 3.75AB 2.99bi 2.64el 2.92ck 3.08bg 2.73dl 2.87BC 

Drought at grain 

filling stage 
4.01ae 3.48hl 3.72aj 4.11ab 3.56ek 3.78AB 3.11bg 2.90ck 3.04bh 3.43ac 2.91ck 3.08B 

Drought at flowering 

+ pod formation 

stage 

3.79ai 3.26jl 3.51gl 3.97af 3.34il 3.57BC 2.89ck 2.40jl 2.76dl 2.93ck 2.64el 2.72CD 

Drought at flowering 

+ grain filling stage 
3.96ag 3.32jl 3.58ek 4.02ae 3.40hl 3.65AB 2.91ck 2.46il 2.90ck 3.08bg 2.58gl 2.79C 

Drought at pod 

formation + grain 

filling stage 

3.99af 3.33il 3.59ek 3.98af 3.43hl 3.67AB 3.03bh 2.60fl 2.88ck 3.13bg 2.75dl 2.87BC 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

3.67bj 3.09l 3.38hl 3.80ai 3.18kl 3.42C 2.58gl 2.20l 2.50hl 2.71dl 2.38kl 2.47D 

Mean 3.95A 3.31C 3.61B 4.02A 3.45C  3.02AB 2.67D 2.93BC 3.20A 2.77CD  

LSD 0.05p 

 

Cultivars 0.1649 and 0.1993, drought levels 0.2086 and 0.2521, cultivars x drought levels 0.4665 and 0.5637, in Bahawalpur and 

Cholistan, respectively 
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4.1.9 Root Dry Weight (g) 

Statistical analysis of data showed that root dry weight was significantly affected by 

water stress at various growth stages on different chickpea genotypes (Table 4.1.7). 

Among different chickpea cultivars, Bakhar 2011 produced maximum root dry weight 

(1.46 g). Whereas, DUSHT produced minimum root dry weight (0.92 g). Well 

watered conditions produced higher root dry weight (1.36 g). While water stress at 

flowering + pod formation + grain filling stage produced minimum root dry weight 

(0.98 g). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the root dry weight. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum root dry weight (1.68 g) 

against the minimum (0.69 g) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage (Table 4.1.7).  

Data regarding root dry weight varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.7). Among 

different chickpea cultivars, Bakhar 2011 produced maximum root dry weight (1.63 

g). Whereas, DUSHT produced minimum root dry weight (1.09 g). Well watered 

conditions produced significantly higher root dry weight (1.67 g). While water stress 

at flowering + pod formation + grain filling stage produced minimum root dry weight 

(0.96 g). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the root dry weight. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum root dry weight (2.03 g) 

against the minimum (0.68 g) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage (Table 4.1.7). 
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Table 4.1.7: Effect of water stress on root dry weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 1.57ab 1.03gm 1.37ai 1.68a 1.14cl 1.36A 1.80ab 1.38bk 1.68ad 2.03a 1.48bj 1.67A 

Drought at 

flowering stage 
1.32aj 0.93jm 1.16cl 1.43af 1.01hm 1.17BC 1.64ae 1.14gl 1.37bk 1.69ac 1.21el 1.41B 

Drought at pod 

formation stage 
1.46ae 0.96jm 1.24bk 1.46ad 1.06em 1.24AC 1.43bk 1.09hm 1.42bk 1.53bh 1.10hm 1.31BC 

Drought at grain 

filling stage 
1.49ac 1.02gm 1.29ak 1.61ab 1.09dl 1.30AB 1.59af 1.30ck 1.47bj 1.75ab 1.29ck 1.48AB 

Drought at 

flowering + pod 

formation stage 

1.17cl 0.90km 1.05fm 1.38ah 0.91km 1.08CD 1.36bk 0.84lm 1.23dl 1.50bi 1.06jm 1.20C 

Drought at 

flowering + grain 

filling stage 

1.32aj 0.93jm 1.15cl 1.41ag 0.98hm 1.16BD 1.55bg 1.12gl 1.35bk 1.63ae 1.07im 1.34BC 

Drought at pod 

formation + grain 

filling stage 

1.37ai 0.90km 1.17cl 1.41ag 1.00hm 1.17BC 1.67ad 1.18fl 1.57bg 1.67ad 1.21el 1.46B 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

1.21bk 0.69m 0.97im 1.26bk 0.78lm 0.98D 1.09hm 0.68m 0.99km 1.22el 0.83lm 0.96D 

Mean  1.36A 0.92C 1.17B 1.46A 1.00C  1.52AB 1.09C 1.39B 1.63A 1.15C  

LSD 0.05p 

 

Cultivars 0.1404 and 0.1574, drought levels 0.1776 and 0.1991, cultivars x drought levels 0.3971 and 0.4452, in Bahawalpur and Cholistan, 

respectively 
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4.1.10 Shoot Length (cm) 

The data regarding shoot length denoted significant (P≤0.05) effect of water stress at 

various stages on different chickpea cultivars in Bahawalpur (Table 4.1.8). Among 

different chickpea cultivars, AZC 06 produced maximum shoot length (32.69 cm) 

followed by Dusht and Bakhar 2011 that produced shoot length (31.53 cm) & (32.29 

cm) respectively. Whereas, Thall 2006 produced minimum shoot length (29.89 cm). 

Well watered conditions produced maximum shoot length (34.72 cm). While water 

stress at flowering+ pod formation + grain filling stage produced minimum shoot 

length (26.37 cm). Interaction between chickpea cultivars and drought stress at 

various growth stages also significantly affected the shoot length. Chickpea cultivar 

DUSHT cultivated under well watered condition produced maximum shoot length 

(36.00 cm) against the minimum (25.40 cm) was observed from Bakhar 2011 grown 

under water stress at flowering + pod formation + grain filling stage (Table 4.1.8).  

Data regarding shoot length varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.8). Among different 

chickpea cultivars, Bakhar 2011 produced maximum shoot length (37.08 cm). 

Whereas, DUSHT produced minimum shoot length (30.00 cm). Well watered 

conditions produced significantly greater shoot length (37.47 cm). While water stress 

at flowering+ pod formation + grain filling stage produced minimum shoot length 

(29.98 cm). Interaction between chickpea cultivars and drought stress at various 

growth stages also significantly affected the shoot length. Chickpea cultivar Bakhar 

2011 cultivated under well watered condition produced maximum shoot length (41.37 

cm) against the minimum (27.49 cm) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage (Table 4.1.8). 
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Table 4.1.8: Effect of water stress on shoot length (cm) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 33.64ad 36.00a 34.66ac 33.64ad 35.67ab 34.72A 39.85ab 32.33dk 37.67ad 41.37a 36.11ah 37.47A 

Drought at 

flowering stage 
29.02cg 30.67ag 32.63ae 29.38bg 33.29ad 31.00BC 34.79bi 30.61fk 32.94ck 37.42ae 33.87bk 33.93BC 

Drought at pod 

formation stage 
29.15cg 31.01ag 33.34ad 29.66ag 34.04ad 31.44BC 35.06ai 30.87ek 32.91ck 36.89ag 34.05bk 33.96BC 

Drought at grain 

filling stage 
31.37ag 34.40ac 33.74ad 33.05ad 34.51ac 33.41AB 36.66ag 31.69dk 35.01ai 37.67ad 34.34bj 35.07AB 

Drought at 

flowering + pod 

formation stage 

28.56cg 29.41bg 31.67ag 27.67dg 31.94af 29.85C 33.67bk 28.00jk 31.33dk 34.33bj 31.62dk 31.79CD 

Drought at 

flowering + grain 

filling stage 

30.24ag 30.27ag 32.67ae 29.71ag 32.08af 30.99BC 37.04af 27.67k 34.24bj 36.24ag 34.37bj 33.91BC 

Drought at pod 

formation + grain 

filling stage 

31.39ag 32.71ae 33.27ad 31.66ag 33.39ad 32.48AC 37.39ae 31.31dk 34.00bk 39.00ac 34.44bj 35.23AB 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

25.72fg 27.81dg 26.33eg 25.40g 26.56eg 26.37D 30.33gk 27.49k 29.64hk 33.72bk 28.69ik 29.98D 

Mean 29.89C 31.53AC 32.29AB 30.02BC 32.69A  35.60AB 30.0C 33.47B 37.08A 33.44B  

LSD 0.05p 

 

Cultivars 2.2766 and 2.3251, drought levels   2.8797and 2.9410, cultivars x drought levels 6.4392 and 6.5762, in Bahawalpur and Cholistan, 

respectively 
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4.1.11 Shoot Fresh Weight (g) 

The data regarding shoot fresh weight denoted significant (P≤0.05) effect of water 

stress at various stages on different chickpea cultivars in Bahawalpur (Table 4.1.9). 

Among different chickpea cultivars, AZC 06 produced maximum shoot fresh weight 

(27.15 g), which was statistically similar to DUSHT (26.95 g). Whereas, Bakhar 2011 

produced minimum shoot fresh weight (20.27 g). Well watered conditions produced 

maximum shoot fresh weight (30.56 g). While water stress at flowering + pod 

formation + grain filling stage produced minimum shoot fresh weight (19.11 g). 

Interaction between chickpea cultivars and drought stress at various growth stages 

also significantly affected the shoot fresh weight. Chickpea cultivar DUSHT 

cultivated under well watered condition produced maximum shoot fresh weight 

(35.00 g) against the minimum (16.55 g) was observed from Bakhar 2011 grown 

under water stress at flowering + pod formation + grain filling stage (Table 4.1.9).  

Data regarding shoot fresh weight varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.9). Among 

different chickpea cultivars, Bakhar 2011 produced maximum shoot fresh weight 

(27.21 g). Whereas, DUSHT produced minimum shoot fresh weight (19.26 g). Well 

watered conditions produced significantly greater shoot fresh weight (27.27 g). While 

water stress at flowering + pod formation + grain filling stage produced minimum 

shoot fresh weight (19.01 g). Interaction between chickpea cultivars and drought 

stress at various growth stages also significantly affected the shoot fresh weight. 

Chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

maximum shoot fresh weight (33.41 g) against the minimum (15.45 g) was observed 

from DUSHT grown under water stress at flowering + pod formation + grain filling 

stage (Table 4.1.9). 
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Table 4.1.9: Effect of water stress on shoot fresh weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 27.95ai 35.00a 30.64ae 26.16bk 33.05ab 30.56A 29.09ad 23.22cl 26.35bh 33.41a 24.28bk 27.27A 

Drought at flowering 

stage 
21.71hn 24.01em 22.93gn 19.21kn 24.56dm 22.48CD 25.89bi 20.02hm 23.90bk 28.00af 21.53fm 23.87BC 

Drought at pod 

formation stage 
22.52gn 27.81aj 24.79cm 20.58jn 30.29af 25.20BC 24.25bk 20.77gm 24.19bk 27.13ag 21.35fm 23.54BC 

Drought at grain 

filling stage 
23.92em 31.72ad 25.20cl 23.28fn 31.86ac 27.19B 27.28ag 21.28fm 25.26bj 30.38ab 23.49cl 25.54AB 

Drought at flowering 

+ pod formation stage 
19.63kn 20.23kn 20.88in 17.69mn 22.01hn 20.09DE 22.53dl 17.69km 20.31hm 24.89bj 19.50im 20.99CD 

Drought at flowering 

+ grain filling stage 
21.93hn 27.58bj 21.61hn 18.67ln 26.14bk 23.19CD 23.45cl 16.67lm 21.70fm 28.58ae 22.00em 22.48C 

Drought at pod 

formation + grain 

filling stage 
22.31gn 28.21ah 22.66gn 20.00kn 29.33ag 24.50BC 23.90bk 19.00jm 21.64fm 29.87ac 22.78dl 23.44BC 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

18.80ln 21.04hn 19.18kn 16.55n 19.96kn 19.11E 19.53hm 15.45m 18.80jm 23.37cl 17.89km 19.01D 

Mean  22.35BC 26.95A 23.49B 20.27C 27.15A  24.49B 19.26D 22.77BC 28.21A 21.60CD  

LSD 0.05p Cultivars 2.5782 and 2.4122, drought levels 3.2612 and 3.0512, cultivars x drought levels 7.2922 and 6.8227, in Bahawalpur and Cholistan, 

respectively 
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4.1.12 Shoot Dry Weight (g) 

The data regarding shoot dry weight denoted significant (P≤0.05) effect of water 

stress at various stages on different chickpea cultivars in Bahawalpur (Table 4.1.10). 

Among different chickpea cultivars, DUSHT produced maximum shoot dry weight 

(8.40 g). Whereas, Bakhar 2011 produced minimum shoot dry weight (7.07 g). Well 

watered conditions produced maximum shoot fresh weight (8.52 g). While water 

stress at flowering + pod formation + grain filling stage produced minimum shoot dry 

weight (6.67 g). Interaction between chickpea cultivars and drought stress at various 

growth stages also significantly affected the shoot dry weight. Chickpea cultivar 

DUSHT cultivated under well watered condition produced maximum shoot dry 

weight (9.28 g) against the minimum (5.21 g) was observed from Punjab 2008 grown 

under water stress at pod formation + grain filling stage (Table 4.1.10).  

Data regarding shoot dry weight varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.10). Among 

different chickpea cultivars, Bakhar 2011 produced maximum shoot dry weight (7.34 

g) which was statistically similar to Thall 2006 (7.23 g). Whereas, DUSHT produced 

minimum shoot dry weight (6.73 g). Well watered conditions produced significantly 

greater shoot dry weight (7.55 g). While water stress at flowering + pod formation + 

grain filling stage produced minimum shoot dry weight (6.39 g). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the shoot dry weight. Chickpea cultivar Bakhar 2011 cultivated under well 

watered condition produced maximum shoot dry weight (7.96 g) against the minimum 

(6.06 g) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage (Table 4.1.10). 
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Table 4.1.10: Effect of water stress on shoot dry weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 8.17bf 9.28a 8.36ad 7.96ch 8.83ac 8.52A 7.75ab 7.19ag 7.47ae 7.96a 7.36af 7.55A 

Drought at flowering 

stage 
7.24fj 8.22be 7.59di 6.97ik 7.48di 7.50CD 7.32af 6.97bi 7.00bi 7.65ac 6.96bi 7.18B 

Drought at pod 

formation stage 
7.45di 8.89ac 7.70di 7.34ei 7.59di 7.79BC 7.37ae 6.71ej 6.80ej 7.36af 6.86cj 7.02BC 

Drought at grain 

filling stage 
7.61di 8.95ab 7.75di 7.35ei 8.19bf 7.97B 7.62ad 7.05bh 7.14bh 7.19ah 6.89ci 7.18B 

Drought at flowering 

+ pod formation stage 
7.06gk 7.97bg 6.98hk 6.91ik 7.01gk 7.19D 6.85cj 6.38hj 6.56fj 7.01bi 6.72ej 6.70CD 

Drought at flowering 

+ grain filling stage 
7.23fj 8.29be 7.14gj 6.92ik 7.33ei 7.38CD 7.07bh 6.69ej 6.83dj 7.30af 6.75ej 6.92BC 

Drought at pod 

formation + grain 

filling stage 
7.31ei 8.42ad 5.25l 6.98hk 7.69di 7.13D 7.40ae 6.81dj 7.01bi 7.46ae 6.87ci 7.11B 

Drought at flowering+ 

pod formation + grain 

filling stage 
6.32jk 7.17gj 6.92ik 6.11kl 6.80ik 6.67E 6.48gj 6.06j 6.39gj 6.80ej 

6.22ij 

 
6.39D 

Mean 7.30BC 8.40A 7.21C 7.07C 7.61B  7.23A 6.73B 6.90B 7.34A 6.83B  

LSD 0.05p Cultivars 0.3470 and 0.2855, drought levels 0.4389 and 0.3611, cultivars x drought levels 0.9814 and 0.8075, in Bahawalpur and 

Cholistan, respectively 



 67 

4.1.13 Days to Flowering 

Comparison of the treatment means showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the number of days to flowering in 

Bahawalpur (Table 4.1.11). Among different chickpea cultivars, DUSHT takes the 

maximum number of days to flowering (69.00). Whereas, Bakhar 2011 takes the 

minimum number of days to flower (63.79). Well watered conditions take 

significantly higher number of days to flower (68.80). While water stress at flowering 

+ pod formation + grain filling stage takes minimum number of days to flower 

(65.27). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the number of days to flowering in Bahawalpur. 

Chickpea cultivar DUSHT cultivated under well watered conditions takes maximum 

number of days to flower (72.00) against the minimum (62.67) was observed from 

Bakhar 2011 grown under water stress at flowering + grain filling stage (Table 

4.1.11).  

Data regarding the number of days to flowering varied significantly due to chickpea 

cultivars and drought stress at various growth stages in Cholistan farm (Table 4.1.11). 

Among different chickpea cultivars, AZC 06 takes the maximum number of days to 

flowering (67.58). Whereas, Thall 2006 takes the minimum number of days to flower 

(58.38). Well watered conditions take significantly higher number of days to flower 

(65.75). While water stress at flowering + pod formation + grain filling stage takes the 

minimum number of days to flower (59.32). Interaction between chickpea cultivars 

and drought stress at various growth stages also significantly affected the number of 

days to flowering. Chickpea cultivar AZC 06 cultivated under well watered conditions 

takes maximum number of days to flower (71.65) against the minimum (56.55) was 

observed from Thall 2006 grown under water stress at flowering + pod formation + 

grain filling stage (Table 4.1.11). 
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Table 4.1.11: Effect of water stress on number of days to flowering of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 66.00be 72.00a 72.00a 65.33be 68.67ad 68.80A 60.09ej 62.33bj 69.33ab 65.33ag 71.65a 65.75A 

Drought at 

flowering stage 
65.33be 71.00ab 71.00ab 65.00ce 68.00ae 68.07AB 57.72hj 58.93fj 62.96bj 61.42cj 66.91ae 61.59BC 

Drought at pod 

formation stage 
64.33ce 68.67ad 67.00ae 63.33ce 67.67ae 66.20AC 58.48fj 60.03ej 63.28bj 63.42bj 68.32ad 62.71AB 

Drought at grain 

filling stage 
64.00ce 69.00ac 66.67ae 62.67e 68.00ae 66.07BC 59.23fj 60.58ej 65.41af 64.28ai 68.65ad 63.63AB 

Drought at 

flowering + pod 

formation stage 

64.33ce 68.67ad 67.00ae 65.00ce 68.67ad 66.73AC 57.26hj 57.88fj 61.39cj 60.75ej 64.77ah 60.41BC 

Drought at 

flowering + 

grain filling 

stage 

64.00ce 68.00ae 66.33ae 62.67e 67.67ae 65.73BC 57.80gj 58.06fj 62.95bj 61.45cj 67.14ae 61.48BC 

Drought at pod 

formation + 

grain filling 

stage 

65.00ce 68.00ae 66.67ae 63.33ce 68.00ae 66.20AC 59.90ej 60.75ej 63.95bj 61.88bj 68.95ac 63.07AB 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

64.33ce 66.67ae 65.67be 63.00de 66.67ae 65.27 C 56.55j 56.94ij 61.21dj 57.67hj 64.23ai 59.32C 

Mean  64.67 B 69.00 A 67.79 A 63.79B 67.92 A  58.38D 59.43CD 63.81B 62.03BC 67.58A  

LSD 0.05p 

 

Cultivars 2.1145 and 2.6764, drought levels 2.6747 and 3.3855, cultivars x drought levels   5.9807 and 7.5701, in Bahawalpur and 

Cholistan, respectively 
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4.1.14 Days to Pod Formation 

Comparison of the treatment means showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the days taken to complete pod 

formation in Bahawalpur (Table 4.1.12). Among different chickpea cultivars, Punjab 

2008 takes the maximum number of days to pod formation (87.37). Whereas, Bakhar 

2011 takes the minimum number of days to pod formation (82.71). Well watered 

conditions take significantly higher number of days to pod formation (88.87). While 

water stress at flowering + pod formation + grain filling stage takes the minimum 

number of days to complete pod formation (84.20). Interaction between chickpea 

cultivars and drought stress at various growth stages also significantly affected the 

number of days to pod formation. Chickpea cultivar Punjab 2008 cultivated under 

well watered condition takes the maximum number of days to pod formation (91.33) 

against the minimum (81.00) was observed from Bakhar 2011 grown under water 

stress at flowering + grain filling stage (Table 4.1.12).  

Data regarding the number of days to pod formation varied significantly due to 

chickpea cultivars and drought stress at various growth stages in Cholistan farm 

(Table 4.1.12). Among different chickpea cultivars, AZC 06 takes the maximum 

number of days to pod formation (84.37). Whereas, Thall 2006 takes minimum 

number of days to pod formation (79.44). Well watered conditions take significantly 

higher number of days to pod formation (85.33). While water stress at flowering + 

pod formation + grain filling stage takes minimum number of days to pod formation 

(79.25). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the number of days to pod formation. Chickpea 

cultivar AZC 06 cultivated under well watered condition takes maximum number of 

days to pod formation (87.43) against the minimum (75.92) was observed from Thall 

2006 grown under water stress at flowering + pod formation + grain filling stage 

(Table 4.1.12). 
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Table 4.1.12: Effect of water stress on number of days to pod formation of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 85.67bf 91.33a 91.33a 85.67bf 90.33ab 88.87A 82.58ae 84.61ac 85.49ac 86.54ab 87.43a 85.33A 

Drought at 

flowering stage 
84.00cf 87.00ae 89.33ac 83.67df 87.67ad 86.33B 78.75ce 80.49ae 81.67ae 82.34ae 83.36ad 81.32BC 

Drought at pod 

formation stage 
82.67df 86.00af 85.67bf 82.67df 86.33af 84.67B 79.51be 81.34ae 81.95ae 82.39ae 84.30ad 81.90BC 

Drought at grain 

filling stage 
85.66bf 86.67ae 85.00bf 82.33df 86.67ae 85.27B 81.02ae 82.28ae 82.67ae 83.27ad 85.29ac 82.91AB 

Drought at 

flowering + pod 

formation stage 

83.33df 87.33ae 85.67bf 82.67df 86.67ae 85.13B 78.71ce 79.40ce 81.12ae 81.15ae 83.69ad 80.81BC 

Drought at 

flowering + grain 

filling stage 

83.67df 86.33af 87.67ad 81.00f 85.33bf 84.80B 79.35ce 80.91ae 82.31ae 81.69ae 83.96ad 81.64BC 

Drought at pod 

formation + grain 

filling stage 

82.67df 85.33bf 87.33ae 82.67df 86.00af 84.80B 79.69be 81.42ae 82.68ae 82.14ae 84.28ad 82.04BC 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

82.00ef 85.33bf 87.00ae 81.00f 85.67bf 84.20B 75.92e 77.39de 80.09be 80.20be 82.67ae 79.25C 

Mean  83.71B 86.92A 87.37A 82.71B 86.83A  79.44C 80.98BC 82.25AB 82.47AB 84.37A  

LSD 0.05p 

 

Cultivars 1.9614 and 2.4886, drought levels   2.4810 and 3.1478, cultivars x drought levels 5.5476 and 7.0387, in Bahawalpur and 

Cholistan, respectively 
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4.1.15 Days to Grain Filling 

Comparison of the treatment means showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the days taken to complete grain filling 

process in Bahawalpur (Table 4.1.13). Among different chickpea cultivars, Punjab 

2008 takes maximum number of days to grain filling (103.75). Whereas, Bakhar 2011 

takes minimum number of days to complete grain filling (96.00). Well watered 

conditions take significantly higher number of days to grain filling (103.80). While 

water stress at flowering + pod formation + grain filling stage takes the minimum 

number of days to complete the grain filling process (98.27). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the number of days to grain filling. Chickpea cultivar Punjab 2008 cultivated 

under well watered condition take maximum number of days to complete grain filling 

process (107.33) against the minimum (94.00) was observed from Bakhar 2011 grown 

under water stress at flowering + grain filling stage (Table 4.1.13).  

Data regarding number of days to grain filling varied significantly due to chickpea 

cultivars and drought stress at various growth stages in Cholistan farm (Table 4.1.13). 

Among different chickpea cultivars, AZC 06 takes maximum number of days to 

complete grain filling process (100.28). Whereas, Thall 2006 takes minimum number 

of days to complete grain filling (91.25). Well watered conditions take significantly 

higher number of days to complete grain filling process (99.55). While water stress at 

flowering + pod formation + grain filling stage takes minimum number of days to 

complete grain filling (94.26). Interaction between chickpea cultivars and drought 

stress at various growth stages also significantly affected the number of days to 

complete grain filling. Chickpea cultivar AZC 06 cultivated under well watered 

condition takes maximum number of days to complete grain filling process (103.10) 

against the minimum (89.80) was observed from Thall 2006 grown under water stress 

at flowering + pod formation + grain filling stage (Table 4.1.13). 
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Table 4.1.13: Effect of water stress on number of days to complete grain filling of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 101.67ai 106.00ab 107.33a 99.33bj 104.67ad 103.80A 94.05cj 98.07ai 102.09ab 100.41ad 103.10a 99.55A 

Drought at flowering 

stage 
100.00bj 105.33ac 106.33ab 97.00fj 100.33aj 101.80AB 90.78hj 94.24cj 97.81ai 95.76aj 99.31af 95.58B 

Drought at pod 

formation stage 
98.00dj 103.67af 102.67ag 95.67gj 99.67bj 99.93BC 91.02gj 94.49bj 98.69ag 96.36aj 100.27ad 96.17AB 

Drought at grain 

filling stage 
96.33gj 100.33aj 102.00ai 95.33hj 99.33bj 98.67BC 91.94fj 95.06bj 98.39ah 96.88aj 101.36ac 96.73AB 

Drought at flowering 

+ pod formation 

stage 

97.33ej 102.33ah 104.33ae 96.33gj 100.33aj 100.13BC 90.62ij 92.20ej 97.81ai 95.47aj 98.68ag 94.96B 

Drought at flowering 

+ grain filling stage 96.00gj 102.00ai 102.33ah 95.33hj 
98.67cj 

 
98.87BC 90.74hj 93.53dj 99.91ae 95.71aj 100.60ad 96.10AB 

Drought at pod 

formation + grain 

filling stage 

97.33ej 100.33aj 104.00af 95.00ij 100.00bj 99.33BC 91.03gj 94.11cj 100.25ad 97.05aj 101.06ad 96.70AB 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

97.00fj 100.67aj 101.00aj 94.00j 98.67cj 98.27C 89.80j 91.91fj 96.76aj 94.94bj 97.88ai 94.26B 

Mean 97.96CD 102.58AB 103.75A 96.00D 100.21BC  91.25D 94.20C 98.96AB 96.57BC 100.28A  

LSD 0.05p 

 

Cultivars 2.4808 and 2.7366, drought levels 3.1379 and 3.4616, cultivars x drought levels 7.0167 and 7.7404, in Bahawalpur and Cholistan, 

respectively 
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4.1.16 Days to Harvesting 

Comparison of the treatment means showed that chickpea cultivars and drought stress 

at various growth stages significantly affected the days taken to harvesting in 

Bahawalpur (Table 4.1.14). Among different chickpea cultivars, DUSHT takes 

maximum number of days to harvesting (128.88). Whereas, Bakhar 2011 takes 

minimum number of days to harvesting (120.67). Well watered condition takes 

significantly higher number of days to harvesting (128.20). While water stress at 

flowering + pod formation + grain filling stage takes minimum number of days to 

harvesting (123.07). Interaction between chickpea cultivars and drought stress at 

various growth stages also significantly affected the number of days to harvesting. 

Chickpea cultivar DUSHT cultivated under well watered condition take maximum 

number of days to harvesting (133.33) against the minimum (119.67) was observed 

from Bakhar 2011 grown under water stress at flowering + grain filling stage (Table 

4.1.14).  

Data regarding number of days to harvesting varied significantly due to chickpea 

cultivars and drought stress at various growth stages in Cholistan farm (Table 4.1.14). 

Among different chickpea cultivars, AZC 06 takes maximum number of days to 

harvesting (125.51). Whereas, Thall 2006 takes minimum number of days to 

harvesting (115.25). Well watered conditions take significantly higher number of days 

to complete harvesting (123.83). While water stress at flowering + pod formation + 

grain filling stage takes minimum number of days to harvesting (118.33). Interaction 

between chickpea cultivars and drought stress at various growth stages also 

significantly affected the number of days to harvesting. Chickpea cultivar AZC 

06cultivated under well watered condition takes maximum number of days to 

harvesting (129.07) against the minimum (113.13) was observed from Thall 2006 

grown under water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.14: Effect of water stress on number of days to harvesting of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 126.33bh 133.33a 131.00ac 121.00gi 129.33ad 128.20A 117.25fk 122.39bg 125.68ab 124.75ac 129.07a 123.83A 

Drought at 

flowering stage 
124.00di 132.33ab 128.67ae 122.67ei 128.33af 127.20AB 114.66 117.44fk 121.71bh 121.39bh 124.77ac 119.99B 

Drought at pod 

formation stage 
122.33fi 128.33af 127.67af 121.00gi 124.00di 124.67BC 115.77hk 118.43dk 122.24bg 120.77bi 124.98ac 120.44B 

Drought at grain 

filling stage 
121.00gi 127.67af 125.00ci 120.67hi 123.33di 123.53C 115.98hk 118.27dk 121.35bh 120.57bi 125.71ab 120.38B 

Drought at 

flowering + pod 

formation stage 

122.33fi 128.00af 127.33af 120.33hi 124.33di 124.47BC 114.02jk 116.23gk 121.71bh 119.45cj 124.30ad 119.14 

Drought at 

flowering + grain 

filling stage 

124.67di 126.33bh 127.00bg 119.33i 123.67di 124.20C 114.64ik 117.98ek 122.91af 120.77bi 124.94ac 120.25B 

Drought at pod 

formation + grain 

filling stage 

121.00gi 128.00af 127.33af 120.67hi 123.67di 124.13C 116.57gk 117.54fk 123.29af 121.11bh 126.40ab 120.98B 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

121.00gi 127.00bg 124.67di 119.67i 123.00ei 123.07C 113.13k 115.55hk 120.78bi 118.29dk 123.91ae 118.33B 

Mean  122.83BC 128.88A 127.33A 120.67C 124.96B  115.25D 117.98C 122.46B 120.89B 125.51A  

LSD 0.05p 

 

Cultivars 2.2079and 2.1887, drought levels   2.7929and 2.7685, cultivars x drought levels   6.2450and 6.1906, in Bahawalpur and Cholistan, 

respectively 
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4.1.17 Number of Pods per Plant 

Number of pods per plant contributes considerably to the grain yield. Inherent 

characteristics, optimum crop management, availability of nutrients and moisture 

have significantly influenced the setting of grains. The data regarding number of pods 

per plant showed significant (P≤0.05) effect of water stress at various stages on 

different chickpea genotypes in Bahawalpur (Table 4.1.15). Among different chickpea 

cultivars, Bakhar 2011 produced maximum number of pods per plant (29.17). 

Whereas, DUSHT produced minimum number of pods per plant (22.75). Well 

watered conditions produced maximum number of pods per plant (30.79). While 

water stress at flowering + pod formation + grain filling stage produced minimum 

number of pods per plant (21.01). Interaction between chickpea cultivars and drought 

stress at various growth stages also significantly affected the number of pods per 

plant. Chickpea cultivar Bakhar 2011 cultivated under well watered condition 

produced maximum number of pods per plant (36.63) against the minimum (18.54) 

was observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage (Table 4.1.15).  

Data regarding number of pods per plant varied significantly due to chickpea cultivars 

and drought stress at various growth stages in Cholistan farm (Table 4.1.15). Among 

different chickpea cultivars, Bakhar 2011 produced maximum number of pods per 

plant (28.02). Whereas, DUSHT produced minimum number of pods per plant 

(22.66). Well watered conditions produced significantly higher number of pods per 

plant (28.40). While water stress at flowering + pod formation + grain filling stage 

produced minimum number of pods per plant (20.39). Interaction between chickpea 

cultivars and drought stress at various growth stages also significantly affected the 

number of pods per plant. Chickpea cultivar Bakhar 2011 cultivated under well 

watered condition produced maximum number of pods per plant (32.63) against the 

minimum (18.21) was observed from Punjab 2008 grown under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.1.15: Effect of water stress on number of pods per plant of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 31.21bc 28.11cg 28.95cf 36.63a 29.04cf 30.79A 29.84ab 25.29bj 26.86bg 32.63a 27.37bg 28.40A 

Drought at flowering 

stage 
30.89bd 26.21ej 27.65ch 33.74ab 28.89cf 29.48A 28.61ad 25.27bj 26.27bh 29.82ab 27.39bg 27.47AB 

Drought at pod 

formation stage 
27.58ch 25.39el 27.48ci 29.37be 27.45ci 27.46B 27.58bf 23.73em 24.35dl 28.37ae 25.12bk 25.83BC 

Drought at grain filling 

stage 
26.27ei 24.93fm 25.17em 28.76cf 27.12ci 26.45B 26.95bg 22.82gn 24.51cl 29.84ab 25.67bi 25.96BC 

Drought at flowering + 

pod formation stage 
23.16in 20.34no 20.86mo 26.79di 25.37el 23.30C 22.72gn 21.81hn 20.86jn 26.25bh 23.36fm 23.00DE 

Drought at flowering + 

grain filling stage 
23.34hn 19.94no 21.10 lo 26.80ci 23.79gn 22.99C 24.07dl 20.73jn 23.46fm 29.13ac 26.12bh 24.70CD 

Drought at pod 

formation + grain 

filling stage 
21.68ko 18.55o 20.92mo 25.83ek 21.84jo 21.76CD 21.99hn 21.61hn 20.45kn 24.17dl 21.17in 21.88EF 

Drought at flowering+ 

pod formation + grain 

filling stage 
21.17lo 18.54 o 19.54no 25.47el 20.29no 21.01D 20.51kn 20.04ln 18.21n 23.92dm 19.29mn 20.39F 

Mean 25.66B 22.75D 23.96CD 29.17A 25.47BC  25.28B 22.66D 23.12CD 28.02A 24.44BC  

LSD 0.05p Cultivars 1.5647 and 1.6775, drought levels 1.9792 and   2.1219, cultivars x drought levels 4.4256 and 4.7446, in Bahawalpur and Cholistan, 

respectively 
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4.1.18 Number of Grains per Pod 

The number of grains per pod is an imperative characteristic having encouraging 

influence on final productivity (Yadav et al., 2005). The data regarding number of 

grains per pod showed significant (P≤0.05) effect of water stress at various stages in 

Bahawalpur (Table 4.1.16). Well watered conditions produced maximum number of 

grains per pod (1.698). While water stress at flowering + pod formation + grain filling 

stage produced minimum number of grains per pod (1.47). Chickpea genotypes had 

no significant effect on number of grains per pod. Interaction between chickpea 

cultivars and drought stress at various growth stages also significantly affected the 

number of grains per pod. Chickpea cultivar Bakhar 2011 cultivated under well 

watered condition produced maximum number of grains per pod (1.80) against the 

minimum (1.43) was observed from DUSHT grown under water stress at flowering + 

pod formation + grain filling stage (Table 4.1.16).  

Data regarding number of grains per pod varied significantly due to chickpea cultivars 

and drought stress at various growth stages in Cholistan farm (Table 4.1.16). Among 

different chickpea cultivars, Bakhar produced maximum number of grains per pod 

(1.601). Whereas, DUSHT produced minimum number of grains per pod (1.503). 

Well watered conditions produced significantly higher number of grains per pod 

(1.67). While water stress at flowering + pod formation + grain filling stage produced 

minimum number of grains per pod (1.43). Interaction between chickpea cultivars and 

drought stress at various growth stages also significantly affected the number of 

grains per pod. Chickpea cultivar Bakhar cultivated under well watered condition 

produced maximum number of grains per pod (1.77) against the minimum (1.39) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage.  
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Table 4.1.16: Effect of water stress on number of grains per pod of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 1.76ab 1.64ac 1.57ac 1.80a 1.71ac 1.70A 1.68ad 1.60ah 1.60ah 1.77a 1.72ab 1.67A 

Drought at flowering stage 1.57ac 1.60ac 1.56ac 1.71ac 1.70ac 1.63AB 1.63ag 1.53bi 1.56bi 1.69ac 1.69ac 1.62AB 

Drought at pod formation stage 1.65ac 1.46bc 1.51ac 1.53ac 1.65ac 1.56BC 1.60ah 1.52ci 1.47ei 1.60ah 1.56bi 1.55BC 

Drought at grain filling stage 1.56ac 1.48bc 1.65ac 1.65ac 1.43c 1.55BC 1.46fi 1.41hi 1.45gi 1.55bi 1.65af 1.51CD 

Drought at flowering + pod 

formation stage 
1.59ac 1.53ac 1.56ac 1.73ac 1.58ac 1.60AC 1.63ag 1.56bi 1.58ai 1.66ae 1.56bi 1.60AB 

Drought at flowering + grain 

filling stage 
1.50bc 1.54ac 1.59ac 1.58ac 1.51ac 1.55BC 1.54bi 1.56bi 1.49di 1.52ci 1.45gi 1.51CD 

Drought at pod formation + 

grain filling stage 
1.58ac 1.51ac 1.50bc 1.51ac 1.63ac 1.55BC 1.57bi 1.44gi 1.46fi 1.53bi 1.53bi 1.51CD 

Drought at flowering+ pod 

formation + grain filling stage 
1.48bc 1.43c 1.55ac 1.46bc 1.44c 1.47C 1.42hi 1.39i 1.42hi 1.49di 1.42hi 1.43D 

Mean 1.58 1.52 1.56 1.62 1.58  1.57AB 1.50B 1.51B 1.60A 1.57AB  

LSD 0.05p Cultivars and 0.0687, drought levels 0.1363 and   0.0868, cultivars x drought levels 0.3049 and, in Bahawalpur and Cholistan, 

respectively 
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4.1.19 Pod Weight (g) 

The data regarding pod weight showed significant (P≤0.05) effect of water stress at 

various stages on different chickpea genotypes in Bahawalpur (Table 4.1.17). Among 

different chickpea cultivars, Bakhar 2011 produced maximum pod weight (0.46 g). 

Whereas, AZC 06 produced minimum pod weight (0.40 g). Chickpea cultivars 

cultivated under well watered conditions produced maximum pod weight (0.50 g). 

While chickpea cultivars cultivated under water stress at flowering + pod formation + 

grain filling stage produced minimum pod weight (0.38 g). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the pod weight. Chickpea cultivar Bakhar 2011 cultivated under well watered 

condition produced maximum pod weight (0.55 g) against the minimum (0.34 g) was 

observed from AZC 06 grown under water stress at flowering + pod formation + grain 

filling stage (Table 4.1.17).  

Data regarding pod weight varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.17). Among different 

chickpea cultivars, Thall 2006 produced maximum pod weight (0.45 g). Whereas, 

DUSHT produced minimum pod weight (0.39 g). Chickpea cultivars cultivated under 

well watered conditions produced significantly higher pod weight (0.48 g). While 

chickpea cultivars cultivated under water stress at flowering + pod formation + grain 

filling stage produced minimum pod weight (0.36 g). Interaction between chickpea 

cultivars and drought stress at various growth stages also significantly affected the pod 

weight. Chickpea cultivar Thall 2006 cultivated under well watered condition produced 

maximum pod weight (0.53 g) against the minimum (0.32 g) was observed from 

DUSHT grown under water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.17: Effect of water stress on pod weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 0.53ab 0.48ad 0.46af 0.55 a 0.48ae 0.50A 0.53a 0.45bh 0.46bg 0.47af 0.50ab 0.48A 

Drought at flowering stage 0.45af 0.46af 0.43bg 0.50ac 0.42cg 0.45B 0.49ac 0.42dk 0.43bj 0.45bh 0.49ad 0.46AB 

Drought at pod formation 

stage 
0.45af 0.44af 0.40cg 0.43bg 0.41cg 0.43BC 0.45bi 0.42dk 0.41em 0.42dk 0.43bk 0.43C 

Drought at grain filling 

stage 
0.43bg 0.39dg 0.45af 0.45af 0.41cg 0.43BC 0.43ck 0.38hn 0.38hn 0.39fn 0.44bi 0.41 CD 

Drought at flowering + 

pod formation stage 
0.42cg 0.40cg 0.41cg 0.48ae 0.37fg 0.41BC 0.47ae 0.40em 0.43ck 0.44bi 0.43bk 0.43BC 

Drought at flowering + 

grain filling stage 
0.38eg 0.39dg 0.42cg 0.44bg 0.38eg 0.40C 0.43bk 0.40fm 0.40fm 0.42dl 0.39hn 0.41CD 

Drought at pod formation 

+ grain filling stage 
0.41cg 0.44af 0.37eg 0.39dg 0.38eg 0.40C 0.39gn 0.35ln 0.36jn 0.40fm 0.38in 0.37DE 

Drought at flowering+ pod 

formation + grain filling 

stage 

0.40cg 0.37fg 0.39dg 0.40cg 0.34g 0.38C 0.39gn 0.32n 0.34mn 0.36kn 0.41em 0.36E 

Mean 0.43AB 0.42AB 0.42B 0.46A 0.40B  0.45A 0.39C 0.40C 0.42BC 0.43AB  

LSD 0.05p 

 

Cultivars 0.0364 and 0.0255, drought levels 0.0461 and 0.0322, cultivars x drought levels 0.1031 and 0.0720, in Bahawalpur and 

Cholistan, respectively 
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4.1.20 100 Grain Weight (g) 

The contribution of individual grain is the vital yield determinant and plays a crucial 

role in the final grain yield of a crop. The data regarding 100 grain weight showed 

significant (P≤0.05) effect of water stress at various stages on different chickpea 

genotypes in Bahawalpur (Table 4.1.18). Among different chickpea cultivars, Bakhar 

2011 produced maximum 100 grain weight (197.69 g). Whereas, DUSHT produced 

minimum 100 grain weight (185.04 g). Well watered conditions produced maximum 

100-grain weight (217.65 g). While water stress at flowering + pod formation + grain 

filling stage showed minimum 100 grain weight (156.96 g). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the 100-grain weight. Chickpea cultivar Thall 2006 cultivated under well 

watered condition produced maximum 100 grain weight (230.80 g) against the 

minimum (143.37 g) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage (Table 4.1.18).  

Data regarding 100 grain weight varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.18). Among 

different chickpea cultivars, Bakhar 2011 produced maximum 100 grain weight 

(200.35 g). Whereas, DUSHT produced minimum 100 grain weight (186.29 g). Well 

watered conditions produced significantly higher 100 grain weight (217.265 g). While 

water stress at flowering + pod formation + grain filling stage showed minimum 100 

grain weight (158.37 g). Interaction between chickpea cultivars and drought stress at 

various growth stages also significantly affected the 100 grain weight. Chickpea 

cultivar Bakhar 2011 cultivated under well watered condition produced maximum 100 

grain weight (225.42 g) against the minimum (149.92 g) was observed from DUSHT 

grown under water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.18: Effect of water stress on 100 grains weight (g) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought levels 

Cultivars Cultivars 

Thall 2006 DUSHT Punjab 

2008 

Bakhar 

2011 

AZC 06 Mean Thall 

2006 

DUSHT Punjab 

2008 

Bakhar 

2011 

AZC 06 Mean 

Well watered 
230.80a 207.45bf 210.85ae 223.69ab 215.45ad 217.65A 224.13a 207.74ag 217.95ad 225.42a 

213.02a

e 
217.65A 

Drought at 

flowering stage 
203.33bh 201.21ch 203.05bh 216.75ac 207.96bf 206.46B 219.68ac 205.03bg 212.93ae 221.05ab 

208.37a

g 

213.41A

B 

Drought at pod 

formation stage 
209.05bf 204.49bh 207.95bf 214.83ad 202.43bh 207.75B 211.77af 196.83eh 208.33ag 210.94af 

205.75b

g 

206.72B

C 

Drought at grain 

filling stag 
202.60bh 205.89bg 195.71ci 209.73ae 197.75ci 202.34B 200.60dh 197.92eh 201.09dh 205.24bg 

202.64c

h 

201.50C

D 

Drought at 

flowering + pod 

formation stage 

184.03hm 176.39in 183.17hm 193.95dj 184.23gm 184.35C 196.19ei 186.39hl 194.07fj 201.58dh 
191.69g

k 
193.99D 

Drought at 

flowering + grain 

filling stage 

178.14in 172.66jo 188.01fk 192.63ej 177.54in 181.80CD 174.81kn 175.99kn 178.88im 195.97ei 
177.66j

n 
180.66E 

Drought at pod 

formation + grain 

filling stage 

172.27jo 168.84ko 184.67gl 167.16ko 172.68jo 173.12D 168.94lo 170.50ln 172.35ln 176.50jn 
176.87j

n 
173.03E 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

161.20np 143.37p 154.09op 162.80mp 163.32lp 156.96E 163.37mp 149.92p 159.98np 166.13mp 
152.43o

p 
158.37F 

Mean 
192.68AB 185.04B 190.94AB 197.69A 190.17AB  194.94AB 186.29C 193.20B 200.35A 

191.05B

C 
 

LSD 0.05p 

 

Cultivars 7.6655 and 6.2941, drought levels 9.6962 and 7.9614, cultivars x drought levels   21.681 and 17.802, in Bahawalpur and Cholistan, 

respectively 
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4.1.21 Biological Yield (kg ha-1) 

Biological yield is the resultant sum total of vegetative growth and economic yield and 

it shows an indirect index of photosynthetic machinery. As it represents the total 

biomass assembled by the plant. Comparison of the treatment means showed that 

chickpea cultivars and drought stress at various growth stages significantly affected the 

biological yield in Bahawalpur (Table 4.1.19). Among different chickpea cultivars, 

Bakhar 2011 produced maximum biological yield (5661.1 kg ha-1). Whereas, DUSHT 

produced minimum biological yield (4172.8 kg ha-1). Well watered conditions produced 

maximum biological yield (6162.0 kg ha-1). While water stress at pod formation + grain 

filling stage showed minimum biological yield (4111.1 kg ha-1). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly affected 

the biological yield. Chickpea cultivar Bakhar 2011 cultivated under well watered 

condition produced maximum biological yield (6933.8 kg ha-1) against the minimum 

(3227.7 kg ha-1) was observed from DUSHT grown under water stress at pod formation 

+ grain filling stage (Table 4.1.19).  

Data regarding biological yield varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.19). Among different 

chickpea cultivars, Bakhar 2011 produced maximum biological yield (5236.1kg ha-1). 

Whereas, DUSHT produced minimum biological yield (4002.8 kg ha-1). Well watered 

conditions produced significantly higher biological yield (5455.4 kg ha-1). While water 

stress at pod formation + grain filling stage showed minimum biological yield (3704.4 g 

kg ha-1). Interaction between chickpea cultivars and drought stress at various growth 

stages also significantly affected the biological yield. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum biological yield (6667.2 kg 

ha-1) against the minimum (3210.6 kg ha-1) was observed from Punjab 2008 grown under 

water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.19: Effect of water stress on biological yield (kg ha-1) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 6301.8ab 5654.9be 6010.0ad 6933.8a 5909.7ad 6162.0A 5535.1bc 4988.2bg 5110.0bf 6667.2a 4976.4bg 5455.4A 

Drought at 

flowering stage 
6121.0ac 4554.4gl 5265.0bi 6888.7a 5521.1bg 5670.1B 5254.4be 3987.7gk 4265.0ek 5955.4ab 4821.1ch 4856.7B 

Drought at pod 

formation stage 
5425.2bh 5080.9ck 5325.7bi 5555.9bg 5339.6bi 5345.5B 5391.9bd 4247.6ek 4425.7dj 5122.6bf 4506.3ci 4738.8B 

Drought at grain 

filling stage 
5323.2bi 4713.5el 5010.5dk 5630.9bf 5494.3bg 5234.5B 5089.9bf 4346.9dj 4343.8dj 4964.3bg 4927.7bg 4734.5B 

Drought at 

flowering + pod 

formation stage 

4323.4im 3390.4mn 3874.6ln 5314.4bi 4589.6fl 4298.5C 4123.4fk 3657.0ik 3774.6hk 5147.7bf 4356.3dj 4211.8CD 

Drought at 

flowering + grain 

filling stage 

4190.7jn 3395.4mn 4046.0kn 5121.3cj 4301.7im 4211.0C 4190.7ek 3562.1ik 4446.0di 5587.9ac 4635.1ci 4484.4BC 

Drought at pod 

formation + grain 

filling stage 

4160.1jn 3227.7n 3852.0ln 4718.6el 4597.1el 4111.1C 3726.8ik 3627.7ik 3352.0jk 4218.6ek 3597.1ik 3704.4E 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

4397.4hm 3365.0mn 3744.0ln 5125.1cj 4021.4kn 4130.6C 4097.4fk 3605.0ik 3210.6k 4225.1ek 3588.0ik 3745.2DE 

Mean  5030.4B 4172.8D 4641.0C 5661.1A 4971.8BC  4676.2B 4002.8D 4116.0CD 5236.1A 4426.0BC  

LSD 0.05p 

 

Cultivars 375.04 and 383.50, drought levels 474.39 and 485.10, cultivars x drought levels 1060.8 and 1084.7, in Bahawalpur and Cholistan, 

respectively 
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4.1.22 Grain Yield (kg ha-1) 

Grain yield reflects the combined effects of various yield components developed 

under the particular environment. The data regarding grain yield showed significant 

(P≤0.05) effect of water stress at various growth stages on different chickpea 

genotypes in Bahawalpur (Table 4.1.20). Among different chickpea cultivars, Bakhar 

2011 produced maximum grain yield (1799.6 kg ha-1). Whereas, DUSHT produced 

minimum grain yield (1317.0 kg ha-1). Well watered conditions produced maximum 

grain yield (1981.6 kg ha-1). While water stress at flowering + pod formation + grain 

filling stage showed minimum grain yield (1205.1 kg ha-1). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the grain yield. Chickpea cultivar Bakhar 2011 cultivated under well watered 

condition produced maximum grain yield (2421.4 kg ha-1) against the minimum 

(996.3 kg ha-1) was observed from DUSHT grown under water stress at flowering + 

pod formation + grain filling stage (Table 4.1.20).  

Data regarding grain yield varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.20). Among different 

chickpea cultivars, Bakhar 2011 produced maximum grain yield (1609.3 kg ha-1). 

Whereas, DUSHT produced minimum grain yield (1211.3 kg ha-1). Well watered 

conditions produced significantly higher grain yield (1669.2 kg ha-1). While water 

stress at flowering + pod formation + grain filling stage produced minimum grain 

yield (1065.9 kg ha-1). Interaction between chickpea cultivars and drought stress at 

various growth stages also significantly affected the grain yield. Chickpea cultivar 

Bakhar 2011 cultivated under well watered condition produced maximum grain yield 

(2012.4 kg ha-1) against the minimum (881.6 kg ha-1) was observed from Punjab 2008 

grown under water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.20: Effect of water stress on grain yield (kg ha-1) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 2025.9bc 1789.0cg 1871.8be 2421.4a 1800.2cf 1981.6A 1729.3ac 1500.0cj 1558.9bh 2012.4a 1545.3bi 1669.2A 

Drought at 

flowering stage 
1937.6bd 1514.2fl 1667.3dh 2167.3ab 1739.1cg 1805.1B 1574.2bg 1402.4dn 1475.4ck 1631.7be 1485.0ck 1513.7B 

Drought at pod 

formation stage 
1661.0dh 1578.3ek 1607.4ej 1804.4cf 1616.9ej 1653.6C 1611.2bf 1309.4fr 1387.3eo 1634.0be 1373.6eo 1463.1BC 

Drought at grain 

filling stage 
1576.7ek 1524.9fl 1511.6fl 1733.1cg 1649.8di 1599.2C 1604.1bf 1247.4is 1352.5ep 1839.5ab 1449.6cl 1498.6BC 

Drought at 

flowering + pod 

formation stage 

1324.0jo 1076.8oq 1201.2mq 1631.7di 1397.4hn 1326.2D 1254.7hs 1134.1mt 1154.2lt 1544.5bi 1321.0fq 1281.7D 

Drought at 

flowering + grain 

filling stage 

1283.6kp 1069.2oq 1225.7lq 1607.0ej 1349.5io 1307.0D 1276.0gr 1047.4pt 1350.5ep 1706.7ad 1429.7cm 1362.1CD 

Drought at pod 

formation + grain 

filling stage 

1235.9lq 1017.4pq 1148.7nq 1487.9gm 1319.8jp 1242.0D 1120.5mt 1084.0ot 1009.4rt 1231.2js 1110.3nt 1111.1E 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

1275.7kp 966.3q 1083.5oq 1543.8fk 1156.4nq 1205.1D 1183.4kt 965.4st 881.6t 1274.2gs 1024.9qt 1065.9E 

Mean 1540.0B 1317.0D 1414.7CD 1799.6A 1503.6BC  1419.2B 1211.3D 1271.2CD 1609.3A 1342.4BC  

LSD 0.05p Cultivars 108.37 and 109.69, drought levels 137.08 and 138.75, cultivars x drought levels 306.51 and 310.25, in Bahawalpur and Cholistan, 

respectively 
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4.1.23 Harvest Index (%) 

Harvest index showed the efficiency of photosynthetic machinery of the crop plants, 

which converted into the economic yield. More harvest index showed the prolific 

efficiency of a crop. Comparison of the treatment means showed that chickpea 

cultivars and drought stress at various growth stages significantly affected the harvest 

index in Bahawalpur (Table 4.1.21). Among different chickpea cultivars, Bakhar 2011 

produced maximum harvest index (31.80%). Whereas, AZC 06 produced minimum 

harvest index (30.21%). The well watered conditions produced maximum harvest 

index (32.08%). While water stress at flowering + pod formation + grain filling stage 

produced minimum harvest index (29.13%). Interaction between chickpea cultivars 

and drought stress at various growth stages also significantly affected the harvest 

index. Chickpea cultivar Bakhar 2011 cultivated under well watered condition 

produced maximum harvest index (35.03%) against the minimum (28.69%) was 

observed from AZC 06 grown under water stress at flowering + pod formation + grain 

filling stage (Table 4.1.21).  

Chickpea cultivars had no significant effect on harvest index in Cholistan farm (Table 

4.1.21). Data regarding harvest index varied significantly due to drought stress at 

various growth stages. The water stress at grain filling stage produced significantly 

higher harvest index (32.06%). While water stress at flowering + pod formation + 

grain filling stage produced minimum harvest index (28.39%). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the harvest index. Chickpea cultivar Bakhar 2011 cultivated under well 

watered condition produced maximum harvest index (33.99%) against the minimum 

(26.88%) was observed from Punjab 2008 grown under water stress at flowering + 

pod formation + grain filling stage. 
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Table 4.1.21: Effect of water stress on harvest index (%) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 32.11ac 31.68ac 31.15ac 35.03a 30.43bc 32.08A 31.33be 30.14cf 30.50cf 30.19cf 31.11bf 30.65B 

Drought at flowering 

stage 
31.89ac 33.34ab 31.73ac 31.48ac 31.50ac 31.99A 30.95bf 32.18ac 33.99a 33.07ab 30.11cf 32.06A 

Drought at pod 

formation stage 
30.55bc 31.23ac 30.28bc 32.59ac 30.18bc 30.97A 29.87cf 30.83bf 31.56ad 32.16ac 30.36cf 30.96AB 

Drought at grain 

filling stage 
29.61bc 32.29ac 30.22bc 31.00bc 30.04bc 30.63AB 30.49cf 31.16be 31.67ad 31.09bf 30.07cf 30.90B 

Drought at flowering 

+ pod formation stage 
30.85bc 31.70ac 31.38ac 30.91bc 30.45bc 31.06A 30.47cf 31.11bf 30.90bf 29.97cf 30.61bf 30.61B 

Drought at flowering 

+ grain filling stage 
30.79bc 31.42ac 31.23ac 31.69ac 31.22ac 31.27A 30.50cf 29.42dg 30.40cf 30.53cf 30.87bf 30.34B 

Drought at pod 

formation + grain 

filling stage 
29.68bc 31.60ac 30.09bc 31.49ac 29.21c 30.41AB 30.10cf 29.96cf 30.15cf 29.21dh 30.88bf 30.06B 

Drought at 

flowering+ pod 

formation + grain 

filling stage 

28.96c 29.08c 28.70c 30.20bc 28.69c 29.13B 28.90eh 26.88h 27.38gh 30.14cf 28.67fh 28.39C 

Mean 30.55AB 31.54AB 30.60AB 31.80A 30.21B  30.33 30.210 30.82 30.79 30.33  

LSD 0.05p Cultivars 1.3919 and, drought levels 1.7606 and 1.1028, cultivars x drought levels 3.9369 and 2.4659, in Bahawalpur and Cholistan, 

respectively 
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4.1.24 Leaf Total Soluble Protein (mg g-1) 

The data regarding leaf total soluble protein showed significant (P≤0.05) effect of 

water stress at various growth stages on different chickpea genotypes in Bahawalpur 

(Table 4.1.22). Among different chickpea cultivars, Bakhar 2011 produced maximum 

leaf total soluble protein (0.85 mg g-1) which was statistically similar to Thall 2006 

(0.82 mg g-1). Whereas, DUSHT and AZC 06 produced minimum leaf total soluble 

protein (0.72 mg g-1). The well watered conditions produced maximum leaf total 

soluble protein (0.93 mg g-1). While water stress at flowering + pod formation + grain 

filling stage produced minimum leaf total soluble protein (0.64 mg g-1). Interaction 

between chickpea cultivars and drought stress at various growth stages also 

significantly affected the leaf total soluble protein. Chickpea cultivar Bakhar 2011 

cultivated under well watered condition produced maximum leaf total soluble protein 

(1.03 mg g-1) against the minimum (0.57 mg g-1) was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage (Table 4.1.22).  

Data regarding leaf total soluble protein varied significantly due to chickpea cultivars 

and drought stress at various growth stages in Cholistan farm (Table 4.1.22). Among 

different chickpea cultivars, Bakhar 2011 produced maximum leaf total soluble 

protein (0.88 mg g-1). Whereas, DUSHT produced minimum leaf total soluble protein 

(0.74 mg g-1). Well watered conditions produced significantly higher leaf total soluble 

protein (0.96 mg g-1). While water stress at flowering + pod formation + grain filling 

stage produced minimum leaf total soluble protein (0.64 mg g-1). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the leaf total soluble protein. Chickpea cultivar Bakhar 2011 cultivated under 

well watered condition produced maximum leaf total soluble protein (1.07 mg g-1) 

against the minimum (0.56 mg g-1) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage. 
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Table 4.1.22: Effect of water stress on leaf total soluble protein (mg g-1) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 

DUSH

T 

Punja

b 2008 

Bakhar 

2011 

AZC 

06 
Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakha

r 2011 
AZC 06 Mean 

Well watered 0.94ac 0.88be 0.91bd 1.03a 0.90be 0.93A 0.98b 0.92bd 0.93bc 1.07a 0.90be 0.96A 

Drought at flowering stage 0.89be 0.82eh 0.84dg 0.95ab 0.82eh 0.86B 0.83el 0.87ch 0.88cg 0.98b 0.86cj 0.88B 

Drought at pod formation 

stage 
0.89be 0.78fj 0.82eh 0.87be 0.77gj 0.83C 0.83el 0.80gm 0.86ci 0.90bf 0.83em 0.84C 

Drought at grain filling 

stage 
0.87be 0.75hk 0.82eh 0.86cf 0.73im 0.81C 0.81em 0.76ko 0.81fm 0.87ch 0.79hn 0.81C 

Drought at flowering + 

pod formation stage 
0.78fi 0.70jn 0.78fi 0.82eh 0.70in 0.76D 0.84dk 0.77jo 0.82em 0.89cf 0.76ko 0.82C 

Drought at flowering + 

grain filling stage 
0.75hk 0.66mp 0.73im 0.76hk 0.67 lo 0.71E 0.77ko 0.66ps 0.74mq 0.79gn 0.69or 0.73D 

Drought at pod formation 

+ grain filling stage 
0.72in 0.64nq 0.67ko 0.74hl 0.60oq 0.68EF 0.71nr 0.58st 0.64rt 0.78io 0.66qs 0.67E 

Drought at flowering+ pod 

formation + grain filling 

stage 

0.67ko 0.57q 0.67lo 0.73im 0.58pq 0.64F 0.66ps 0.56t 0.62st 0.75lp 0.59st 0.64E 

Mean  0.82A 0.72C 0.78B 0.85A 0.72C  0.80B 0.74D 0.79BC 0.88A 0.76CD  

LSD 0.05p Cultivars 0.0305 and 0.0308, drought levels 0.0385 and 0.0390, cultivars x drought levels 0.0862 and 0.0871, in Bahawalpur 

and Cholistan, respectively 



 91 

4.1.25 Superoxide Dismutase (SOD) (IU min-1mg-1 Protein) 

SOD is an important enzyme that safeguards plants against the damage of reactive 

oxygen species. It plays a crucial role in protecting against abiotic stresses. The data 

regarding superoxide dismutase showed significant (P≤0.05) effect of water stress at 

various growth stages on different chickpea genotypes in Bahawalpur (Table 4.1.23). 

Among different chickpea cultivars, Bakhar 2011 produced maximum superoxide 

dismutase (173.87 IU min-1mg-1 protein) which was statistically similar to Thall 2006 

(169.74 IU min-1mg-1 protein). Whereas, DUSHT produced minimum superoxide 

dismutase (118.09 IU min-1mg-1 protein). The water stress at flowering + pod 

formation + grain filling stage produced maximum superoxide dismutase (206.05 IU 

min-1mg-1 protein). Whereas, well watered conditions produced minimum superoxide 

dismutase (61.86 IU min-1mg-1 protein). Interaction between chickpea cultivars and 

drought stress at various growth stages also significantly affected the superoxide 

dismutase. Chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + 

pod formation + grain filling stage produced maximum superoxide dismutase (236.01 

IU min-1mg-1 protein) against the minimum (48.27 IU min-1mg-1 protein) was 

observed from DUSHT grown under well watered conditions (Table 4.1.23).  

Data regarding superoxide dismutase varied significantly due to chickpea cultivars 

and drought stress at various growth stages in Cholistan farm (Table 4.1.23). Among 

different chickpea cultivars, Thall 2006 produced maximum superoxide dismutase 

(162.40 IU min-1mg-1 protein) which was statistically similar to Bakhar 2011 

(162.34A IU min-1mg-1 protein). Whereas, DUSHT produced minimum superoxide 

dismutase (108.80 IU min-1mg-1 protein). Water stress at flowering + pod formation + 

grain filling stage produced maximum superoxide dismutase (208.39 IU min-1mg-1 

protein). Whereas, well watered conditions produced minimum superoxide dismutase 

(55.88 IU min-1mg-1 protein). Interaction between chickpea cultivars and drought 

stress at various growth stages also significantly affected the superoxide dismutase. 

Chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage produced maximum superoxide dismutase (233.20 IU 

min-1mg-1 protein) against the minimum (42.87 IU min-1mg-1 protein) was observed 

from DUSHT grown under well watered conditions. 
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Table 4.1.23: Effect of water stress on superoxide dismutase (IU min-1mg-1 protein) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 64.69su 48.27u 62.41tu 75.16rt 58.78tu 61.86G 59.27rt 42.87t 54.55st 73.47qs 49.26st 55.88G 

Drought at flowering 

stage 
100.14pq 94.76pr 112.07op 141.14mn 85.76qs 106.78F 97.11nq 72.44qs 97.61nq 120.07jn 86.46or 94.74F 

Drought at pod 

formation stage 
146.58ln 101.60pq 115.42op 149.29lm 112.70op 125.12E 124.83in 83.43pr 110.42lp 127.98im 102.56mp 109.84E 

Drought at grain 

filling stage 
190.26eh 114.74op 124.87no 172.14hk 146.28ln 149.66D 183.62df 118.65jn 118.24jn 152.92gi 133.00il 141.28D 

Drought at flowering 

+ pod formation stage 
196.99dg 133.91mo 154.97jm 188.09ei 151.63km 165.12C 186.89df 113.65ko 134.29il 176.08dg 141.88ik 150.56D 

Drought at flowering 

+ grain filling stage 
213.97ad 139.77mn 175.84gj 206.42be 176.92gj 182.59B 201.07ce 121.51jn 170.65fh 195.84cf 175.77dg 172.97C 

Drought at pod 

formation + grain 

filling stage 
216.34ad 144.97ln 182.95fi 222.69ac 194.70dh 192.33B 216.65ac 143.76hj 183.63df 219.19ac 186.11df 189.87B 

Drought at flowering+ 

pod formation + grain 

filling stage 
228.91ab 166.73il 196.10dg 236.01a 202.49cf 206.05A 229.76ab 174.12eg 203.19bd 233.20a 201.68be 208.39A 

Mean 169.74A 118.09C 140.58B 173.87A 141.16B  162.40A 108.80C 134.07B 162.34A 134.59B  

LSD 0.05p 

 

Cultivars 8.0557 and 10.019, drought levels 10.190 and   12.674, cultivars x drought levels 22.785 and 28.339, in Bahawalpur and Cholistan, 

respectively 
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4.1.26 Peroxidase (POD) (IU min-1mg-1 protein) 

The data regarding peroxidase showed significant (P≤0.05) effect of water stress at 

various growth stages on different chickpea genotypes in Bahawalpur (Table 4.1.24). 

Among different chickpea cultivars, Bakhar 2011 produced maximum peroxidase 

(19.15 IU min-1mg-1 protein). Whereas, DUSHT produced minimum peroxidase 

(12.12 IU min-1mg-1 protein). Water stress at flowering + pod formation + grain filling 

stage produced maximum peroxidase (21.58 IU min-1mg-1 protein). Whereas, well 

watered conditions produced minimum peroxidase (6.24 IU min-1mg-1 protein). 

Interaction between chickpea cultivars and drought stress at various growth stages 

also significantly affected the peroxidase. Chickpea cultivar Bakhar 2011 cultivated 

under water stress at flowering + pod formation + grain filling stage produced 

maximum peroxidase (25.26 IU min-1mg-1 protein) against the minimum (4.67 IU 

min-1mg-1 protein) was observed from DUSHT grown under well watered conditions 

(Table 4.1.24).  

Data regarding peroxidase varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.24). Among different 

chickpea cultivars, Bakhar 2011 produced maximum peroxidase (17.25 IU min-1mg-1 

protein). Whereas, DUSHT produced minimum peroxidase (11.94 IU min-1mg-1 

protein). The water stress at flowering + pod formation + grain filling stage produced 

maximum peroxidase (21.06 IU min-1mg-1 protein). Whereas, well watered conditions 

produced minimum peroxidase (6.33 IU min-1mg-1 protein). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the peroxidase. Chickpea cultivar Bakhar 2011 cultivated under water stress 

at flowering + pod formation + grain filling stage produced maximum peroxidase 

(23.93 IU min-1mg-1 protein) against the minimum (5.13 IU min-1mg-1 protein) was 

observed from DUSHT grown under well watered conditions. 
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Table 4.1.24: Effect of water stress on peroxidase (POD) (IU min-1mg-1 protein) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 6.59no 4.67o 5.51o 9.26ln 5.17o 6.24G 6.26st 5.13t 6.17st 8.59qs 5.50t 6.33G 

Drought at flowering 

stage 
11.31jm 6.97no 9.07ln 14.70ei 10.57km 10.52F 10.47oq 7.63rt 9.73qr 12.74mo 9.94pr 10.10F 

Drought at pod 

formation stage 
12.92fk 8.65mn 11.92il 18.50cd 11.51jm 12.70E 12.57mo 9.31qr 12.59mo 15.50il 10.87nq 12.17E 

Drought at grain 

filling stage 
15.87de 11.17jm 12.29hk 20.02c 12.41gk 14.35D 16.89gj 12.33mp 13.63lm 18.36fh 13.39ln 14.92D 

Drought at flowering 

+ pod formation stage 
18.49cd 15.28eg 13.89ej 21.16bc 15.14eh 16.79C 16.50hk 13.62lm 12.56mo 17.16fj 13.71lm 14.71D 

Drought at flowering 

+ grain filling stage 
19.87c 15.33ef 16.81de 21.00bc 15.74df 17.75C 19.42dg 14.20km 16.81hj 19.66cf 16.51hk 17.32C 

Drought at pod 

formation + grain 

filling stage 
21.18bc 16.63de 18.29cd 23.26ab 19.74c 19.82B 21.83ad 15.33jl 19.63cf 22.10ac 18.94eh 19.57B 

Drought at flowering+ 

pod formation + grain 

filling stage 
23.13ab 18.29cd 20.36bc 25.26a 20.86bc 21.58A 22.79ab 17.96fi 21.03be 23.93a 19.59cf 21.06A 

Mean 16.17B 12.12D 13.52C 19.15A 13.89C  15.84B 11.94D 14.02C 17.25A 13.55C  

LSD 0.05p Cultivars 1.0331 and 0.9104, drought levels 1.3068 and 1.1516, cultivars x drought levels 2.9221 and 2.5751, in Bahawalpur and 

Cholistan, respectively 



 95 

4.1.27 Catalase (CAT) (IU min-1mg-1 Protein) 

The data regarding catalase showed significant (P≤0.05) effect of water stress at 

various growth stages on different chickpea genotypes in Bahawalpur (Table 4.1.25). 

Among different chickpea cultivars, Bakhar 2011 produced maximum catalase (64.41 

IU min-1mg-1 protein). Whereas, DUSHT produced minimum catalase (43.36 IU min-1 

mg-1 protein). The water stress at flowering + pod formation + grain filling stage 

produced maximum catalase (89.49 IU min-1 mg-1 protein). Whereas, well watered 

conditions produced minimum catalase (29.42 IU min-1 mg-1 protein). Interaction 

between chickpea cultivars and drought stress at various growth stages also 

significantly affected the catalase. Chickpea cultivar Bakhar 2011 cultivated under 

water stress at flowering + pod formation + grain filling stage produced maximum 

catalase (108.27 IU min-1 mg-1 protein) against the minimum (22.95 IU min-1 mg-1 

protein) was observed from DUSHT grown under well watered conditions (Table 

4.1.25).  

Data regarding catalase varied significantly due to chickpea cultivars and drought 

stress at various growth stages in Cholistan farm (Table 4.1.25). Among different 

chickpea cultivars, Bakhar 2011 produced maximum catalase (64.25 IU min-1 mg-1 

protein). Whereas, DUSHT produced minimum catalase (43.23 IU min-1 mg-1 

protein). Water stress at flowering + pod formation + grain filling stage produced 

maximum catalase (81.94 IU min-1 mg-1 protein). Whereas, well watered conditions 

produced minimum catalase (30.09 IU min-1 mg-1 protein). Interaction between 

chickpea cultivars and drought stress at various growth stages also significantly 

affected the catalase. Chickpea cultivar Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage produced maximum catalase (103.87 

IU min-1 mg-1 protein) against the minimum (24.76 IU min-1 mg-1 protein) was 

observed from DUSHT grown under well watered conditions. 
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Table 4.1.25: Effect of water stress on catalase (IU min-1 mg-1 protein) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 33.06ps 22.95s 24.34rs 36.78nq 29.96qs 29.42F 32.99nq 24.76q 28.02pq 35.35mq 29.33oq 30.09E 

Drought at flowering 

stage 
39.13lq 34.20or 33.10ps 47.56jm 35.40oq 37.88E 37.14mq 34.23nq 41.63jq 45.19io 34.21nq 38.48D 

Drought at pod 

formation stage 
43.05kp 35.51oq 36.26oq 48.60jl 38.77lq 40.44E 49.27hn 36.15mq 40.91jq 52.32em 40.22kq 43.77D 

Drought at grain 

filling stage 
41.62lp 37.57mq 40.22lq 54.30ij 38.07mq 42.35E 46.18io 36.73mq 42.01jp 51.66gm 39.24lq 43.16D 

Drought at flowering 

+ pod formation stage 
56.40hj 43.91ko 52.00ik 68.67eg 58.98gi 55.99D 61.52ci 42.88jp 54.64el 68.13cg 57.95dj 57.02C 

Drought at flowering 

+ grain filling stage 
72.72df 46.98jn 56.14hj 74.35df 65.34fh 63.11C 74.48bd 46.31io 54.70el 70.43be 61.67ci 61.52C 

Drought at pod 

formation + grain 

filling stage 
75.58df 56.94hj 72.62df 76.71de 73.87df 71.14B 73.89bd 56.66ek 68.81cf 87.07ab 60.10di 69.31B 

Drought at flowering+ 

pod formation + grain 

filling stage 
97.60b 68.81eg 82.09cd 108.27a 90.71bc 89.49A 95.45a 68.09cg 77.48bc 103.87a 64.80ch 81.94A 

Mean  57.40B 43.36D 49.59C 64.41A 53.89B  58.87A 43.23C 51.02B 64.25A 48.44BC  

LSD 0.05p 

 

Cultivars 3.6395 and 6.0588, drought levels 4.6037 and   7.6638, cultivars x drought levels   10.294and 17.137, in Bahawalpur and 

Cholistan, respectively 
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4.1.28 Ascorbic Acid (m. mole g-1) 

Comparison of the treatment showed significant (P≤0.05) effect of water stress at 

various growth stages on leaf ascorbic acid of different chickpea genotypes in 

Bahawalpur (Table 4.1.26). Among different chickpea cultivars, Bakhar 2011 

produced maximum ascorbic acid (67.33m. mole g-1). Whereas, DUSHT produced 

minimum ascorbic acid (57.36m. mole g-1). Water stress at flowering + pod formation 

+ grain filling stage produced maximum ascorbic acid (68.22 m. mole g-1). Whereas, 

well watered conditions produced minimum ascorbic acid (50.16m. mole g-1). 

Interaction between chickpea cultivars and moisture deficit at numerous growth 

phases also significantly affected the catalase. Chickpea cultivar Bakhar 2011 

cultivated under moisture deficit at flowering + pod formation + grain filling stage 

produced maximum ascorbic acid (74.74 m. mole g-1) against the minimum (45.59 m. 

mole g-1) was observed from DUSHT grown under well watered conditions (Table 

4.1.26).  

Data regarding ascorbic acid varied significantly due to chickpea cultivars and 

drought stress at various growth stages in Cholistan farm (Table 4.1.26). Among 

different chickpea cultivars, Bakhar 2011 produced maximum ascorbic acid (68.74 m. 

mole g-1). Whereas, DUSHT produced minimum ascorbic acid (59.66 m. mole g-1). 

The moisture deficit at flowering + pod formation + grain filling stage produced 

maximum ascorbic acid (71.19 m. mole g-1). Whereas, well watered conditions 

produced minimum ascorbic acid (53.16 m. mole g-1). Interaction between chickpea 

cultivars and moisture deficit at numerous growth phases also significantly affected 

ascorbic acid. Chickpea cultivar Bakhar 2011 cultivated under moisture deficit at 

flowering + pod formation + grain filling stage produced maximum ascorbic acid 

(75.41 m. mole g-1) against the minimum (47.25 m. mole g-1) was observed from 

DUSHT grown under well watered conditions. 
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Table 4.1.26: Influence of moisture deficit on ascorbic acid (m. mole g-1) of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 52.36op 45.59q 49.40pq 55.96mo 47.48q 50.16F 55.02nq 47.25q 53.40oq 59.29io 50.82pq 53.16E 

Drought at flowering 

stage 
60.55hl 52.74np 55.17mo 61.86gj 54.61mo 56.99E 63.88dm 56.08mp 58.84jp 65.52ck 57.94kp 60.45D 

Drought at pod 

formation stage 
62.19fi 56.39lo 57.49km 65.90dg 56.51lo 59.70D 65.52ck 59.73ho 60.82go 68.23ag 59.85ho 62.83CD 

Drought at grain filling 

stage 
64.11eh 56.70kn 57.22km 66.14df 57.76jm 60.39D 67.78ah 60.74go 62.06fn 70.81ad 62.43en 64.76C 

Drought at flowering + 

pod formation stage 
65.77dg 57.94jm 58.29im 69.90bd 60.44hl 62.47C 64.10cm 57.27lp 57.15lp 66.57bj 58.78jp 60.77D 

Drought at flowering + 

grain filling stage 
67.75ce 60.87hk 60.15hl 71.58ac 61.82gj 64.43B 69.08af 62.53en 65.49ck 70.24ae 64.49cl 66.37BC 

Drought at pod 

formation + grain 

filling stage 
71.08ac 63.45fh 62.12fi 72.53ab 63.53fh 66.54A 71.75ad 65.11cl 68.79ag 73.86ab 67.20bi 69.34AB 

Drought at flowering+ 

pod formation + grain 

filling stage 
71.04ac 65.22eg 63.97eh 74.74a 66.11df 68.22A 72.26ac 68.56ag 70.30ae 75.41a 69.44af 71.19A 

Mean  64.36B 57.36C 57.98C 67.33A 58.53C  66.17A 59.66B 62.11B 68.74A 61.37B  

LSD 0.05p 

 

Cultivars 1.4733 and 2.8922, drought levels   1.8636 and 3.6584, cultivars x drought levels 4.1672 and 8.1804, in Bahawalpur and 

Cholistan, respectively 
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4.1.29 Leaf K+ contents 

The data regarding leaf K+ contents showed significant influence of moisture deficit at 

numerous phases on different chickpea genotypes in Bahawalpur (Table 4.1.27). 

Among different chickpea cultivars, Bakhar 2011 produced maximum leaf K+ 

contents (44.89 mg g-1). Whereas, DUSHT produced minimum leaf K+ contents 

(36.79). The well watered conditions produced maximum leaf K+ contents (47.53). 

While moisture deficit at flowering + pod formation + grain filling stage produced 

minimum leaf K+ contents (35.06). Interaction between chickpea cultivars and 

moisture deficit at numerous growth phases also significantly affected the leaf K+ 

contents. Chickpea cultivar Bakhar 2011 cultivated under well watered condition 

produced maximum leaf K+ contents (55.06) against the minimum (31.25) was 

observed from DUSHT grown under moisture deficit at flowering + pod formation + 

grain filling stage (Table 4.1.27).  

Data regarding leaf K+ contents varied significantly due to chickpea cultivars and 

drought stress at numerous growth phases in Cholistan farm (Table 4.1.27). Among 

different chickpea cultivars, Bakhar 2011 produced maximum leaf K+ contents 

(42.02). Whereas, DUSHT produced minimum leaf K+ contents (34.34). Well watered 

conditions produced significantly higher leaf K+ contents (44.53). While water stress 

at flowering + pod formation + grain filling stage produced minimum leaf K+ contents 

(32.39). Interaction between chickpea cultivars and moisture deficit at numerous 

growth phases also significantly affected the leaf K+ contents. Chickpea cultivar 

Bakhar 2011 cultivated under well watered condition produced maximum leaf K+ 

contents (51.06) against the minimum (29.25) was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage. 
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Table 4.1.27: Influence of water stress on leaf K+ contents of chickpea genotypes 

Treatments Bahawalpur Cholistan 

Drought Levels 

Cultivars Cultivars 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Thall 

2006 
DUSHT 

Punjab 

2008 

Bakhar 

2011 
AZC 06 Mean 

Well watered 50.12b 43.61dg 44.19cf 55.06a 44.65cf 47.53A 46.79ab 40.27bh 42.53bd 51.06a 41.99bf 44.53A 

Drought at flowering 

stage 
42.85dh 40.60ek 42.80dh 48.86bc 41.51ej 43.32B 40.85bg 37.93ci 39.46bi 46.53ab 38.18ci 40.59B 

Drought at pod 

formation stage 
41.84di 38.43hp 40.55el 46.43bd 40.29fl 41.51BC 39.51bi 36.10cj 37.88ci 43.77ac 37.63ci 38.98BC 

Drought at grain 

filling stage 
38.44hp 36.64kp 39.28go 45.15ce 39.42gn 39.79CD 35.44dj 33.97ej 35.95cj 42.15be 36.75cj 36.85CD 

Drought at flowering 

+ pod formation 

stage 

41.16ek 35.22nq 38.24hp 42.62dh 38.18hp 39.08D 37.60ci 32.98gj 34.90dj 39.62bi 34.18ej 35.86CE 

Drought at flowering 

+ grain filling stage 
37.52ip 34.66oq 37.13jp 42.59dh 38.57ho 38.09DE 34.52dj 32.66gj 34.80dj 38.59bi 34.61dj 35.03DE 

Drought at pod 

formation + grain 

filling stage 

37.42ip 33.87pq 35.91lq 40.02fm 37.14jp 36.87EF 34.42dj 31.54ij 33.91ej 38.02ci 33.81fj 34.34DE 

Drought at flowering+ 

pod formation + grain 

filling stage 

35.41mq 31.25q 34.80nq 38.41hp 35.43mq 35.06F 32.25hj 29.25j 32.10hj 36.41cj 31.96hj 32.39E 

Mean 40.60B 36.79C 39.11B 44.89A 40.00B  37.67B 34.34C 36.44BC 42.02A 36.14BC  

LSD 0.05p Cultivars 1.6572 and 2.9413, drought levels 2.0962 and   3.7205, cultivars x drought levels 4.6873 and 8.3193, in Bahawalpur and 

Cholistan, respectively 
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Discussion 

Plant growth, development and production are adversely affected by abnormalities in 

the natural ecosystem like drought stress (Gunes et al., 2008). Water stress arises as 

the accessible moisture in the soil is reduced and atmospheric conditions demands 

loss of water by transpiration or evaporation due to high temperature in the 

surroundings. Water stresses tend to interrupt the equilibrium due to many 

physiological modifications (Sehgal et al., 2018). These changes include diminished 

leaf water potential, reduction of water content and turgor loss, stomata closure and a 

decline of cell enlargement and plant growth by affecting photosynthesis, the 

membrane stability index respiration and nutrient metabolism (Jalal et al., 2008). 

These morpho-physiological and metabolic changes due to water stress can be helpful 

to identify drought resistant cultivars or produce new genotypes to improved 

productivity (Raheleh et al., 2012). The reactions of plants to water stress depend on 

the intensity and extent of stress as well as the plant species and its stage of growth 

(Parameshwarappa and Salimath, 2008). 

In the current investigation, different chickpea genotypes were cultivated under water 

stress at different stages to find out the most injurious growth stage and water stress 

tolerance cultivar. Results revealed that chickpea genotypes Bakhar 2011 followed by 

Thall 2006 cultivated under well watered conditions produced significantly higher 

crop and relative growth rate during all growth stages. While chickpea cultivar 

DUSHT cultivated under water stress at flowering + pod formation + grain filling 

stage produced minimum crop and relative growth rate at both locations. Plant growth 

is the result of complex interactions between cell division, enlargement and their 

differentiation, includes genetic, morphological physiological and ecological 

instances. Quantity, as well as quality of growth, depends on these events that are 

affected by moisture stress (Anjum et al., 2011). Cell growth is one of the supreme 

moisture stress receptive physiological process due to decline in turgor pressure (Taiz 

and Zeiger, 2006). Under austere moisture stress, cell elongation can be subdued by 

interruption of moisture flow from the xylem to the adjacent extending cells (Sehgal 

et al., 2018). Reduced mitosis, cell elongation and development consequence in 

decline plant growth and productivity under moisture stress conditions (Kaya et al., 

2006).  
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The vegetative stage controls the largely phenotypic appearance of the plant and plays 

an imperative role in the achievement of final productivity. Primary and secondary 

branches represent main vegetative stage and execute definite tasks. Chickpea cultivar 

Bakhar 2011 cultivated under water stressed and non-stressed condition produced 

higher number of branches per plant against the minimum was observed from 

DUSHT. The decline in number of branches per plant in chickpea under water stress 

situations also documented by Hussain et al., (2015). Great variations in the number 

of branches of chickpea genotypes might be due to their different genetic makeup 

(Ahmad et al., 2003). 

Our results indicated that chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions, even under water stress at grain filling produced significantly 

higher root length, root fresh and dry weight. While Chickpea cultivar DUSHT grown 

under water stress at flowering + pod formation + grain filling stage produced 

minimum root length, fresh and dry weight. Our study suggested that chickpea 

genotype Bakhar 2011 is more resistant to drought compared to DUSHT and was able 

to continue to grow even under severe water stress. Cultivation of Chickpea 

genotypes under water deficit conditions significantly reduced the root length, fresh 

and dry weight. Similar consequences were also documented in various plants under 

water stress situations (Jaleel et al., 2008; Nedunchezhiyan et al., 2012). The growth 

of plants reliant on cell division, enlargement and differentiation and all of these 

proceedings are influenced by moisture deficit (Sankar et al., 2007). Decline in root 

growth and development is a decent indicator of water stress sensitivity of genotypes 

(Macar and Ekmekci, 2009). As rooting intensity is essential for averting the moisture 

deficit and this may be an advantage for Bakhar 2011 as compared with the rest of 

chickpea genotypes under water stress situations. 

Data concerning shoot attributes is one of the initial plant reactions to moisture 

deficit. Chickpea cultivar Bakhar 2011 cultivated under well watered conditions, even 

under water stress at grain filling produced significantly higher shoot length, shoot 

fresh and dry weight. While Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage produced minimum shoot length, fresh 

and dry weight. Like fresh weight, we observed an increase in the dry weight of well 

watered and water stress at grain filling stage. However, the differences between the 

net increase in dry weight of well watered and water stress experimental units were 
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slight. These consequences may reveal the water stress tolerance of chickpea 

genotype Bakhar 2011 as it had the capability to continue growing even in water 

stress conditions. Higher shoot length, fresh and dry weight in chickpea cultivars 

under moisture stress may be associated with greater root growth that assists in uptake 

of moisture and nutrients, encouraging growth under moisture deficit situations. 

Decline in shoot weight of chickpea under moisture deficit environments has been 

documented by Gunes et al. (2008). 

Crop phonological attributes, being genetic characters were greatly affected by 

moisture deficit treatments. Chickpea cultivars DUSHT and AZC 06 cultivated under 

well watered condition takes maximum number of days to flowering, pod formation, 

grain filling and harvesting against the minimum were observed from Bakhar 2011 

and Thall 2006 grown under water stress at flowering + pod formation + grain filling 

stage. One of the influences of moisture deficit was to put forward the flowering, pod 

formation, grain filling and harvesting stages and hastening of phonological procedure 

that is sort of escape from water stress and resulted in early maturity.  Meena et al. 

(2006) have also had a huge difference in the maturity of chickpea with early to late 

under moisture stress environment. Similar results were reported by Bakhsh et al. 

(2007) they observed that chickpea cultivation under well watered conditions 

increased the vegetative growth and delayed flower setting subsequently harvesting.  

Results depicted that chickpea cultivar Bakhar 2011 cultivated under well watered 

situation had much higher values in number of pods per plant and grains per pod than 

under water stress condition, directing their greater efficiency in resource utilization. 

Furthermore, great heritability evaluations for these characters were offered under 

well-watered conditions. The negative influence of water stress on grain yield was 

evident by its lowest value in the water stressed condition. The yield reduction can be 

described to statistically retarded performance of yield attributes especially pods per 

plant and grains per pod (Mathur et al., 2005). Analogously considerably lower 

amount of these parameters were documented under water stressed situations in the 

current study. However, chickpea cultivar Bakhar 2011 had significantly higher yield 

even under water stress conditions which indicated that it may have inbuilt capacity to 

resist moisture stress effectively. 

Grain weight depends on two factors, the rate and duration of photo-assimilate flow 

into the grain. Chickpea cultivar Bakhar 2011 and Thall 2006 cultivated under well 
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watered condition produced significantly higher pod weight and100 grain weight 

against the minimum was observed from DUSHT and AZC 06 grown under water 

stress at flowering + pod formation + grain filling stage. Variations in different 

chickpea cultivars for grain weight might also vary in the translocation of photo-

assimilates from the leaves and stems to the early cohort of seeds that developed. 

Minimum grain weight under water stress conditions might be due to sensitivity to 

water stress during grain filling stage. Water stress at more than one growth stages, 

further diminishing the duration of grain filling which ultimately reduced the final 

grain weight (Maleki et al., 2013). Kilic and Yagbasanlar (2010) study revealed that 

under moisture deficit environments grain filling period and pods weight were related 

to high final productivity. 

Water stress had substantially reduced plant activities, which ultimately decrease the 

grain as well as biological yield (Anyia and Herzog, 2004). Results depicted that 

chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

maximum biological yield, grain yield and harvest index against the minimum was 

observed from DUSHT and Punjab 2008 grown under water stress at flowering + pod 

formation + grain filling stage. The consequence of current investigation was 

supported by Dhiman et al. (2006) and Islam et al. (2008) who concluded that water 

stress reduced chickpea productivity due to poor partitioning operated along with 

terminal drought stress. Similar findings were reported by Wang et al. (2006) they 

exposed that under moisture stress various chickpea lines at pre-flowering and pod 

formation stage reduced the grain yield as well as biomass. The higher final 

productivity in Bakhar 2011 was due to the production of higher number of pods per 

plant and grain weight that was assisted by the greater number of secondary branches 

per plant. The key reasons of diminution in yield and yield-related attributes during 

moisture deficit are pollen abortion and decline in food reserves. Decrease in grain 

yield, biological yield and harvest index depends upon intensity and extent of water 

stress (Raheleh et al., 2012). 

Reducing moisture accessibility under drought usually consequences in reduced total 

nutrient uptake (Gunes et al., 2006). In current investigation, chickpea cultivars 

revealed different response with respect to leaf total soluble protein and leaf K+ 

contents in normal and stress conditions. Moisture deficit considerably reduced leaf 

total soluble protein and leaf K+ contents of cultivars. Chickpea cultivar Bakhar 2011 
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accumulated higher soluble protein and K+ contents in leaves both under well watered 

and stress conditions. It was observed that chickpea cultivar assessed as water stress 

tolerant usually had greater potassium uptake efficiency rates (Gunes et al., 2006). 

Close relation between water stress tolerance and nutrient uptake in chickpea cultivars 

permits to submit that water stress tolerant cultivars are capable to translocate more 

nutrients from roots into the shoots than the water stress susceptible cultivars (Gunes 

et al., 2006). 

When chickpea plants are exposed to water deficit situations, some reactive oxygen 

species (ROS) are produced. However, under moisture deficit the extent of ROS 

production exceeds the antioxidant defense capability of the cell, resulting in cellular 

damages (Almeselmani et al., 2006). Production of ROS damages the cellular 

components of proteins, membrane lipids and nucleic acids. To mitigate and repair 

damage initiated by ROS, plants have developed a complex antioxidant system (Rio 

et al., 2002). In current investigation significantly higher antioxidants activities were 

observed upon exposure to moisture deficit stress in all chickpea genotypes. Higher 

antioxidants activities in response to moisture stress propose an obvious role in the 

protection of leaf tissue against oxidative injury. In moisture deficit conditions high 

activities of antioxidants enzymes are supposed to be an adaptive trait possibly 

helping to overcome the damage to the tissue metabolism by reducing toxic levels of 

H2O2 produced during cell metabolism and protection against oxidative stress 

(Sudhakar et al., 2001). It has been concluded that water stress increased the 

antioxidants activity in drought tolerant chickpea cultivar and decreased in drought 

sensitive genotype (Moussa and Abdel-Aziz, 2008). 
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4.2 Experiment No. 2: Foliar Application of Osmoprotectants for 

Drought Tolerance in Chickpea 

4.2.1    Plant Population at Completion of Germination 

Plant population at the time when germination process is completed a commonly used 

index to measure the effect of phytotoxic substances. It is the maximum germination 

percentage that chiefly depends on the potential of the variety. However, this index 

cannot interpret the possible delayed germination caused by phytotoxic plant extracts 

or substances. Therefore, population count is considered to be suitable for ecological 

studies rather than physiological process like germination. Comparison of treatment 

means showed non-significant effect on plant population at time of final germination 

due to exogenous application of osmoprotectants on chickpea cultivars grown under 

water stress conditions at different growth stages at both locations (Table 4.2.1). 

4.2.2   Plant Population at Maturity 

Number of plants per m2 is the index of developed seedling and optimum plant 

population per unit area is the prerequisite to attain maximum final yield. Comparison 

of treatment means showed non-significant effect on plant population at the time of 

harvesting due to foliar spray of osmoprotectants on chickpea cultivars grown under 

water stress conditions at different growth stages at both locations (Table 4.2.2). 

4.2.3   Crop Growth Rate (CGR) (g m-2 day-1) 

Data relating to crop growth rate recorded at different growth stages were 

significantly affected by chickpea genotypes, water stress at various growth stages, 

exogenous application of osmoprotectants and their interaction at both locations are 

presented in Figure 4.2.1. The crop growth rate (CGR) followed an increasing trend in 

the initial stages of crop growth and decreased thereafter. Exogenous application of 

glycine betaine on chickpea cultivar Bakhar 2011 cultivated under well watered 

condition produced significantly higher crop growth rate at all growth stages. 

Chickpea cultivar DUSHT cultivated under water stress at flowering+ pod formation 

+ grain filling stage produced minimum crop growth rate throughout growing season. 

4.2.4   Relative Growth Rate (RGR) (g g-1 day-1) 

The relative growth rate is a measurement of the productivity of a plant, defined as the 

increase in dry mass per unit of plant mass over a specified period of time. Data 
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relating to relative growth rate recorded at different growth stages were significantly 

affected by chickpea genotypes, water stress at various growth stages, exogenous 

application of osmoprotectants and their interaction at both locations are presented in 

Figure 4.2.2. Relative growth rate differed significantly at 60-75 DAS, 76-90 DAS 

and 91-105 DAS in Bahawalpur. Exogenous application of glycine betaine on 

chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

significantly higher relative growth rate at all growth stages. Chickpea cultivar 

DUSHT cultivated under water stress at flowering + pod formation + grain filling 

stage produced minimum relative growth rate throughout the growing season. Similar 

trend was observed in Cholistan farm. 

4.2.5   Number of Primary Branches 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the number of primary branches per plant in Bahawalpur (Table 4.2.3). Chickpea 

cultivar Bakhar 2011 produced significantly higher number of primary branches per 

plant (3.64) as compared to DUSHT (3.36). Water stress at various growth stages had 

no significant effect on number of primary branches per plant. However, interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of primary 

branches per plant. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under water stress at flowering stage produced maximum number of 

primary branches per plant (4.00) against the minimum was observed from DUSHT in 

control plots (3.24). 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of primary branches per plant in Cholistan farm 

(Table 4.2.3). Chickpea cultivar Bakhar 2011 produced significantly higher number of 

primary branches per plant (3.77) as compared to DUSHT (3.51). Well watered 

conditions produced maximum number of primary branches per plant (3.82). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum number of primary branches per plant (3.42). Similarly, interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of primary 

branches/ plant. Exogenous application of glycine betaine on Bakhar 2011 cultivated 

under water stress at flowering stage produced maximum number of primary branches 
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per plant (3.97) against the minimum (3.17) was observed from DUSHT cultivated 

under water stress at flowering + pod formation + grain filling stage. 

4.2.6    Number of Secondary Branches 

Secondary branches develop at buds located on the primary branches. They are less 

vigorous than the primary branches. The number of secondary branches determines 

the total number of leaves, and hence the total photosynthetic area. Comparison of the 

treatment means showed chickpea genotypes and water stress at different growth 

stages significantly affected the number of secondary branches per plant in 

Bahawalpur (Table 4.2.4). Chickpea cultivar Bakhar 2011 produced significantly 

higher number of secondary branches per plant (9.02) as compared to DUSHT (8.27). 

The well watered conditions produced maximum number of secondary branches per 

plant (9.09). Whereas, water stress at flowering + pod formation + grain filling stage 

produced minimum number of secondary branches per plant (8.15). Interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of secondary 

branches per plant. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum number of secondary 

branches per plant (9.85) against the minimum was observed from DUSHT cultivated 

under water stress condition at flowering + pod formation + grain filling stage (7.01). 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of secondary branches per plant in Cholistan farm 

(Table 4.2.4). Chickpea cultivar Bakhar 2011 produced significantly higher number of 

secondary branches per plant (9.25) as compared to DUSHT (8.40). Well watered 

conditions produced maximum number of secondary branches per plant (9.54). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum number of secondary branches per plant (8.19). Similarly, interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of secondary 

branches per plant. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum number of secondary 

branches per plant (10.16) against the minimum (6.94) was observed from DUSHT 

cultivated under water stress at flowering + pod formation + grain filling stage. 
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Table 4.2.1: Foliar application of osmoprotectants on plant population at completion of germination of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

means 

Cultivar 

mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
23.67ns 24.00ns 24.00ns 23.89 ns 

23.81 ns 

23.00ns 23.33ns 23.67ns 23.33ns 

23.37ns Glycine 

betaine 
24.00 23.67 23.67 23.78 23.33 23.33 23.67 23.44 

Proline 24.00 24.00 23.33 23.78 23.00 23.33 23.67 23.33 

DUSHT 

Distilled 

water 
24.00 23.33 23.000 23.44 

 

23.48 

 

23.33 23.00 23.33 23.22 

23.37 Glycine 

betaine 
24.00 23.00 24.000 23.67 23.67 23.00 23.00 23.22 

Proline 23.33 23.00 23.67 23.33 23.67 23.33 24.00 23.67 

Drought levels Mean  23.83ns 23.50ns 23.61ns   23.33ns 23.22ns 23.56ns   

LSD 0.05p= cultivar n.s and n.s ,foliar spray n.s and n.s, drought levels n.s and n.s, Foliar spray x cultivars x drought levels n.s and n.s in Bahawalpur and Cholistan 

respectively 

*ns= Non-significant 
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Table 4.2.2: Foliar application of osmoprotectants on plant population at maturity of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought levels Drought levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

Spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
22.33ns 22.67ns 22.00ns 22.33ns 

22.26ns 

22.00ns 22.00ns 21.67ns 21.78ns 

21.70ns Glycine 

betaine 
22.00 22.67 22.33 22.33 21.67 22.00 22.00 21.78 

Proline 21.67 22.00 22.67 22.11 21.00 21.67 22.00 21.56 

DUSHT 

Distilled 

water 
21.33 22.33 21.00 21.56 

 

21.52 

 

21.67 22.00 21.33 21.67 

21.85 

 
Glycine 

betaine 
22.00 20.67 21.67 21.44 22.33 21.33 22.00 21.89 

Proline 21.00 21.67 22.00 21.56 21.67 22.00 22.33 22.00 

Drought levels Mean  21.72ns 22.00ns 21.94ns   21.67ns 21.83ns 21.83ns   

LSD 0.05p= cultivar n.s and n.s ,foliar spray n.s and n.s, drought levels n.s and n.s, Foliar spray x cultivars x drought levels n.s and n.s in Bahawalpur and Cholistan 

respectively 

*ns= Non-significant 
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Figure 4.2.1 a: Foliar application of osmoprotectants on crop growth rate (g m-2 day-1) of chickpea genotypes in Bahawalpur 

Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS, Days after sowing 
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Figure 4.2.1 b: Foliar application of osmoprotectants on crop growth rate (g m-2 day-1) of chickpea genotypes in Cholistan 
Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS, Days after sowing 
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Figure 4.2.2 a: Foliar application of osmoprotectants on relative growth rate (g g-1 day-1) of chickpea genotypes in Bahawalpur 

Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS, Days after sowing 
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Figure 4.2.2 b: Foliar application of osmoprotectants on relative growth rate (g g-1 day-1) of chickpea genotypes in Cholistan 

Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS, Days after sowing 
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Table 4.2.3: Foliar application of osmoprotectants on number of primary branches per plant of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
3.75ab 3.57 ab 3.75 ab 3.69 A 

3.64A 

3.81ac 3.46de 3.76ac 3.68BC 

3.77A Glycine 

betaine 
3.56ab 3.5600 ab 4.00 a 3.7056 A 3.89 ab 3.69 ad 3.97 a 3.85A 

Proline 3.49ab 3.  ab 3.72 ab 3.54AB 3.85ab 3.65 bd 3.85ab 3.78 AB 

DUSHT 

Distilled 

water 
3.24 b 3.33   b 3.70  ab 3.42AB 

3.36B 

 

 

3.73ad 3.17f 3.46de 3.45D 

3.51B 

 
Glycine 

betaine 
3.29b 3.40  b 3.31 b 3.33 B 3.79 ac 3.27ef 3.55ce 3.54CD 

Proline 3.30b 3.21   b 3.46  ab 3.32 B 3.79 ac 3.29ef 3.53ce 3.54CD 

Drought levels Mean  3.44ns 3.41 3.65   3.82 A 3.42C 3.69 B   

LSD 0.05p= cultivar 0.1985and 0.0980,cultivar x foliar spray 0.3438 and0.1697 , drought levels  and 0.1200 , Foliar spray x cultivars x drought levels 0.5954  and 

0.2939in Bahawalpur and Cholistan, Respectively 

*ns= Non-significant 
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Table 4.2.4: Foliar application of osmoprotectants on number of secondary branches per plant of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 9.50ac 8.18df 8.61be 8.76AB 

9.02A 

9.76ac 8.51eh 8.84df 
 

9.04 BC 

9.25A Glycine 

betaine 
9.85a 8.93 ad 9.60ab 9.46A 10.16a 8.96df 9.36bd 9.50 A 

Proline 9.27ad 8.31ce 8.97ad 8.85AB 9.95ab 8.71dg 9.04df 9.23AB 

DUSHT 

Distilled 

water 
8.45be 7.01f 7.67ef 7.71C 

 

8.27B 

 

9.02de 6.94j 7.83 i 7.93  E 

8.40B 

 
Glycine 

betaine 
8.9ad 8.27de 9.13ad 8.77AB 9.23cd 7.99 hi 8.96df 8.73CD 

Proline 8.55be 8.19 df 8.28ce 8.34BC 9.13ce 8.05 gi 8.45 fi 8.54D 

Drought levels Mean 9.09A 8.15B 8.70 A   9.54 A 8.19 C 8.75 B   

LSD 0.05p= cultivar 0.4068and0.2230 ,cultivar x foliar spray 0.7046  and 0.3863, drought levels 0.4982 and 0.2731 , Foliar spray x cultivars x drought levels 

1.2204  and 0.6690 in Bahawalpur and Cholistan, respectively 
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4.2.7 Root Length (cm) 

Statistical analysis of the data revealed the significant influence of chickpea cultivars 

and water stress at different growth stages on root length in Bahawalpur (Table 4.2.5). 

Chickpea cultivar Bakhar 2011 produced maximum root length (16.24 cm) as 

compared to DUSHT (16.18 cm). Well watered conditions produced maximum root 

length (15.90 cm). Whereas, water stress at flowering + pod formation + grain filling 

stage produced minimum root length (14.33 cm). Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the root length. Exogenous application 

of glycine betaine on Bakhar 2011 cultivated under well watered conditions produced 

maximum root length (18.43 cm) against the minimum was observed from DUSHT 

cultivated under water stress condition at flowering + pod formation + grain filling 

stage (12.86 cm). 

Data regarding root length showed non-significant effect of chickpea cultivars in 

Cholistan farm (Table 4.2.5). However, water stress conditions at different growth 

stages significantly affected the root length. The well watered conditions produced 

maximum root length (19.88 cm). Whereas, water stress at flowering + pod formation 

+ grain filling stage produced minimum root length (17.08 cm). Similarly, interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and moisture 

deficit conditions at distinctive growth phases significantly affected root length. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum root length (22.98 cm) against the lowest 

(14.95 cm) was perceived from DUSHT cultivated in moisture deficit at flowering + 

pod formation + grain filling stage. 
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Table 4.2.5: Foliar application of osmoprotectants on root length (cm) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod 

formation + 

grain filling 

stage 

Drought 

at 

flowerin

g stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
15.68ae 13.64de 15.05ae 14.79 BC 

16.29A 

19.59 ac 16.48 bc 18.48 ac 18.18AB 

19.63ns Glycine 

betaine 
18.43 a 16.00ae 17.90 ab 17.44A 22.98a 19.18 ac 22.00ab 21.38 A 

Proline 17.00ad 15.21ae 17.67 abc 16.63AB 20.48 ac 18.25ac 19.27 ac 19.33AB 

DUSHT 

Distilled 

water 
13.80de 12.86e 13.44 de 13.37C 

14.18B 

 

 

17.33ac 14.95 c 16.50bc 16.26B 

 

17.56 
Glycine 

betaine 
15.86ae 14.403be 14.830 abcde 15.03 BC 20.07ac 16.86 ac 19.01ac 18.65AB 

Proline 14.63ae 13.86ce 13.95ce 14.15C 18.83ac 16.74 ac 17.74ac 17.77  AB 

Drought levels Mean  15.90A 14.33B 15.47AB   19.88 A 17.08B 18.83 AB   

LSD 0.05p= cultivar 1.2797 and ns,cultivar x foliar spray 2.2166 and3.6778 , drought levels  1.5674 and 2.6006  , Foliar spray x cultivars x drought levels   

3.8392 and 6.3702 in Bahawalpur and Cholistan, respectively 

 

  



 119 

4.2.8 Root Fresh Weight (g) 

Statistical analysis of the data revealed the non-significant influence of chickpea 

cultivars and water stress at different growth stages and their interactions on root fresh 

weight in Bahawalpur (Table 4.2.6). Data regarding root fresh weight showed 

significant effect of chickpea cultivars and water stress at different growth stages in 

Cholistan farm (Table 4.2.6). Chickpea cultivar Bakhar 2011 significantly higher root 

fresh weight (2.60 g) as compared to DUSHT (2.19 g). Water stress at flowering stage 

produced maximum root fresh weight (2.47 g) which was statistical similar to well 

watered condition (2.46 g). Whereas, water stress at flowering + pod formation + 

grain filling stage produced minimum root fresh weight (2.27g). Similarly, interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected root fresh weight. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum root fresh weight (2.80 g) against the 

minimum (1.99 g) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.6: Foliar application of osmoprotectants on root fresh weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought 

at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought 

at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
3.12ns 2.97ns 3.06ns 3.05 

3.19ns 

2.50ae 2.17cf 2.59ad 2.42BC 

2.60A Glycine 

betaine 
3.40 3.21 3.34 3.31 2.80a 2.65ab 2.72ab 2.72A 

Proline 3.28 3.14 3.21 3.21 2.75ab 2.60ac 2.65ab 2.67AB 

DUSHT 

Distilled 

water 
2.94 2.86 3.04 2.95 

3.03 

 

2.06ef 1.99f 2.08 ef 2.04D 

2.19B 

 
Glycine 

betaine 
3.14 3.02 3.12 3.09 2.36af 2.13df 2.45af 2.32C 

Proline 3.10 2.97 3.10 3.06 2.29 bf 2.05ef 2.34bf 2.23CD 

Drought levels Mean  3.16 3.03 3.15   2.46 A 2.27B 2.47A   

LSD 0.05p= cultivar and 0.1552,cultivar x foliar spray   and 0.2687, drought levels  and 0.1900 , Foliar spray x cultivars x drought levels   and  0.4655in 

Bahawalpur and Cholistan, Respectively 
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4.2.9 Root Dry Weight (g) 

Statistical analysis of the data revealed the significant influence of chickpea cultivars 

and water stress at different growth stages on root dry weight in Bahawalpur (Table 

4.2.7). Chickpea cultivar Bakhar 2011 produced maximum root dry weight (1.17 g) as 

compared to DUSHT (1.01 g). The well watered conditions produced maximum root 

dry weight (1.16 g). Whereas, water stress at flowering + pod formation + grain filling 

stage produced minimum root dry weight (1.01 g). Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the root dry weight. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under well watered 

conditions produced maximum root dry weight (1.40 g) against the minimum (0.88 g) 

was observed from DUSHT cultivated under water stress condition at flowering + pod 

formation + grain filling stage. 

Data regarding root dry weight showed significant effect of chickpea cultivars and 

water stress at different growth stages in Cholistan farm (Table 4.2.7). Chickpea 

cultivar Bakhar 2011 produced maximum root dry weight (1.03 g) as compared to 

DUSHT (0.77 g). Well watered conditions produced maximum root dry weight (0.98 

g). Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum root dry weight (0.83 g). Similarly, interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the root dry weight. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under well watered 

conditions produced maximum root dry weight (1.30 g) against the minimum (0.67 g) 

was observed from DUSHT cultivated under water stress at flowering + pod 

formation + grain filling stage. 
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   Table 4.2.7: Foliar application of osmoprotectants on root dry weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.14ac 0.99 bc 1.11ac 1.08BC 

1.17A 

1.03bc 0.83cg 0.95cf 0.94BC 

1.03A Glycine 

betaine 
1.40a 1.17ac 1.21ab 1.26A 1.30a 0.99be 1.05bc 1.11A 

Proline 1.28ab 1.03bc 1.14ac 1.15AB 1.21ab 0.91 cf 1.01bd 1.04AB 

DUSHT 

Distilled 

water 
0.99bc 0.88c 1.01bc 0.96C 

 

1.01B 

 

0.74fg 0.67g 0.72fg 0.71D 

0.77B 

 
Glycine 

betaine 
1.08bc 1.02bc 1.11ac 1.07BC 0.82cg 0.79dg 0.84 cg 0.82CD 

Proline 1.02bc 0.98bc 1.05bc 1.016BC 0.79dg 0.76eg 0.78 eg 0.78D 

Drought levels Mean  1.16A 1.01B 1.10AB   0.98A 0.83B 0.89 AB   

LSD 0.05p= cultivar 0.1021 and 0.0758, cultivar x foliar spray 0.1769 and 0.1312, drought levels  0.1251 and  0.0928, Foliar spray x cultivars x drought levels   

0.3064and 0.2273 in Bahawalpur and Cholistan respectively 
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4.2.10 Shoot Length (cm) 

Statistical analysis of the data revealed the non-significant influence of chickpea 

cultivars and water stress at different growth stages on shoot length in Bahawalpur 

(Table 4.2.8). However, interaction among exogenous applications of 

osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the shoot length. Exogenous application of glycine 

betaine on Bakhar 2011 cultivated under well watered conditions produced maximum 

shoot length (37.88 cm) against the minimum (30.80 cm) was observed from the same 

cultivar cultivated under water stress condition at flowering + pod formation + grain 

filling stage. 

Data regarding shoot length showed significant effect of chickpea cultivars in 

Cholistan farm (Table 4.2.8). Chickpea cultivar Bakhar 2011 produced maximum 

shoot length (34.40 cm) as compared to DUSHT (31.86 cm). Water stress at different 

growth stages had no significant effect on shoot length. Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected shoot length. Exogenous application of 

glycine betaine on Bakhar 2011 cultivated under well watered conditions produced 

maximum shoot length (36.13 cm) against the minimum (29.30 cm) was observed 

from DUSHT cultivated under water stress at flowering + pod formation + grain 

filling stage. 
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Table 4.2.8: Foliar application of osmoprotectants on shoot length (cm) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought levels Drought levels 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

Spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
34.22ab 30.80b 33.09ab 32.70BC 

35.10ns 

33.77ac 31.10ac 34.10ac 32.99 AC 

34.40A 
Glycine 

betaine 
38.28a 34.98ab 36.41ab 36.56A 36.13a 34.50ac 35.92a 35.52A 

Proline 
37.88a 34.94ab 35.33 ab 36.05AB 

35.50ab 

 
34.0ac 34.60ac 34.70AB 

DUSHT 

Distilled 

water 
32.42ab 31.62b 31.35 b 31.80C 

33.19 

 

 

30.03bc 29.30c 30.47c 29.93 C 

31.86B 

 
Glycine 

betaine 
35.56ab 33.45ab 33.05 ab 34.02AC 33.43ac 32.11ac 35.20ab 33.58 AB 

Proline 34.85ab 33.97ab 32.48 ab 33.77AC 31.70ac 31.23ac 33.23ac 32.06 BC 

Drought levels Mean  35.53ns 33.294 33.618   33.43ns 32.04 33.92   

LSD 0.05p= cultivar and 1.8880,cultivar x foliar spray 3.4719 and3.2701 , drought levels  and  , Foliar spray x cultivars x drought levels   6.0135and 5.6640 in  

Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.2.11 Shoot Fresh Weight  

Statistical analysis of the data revealed the significant influence of chickpea cultivars 

and water stress at different growth stages on shoot fresh weight in Bahawalpur 

(Table 4.2.9). Chickpea cultivar Bakhar 2011 produced maximum shoot fresh weight 

(42.59 g) as compared to DUSHT (35.64 g). The well watered conditions produced 

maximum shoot fresh weight (42.11 g). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum shoot fresh weight (35.07 g). 

Interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the shoot fresh 

weight. Exogenous application of glycine betaine on Bakhar 2011 cultivated under 

well watered conditions produced maximum shoot fresh weight (50.02 g) against the 

minimum (30.95 g) was observed from DUSHT cultivated under water stress 

condition at flowering + pod formation + grain filling stage. 

Data regarding shoot fresh weight showed significant effect of chickpea cultivars and 

water stress at different growth stages in Cholistan farm (Table 4.2.9). Chickpea 

cultivar Bakhar 2011 produced maximum shoot fresh weight (31.0 g) as compared to 

DUSHT (28.31 g). Well watered conditions produced maximum shoot fresh weight 

(31.30 g). Whereas, water stress at flowering + pod formation + grain filling stage 

produced minimum shoot fresh weight (27.60 g). Similarly, interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the shoot fresh weight. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum shoot fresh weight (37.00 g) against the 

minimum (26.00 g) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.9: Foliar application of osmoprotectants on shoot fresh weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
44.62ad 31.897f 41.94ae 39.48BC 

42.59A 

29.97 bd 26.14d 28.00bd 28.04BC 

31.00A Glycine 

betaine 
50.02a 39.830bf 45.45ac 45.10A 37.00 a 29.43bd 34.40ab 33.611 A 

Proline 47.07ab 37.71bf 44.82ad 43.20AB 33.33 ac 27.77cd 33.0ac 31.37 AB 

DUSHT 

Distilled 

water 
34.55ef 30.95f 34.23ef 33.24D 

35.64B 

 

27.67cd 26.00d 27.80cd 27.16C 

28.31B Glycine 

betaine 
39.79bf 35.51def 36.52cf 37.27CD 30.68 ad 28.43bd 29.13bd 29.42BC 

Proline 36.62cf 34.52 ef 38.07bf 36.40CD 29.15 bd 27.80cd 28.13bd 28.36BC 

Drought levels Mean  42.11A 35.07B 40.17A   31.30A 27.60B 30.08AB   

LSD 0.05p= cultivar3.1942 and 2.1812, cultivar x foliar spray 5.5326and 3.7780, drought levels 3.9121 and 2.6714, Foliar spray x cultivars x drought levels 

9.5827 and 6.5436 in Bahawalpur and Cholistan respectively. 
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4.2.12 Shoot Dry Weight  

Statistical analysis of the data revealed the significant influence of chickpea cultivars 

and water stress at different growth stages on shoot dry weight in Bahawalpur (Table 

4.2.10). Chickpea cultivar Bakhar 2011 produced maximum shoot dry weight (10.02 

g) as compared to DUSHT (8.68 g). Well watered conditions produced maximum 

shoot dry weight (10.19 g). Whereas, water stress at flowering + pod formation + 

grain filling stage produced minimum shoot dry weight (8.59 g). Interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the shoot dry weight. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum shoot dry weight (13.06 g) against the 

minimum (7.87 g) was observed from DUSHT cultivated under water stress condition 

at flowering + pod formation + grain filling stage. 

Data regarding shoot dry weight showed significant effect of chickpea cultivars in 

Cholistan farm (Table 4.2.10). Chickpea cultivar Bakhar 2011 produced maximum 

shoot dry weight (9.92 g) as compared to DUSHT (9.17 g). However, water stress at 

different growth stages had no significant effect on root dry weight. Interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the shoot dry weight. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum shoot dry weight (11.57 g) against the 

minimum (8.46 g) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.10: Foliar application of osmoprotectants on shoot dry weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
10.76bc 8.32fg 9.11df 9.40BC 

10.02A 

9.20bc 8.73bc 8.93bc 8.96BC 

9.92A 
Glycine 

betaine 
13.06a 8.90dg 9.89bd 10.62A 11.57a 10.37ac 10.34ac 10.76A 

Proline 

 
11.08b 9.22df 9.79ce 10.03B 10.53ab 9.37bc 10.23ac 10.04AB 

DUSHT 

Distilled 

water 
8.50fg 7.87g 8.60eg 8.33D 

8.68B 

8.45c 8.46c 8.64bc 8.51C 

9.17B Glycine 

betaine 
9.03dg 8.85dg 9.07dg 8.98CD 10.04ac\ 9.63ac 9.22bc 9.63AC 

Proline 8.71dg 8.38fg 9.12df 8.74CD 9.88ac 9.30bc 8.91bc 9.36BC 

Drought levels Mean  10.19A 8.59C 9.26B   9.94ns 9.31 9.38   

LSD 0.05p= cultivar 0.3994and0.6902 ,cultivar x foliar spray 0.6917 and 1.1954, drought levels 0.4891 and  , Foliar spray x cultivars x drought levels1.1981 

and 2.0705 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.2.13 Days to Flowering 

Comparison of the treatment means showed that chickpea genotypes and water stress 

at different growth stages had no significant effect on days taken to complete 

flowering in Bahawalpur (Table 4.2.11). However, interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of days taken to complete 

flowering. Exogenous application of distilled water on DUSHT cultivated under well 

watered conditions takes maximum number of days to complete flowering (70.67) 

against the minimum (64.33) was observed with the exogenous application of glycine 

betaine on Bakhar 2011 cultivated under water stress at flowering stage. 

Comparison of the treatment means showed that chickpea genotypes and water stress 

at different growth stages had no significant effect on days taken to complete 

flowering in Cholistan farm (Table 4.2.11). However, interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of days taken to complete 

flowering. Exogenous application of proline on Bakhar 2011 cultivated under water 

stress at flowering stage takes maximum number of days to complete flowering 

(71.33) against the minimum (66.00) was observed from DUSHT cultivated under 

water stress at flowering + pod formation + grain filling stage. 

4.2.14 Days to Pod Formation 

Comparison of the treatment means showed that chickpea genotypes and water stress 

at different growth stages had no significant effect on days taken to pod formation in 

Bahawalpur (Table 4.2.12). However, interaction among exogenous applications of 

osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the number of days taken to pod formation. Exogenous 

application of distilled water on DUSHT cultivated under well watered conditions 

takes maximum number of days to pod formation (88.67) against the minimum 

(82.00) was observed with the exogenous application of glycine betaine on Bakhar 

2011 cultivated under water stress at flowering stage. 

Comparison of the treatment means showed that chickpea genotypes and water stress 

at different growth stages had no significant effect on days taken to pod formation in 

Cholistan farm (Table 4.2.12). However, interaction among exogenous applications of 
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osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the number of days taken to pod formation. Exogenous 

application of proline on Bakhar 2011 cultivated under water stress at flowering stage 

takes maximum number of days to pod formation (87.00) against the minimum 

(81.33) was observed from DUSHT cultivated under water stress at flowering + pod 

formation + grain filling stage. 

4.2.15 Days to Grain Filling 

Comparison of the treatment means showed that chickpea cultivars significantly 

affected the number of days taken to grain filling in Bahawalpur (Table 4.2.13). 

Chickpea cultivar DUSHT takes significantly more days to complete grain filling 

(99.63) as compared to Bakhar 2011 (97.07). However, water stress at different 

growth stages had no significant effect on the days taken to grain filling. Interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of days taken 

to grain filling. Exogenous application of proline on DUSHT cultivated under well 

watered conditions takes maximum number of days to complete grain filling (102.33) 

against the minimum (94.67) was observed with the exogenous application of glycine 

betaine on Bakhar 2011 cultivated under water stress at grain filling stage. However, 

in Cholistan farm, comparison of the treatment means showed that chickpea 

genotypes, water stress at different growth stages, exogenous application of 

osmoprotectants and their interaction had no significant effect on days taken to 

complete grain filling (Table 4.2.13). 
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Table 4.2.11: Foliar application of osmoprotectants on days to flowering of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
67.67ac 68.00abc 69.00ac 68.222 

67.44ns 

69.33ab 66.33ab 69.00ab 68.22ns 

69.07ns Glycine 

betaine 
67.00 bd 66.00cd 64.33d 65.778 70.33ab 67.67ab 69.67ab 69.22 

Proline 68.33ac 69.33ab 67.33bd 68.333 70.00ab 68.00ab 71.33a 69.78 

DUSHT 

Distilled 

water 
70.67a 69.67ab 66.00cd 68.778 

 

68.00 

 

68.33ab 66.00b 67.00ab 67.11 

68.07 

 
Glycine 

betaine 
67.33bd 67.33bd 68.00ac 67.556 69.00ab 68.00ab 69.00ab 68.67 

Proline 67.67ac 67.67ac 67.67ac 67.67 69.33ab 67.67ab 68.33ab 68.44 

Drought levels Mean  68.11ns 68.00 67.06   69.39ns 67.28 69.06   

LSD 0.05p= cultivar and ,foliar spray   and , drought levels  and  , Foliar spray x cultivars x drought levels  3.0898 and  5.3159 in Bahawalpur and Cholistan, 

respectively 

*ns= Non-significant 
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Table 4.2.12: Foliar application of osmoprotectants on days to pod formation of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
85.00ac 86.00ac 85.00ac 85.33AB 

84.56B 

85.67ab 83.33ab 83.00ab 84.00AB 

85.37ns Glycine 

betaine 
84.33ac 84.33ac 82.00c 83.22 B 86.67ab 85.00ab 86.00ab 85.89AB 

Proline 84.67ac 86.67ac 84.00ac 85.11 AB 86.33ab 85.33ab 87.00a 86.22A 

DUSHT 

Distilled 

water 
88.67a 87.00 ac 84.33ac 86.67 A 

 

86.41 A 

 

83.33ab 81.33 b 83.67ab 82.78B 

84.04 

 
Glycine 

betaine 
87.67ab 86.33ac 85.00ac 86.33A 85.00ab 83.00ab 85.00ab 84.33AB 

Proline 88.00 ab 85.33ac 85.33ac 86.22AB 86.67ab 82.33ab 86.00ab 85.00AB 

Drought levels Mean 

 
86.22ns 85.944 84.28   85.61ns 83.39 85.11   

LSD 0.05p= cultivar 1.7527and ,cultivar x foliar spray 3.0358 and 3.2417, drought levels  and  , Foliar spray x cultivars x drought levels   5.2581 and5.6148  in 

Bahawalpur and Cholistan, respectively 

*ns= Non-significant 
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Table 4.2.13: Foliar application of osmoprotectants on days to grain filling of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering 

stage 

Drought at 

grain filling 

stage 

Foliar 

spray Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 

97.00ac 99.33ac 97.00ac 97.78AB 

97.07B 

98.33   95.67   96.33   96.78   

97.81ns 
Glycine 

betaine 

95.67bc 97.67ac 94.67c 96.00 B 99.33   97.33   98.00   98.22   

Proline 

 

96.67ac 98.67ac 97.00ac 97.44 AB 101.33   97.67   96.33   98.44   

DUSHT 

Distilled 

water 

102.0ab 100.67ac 97.67ac 100.11 A 

99.63A 

 

 

96.67   96.00   96.67   96.44   

97.93 

 
Glycine 

betaine 

100.0ac 99.67c 98.33ac 99.33 AB 100.67   99.00   99.00   99.56   

Proline 102.33a 98.00 abc 98.00ac 99.44 AB 98.00   97.00   98.33   97.78   

Drought levels Mean 

 

98.94ns 99.00 97.11   99.06ns   97.11   97.44     

LSD 0.05p= cultivar 2.1906 and , cultivar x foliar spray 3.7942 and , drought levels  and  , Foliar spray x cultivars x drought levels  6.5717 and  in Bahawalpur 

and Cholistan respectively 

*ns= Non-significant 
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4.2.16 Days to Harvesting 

Chickpea maturity is the end plant activities resulted in the production of grain and 

biological yield. Maturity, being a genetic parameter was greatly affected by water 

deficit treatments. Comparison of the treatment means showed that chickpea 

genotypes and water stress at different growth stages had significant effect on days 

taken to harvesting in Bahawalpur (Table 4.2.14). Chickpea cultivar Bakhar 2011 

takes more time (128.25) to harvesting as compared to DUSHT (124.76). Water stress 

at flowering stage takes maximum time to harvesting (128.44) against the minimum 

(124.78) was observed under well watered conditions. Similarly, interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of days taken 

to harvesting. Exogenous application of proline on Bakhar 2011 cultivated under 

water stress at flowering stage takes maximum number of days to harvesting (132.00) 

against the minimum (121.67) was observed with the exogenous application of 

glycine betaine on DUSHT cultivated under well watered conditions. 

Comparison of the treatment means showed that chickpea genotypes had significant 

effect on number of days taken to harvesting in Cholistan farm (Table 4.2.14). 

Chickpea cultivar Bakhar 2011 takes more time (129.11) to harvesting as compared to 

DUSHT (124.81). Whereas, water stress at different growth stages had no significant 

effect on days taken to harvesting. However, interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of days taken to harvesting. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to harvesting (130.33) against the 

minimum (122.33) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.14: Foliar application of osmoprotectants on days to harvesting of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
127.67ae 131.67a 129.67ac 129.67A 

128.52A 

129.00ac 127.00ac 128.67ac 128.22AB 

129.11A 
Glycine 

betaine 
125.00be 125.00be 131.00ab 127.00AB 130.33a 128.33ac 130.00ab 129.56A 

Proline 
126.67ae 128.00ad 132.00a 128.89A 

130.00a

b 
128.33ac 130.33a 129.56A 

DUSHT 

Distilled 

water 
124.33ce 123.67ce 124.33ce 124.11B 

124.78B 

 

 

123.67ac 122.33c 125.00ac 123.67C 

124.81B 

 
Glycine 

betaine 
121.67e 124.00ce 126.00ae 123.89B 125.00ac 122.67bc 127.00ac 124.89BC 

Proline 123.33de 128.00ad 127.67ae 126.33AB 124.00ac 124.67ac 129.00ac 125.89AC 

Drought Levels Mean  124.78B 126.72AB 128.44 A   127.00ns 125.56 128.33   

LSD 0.05p= cultivar 2.0559 and 2.5399,cultivar x foliar spray 3.5609  and 4.3993 , drought levels 2.5179 and  , Foliar spray x cultivars x drought levels  6.1677 and 

7.6197 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.2.17 Number of Pods Per Plant 

Number of pods per plant as the major yield parameters reflects the plant performance 

during previous growth stages, which depend mainly on the vigorous of vegetative 

growth and flowering status (Osman, 2015). Comparison of the treatment means 

showed chickpea genotypes and water stress at different growth stages significantly 

affected the number of pods per plant in Bahawalpur (Table 4.2.15). Chickpea 

cultivar Bakhar 2011 produced significantly higher number of pods per plant (27.34) 

as compared to DUSHT (24.47). The well watered conditions produced maximum 

number of pods per plant (27.48), which was statistically similar to water stress at 

flowering stage (26.84). Whereas, water stress at flowering + pod formation + grain 

filling stage produced minimum number of pods per plant (23.39). Interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of pods per 

plant. Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum number of pods per plant (31.16) against the 

minimum (19.29) was observed from DUSHT cultivated under water stress condition 

at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of pods per plant in Cholistan farm (Table 4.2.15). 

Chickpea cultivar Bakhar 2011 produced significantly higher number of pods per 

plant (28.35) as compared to DUSHT (25.21). Well watered conditions produced 

maximum number of pods per plant (28.69) which was statistically similar to water 

stress at flowering stage (27.49). Whereas, water stress at flowering + pod formation 

+ grain filling stage produced minimum number of pods per plant (24.16). Similarly, 

interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the number of 

pods per plant. Exogenous application of glycine betaine on Bakhar 2011 cultivated 

under well watered conditions produced maximum number of pods per plant (31.52) 

against the minimum (20.12) was observed from DUSHT cultivated under water 

stress at flowering + pod formation + grain filling stage. 
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Table 4.2.15: Foliar application of osmoprotectants on number of pods per plant of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
26.273bd 21.68eg 26.31bd 24.75CD 

27.34A 

28.46abd 24.40cf 26.69ae 26.52BC 

28.35A Glycine 

betaine 
31.16a 27.61ad 29.45ab 29.40A 31.52 a 28.27ad 29.88ac 29.89A 

Proline 29.103ac 26.37bd 28.09ad 27.86AB 30.44ab 26.72ae 28.76ad 28.64AB 

DUSHT 

Distilled 

water 
25.707be 19.29g 24.83cf 23.27D 

24.47B 

 

 

26.37ae 20.12f 25.49bf 24.00C 

25.21B 

 
Glycine 

betaine 
27.120ad 24.28df 26.45bd 25.95BC 28.22ad 23.62df 27.14ae 26.32BC 

Proline 25.503bf 21.14fg 25.89be 24.18CD 27.13ae 21.81ef 26.96ae 25.30C 

Drought Levels Mean  27.48A 23.39B 26.84A   28.69A 24.16B 27.49A   

LSD 0.05p= cultivar 1.4637 and 1.8657,cultivar x foliar spray 2.5352 and3.2315 , drought levels 1.7927 and  2.2850, Foliar spray x cultivars x drought levels 4.3911  

and 5.5971 in Bahawalpur and Cholistan respectively 
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4.2.18 Number of Grains Per Pod 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on number of grains per pod in Bahawalpur (Table 4.2.16). However, water 

stress at different growth stages significantly affected the number of grains per pod. 

Well watered conditions produced maximum number of grains per pod (1.62). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum number of grains per pod (1.51). Interaction among exogenous applications 

of osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the number of grains per pod. Exogenous application of 

glycine betaine on Bakhar 2011 cultivated under well watered conditions produced 

maximum number of grains per pod (1.75) against the minimum (1.40) was observed 

from DUSHT cultivated under water stress condition at flowering + pod formation + 

grain filling stage. 

Chickpea cultivars had no significant effect on number of grains per pod in Cholistan 

farm (Table 4.2.16). While water stress conditions at different growth stages 

significantly affected the number of grains per pod. The well watered conditions 

produced maximum number of grains per pod (1.54). Whereas, water stress at 

flowering + pod formation + grain filling stage produced minimum number of grains 

per pod (1.45). Similarly, interaction among exogenous applications of 

osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the number of grains per pod. Exogenous application of 

glycine betaine on Bakhar 2011 cultivated under well watered conditions produced 

maximum number of grains pod (1.56) against the minimum (1.34) was observed 

from DUSHT cultivated under water stress at flowering + pod formation + grain 

filling stage. 
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Table 4.2.16: Foliar application of osmoprotectants on number of grains per pod of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.70ab 1.58  ad 1.56ad 1.61A 

1.57ns 

1.54a 1.47ab 1.52ab 1.51AB 

1.53ns 
Glycine 

betaine 
1.75a 1.46bd 1.59ad 1.60A 1.56a 1.53a 1.55a 1.55A 

Proline 

 
1.43cd 1.55ad 1.50bd 1.49 AB 1.55a 1.52ab 1.54a 1.54AB 

DUSHT 

Distilled 

water 
1.44cd 1.40d 1.48bd 1.44 B 

1.54 

 

 

1.52ab 1.34b 1.44ab 1.43 B 

1.48 

 

Glycine 

betaine 
1.75a 1.57ad 1.53ad 1.62A 1.55a 1.46ab 1.55a 1.52AB 

Proline 

 
1.66ac 1.48bd 1.53ad 1.56AB 1.52ab 1.41 ab 1.53 ab 1.49 AB 

Drought Levels Mean  
1.62A 1.51B 1.53AB   

1.54A 

 
1.45B 

1.52AB 

 
  

LSD 0.05p= cultivar n.s and n.s ,cultivar x foliar spray 0.1392  and 0.1107 , drought levels 0.0985 and 0.0783 , Foliar spray x cultivars x drought levels 0.2412  and 

0.1917 in Bahawalpur and Cholistan, Respectively 

*ns= Non-significant 
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4.2.19 Pod Weight (g) 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on pod weight in Bahawalpur (Table 4.2.17). However, water stress at different 

growth stages significantly affected the pod weight. Water stress at flowering stage 

produced maximum pod weight (0.44 g). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum pod weight (0.37 g). Interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the pod weight. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering stage produced maximum pod weight (0.51 g) against the minimum (0.34 

g) was observed from DUSHT cultivated under water stress condition at flowering + 

pod formation + grain filling stage. 

Chickpea cultivars had significant effect on pod weight in Cholistan farm (Table 

4.2.17). Chickpea cultivar Bakhar 2011 produced significantly higher pod weight 

(0.41 g) as compared to DUSHT (0.38 g). Water stress conditions at different growth 

stages significantly affected the pod weight. Well watered conditions produced 

maximum pod weight (0.44 g). Whereas, water stress at flowering + pod formation + 

grain filling stage produced minimum pod weight (0.35 g). Similarly, interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the pod weight. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under well watered 

conditions produced maximum pod weight (0.46 g) against the minimum (0.30 g) was 

observed from DUSHT cultivated under water stress at flowering + pod formation + 

grain filling stage. 
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Table 4.2.17: Foliar application of osmoprotectants on number of pod weight (g) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 0.42be 0.38ce 0.42bd 0.41AB 

0.41ns 

0.44ac 
0.35eg 

 
0.39af 0.39AB 

0.41A 

 

Glycine 

betaine 0.45ac 0.37ce 0.51a 0.44A 0.46a 
0.36bf 

 
0.44ac 

0.43A 

 

Proline 

 
0.40be 0.39ce 0.39ce 0.40AB 0.45ab 0.37cf 0.43ad 

0.42A 

 

DUSHT 

Distilled 

water 

0.37ce 

 
0.34e 0.37ce 0.36B 

0.40 

0.41ae 

 

0.30g 

 
0.36dg 

0.36B 

 

0.38B 

 

Glycine 

betaine 0.39ce 0.41be 
0.49ab 

 
0.43A 0.45ac 0.37dg 0.41ae 

0.41A 

 

Proline 

 
0.42be 0.36de 0.45ac 0.41A 

0.43ad 

 
0.33fg 0.39af 

0.39AB 

 

Drought Levels Mean  

 
0.41AB 

0.37B 

 

0.44A 

 
  

0.44A 

 

0.35C 

 
0.40B   

LSD 0.05p= cultivar and 0.0247 ,cultivar x foliar spray 0.0499 and 0.0427, drought levels 0.0353  and  0.0302, Foliar spray x cultivars x drought levels 0.0865  and  

0.0740 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.2.20 100 Grains Weight (g) 

Grains weight is a crucial yield boosting attribute and has been given due 

consideration during varietal assessing process. Comparison of the treatment 

means showed chickpea genotypes and water stress at different growth stages 

significantly affected the 100 grains weight in Bahawalpur (Table 4.2.18). Chickpea 

cultivar Bakhar 2011 produced significantly higher 100 grains weight (200.96 g) as 

compared to DUSHT (187.09 g). The well watered conditions produced maximum 

100 grains weight (201.09 g). Whereas, water stress at flowering + pod formation + 

grain filling stage produced minimum100 grains weight (185.67 g). Interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the 100 grains weight. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum 100 grains weight (208.19 g) against the 

minimum (163.32 g) was observed from DUSHT cultivated under water stress 

condition at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the 100 grains weight in Cholistan farm (Table 4.2.18). 

Chickpea cultivar Bakhar 2011 produced significantly higher 100 grains weight 

(201.29 g) as compared to DUSHT (188.03 g). Well watered conditions produced 

significantly highest 100 grains weight (201.13 g). Whereas, water stress at flowering 

+ pod formation + grain filling stage produced minimum100 grains weight (186.38 g). 

Similarly, interaction among exogenous applications of osmoprotectants, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the 100 grains weight. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum 100 grains weight 

(209.86 g) against the minimum (169.98 g) was observed from DUSHT cultivated 

under water stress at flowering + pod formation + grain filling stage. 
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Table 4.2.18: Foliar application of osmoprotectants on number of 100 grains weight (g) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
202.60ac 186.19cd 198.63ac 195.81AC 

200.96A 

204.94ab 189.86cd 197.30ac 197.36ABC 

201.29A Glycine 

betaine 
208.19a 201.12ac 206.90ab 205.40A 209.86a 202.70ab 205.23ab 205.93A 

Proline 206.33ab 197.37ad 201.35ac 201.68AB 205.67ab 194.03ad 202.01ab 200.57AB 

DUSHT 

Distilled 

water 
194.18ad 163.32e 185.16cd 180.89 D 

187.57B 

 

 

196.51ac 169.98e 178.56de 181.69D 

188.03B Glycine 

betaine 
199.73ac 186.17cd 195.71ad 193.87BC 203.07ab 182.84ce 193.18abd 193.03BC 

Proline 195.52ad 179.85de 188.51bd 187.96CD 198.76ac 178.85de 190.51bd 189.37CD 

Drought Levels Mean  201.09A 185.67B 196.04A   203.13A 186.38C 194.46B   

LSD 0.05p= cultivar 6.1604and 5.6455, cultivar x foliar spray 10.670  and 9.7784, drought levels  7.5450and 6.9144 , Foliar spray x cultivars x drought levels 

18.481 and 16.937  in Bahawalpur and Cholistan respectively 
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4.2.21 Biological Yield (kg ha-1) 

Biological yield is an important index reflecting the growth and metabolic efficiency 

of the crop, which ultimately affects the yield of crop. Comparison of the treatment 

means showed chickpea genotypes and water stress at different growth stages 

significantly affected the biological yield in Bahawalpur (Table 4.2.19). Chickpea 

cultivar Bakhar 2011 produced significantly higher biological yield (5174.4 kg ha-1) 

as compared to DUSHT (4444.2 kg ha-1). Water stress at flowering stage produced 

maximum biological yield (5138.8 kg ha-1) which was statistically similar to well 

watered conditions (5077.4 kg ha-1). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum biological yield (4211.7 kg ha-1). 

Interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the biological 

yield. Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum biological yield (5998.3 kg ha-1) against the 

minimum (3467.6 kg ha-1) was observed from DUSHT cultivated under water stress 

condition at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the biological yield in Cholistan farm (Table 4.1.19). Chickpea 

cultivar Bakhar 2011 produced significantly higher biological yield (5367.0 kg ha-1) 

as compared to DUSHT (4684.9 kg ha-1). The well watered conditions produced 

maximum biological yield (5705.2 kg ha-1). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum biological yield (4200.6 kg ha-1). 

Similarly, interaction among exogenous applications of osmoprotectants, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the biological yield. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum biological yield (6198.3 

kg ha-1) against the minimum (3267.6 kg ha-1) was observed from DUSHT cultivated 

under water stress at flowering + pod formation + grain filling stage. 
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Table 4.2.19: Foliar application of osmoprotectants on biological yield (kg ha-1) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
4858.2be 3993.1ef 4770.0be 4540.4CD 

5174.4A 

5824.8abcd 4126.4fgh 4770.0eg 4907.1BC 

5367.0A Glycine 

betaine 
5998.3a 5090.9ad 6009.2a 5699.5A 6198.3a 4924.3cf 5942.5ac 5688.4A 

Proline 5484.7ac 4851.0be 5514.6ab 5283.4AB 6051.3ab 4817.7dg 5647.9ae 5505.7AB 

DUSHT 

Distilled 

water 
4457.9cf 3467.6f 4419.6df 4115.0D 

4444.2B 

4991.2cf 3267.6h 4652.9eg 4303.9D 

4684.9B Glycine 

betaine 
4885.6be 4249.0df 5027.0ae 4720.5BC 5818.9ad 4282.3fh 5127.0bf 5076.1BC 

Proline 4779.7be 3618.6f 5092.4ad 4496.9CD 5346.4ae 3785.3gh 4892.4df 4674.7CD 

Drought Levels Mean  5077.4A 4211.7B 5138.8A   5705.2A 4200.6C 5172.1B   

LSD 0.05p= cultivar 348.45 and347.84 , cultivar x foliar spray 603.54  and602.48 , drought levels  426.77and 426.02 , Foliar spray x cultivars x drought levels 

1045.4  and 1043.5 in Bahawalpur and Cholistan respectively 
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4.2.22 Grain Yield (kg ha-1) 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages significantly affected the grain yield in Bahawalpur (Table 

4.2.20). Chickpea cultivar Bakhar 2011 produced significantly higher grain yield 

(1598.4 kg ha-1) as compared to DUSHT (1393.6 kg ha-1). The well watered 

conditions produced maximum grain yield (1609.9 kg ha-1) which was statistically 

similar to water stress at flowering stage (1600.5 kg ha-1). Whereas, water stress at 

flowering + pod formation + grain filling stage produced minimum grain yield 

(1277.6 kg ha-1). Interaction among exogenous applications of osmoprotectants, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the grain yield. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum grain yield (1928.6 kg 

ha-1) which was statistically similar to water stress at flowering stage (1884.8 kg ha-1). 

While minimum (1029.9 kg ha-1) grain yield was observed from DUSHT cultivated 

under water stress condition at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the grain yield in Cholistan farm (Table 4.2.20). Chickpea 

cultivar Bakhar 2011 produced significantly higher grain yield (1655.0 kg ha-1) as 

compared to DUSHT (1429.6 kg ha-1). Well watered conditions produced maximum 

grain yield (1770.1 kg ha-1). Whereas, water stress at flowering + pod formation + 

grain filling stage produced minimum grain yield (1260.5 kg ha-1). Similarly, 

interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the grain yield. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum grain yield (1950.7 kg ha-1) against the 

minimum (963.1 kg ha-1) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.20: Foliar application of osmoprotectants on grain yield (kg ha-1) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1532.7bd 1165.2eg 1458.5be 1385.5CD 

1598.4A 

1792.1ac 1261.7fh 1468.3df 1507.3BC 

1655.0A Glycine 

betaine 
1928.6a 1537.1bd 1884.8a 1783.5A 1950.7a 1527.6cf 1862.6ab 1780.3A 

Proline 1732.0ab 1457.5be 1689.5ac 1626.3AB 1844.7ac 1427.0eg 1760.2ad 1677.3AB 

DUSHT 

Distilled 

water 
1411.3bf 1029.9g 1385.2cf 1275.5D 

1393.6B 

 

 

1544.4cf 963.1h 1373.2eg 1293.6D 

1429.6B 

 

 

Glycine 

betaine 
1529.9bd 1352.3dg 1628.8ad 1503.7BC 1832.6ac 1254.3fh 1580.3be 1555.7BC 

Proline 1525.1bd 1123.5fg 1556.2bd 1401.6CD 1656.3ae 1129.3gh 1533.1cf 1439.6CD 

Drought Levels Mean  1609.9A 1277.6B 1600.5A   1770.1A 1260.5C 1596.3B   

LSD 0.05p= cultivar 108.89 and106.00 ,cultivar x foliar spray 188.60 and 183.60, drought levels  133.36and 129.82 , Foliar spray x cultivars x drought  levels 

326.67 and318.00  in Bahawalpur and Cholistan respectively 
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4.2.23 Harvest Index (%) 

Comparison of the treatment means showed chickpea genotypes, water stress at 

different growth stages, exogenous application of osmoprotectants and their 

interaction had no significant effect on harvest index in Bahawalpur (Table 4.2.21). 

Data regarding harvest index indicated non-significant effect of chickpea genotypes 

on harvest index in Cholistan farm (Table 4.2.21). However, water stress at different 

growth stages significantly affected the harvest index. Well watered conditions 

produced maximum harvest index (31.01%) which was statistically similar to water 

stress at flowering stage (30.85%). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum harvest index (29.99%). Similarly, 

interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the harvest 

index. Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced maximum harvest index (31.47%) which was 

statistically similar to water stress at flowering stage (31.34%). While minimum 

harvest index (29.30%) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.2.21: Foliar application of osmoprotectants on harvest index (%) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering + 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
31.64ns 29.26ns 30.64ns 30.51ns 

30.83ns 

30.77ae 30.566ae 30.695ae 30.679AB 

30.82ns Glycine 

betaine 
32.22 30.18 31.30 31.23 31.47a 31.242ab 31.344a 31.354A 

Proline 31.58 30.10 30.60 30.76 30.52ae 29.61ce 31.178ab 30.435B 

DUSHT 

Distilled 

water 
31.76 29.51 31.74 31.00 

31.40 

 

 

30.91ad 29.46de 29.639ce 30.004B 

30.42 Glycine 

betaine 
31.28 31.79 32.62 31.90 31.40a 29.30e 30.876ad 30.523AB 

Proline 31.93 31.13 30.80 31.29 30.98ac 29.81be 31.384a 30.724AB 

Drought Levels Mean  31.74 30.33 31.28   31.01A 29.99B 30.85A   

LSD 0.05p= cultivar and ,cultivar x foliar spray   and 0.8618, drought levels  and  0.6094, Foliar spray x cultivars x drought levels   and  1.4926in Bahawalpur and 

Cholistan respectively 

*ns= Non-significant 
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4.2.24 Leaf Total Soluble Protein (mg g-1) 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages significantly affected the leaf total soluble protein in 

Bahawalpur (Table 4.2.22). Chickpea cultivar Bakhar 2011 produced significantly 

higher leaf total soluble protein (0.900 mg g-1) as compared to DUSHT (0.824 mg g-1). 

Well watered conditions produced maximum leaf total soluble protein (1.057 mg g-1) 

which was statistically similar to water stress at flowering stage (1.050 mg g-1). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum leaf total soluble protein (0.478 mg g-1). Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the leaf total soluble protein. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under well watered conditions 

produced maximum leaf total soluble protein (1.147 mg g-1). While minimum (0.427 

mg g-1) leaf total soluble protein was observed from DUSHT cultivated under water 

stress condition at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions had no significant effect on leaf 

total soluble protein in Cholistan farm (Table 4.2.22). Water stress at different growth 

stages significantly affected the leaf total soluble protein. Water stress at flowering 

stage produced maximum leaf total soluble protein (1.038 mg g-1) which was 

statistically similar to well watered conditions (1.029 mg g-1). Whereas, water stress at 

flowering + pod formation + grain filling stage produced minimum leaf total soluble 

protein (0.449 mg g-1). Similarly, interaction among exogenous applications of 

osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the leaf total soluble protein. Exogenous application of 

glycine betaine on Bakhar 2011 cultivated under well watered conditions produced 

maximum leaf total soluble protein (1.110 mg g-1) against the minimum (0.413 mg g-1) 

was observed from DUSHT cultivated under water stress at flowering + pod formation 

+ grain filling stage. 
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Table 4.2.22: Foliar application of osmoprotectants on leaf total soluble protein (mg g-1) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.073ac 0.463d 1.083ac 0.873AC 

0.900A 

1.023a 0.430b 1.047a 0.833AB 

0.863ns Glycine 

betaine 
1.147a 0.5300d 1.123ab 0.933A 1.110a 0.497b 1.077a 0.894A 

Proline 1.0900ac 0.513d 1.077ac 0.893AB 1.060a 0.460b 1.060a 0.860AB 

DUSHT 

Distilled 

water 
0.993c 0.427d 0.990c 0.803C 

0.824B 

 

 

0.970a 0.413b 0.983a 0.789B 

0.815 

 
Glycine 

betaine 
1.030ac 0.487d 1.017bc 0.844BC 1.010a 0.463b 1.037a 0.837AB 

Proline 1.010bc 0.450d 1.010bc 0.823BC 1.000a 0.430b 1.027a 0.819AB 

Drought Levels Mean 1.057A 0.478B 1.050A   1.029A 0.449B 1.038A   

LSD 0.05p= cultivar 0.0408 and ,cultivar x foliar spray  0.0707 and0.0847 , drought levels 0.0500 and  0.0599, Foliar spray x cultivars x drought levels  0.1225 and 

0.1467 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.2.25 Superoxide Dismutase (SOD) (IU min-1mg-1 Protein) 

Superoxide dismutase (SOD) establishes the first line of protection through 

detoxification of superoxide radicals, hence sustain membranes of plant tissue 

(Sairam and Saxena, 2000). Comparison of the treatment means showed chickpea 

genotypes and water stress at different growth stages significantly affected the 

superoxide dismutase in Bahawalpur (Table 4.2.23). Chickpea cultivar Bakhar 2011 

produced significantly higher superoxide dismutase (126.76 IU min-1mg protein-1) as 

compared to DUSHT (110.85 IU min-1mg-1 protein). Water stress at flowering + pod 

formation + grain filling stage produced maximum superoxide dismutase (201.21 IU 

min-1mg-1 protein). Whereas, water stress at flowering stage produced minimum 

superoxide dismutase (76.24 IU min-1mg-1 protein). Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the superoxide dismutase. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage produced maximum superoxide 

dismutase (227.23 IU min-1mg-1 protein). While minimum (65.82 IU min-1mg-1 

protein) superoxide dismutase was observed from DUSHT cultivated under well 

watered condition. 

Chickpea cultivars grown under water stress conditions had significant effect on 

superoxide dismutase in Cholistan farm (Table 4.2.23). Chickpea cultivar Bakhar 

2011 produced significantly higher superoxide dismutase (113.91 IU min-1mg-1 

protein) as compared to DUSHT (103.22 IU min-1mg-1 protein). Water stress at 

different growth stages significantly affected the superoxide dismutase. The water 

stress at flowering + pod formation + grain filling stage produced maximum 

superoxide dismutase (190.92 IU min-1mg-1 protein). Whereas, well watered 

conditions produced minimum superoxide dismutase (67.17 IU min-1mg-1 protein). 

Interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the superoxide 

dismutase. Exogenous application of glycine betaine on Bakhar 2011 cultivated under 

water stress at flowering + pod formation + grain filling stage produced maximum 

superoxide dismutase (217.09 IU min-1mg-1 protein). While minimum (60.15 IU min-

1mg-1 protein) superoxide dismutase was observed from DUSHT cultivated under 

well-watered condition. 
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Table 4.2.23: Foliar application of osmoprotectants on superoxide dismutase (IU min-1mg-1 protein) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering + 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
72.01g 195.95c 71.58g 113.18C 

126.76A 

63.98ef 184.10c 67.89ef 105.33C 

113.91A Glycine 

betaine 
95.45e 227.23a 91.49e 138.06A 74.10e 217.09a 73.03ef 121.41A 

Proline 91.19ef 214.95ab 81.01eg 129.05AB 69.93ef 203.62ab 71.39ef 114.98AB 

DUSHT 

Distilled 

water 
65.82g 166.64d 66.86g 99.77D 

110.85B 

60.15f 159.88d 62.23ef 94.09D 

103.33B 

 
Glycine 

betaine 
78.58eg 207.49bc 74.21fg 120.10BC 68.57ef 196.59bc 67.28ef 110.81BC 

Proline 70.79g 194.99c 72.26g 112.68C 66.29ef 184.25c 64.73ef 105.09C 

Drought Levels Mean 78.97B 201.21A 76.24B   67.17B 190.92A 67.76B   

LSD 0.05p= cultivar 5.6914 and 4.5490,cultivar x foliar spray 9.8577  and 7.8790, drought levels 6.9705 and 5.5713 , Foliar spray x cultivars x drought levels  

17.074 and13.647  in Bahawalpur and Cholistan respectively 
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4.2.26 Peroxidase (POD) (IU min-1 mg-1 Protein) 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages significantly affected the peroxidase in Bahawalpur (Table 

4.2.24). Chickpea cultivar Bakhar 2011 produced significantly higher peroxidase 

(9.71 IU min-1 mg-1 protein) as compared to DUSHT (8.32 IU min-1 mg-1 protein). 

Water stress at flowering + pod formation + grain filling stage produced maximum 

peroxidase (11.69 IU min-1 mg-1 protein). Whereas, water stress at flowering stage 

produced minimum peroxidase (7.91 IU min-1 mg-1 protein). Interaction among 

exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the peroxidase. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage produced maximum peroxidase (13.47 

IU min-1 mg-1 protein). While minimum (5.66 IU min-1 mg-1 protein) peroxidase was 

observed from DUSHT cultivated under well watered condition. 

Chickpea cultivars grown under water stress conditions had significant effect on 

peroxidase in Cholistan farm (Table 4.2.24). Chickpea cultivar Bakhar 2011 produced 

significantly higher peroxidase (10.19 IU min-1 mg-1 protein) as compared to DUSHT 

(8.68 IU min-1 mg-1 protein). Water stress at different growth stages significantly 

affected the peroxidase. Water stress at flowering + pod formation + grain filling 

stage produced maximum peroxidase (13.79 IU min-1 mg-1 protein). Whereas, well 

watered conditions showed minimum peroxidase (6.92 IU min-1 mg-1 protein). 

Interaction among exogenous applications of osmoprotectants, chickpea cultivars and 

water stress conditions at different growth stages significantly affected the peroxidase. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under water 

stress at flowering + pod formation + grain filling stage produced maximum 

peroxidase (17.23 IU min-1 mg-1 protein). While minimum (6.13 IU min-1 mg-1 

protein) peroxidase was observed from DUSHT cultivated under well-watered 

condition. 



 155 

Table 4.2.24: Foliar application of osmoprotectants on peroxidase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
7.29de 11.80b 7.14de 8.74C 

9.71A 

6.63de 13.46b 6.91de 9.00C 

10.19A Glycine 

betaine 
9.57c 13.47a 8.61cd 10.55A 7.90de 17.23a 8.11de 11.08A 

Proline 8.54cd 12.48ab 8.47cd 9.83AB 7.47de 16.11a 7.88de 10.49AB 

DUSHT 

Distilled 

water 
5.66e 9.47c 6.54e 7.23D 

8.32B 

 

6.13e 10.15c 6.41de 7.56D 

8.68B 

 
Glycine 

betaine 
7.26de 11.63b 8.42cd 9.11BC 6.93de 13.16b 8.10de 9.40BC 

Proline 6.32e 11.29b 8.25cd 8.62C 6.49de 12.62b 8.15d 9.09C 

Drought Levels Mean  7.44B 11.69A 7.91B   6.92B 13.79A 7.59B   

LSD 0.05p= cultivar 0.5467 and 0.6663,cultivar x foliar spray 0.9469 and1.1540 , drought levels  0.6695 and 0.8160 , Foliar spray x cultivars x drought levels  

1.6400 and  1.9988in Bahawalpur and Cholistan respectively 



 156 

4.2.27 Catalase (CAT) (IU min-1 mg-1 protein) 

Catalase (CAT) eradicates H2O2by breaking it down directly to water and oxygen. 

CAT and POD are the essential enzymes involved in regulation of intracellular level 

of H2O2. Comparison of the treatment means showed chickpea genotypes and water 

stress at different growth stages significantly affected the catalase in Bahawalpur 

(Table 4.2.25). Chickpea cultivar Bakhar 2011 produced significantly higher catalase 

(63.35 IU min-1 mg-1 protein) as compared to DUSHT (52.32 IU min-1 mg-1 protein). 

Water stress at flowering + pod formation + grain filling stage produced maximum 

catalase (89.24 IU min-1 mg-1 protein). Whereas, well watered conditions produced 

minimum catalase (41.55 IU min-1 mg-1 protein). Interaction among exogenous 

applications of osmoprotectants, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the catalase. Exogenous application of 

glycine betaine on Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage produced maximum catalase (105.31 IU min-1 mg-1 

protein). While minimum (32.29 IU min-1 mg-1 protein) catalase was observed from 

DUSHT cultivated under well watered condition. 

Chickpea cultivars grown under water stress conditions had significant effect on 

catalase in Cholistan farm (Table 4.2.25). Chickpea cultivar Bakhar 2011 produced 

significantly higher catalase (57.29 IU min-1 mg-1 protein) as compared to DUSHT 

(51.53 IU min-1 mg-1 protein). Water stress at different growth stages significantly 

affected the catalase. Water stress at flowering + pod formation + grain filling stage 

produced maximum catalase (86.81 IU min-1 mg-1 protein). Whereas, well watered 

conditions produced minimum catalase (36.93 IU min-1 mg-1 protein). Interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the catalase. Exogenous 

application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage produced maximum catalase (101.04 

IU min-1 mg-1 protein). While minimum (28.27 IU min-1 mg-1 protein) catalase was 

observed from DUSHT cultivated under well-watered conditions. 
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Table 4.2.25: Foliar application of osmoprotectants on catalase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
40.32eg 84.31bc 43.80df 56.14 B 

63.35A 

34.49fh 77.21cd 36.20eh 49.30BC 

57.29A Glycine 

betaine 
48.24de 105.31a 52.94d 68.83A 45.47e 101.04a 44.49ef 63.67A 

Proline 45.25de 102.41a 47.55de 65.07 A 37.98eh 95.97a 42.77ef 58.91A 

DUSHT 

Distilled 

water 
32.29g 74.51c 33.03fg 46.61 C 

52.32B 

28.27h 71.90d 30.73gh 43.63C 

51.53B 

 
Glycine 

betaine 
42.37dg 90.56b 40.97eg 57.97 B 40.76eg 92.05ab 43.44ef 58.75A 

Proline 40.81eg 78.36c 37.98eg 52.39BC 34.62fh 82.69bc 39.34eg 52.22B 

Drought Levels Mean  41.55B 89.24A 42.71B   36.93B 86.81A 39.49B   

LSD 0.05p= cultivar 3.7061 and3.4581 ,cultivar x foliar spray 6.4192 and5.9895 , drought levels 4.5390 and 4.2352 , Foliar spray x cultivars x drought levels  11.118 

and 10.374 in Bahawalpur and Cholistan respectively 
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4.2.28 Ascorbic Acid (m. mole g-1) 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages significantly affected the ascorbic acid in Bahawalpur (Table 

4.2.26). Chickpea cultivar Bakhar 2011 produced significantly higher ascorbic acid 

(6.66 m. mole g-1) as compared to DUSHT (58.19 m. mole g-1). Water stress at 

flowering + pod formation + grain filling stage produced maximum ascorbic acid 

(66.49 m. mole g-1). Whereas, well watered conditions produced minimum ascorbic 

acid (59.38 m. mole g-1). Interaction among exogenous applications of 

osmoprotectants, chickpea cultivars and water stress conditions at different growth 

stages significantly affected the ascorbic acid. Exogenous application of glycine 

betaine on Bakhar 2011 cultivated under water stress at flowering + pod formation + 

grain filling stage produced maximum ascorbic acid (72.07 m. mole g-1). While 

minimum (53.32 m. mole g-1) ascorbic acid was observed from DUSHT cultivated 

under water stress at flowering stage. 

Chickpea cultivars grown under water stress conditions had significant effect on 

ascorbic acid in Cholistan farm (Table 4.2.26). Chickpea cultivar Bakhar 2011 

produced significantly higher ascorbic acid (64.82 m. mole g-1) as compared to 

DUSHT (59.04 m. mole g-1). Water stress at different growth stages significantly 

affected the ascorbic acid. The water stress at flowering + pod formation + grain 

filling stage produced maximum ascorbic acid (68.93 m. mole g-1). Whereas, well 

watered conditions produced minimum ascorbic acid (58.04 m. mole g-1). Interaction 

among exogenous applications of osmoprotectants, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the ascorbic acid. 

Exogenous application of glycine betaine on Bakhar 2011 cultivated under water 

stress at flowering + pod formation + grain filling stage produced maximum ascorbic 

acid (74.41 m. mole g-1). While minimum (49.92 m. mole g-1) ascorbic acid was 

observed from DUSHT cultivated under water stress at flowering stage. 
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Table 4.2.26: Foliar application of osmoprotectants on ascorbic acid (m. mole g-1) of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
61.94cg 66.98ac 62.49cf 63.80AB 

65.66A 

57.94dg 69.31ac 60.16cg 62.47AB 

64.82A Glycine 

betaine 
65.50ad 72.07a 63.26bf 66.94A 62.83bf 74.41a 64.92ae 67.39A 

Proline 62.46cf 70.98ab 65.25ae 66.23A 59.13cg 72.78ab 61.91bf 64.61AB 

DUSHT 

Distilled 

water 
53.64gh 61.85cg 53.32h 56.27C 

58.19 B 

 

51.97fg 63.85ae 49.92g 55.25C 

59.04B 

 
Glycine 

betaine 
57.62dh 64.06ae 58.27dh 59.98BC 59.95cg 68.06ad 60.42cg 62.81AB 

Proline 55.10fh 62.99bf 56.90eh 58.33C 56.43eg 65.16ae 55.57eg 59.05BC 

Drought Levels Mean  59.38 B 66.49A 59.91B   58.04B 68.93A 58.82 B   

LSD 0.05p= cultivar 2.8044 and3.6550 ,cultivar x foliar spray 4.8573  and 6.3306, drought levels  3.4346and 4.4764 , Foliar spray x cultivars x drought levels  

8.4131 and  5.3955in Bahawalpur and Cholistan respectively 
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4.2.29 Leaf K+ Contents 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on leaf K+ contents. However, water stress at different growth stages 

significantly affected the leaf potassium contents in Bahawalpur (Table 4.2.27). The 

water stress at flowering stage produced maximum leaf K+ contents (52.10) which 

were statistically similar to well watered conditions (50.61). Whereas, water stress at 

flowering + pod formation + grain filling stage produced minimum leaf K+ contents 

(46.83). Interaction among exogenous applications of osmoprotectants, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the leaf K+ contents. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under water stress at flowering stage produced maximum leaf K+ contents 

(54.69). While minimum (41.76) leaf total soluble protein was observed from DUSHT 

cultivated under water stress condition at flowering + pod formation + grain filling 

stage. 

Chickpea cultivars grown under water stress conditions had significant effect on leaf 

K+ contents in Cholistan farm (Table 4.2.27). Chickpea cultivar Bakhar 2011 

produced significantly higher leaf K+ contents (45.12) as compared to DUSHT 

(41.97). Water stress at different growth stages had no significant effect on leaf K+ 

contents. Interaction among exogenous applications of osmoprotectants, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the leaf K+ contents. Exogenous application of glycine betaine on Bakhar 2011 

cultivated under well watered conditions produced maximum leaf K+ contents (48.28) 

against the minimum (37.16) was observed from DUSHT cultivated under water 

stress at flowering + pod formation + grain filling stage. 
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Table 4.2.27: Foliar application of osmoprotectants on leaf K+ contents of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Drought Levels 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
49.52ad 47.41ad 51.65ac 49.53AB 

51.264 

44.85ab 42.41ab 41.65ab 42.97AB 

45.12A Glycine 

betaine 
52.62ac 51.38ac 54.69a 52.90A 48.28a 45.38ab 47.36a 47.01A 

Proline 50.30ad 50.13ad 53.68ab 51.37A 46.97a 44.13ab 45.01ab 45.37A 

DUSHT 

Distilled 

water 
47.98ad 41.76d 48.70ad 46.15B 

 

48.427 

 

39.31ab 37.16b 42.03ab 39.50B 

41.97B 

 
Glycine 

betaine 
52.24ac 45.40bd 52.43ac 50.03AB 44.91ab 42.07ab 45.77ab 44.25AB 

Proline 51.03ac 44.86cd 51.43ac 49.11AB 41.03ab 41.53ab 43.93ab 42.16AB 

Drought Levels Mean  50.61 A 46.83B 52.10 A   44.23 42.11 44.29   

LSD 0.05p= cultivar and 3.0720,cultivar x foliar spray  4.9952 and5.3209 , drought levels 3.5321 and  , Foliar spray x cultivars x drought levels  8.6519 and 9.2161 

in Bahawalpur and Cholistan respectively 
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Discussion 

The growth and development related attributes of chickpea are rigorously inhibited by 

moisture stress. As plants are immobile, cannot safeguard themselves from moisture 

deficit in the similar approach as mobile organisms. Therefore, chickpea plants 

showed several morphological and physiological modifications to adapt to adverse 

situation of abiotic stresses (Raheleh et al., 2012). Application of water soluble and 

low molecular weight organic metabolites commonly known as compatible solutes 

exhibited numerous morphological and physiological modifications in chickpea under 

abiotic stress (Ashraf and Foolad, 2007). The most common compatible solutes are 

amino acid (proline), betaines, polyamines, sugars (mannitol, sorbitol and trehalose) 

and polyols. Their collection is preferred under water-deficit as they offer stress 

tolerance to cell without interfering cellular machinery. In present study, water stress 

at flowering + pod formation + grain filling stage significantly reduced the crop and 

relative growth rate of chickpea cultivars at both locations. Crop growth is 

accomplished through cell division, cell enlargement and cell differentiation and 

involves genetic, physiological, ecological and morphological events and their 

complex interactions.  Under water stress, cell elongation of plants can be inhibited by 

interruption of water flow from the xylem to the surrounding elongating cells 

(Raheleh et al., 2012). Impaired mitosis, cell elongation and expansion can reduce the 

crop growth under moisture stress (Awari et al., 2017). Whereas, application of 

glycine betaine and proline improve the growth rate both stressed and well watered 

conditions. While maximum crop and relative growth rate at all growth stages was 

observed with the exogenous application of glycine betaine on chickpea cultivar 

Bakhar 2011 cultivated under well-watered conditions. Several investigations 

documented the positive influence of glycine betaine on plant growth (Ashraf and 

Foolad, 2007). Foliar spray of glycine betaine can promptly penetrate through leaf 

surface and be easily transferred to other parts, where it would contribute to 

enhancement in drought tolerance (Ashraf and Foolad, 2007). Foliarly applied glycine 

betaine induced tolerance might be credited to reducing of the osmotic potential due 

to net solute accumulation in response to moisture deficit, which could assist to 

preserve the metabolic processes, contribute to growth of plants through maintaining 

turgor in cells and ultimately increase drought tolerance, thus sustaining higher 

photosynthetic activities (Chimenti et al., 2002). Consequently, improved 
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photosynthetic capacity could then lead to improved crop growth rate (Hussain et al., 

2009). 

The results of this investigation revealed that the number of branches per plant was 

reduced significantly due to the water stress as compared to the well-watered 

condition. However, exogenously applied proline and glycine betaine could 

considerably compensate these defects. Maximum number of branches was observed 

with the foliar spray of glycine betaine. Glycine betaine application at early phase of 

crop was found to be more effective in ameliorating the negative impact of water 

stress (Azam et al., 2005). Exogenous application of glycine betaine improved the 

growth of plants subjected to moisture stress by maintenance of leaf water status due 

to enhanced osmotic adjustment and improved photosynthesis, mainly due to a higher 

stomatal conductance (Iqbal et al., 2008).  

In our study, root and shoot length, fresh and dry weight of chickpea cultivars was 

reduced significantly under moisture stress environments as compared with well-

watered conditions. Similar results were observed by Reddy et al. (2013) they 

concluded that measured root and shoot parameters reduced linearly with increased 

moisture stress duration, both with and without glycine betaine application. While 

with foliar application of glycine betaine and proline individually and with drought 

stress, it’s encouraged to enhance the root and shoot attributes. However, maximum 

root and shoot attributes was observed with the exogenous application of glycine 

betaine on Bakhar 2011 cultivated under well watered conditions against the 

minimum was observed with the foliar spray of distilled water on DUSHT cultivated 

under water stress condition at flowering + pod formation + grain filling stage. Shoot 

and root attributes improved significantly by foliar spray of glycine betaine described 

by (Rezaei et al., 2012; Reddy et al., 2013). Reduction in shoot length may inhibit 

excess water loss through decreasing the number of active stomata and transpiration 

rate. However, number of early results concluded that water stress improved the root 

growth in search of water from new areas that may increases the water uptake under 

drought stress. (Manivannan et al., 2007; Petropoulos et al., 2008; Dickin and Wright, 

2009).  

Plants can modify their phenology under stressed environmental conditions through 

an accelerating activity and shortening period of the vegetative growth and leaf 

senescence, which the action can rapidly promote time of reproductive phases of 
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flowering and grain filling (Allu et al., 2014). Result showed that number of days to 

flowering, pod formation, grain filling and harvesting were reduced, as moisture 

deficit increased. This decline was substantial under gradual water stress at  flowering 

stage and severe moisture stress at flowering + pod formation + grain filling + 

harvesting stage as compared with well-watered conditions. Early phonological 

attributes such as early flowering, pod formation, grain filling and maturity are the 

most critical approach to escape terminal moisture deficit. Early flowering has been 

observed to be related with high primary growth vigor in chickpea cultivars and early 

maturity is recognized to be a critical attribute for water stress tolerance in crops 

(Saxena, 2003). Severe water stress accelerated leaf senescence and shortened grain 

filling period (Sehgal et al., 2018).  

Moisture deficit negatively impacts the pods per plant, grains per pod, pod weight and 

100 grain weight. Moisture deficit at flowering + pod formation + grain filling + 

harvesting produced minimum yield contributing attributes at both locations might be 

the result of limited photosynthetic activity at the time of pod formation. Decline in 

yield contributing attributes might be due to incapability of plants to uptake adequate 

amount of nutrients and restricted photosynthetic transportation; this accelerates 

mellowness and produced shrunken grains (Asch et al., 2005). Water stress compact 

the leaf area for sunlight capture, which are photosynthetically active and eventually 

ensued in reduced pods per plant, grains per pod, pod weight and 100-grain weight 

(Dhiman et al., 2006; Anjum et al., 2011). Foliar spray of glycine betaine improved 

the pod weight and 100-grain weight through higher photosynthesis by sustaining leaf 

turgor potential under moisture deficit (Iqbal et al., 2008).  

Productivity of a crop mainly relies on its competent consumption of accessible 

moisture. Application of irrigation water at terminal phase of crop improved the 

photosynthetic rate and also increased the period of grain filling (Allu et al., 2014), 

consequently improving grain size and finally the biological yield, grain yield and 

harvest index. Water stress restricted the chickpea productivity by reducing the plant 

growth, canopy structure as indicated by leaf senescence, photosynthesis, chlorophyll 

contents that ultimately produced lower photosynthetic and inefficient remobilization 

of the photoassimilates from source to pods that resulted in short and shriveled grains 

with lower productivity (Sankar et al., 2007). Exogenous application of glycine 

betaine improved the biological yield, grain yield and harvest index both under water 



 165 

stress and well-watered conditions. Foliar spray of glycine betaine improved the 

productivity by improving the water potential that induced water stress tolerance in 

crop, thus keeping high photosynthetic activities, which then lead to improved 

proficiency of the plant to distribute more photoassimilates to developing grains and 

produced higher yield (Hussain et al., 2009). 

The results of this investigation revealed that the total leaf soluble protein and leaf K+ 

contents was reduced significantly due to the moisture deficit as compared to the 

well-watered condition. However, exogenously applied proline and glycine betaine 

could considerably compensate these defects. Maximum total leaf soluble protein and 

leaf K+ contents were observed with the foliar spray of glycine betaine. Glycine 

betaine application was found to be more effective in improving the negative impact 

of water stress. Foliar spray of glycine betaine improved the total leaf soluble protein 

and leaf K+ contents of plants subjected to moisture stress by maintenance of leaf 

water status due to enhanced osmotic adjustment, improved photosynthesis and 

enhanced root growth that result in higher uptake of nutrients (Iqbal et al., 2008).  

In present investigation the antioxidant activities increase in both chickpea cultivars 

under water stress situation at both locations. Higher antioxidants activities during 

water deficit can protect plants from oxidative injury (Laxa et al., 2019). Under stress 

condition, antioxidant enzymes (SOD, POX and CAT) protect the cells from ROS and 

they were found maximum in tolerant genotypes. Lower activity of antioxidant was 

found in chickpea sensitive cultivar (Zaefyzadeh et al., 2009). Foliar application of 

glycine betaine significantly improved the antioxidant enzyme activities in chickpea 

plants cultivated under moisture stress. It might be due to the fact that glycine betaine 

application induced enzymatic activities in seedlings part icularly SOD and 

CAT activities (Farooq et al., 2008; 2010).  
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4.3    Experiment No. 3: Foliar Application of Nutrients for Drought 

Tolerance in Chickpea 

4.3.1 Plant Population at Completion of Germination 

Comparison of the treatment means showed non-significant effect on plant population 

at the completion of germination due to exogenous application of nutrients on 

chickpea cultivars grown under water stress conditions at different growth stages at 

both locations (Table 4.3.1). 

4.3.2  Plant Population at Maturity 

Comparison of the treatment means showed non-significant effect on plant population 

at harvesting due to exogenous application of nutrients on chickpea cultivars grown 

under water stress conditions at different growth stages at both locations (Table 

4.3.2). 

4.3.3 Crop Growth Rate (CGR) (g m-2 day-1) 

Dry matter accumulation rate per unit land area is referred as crop growth rate (CGR). 

Data relating to crop growth rate recorded at different growth stages were 

significantly affected by chickpea genotypes, water stress at various growth stages, 

exogenous application of nutrients and their interaction at both locations are presented 

in Figure 4.3.1. The crop growth rate (CGR) followed an increasing trend in the initial 

stages of crop growth and decreased thereafter. Exogenous application of potassium 

chloride on chickpea cultivar Bakhar 2011 cultivated under well watered condition 

produced significantly higher crop growth rate at all growth stages. Chickpea cultivar 

DUSHT cultivated under water stress at flowering + pod formation + grain filling 

stage produced minimum crop growth rate throughout the growing season. 

4.3.4 Relative Growth Rate (RGR) (g g-1 day-1) 

RGR is an obvious indicator of plant strategy with respect to productivity as related to 

environmental stress and disturbance regimes. RGR is the increase in size relative to 

the size of the plant present at the start of a given time interval. Data relating to 

relative growth rate recorded at different growth stages were significantly affected by 

chickpea genotypes, water stress at various growth stages, exogenous application of 

nutrients and their interaction at both locations are presented in Figure 4.3.2. Relative 

growth rate differed significantly at 60-75 DAS, 76-90 DAS and 91-105 DAS in 

Bahawalpur. Exogenous application of potassium chloride on chickpea cultivar 
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Bakhar 2011 cultivated under well watered condition produced significantly higher 

relative growth rate at all growth stages. Chickpea cultivar DUSHT cultivated under 

water stress at flowering+ pod formation + grain filling stage produced minimum 

relative growth rate throughout the growing season. Similar trend was observed in 

Cholistan farm. 

4.3.5 Number of Primary Branches 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the number of primary branches per plant in Bahawalpur (Table 4.3.3). Chickpea 

cultivar Bakhar 2011 produced significantly higher number of primary branches per 

plant (3.65) as compared to DUSHT (3.53). Water stress at various growth stages had 

significant effect on number of primary branches per plant. Well watered conditions 

produced significantly higher number of primary branches (3.80) against the 

minimum (3.40) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the number of primary branches per plant. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum number of primary branches per plant (4.08) against the 

minimum  (3.34) was observed from DUSHT grown under water stress at flowering + 

pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of primary branches per plant in Cholistan farm 

(Table 4.3.3). Chickpea cultivar Bakhar 2011 produced significantly higher number of 

primary branches per plant (3.64) as compared to DUSHT (3.55). The well watered 

conditions produced maximum number of primary branches per plant (3.78). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum number of primary branches per plant (3.40). Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of primary branches per 

plant. Exogenous application of potassium chloride on Bakhar 2011 cultivated under 

well watered conditions produced maximum number of primary branches per plant 

(3.96) against the minimum (3.27) was observed from DUSHT cultivated under water 

stress at flowering + pod formation + grain filling stage. 
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Table 4.3.1: Effect of foliar application of nutrients on plant population at completion of germination of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
23.67ns 23.67ns 24.00ns 23.78ns 

23.67ns 

23.33ns 23.00ns 23.33ns 23.22ns 

23.39ns 
KCl 23.67 24.00 23.67 23.78 23.67 23.33 23.33 23.44 

MgCl2 23.67 23.67 23.33 23.56 23.67 23.00 23.67 23.44 

CaCl2 23.67 23.33 23.67 23.56 23.33 23.33 23.67 23.44 

DUSHT 

Distilled 

water 
23.33 24.00 23.00 23.44 

 

23.36 

 

22.67 23.67 23.00 23.11 

23.19 
KCl 23.00 23.33 23.67 23.33 23.00 23.33 23.67 23.33 

MgCl2 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 

CaCl2 24.00 24.00 23.00 23.67 23.33 23.67 23.00 23.33 

Drought Levels Mean  23.50ns 23.63 23.42   23.25ns 23.29 23.33   

LSD 0.05p= cultivar n.s and n.s,foliar spray n.s  and n.s, drought levels n.s and n.s, Foliar spray x cultivars x drought levels n.s  and n.s in Cholistan, 

Respectively 

*ns= Non-significant 
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Table 4.3.2: Effect of foliar application of nutrients on plant population at maturity of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
22.00ns 21.33ns 22.00ns 21.78ns 

22.06ns 

21.67ns 21.33ns 21.67ns 21.56ns 

21.69ns 
KCl 21.67 21.67 21.67 21.67 21.33 21.67 21.00 21.33 

MgCl2 22.33 22.33 22.67 22.44 21.67 22.00 21.67 21.78 

CaCl2 22.67 21.67 22.67 22.33 22.00 22.33 22.00 22.11 

DUSHT 

Distilled 

water 
22.00 21.33 20.67 21.33 

 

21.69 

 

22.00 21.67 21.33 21.67 

21.61 
KCl 22.00 22.00 21.67 21.89 21.33 21.67 21.33 21.44 

MgCl2 22.00 21.00 21.33 21.44 21.33 21.33 21.00 21.22 

CaCl2 22.67 22.00 21.67 22.11 22.00 22.33 22.00 22.11 

Drought levels Mean  22.17 21.667 21.79   21.67 21.79 21.50   

LSD 0.05p= cultivar n.s and n.s, foliar spray n.s  and n.s, drought levels n.s and n.s , Foliar spray x cultivars x drought levels n.s  and n.s in Bahawalpur and 

Cholistan, Respectively 

*ns= Non-significant 



 170 

 

 

 

Figure 4.3.1a: Effect of foliar application of nutrients on crop growth rate (g m-2 day-1) of chickpea genotypes in Bahawalpur 

Whereas D1= well watered, D2=Drought at flowering+ pod formation + grain filling stage , D3= Drought at flowering stage, DAS= days after sowing. 
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Figure 4.3.1b: effect of foliar application of nutrients on crop growth rate (g m-2 day-1) of chickpea genotypes in Cholistan 

Whereas D1= well watered, D2=Drought at flowering+ pod formation + grain filling stage , D3= Drought at flowering stage, DAS= days after sowing. 
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Figure 4.3.2a: Effect of foliar application of nutrients on relative growth rate (g g-1 day-1) of chickpea genotypes in Bahawalpur 

Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage , D3= Drought at flowering stage, DAS= days after sowing. 
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Figure 4.3.2b: effect of foliar application of nutrients on relative growth rate (g g-1 day-1) of chickpea genotypes in Cholistan 

Whereas D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage , D3= Drought at flowering stage, DAS= days after sowing. 
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Table 4.3.3: Effect of foliar application of nutrients on number of primary branches per plant of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
3.80bd 3.40fh 3.48eh 3.56BC 

3.65A 

3.77ad 3.37ij 3.54ei 3.56BC 

3.64A 
KCl 4.08a 3.46eh 3.65cg 3.73A 3.96 a 3.49fi 3.67bf 3.71A 

MgCl2 3.91ac 3.44fh 3.57dh 3.64AB 3.85ab 3.48fi 3.64cg 3.66AB 

CaCl2 3.95ab 3.43fh 3.62dg 3.67AB 3.84ac 3.47gj 3.59dh 3.63AB 

DUSHT 

Distilled 

water 
3.63dg 3.34h 3.38gh 3.45C 

3.53B 

 

3.67bg 3.27j 3.49fi 3.48C 

3.55B 

 

KCl 3.73be 3.42fh 3.66cf 3.60AC 3.75bd 3.39 hi 3.69bf 3.61AB 

MgCl2 3.63dg 3.35h 3.58dh 3.52BC 3.70be 3.36 ij 3.64cg 3.57BC 

CaCl2 3.66cf 3.40fh 3.59dh 3.55BC 3.68bf 3.37ij 3.63dg 3.56BC 

Drought levels Mean  3.80A 3.40C 3.57B   3.78 A 3.40C 3.61B   

LSD 0.05p= cultivar 0.0798 and 0.0596,cultivar x foliar spray  0.1597 and 0.1193, drought levels 0.0978 and0.0731  , Foliar spray x cultivars x drought levels  

0.2765 and  0.2066in Bahawalpur and Cholistan respectively 
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4.3.6 Number of Secondary Branches 

Secondary branches are mainly a genetic character and plays an imperative role in 

improving crop productivity. Comparison of the treatment means showed chickpea 

genotypes significantly affected the number of secondary branches per plant in 

Bahawalpur (Table 4.3.4). Chickpea cultivar Bakhar 2011 produced significantly 

higher number of secondary branches per plant (9.34) as compared to DUSHT (8.79). 

Water stress at various growth stages had significant effect on number of secondary 

branches per plant. Chickpea cultivars cultivated under well watered conditions 

produced significantly higher number of secondary branches (9.78) against the 

minimum (8.50) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the number of secondary branches per plant. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum number of secondary branches per plant (11.21) against the 

minimum  (8.17) was observed from the same cultivar grown under water stress at 

flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of secondary branches per plant in Cholistan farm 

(Table 4.3.4). Chickpea cultivar Bakhar 2011 produced significantly higher number of 

secondary branches per plant (9.62) as compared to DUSHT (8.85). Well watered 

conditions produced maximum number of secondary branches per plant (10.03). 

Whereas, water stress at flowering + pod formation + grain filling stage produced 

minimum secondary branches per plant (8.59). Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of secondary branches per 

plant. Exogenous application of potassium chloride on Bakhar 2011 cultivated under 

well watered conditions produced maximum number of secondary branches per plant 

(11.35) against the minimum (8.06) was observed from DUSHT cultivated under 

water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.4: Effect of foliar application of nutrients on number of secondary branches per plant of chickpea genotypes 

Cultivars 
Foliar 

spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
9.93bc 8.17g 8.77dg 8.96CD 

9.34A 

10.15bc 8.34 ij 9.17dg 9.22CD 

9.62A 
KCl 11.21a 8.693dg 9.27cd 9.72A 11.35a 9.16 dh 9.75cd 10.09A 

MgCl2 10.47b 8.43fg 9.19de 9.36AB 10.61b 8.80fi 9.52ce 9.64 B 

CaCl2 10.51b 8.42fg 9.04df 9.32BC 10.44b 8.76 gi 9.45de 9.55BC 

DUSHT 

Distilled 

water 
8.93df 8.23g 8.44fg 8.53E 

8.79B 

9.23dg 8.06 j 8.37ij 8.55E 

8.85B 

 

KCl 9.20d 8.83dg 9.06df 9.03BD 9.58cd 8.66 gj 8.93ei 9.06 D 

MgCl2 8.98df 8.69dg 8.76dg 8.81DE 9.49de 8.52 hj 8.76gi 8.92 D 

CaCl2 9.02df 8.51eg 8.86dg 8.80DE 9.43df 8.44 ij 8.71gi 8.86DE 

Drought Levels Mean  9.78A 8.50C 8.92B   10.03A 8.59 C 9.08 B   

LSD 0.05p= cultivar 0.1994 and 0.1848 ,cultivar x foliar spray 0.3987  and0.3696 , drought levels  0.2442 and 0.2263 , Foliar spray x cultivars x drought levels   

0.6906 and 0.6402  in Bahawalpur and Cholistan respectively 
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4.3.7 Root Length (cm) 

Chickpea plants have a strong taproot system. Comparison of the treatment means 

showed chickpea genotypes and water stress at different growth stages had no 

significant effect on root length in Bahawalpur (Table 4.3.5). However, interaction 

among exogenous applications of nutrients, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the root length. Exogenous 

application of potassium chloride on Bakhar 2011 cultivated under well watered 

conditions produced maximum root length (22.39 cm) against the minimum  (15.32 

cm) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the root length in Cholistan farm (Table 4.3.5). Chickpea 

cultivar Bakhar 2011 produced significantly higher root length (15.55 cm) as 

compared to DUSHT (13.03 cm). Well watered conditions produced maximum root 

length (15.48 cm). Whereas, water stress at flowering + pod formation + grain filling 

stage produced minimum root length (13.10 cm). Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the root length. Exogenous application 

of potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum root length (19.88 cm) against the minimum (10.97 cm) was 

observed from DUSHT cultivated under water stress at flowering + pod formation + 

grain filling stage. 
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Table 4.3.5: Effect of foliar application of nutrients on root length (cm) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
18.49ac 16.48ac 17.93ac 17.63BC 

19.73ns 

15.25 bf 12.03fh 14.73bg 14.01 BC 

15.55A KCl 22.39a 21.82ab 21.27ac 21.83A 19.88 a 14.75bg 17.10ac 17.24  A 

MgCl2 19.57ac 18.35ac 19.42ac 19.11AC 16.37 ad 13.00dh 15.43bf 14.93BC 

CaCl2 20.00ac 20.76ac 20.30ac 20.35AB 17.93ab 14.27ch 15.87 be 16.02AB 

DUSHT 

Distilled 

water 
16.25bc 15.32c 16.91ac 16.16 

18.39 

12.03fh 10.97 h 11.30 gh 11.43  D 

13.03B 

 
KCl 20.00ac 18.93ac 21.62ab 20.18AB 14.50 bg 13.93ch 14.02ch 14.15 BC 

MgCl2 18.94ac 17.23ac 18.62ac 18.26BC 13.71ch 12.83eh 12.30fh 12.95CD 

CaCl2 19.73ac 17.65ac 19.55ac 18.98AC 14.13ch 13.00dh 13.60ch 13.58C 

Drought Levels Mean  19.42ns 18.32 19.45   15.48A 13.10  B 14.29AB   

LSD 0.05p= cultivar and1.0175 ,cultivar x foliar spray   3.5410and2.0349 , drought levels  and  1.2461, Foliar spray x cultivars x drought levels  6.1331  and  

3.5246in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.8 Root Fresh Weight 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on root fresh weight in Bahawalpur (Table 4.3.6). Water stress at various 

growth stages had significant effect on root fresh weight. The water stress at 

flowering stage produced significantly higher root fresh weight (2.98 g) which was 

statistically similar to well watered conditions (2.75 g). While minimum root fresh 

weight (2.40 g) was observed under water stress at flowering + pod formation + grain 

filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the root fresh weight. Exogenous application of potassium chloride on 

Bakhar 2011 cultivated under well watered conditions produced maximum root fresh 

weight (3.29 g) against the minimum  (1.77 g) was observed from same cultivar 

grown under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

no significant effect on root fresh weight in Cholistan farm (Table 4.3.6). Water stress 

at different growth stages significantly affected the root fresh weight. The well 

watered conditions produced maximum root fresh weight (3.39 g) which was 

statistically similar to water stress at flowering stage (3.35 g). Whereas, water stress at 

flowering + pod formation + grain filling stage produced minimum root fresh weight 

(2.96 g). Similarly, interaction among exogenous applications of nutrients, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the root fresh weight. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under well watered conditions produced maximum root fresh weight (3.81 

g) against the minimum (2.60 g) was observed from the same cultivar cultivated under 

water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.6: Effect of foliar application of nutrients on root fresh weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
2.45af 1.77f 2.70ae 2.31B 

2.63ns 

3.37ac 2.60d 3.19ad 3.05 B 

3.29ns 
KCl 3.29a 2.16cf 3.22a 2.89A 3.81a 3.01cd 3.67ab 3.50A 

MgCl2 2.88ad 1.93ef 2.88ad 2.56AB 3.47ac 2.90cd 3.34ac 3.24AB 

CaCl2 3.15ab 2.03df 3.04ac 2.74AB 3.65ab 2.95cd 3.50ac 3.37AB 

DUSHT 

Distilled 

water 
2.27bf 2.05df 2.91ad 2.41AB 

 

2.66 

3.01cd 2.92cd 3.11bd 3.01 B 

3.18 

 

KCl 2.73ae 2.71ae 3.07ab 2.84A 3.34ac 3.11bd 3.41ac 3.29AB 

MgCl2 2.54af 2.40af 3.01ac 2.65AB 3.23ac 3.09bd 3.22ad 3.19AB 

CaCl2 2.65af 2.54af 2.99ac 2.73AB 3.25ac 3.09bd 3.33ac 3.23AB 

Drought Levels Mean  2.75A 2.20B 2.98A   3.39A 2.96B 3.35A   

LSD 0.05p= cultivar and ,cultivar x foliar spray 0.5238  and0.3596 , drought levels 0.3207 and0.2202  , Foliar spray x cultivars x drought levels 0.9072 

 and 0.6229 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.9 Root Dry Weight 

Comparison of the treatment means showed chickpea genotypes had significant effect 

on root fresh dry in Bahawalpur (Table 4.3.7). Chickpea cultivar Bakhar 2011 

produced significantly higher root dry weight (1.49 g) as compared to DUSHT (1.32 

g). Water stress at various growth stages had significant effect on root dry weight. 

Water stress at flowering stage produced significantly higher root dry weight (1.52 g) 

which was statistically similar to well watered conditions (1.48 g). While minimum 

root dry weight (1.22 g) was observed under water stress at flowering + pod formation 

+ grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the root dry weight. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under well watered conditions produced maximum root dry weight 

(1.86 g) against the minimum  (0.87 g) was observed from the same cultivar grown 

under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

no significant effect on root dry weight in Cholistan farm (Table 4.3.7). However, 

interaction among exogenous applications of nutrients, chickpea cultivars and water 

stress conditions at different growth stages significantly affected the root dry weight. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions produced maximum root dry weight (1.45 g) against the minimum 

(1.09 g) was observed from the same cultivar cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.7: Effect of foliar application of nutrients on root dry weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.20dh 1.02eh 1.28bh 1.17D 

1.49A 

1.23ab 1.09b 1.19ab 1.17 B 

1.30ns 
KCl 1.86a 1.68ab 1.64ad 1.73A 1.45a 1.37ab 1.41ab 1.41 A 

MgCl2 1.54ad 1.37bg 1.48ae 1.46AC 1.28ab 1.27ab 1.28ab 1.28AB 

CaCl2 1.68ac 1.62ad 1.52ad 1.60AB 1.38ab 1.19ab 1.40ab 1.32AB 

DUSHT 

Distilled 

water 
1.04eh 0.87h 1.45af 1.12D 

1.32B 

 

 

1.15ab 1.17ab 1.21ab 1.17B 

1.24 

 

KCl 1.66ad 1.21ch 1.65ad 1.51AC 1.32ab 1.26ab 1.30ab 1.29AB 

MgCl2 1.41ag 0.95gh 1.55ad 1.31CD 1.28ab 1.23ab 1.22ab 1.25AB 

CaCl2 1.46af 1.01fh 1.59ad 1.35BD 1.28ab 1.23ab 1.27ab 1.26AB 

Drought Levels Mean  1.48A 1.22B 1.52A   1.29ns 1.23 1.28   

LSD 0.05p= cultivar 0.1361and ,cultivar x foliar spray 0.2722  and0.1926 , drought levels  0.1667and  , Foliar spray x cultivars x drought levels 0.4715   

and  0.3335in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.10 Shoot Length (cm) 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages had no significant effect on shoot length in Bahawalpur (Table 

4.3.8). However, interaction among exogenous applications of nutrients, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the shoot length. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under well watered conditions produced maximum shoot length (37.44 cm) 

against the minimum  (28.73 cm) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

significant effect on root fresh weight in Cholistan farm (Table 4.3.8). Chickpea 

cultivar Bakhar 2011 produced significantly higher shoot length (34.80 cm) as 

compared to DUSHT (32.49 cm). However, water stress at different growth stages 

had no significant effect on shoot length. Interaction among exogenous applications of 

nutrients, chickpea cultivars and water stress conditions at different growth stages 

significantly affected the shoot length. Exogenous application of potassium chloride 

on Bakhar 2011 cultivated under well watered conditions produced maximum shoot 

length (40.27 cm) against the minimum (28.67 cm) was observed from the same 

cultivar cultivated under water stress at flowering + pod formation + grain filling 

stage. 
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Table 4.3.8: Effect of foliar application of nutrients on shoot length (cm) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
31.63ad 31.10bd 32.00ad 31.58BC 

33.81ns 

32.18bf 28.67f 31.42cf 30.75DE 

34.80A 
KCl 37.44a 35.00ac 36.15ab 36.194A 40.27a 36.00ad 34.61af 36.96  A 

MgCl2 33.20ad 32.31ad 33.44ad 32.98AC 37.40ac 33.68bf 35.00ae 35.36AC 

CaCl2 35.62ac 33.40ad 34.43ad 34.48AB 38.00ab 34.67af 35.67ad 36.12AB 

DUSHT 

Distilled 

water 
30.00cd 28.73d 32.57ad 30.43C 

32.80 

 

30.29 df 29.51ef 31.31df 30.37 E 

 

32.49B 

KCl 34.58ad 33.22ad 35.06ac 34.28AB 33.38 bf 33.19bf 35.33ae 33.97AD 

MgCl2 33.26ad 32.57ad 34.25ad 33.36AC 32.08bf 32.87bf 32.04bf 32.33 CE 

CaCl2 33.38ad 31.81ad 34.16ad 33.12AC 32.85bf 32.70bf 34.33af 33.30 BE 

Drought Levels Mean  33.64ns 32.27 34.01   34.56ns 32.66 33.71   

LSD 0.05p= cultivar and 1.7376,cultivar x foliar spray 3.4037  and3.4752 , drought levels  and  , Foliar spray x cultivars x drought levels  5.8954 and  6.0192in 

Bahawalpur and Cholistan respectively 

*ns= Non-significant 



 185 

4.3.11 Shoot Fresh Weight (g) 

Comparison of the treatment means showed chickpea genotypes had significant effect 

on shoot fresh weight in Bahawalpur (Table 4.3.9). Chickpea cultivar Bakhar 2011 

produced significantly higher shoot fresh weight (44.08 g) as compared to DUSHT 

(36.86 g). Water stress at various growth stages had significant effect on shoot fresh 

weight. The well watered conditions produced significantly higher shoot fresh weight 

(43.49 g) which was statistically similar to water stress at flowering stage (41.06 g). 

While minimum shoot fresh weight (36.36 g) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the shoot fresh weight. Exogenous 

application of potassium chloride on Bakhar 2011 cultivated under well watered 

conditions produced maximum shoot fresh weight (51.52 g) against the minimum  

(30.88 g) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

significant effect on shoot fresh weight in Cholistan farm (Table 4.3.9). Chickpea 

cultivar Bakhar 2011 produced significantly higher shoot fresh weight (33.13 g) as 

compared to DUSHT (28.60 g). Water stress at different growth stages had no 

significant effect the shoot fresh weight. Similarly, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the shoot fresh weight. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum shoot fresh weight (36.84 g) against the minimum (23.30 g) was 

observed from DUSHT cultivated under water stress at flowering + pod formation + 

grain filling stage. 
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Table 4.3.9: Effect of foliar application of nutrients on shoot fresh weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
43.95af 35.23eh 40.27bh 39.82BC 

44.08A 

28.90ci 27.07gi 29.73bi 28.57CD 

33.13A 
KCl 51.52a 41.56bg 48.80ab 47.29A 36.84  a 34.30ae 35.80 ab 35.65  A 

MgCl2 45.59ad 38.27ch 47.30ac 43.72AB 35.54 ac 34.03af 32.57ah 34.05AB 

CaCl2 48.94ab 40.20bh 47.34ac 45.49A 34.37 ae 35.33ad 33.13ag 34.28AB 

DUSHT 

Distilled 

water 
34.55eh 30.88h 34.23fh 33.22D 

36.86B 

 

25.87 hi 23.30i 26.10hi 25.09D 

28.60B 

 

KCl 44.01ae 36.00dh 38.20ch 39.40BC 32.20 ah 28.70di 30.33ah 30.41BC 

MgCl2 41.23bg 34.01gh 36.04dh 37.09CD 30.44ah 27.54fi 29.47bi 29.15C 

CaCl2 42.11ag 34.72eh 36.29dh 37.71CD 31.14ah 28.58ei 29.51bi 29.75C 

Drought Levels Mean 43.99A 36.36B 41.06A   31.91ns 29.86 30.83   

LSD 0.05p= cultivar 2.8222 and 1.9428,cultivar x foliar spray 5.6443 and 3.8855, drought levels  3.4564and  , Foliar spray x cultivars x drought levels 

9.7763 and 6.7299 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.12 Shoot Dry Weight (g) 

Comparison of the treatment means showed chickpea genotypes had significant effect 

on shoot dry weight in Bahawalpur (Table 4.3.10). Chickpea cultivar Bakhar 2011 

produced significantly higher shoot dry weight (9.26 g) as compared to DUSHT (8.56 

g). Water stress at various growth stages had significant effect on shoot dry weight. 

Well watered conditions produced significantly higher shoot dry weight (9.43 g) 

which was statistically similar to water stress at flowering stage (9.07 g). While 

minimum shoot dry weight (8.24 g) was observed under water stress at flowering + 

pod formation + grain filling stage. Similarly, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the shoot dry weight. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum shoot dry weight (10.58 g) against the minimum  (7.81 g) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

significant effect on shoot fresh weight in Cholistan farm (Table 4.3.10). Chickpea 

cultivar Bakhar 2011 produced significantly higher shoot dry weight (11.27 g) as 

compared to DUSHT (9.88 g). Water stress at various growth stages had significant 

effect on shoot dry weight. Well watered conditions produced significantly higher 

shoot dry weight (11.02 g). While minimum shoot dry weight (10.19 g) was observed 

under water stress at flowering + pod formation + grain filling stage. Similarly, 

interaction among exogenous applications of nutrients, chickpea cultivars and water 

stress conditions at different growth stages significantly affected the shoot dry weight. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions produced maximum shoot dry weight (12.90 g) against the 

minimum (8.99 g) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.10: Effect of foliar application of nutrients on shoot dry weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
8.96ch 7.99hi 8.78di 8.58CD 

9.26A 

10.31be 9.95be 10.42be 10.23BD 

11.27A 
KCl 10.58a 8.730ei 10.04ac 9.7833A 12.90a 11.18ae 11.52ac 11.87A 

MgCl2 9.46bf 8.21gi 9.75ae 9.14BC 11.97ab 11.28ae 11.13ae 11.46AC 

CaCl2 10.23ab 8.53fi 9.87ad 9.54AB 11.80ab 11.42ad 11.36ad 11.53AB 

DUSHT 

Distilled 

water 
8.50fi 7.81i 8.27gi 8.19D 

 

8.56B 

 

9.41ce 8.99e 9.19de 9.20D 

9.88B 

 

KCl 9.25bg 8.40fi 8.70ei 8.78CD 10.95ae 9.69be 10.26be 10.30BD 

MgCl2 9.19bg 7.96hi 8.55fi 8.57CD 10.31be 9.22de 10.09be 9.87D 

CaCl2 9.26bg 8.29gi 8.59fi 8.71CD 10.50be 9.84be 10.14be 10.16CD 

Drought Levels Mean  9.43A 8.24B 9.07A   11.02A 10.19B 10.52AB   

LSD 0.05p= cultivar 0.3196and 0.6643,cultivar x foliar spray 0.6393  and 1.3287, drought levels  0.3915and  0.8137, Foliar spray x cultivars x drought levels  

1.1072 and 2.3014 in Bahawalpur and Cholistan respectively 
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4.3.13 Days to Flowering 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages had no significant effect on number of days taken to complete 

flowering in Bahawalpur (Table 4.3.11). However, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the number of days taken to complete flowering. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to complete flowering (69.00) 

against the minimum  (64.00) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. 

Exogenous applications of nutrients, chickpea cultivars, water stress conditions at 

different growth stages and their interaction had no significant effect on number of 

days taken to complete flowering in Cholistan farm.  

4.3.14 Days to Pod Formation 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on number of days taken to complete pod formation in Bahawalpur (Table 

4.3.12). Water stress at various growth stages had significant effect on number of days 

taken to complete pod formation. The well watered conditions take higher number of 

days to complete pod formation (86.83) which was statistically similar to water stress 

at flowering stage (85.83). While minimum number of days to complete pod 

formation (83.13) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the number of days taken to complete pod formation. Exogenous application 

of potassium chloride on Bakhar 2011 cultivated under well watered conditions takes 

maximum number of days to complete pod formation (88.67) against the minimum  

(81.33) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

no significant effect on number of days taken to complete pod formation in Cholistan 

farm (Table 4.3.12). Water stress at various growth stages had significant effect on 

number of days taken to complete pod formation. The well watered conditions takes 

higher number of days to complete pod formation (87.50) which was statistically 

similar to water stress at flowering stage (86.03). While minimum number of days to 
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complete pod formation (82.40) was observed under water stress at flowering + pod 

formation + grain filling stage. Similarly, interaction among exogenous applications 

of nutrients, chickpea cultivars and water stress conditions at different growth stages 

significantly affected the number of days taken to complete pod formation. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to complete pod formation 

(90.65) against the minimum (80.74) was observed from DUSHT cultivated under 

water stress at flowering + pod formation + grain filling stage. 

4.3.15 Days to Grain Filling 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages had no significant effect on number of days taken to grain 

filling in Bahawalpur (Table 4.3.13). However, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the number of days taken to grain filling. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to complete pod formation 

(111.33) against the minimum  (101.00) was observed from same cultivar grown 

under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

significant effect on number of days taken to grain filling in Cholistan farm (Table 

4.3.13). Chickpea cultivar Bakhar 2011 takes more number of days to complete grain 

filling (109.48) as compared to DUSHT (106.06). Water stress at various growth 

stages had significant effect on number of days taken to grain filling. Well watered 

conditions takes higher number of days to grain filling (110.89) which was 

statistically similar to water stress at flowering stage (108.39). While minimum 

number of days to grain filling (104.03) was observed under water stress at flowering 

+ pod formation + grain filling stage. Similarly, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the number of days taken to grain filling. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to grain filling (114.14) against 

the minimum (99.34) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.11: Effect of foliar application of nutrients on number of days to flowering of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
65.67ab 65.67ab 65.33ab 65.56AB 

66.58ns 

64.40ns 62.97ns 63.70ns 63.69ns 

64.75ns 
KCl 69.00a 67.33ab 67.00ab 67.78A 66.07 64.667 65.74 65.49 

MgCl2 66.33ab 65.67ab 66.00ab 66.00AB 65.36 64.40 63.73 64.49 

CaCl2 68.33ab 65.00ab 67.67ab 67.00AB 66.45 63.91 65.54 65.30 

DUSHT 

Distilled 

water 
64.33ab 64.00b 66.00ab 64.78B 

65.47 

 

61.00 60.40 63.04 61.48 

63.03 
KCl 66.67ab 65.67ab 67.67ab 66.67AB 65.37 62.69 65.02 64.36 

MgCl2 64.67ab 65.33ab 65.00ab 65.00B 63.17 62.88 63.26 63.10 

CaCl2 64.67ab 65.00ab 66.67ab 65.44AB 63.36 61.50 64.68 63.18 

Drought Levels Mean  66.21ns 65.458 66.42   64.40ns 62.93 64.40   

LSD 0.05p= cultivar and ,cultivar x foliar spray 2.7575 and , drought levels  and  , Foliar spray x cultivars x drought levels  4.7761 and  in Bahawalpur and 

Cholistan respectively 

*ns= Non-significant 
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Table 4.3.12: Effect of foliar application of nutrients on number of days to pod formation of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
86.67ae 83.33bf 83.67af 84.56AB 

85.50ns 

87.74ac 82.09bc 85.39ac 85.07AB 

86.25ns 
KCl 88.67a 85.00af 87.67ac 87.11AB 90.65  a 84.30ac 88.26  ab 87.737A 

MgCl2 86.00af 83.00cf 85.67af 84.89AB 88.61ab 82.44bc 87.02 ac 86.02AB 

CaCl2 87.67ac 84.00af 84.67af 85.44AB 88.74ab 82.80bc 87.00 ac 86.18AB 

DUSHT 

Distilled 

water 
85.67af 81.33f 85.33af 84.11B 

 

85.03 

84.37ac 80.74c 84.03 ac 83.05B 

84.37 
KCl 88.33ab 84.33af 87.33ad 86.67AB 87.76ac 82.70bc 86.34 ac 85.60AB 

MgCl2 86.00af 82.33df 85.00af 84.44AB 85.94 ac 81.80bc 84.41 abc 84.05AB 

CaCl2 85.67af 81.67ef 87.33ad 84.89AB 86.17 ac 82.35bc 85.79 ac 84.77AB 

Drought Levels Mean  86.83A 83.13B 85.83A   87.50A 82.40B 86.03A   

LSD 0.05p= cultivar and ,cultivar x foliar spray  2.9396 and4.0758 , drought levels 1.8001 and  2.4959, Foliar spray x cultivars x drought levels  5.0915 

 and 7.0595 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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Table 4.3.13: Effect of foliar application of nutrients on number of days to grain filling of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
106.33ab 101.00b 104.33ab 103.89AB 

104.53ns 

110.21ad 104.75ae 107.67 ae 107.54AB 

109.48A 
KCl 111.33a 106.33ab 106.00ab 107.89A 114.14 a 108.31ae 112.46ab 111.64A 

MgCl2 103.00b 102.67b 104.00ab 103.22B 111.01ad 106.07ae 111.33ad 109.47AB 

CaCl2 101.67b 102.00b 105.67ab 103.11B 112.16ac 106.69ae 109.00ae 109.28AB 

DUSHT 

Distilled 

water 
104.67ab 101.33b 104.00ab 103.33AB 

 

104.56 

107.04ae 99.34e 106.00ae 104.13B 

106.06B 
KCl 108.33ab 106.00ab 106.33ab 106.89AB 111.74ad 103.71be 108.11ae 107.85AB 

MgCl2 103.67ab 102.00b 103.67ab 103.11B 109.82ad 101.38de 106.35ae 105.85AB 

CaCl2 107.67ab 103.33ab 104.84ab 104.89AB 111.01ad 102.01cde 106.21ae 106.41AB 

Drought Levels Mean  105.83ns 103.08 104.71   110.89A 104.03B 108.39A   

LSD 0.05p= cultivar and 3.0087,cultivar x foliar spray 4.6640  and6.0174 , drought levels  and  3.6849, Foliar spray x cultivars x drought levels 8.0783 and 

10.423 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.16 Days to Harvesting 

Comparison of the treatment means showed chickpea genotypes and water stress at 

different growth stages had significant effect on number of days taken to harvesting in 

Bahawalpur (Table 4.3.14). Chickpea cultivar Bakhar 2011 takes more number of 

days to harvesting (127.97) as compared to DUSHT (124.17). Water stress at various 

growth stages had significant effect on number of days taken to harvesting. The well 

watered conditions takes higher number of days to harvesting (127.50). While 

minimum number of days to harvesting (124.46) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of days taken to harvesting. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions takes maximum number of days to harvesting (132.33) against the 

minimum (121.67) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages had 

significant effect on number of days taken to harvesting in Cholistan farm (Table 

4.3.14). Chickpea cultivar Bakhar 2011 takes more number of days to harvesting 

(129.35) as compared to DUSHT (126.25). Water stress at various growth stages had 

significant effect on number of days taken to harvesting. Well watered conditions 

takes higher number of days to harvesting (131.14). While minimum number of days 

to harvesting (123.87) was observed under water stress at flowering + pod formation 

+ grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the number of days taken to harvesting. Exogenous application of potassium 

chloride on Bakhar 2011 cultivated under well watered conditions takes maximum 

number of days to harvesting (134.35) against the minimum (120.74) was observed 

from DUSHT cultivated under water stress at flowering + pod formation + grain 

filling stage. 
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Table 4.3.14: Effect of foliar application of nutrients on number of days to harvesting of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
128.67ac 124.00cf 127.33ae 126.67AC 

127.97A 

131.00af 122.74ij 128.36ai 127.37AD 

129.35A 
KCl 132.33a 127.00af 129.33ac 129.56A 134.35a 125.96cj 132.28 ac 130.86A 

MgCl2 130.00ab 126.33bf 128.33ad 128.22AB 133.02ab 125.31ej 131.94ad 130.09AB 

CaCl2 128.67ac 126.33bf 127.33ae 127.44AC 132.05ad 124.51fj 130.74 ag 129.10ABC 

DUSHT 

Distilled 

water 
124.33cf 121.67f 123.00df 123.00D 

 

124.17B 

128.64ai 120.74j 124.13hj 124.50D 

126.25B 

 

 

KCl 127.33ae 124.33cf 126.00bf 125.89BD 131.31ae 124.28gj 127.34bi 127.64AD 

MgCl2 126.33bf 124.00cf 124.00cf 124.78CD 129.99ah 124.02hj 126.75bj 126.92BD 

CaCl2 122.33ef 122.00ef 124.67bf 123.00D 128.74ai 123.44ij 125.65dj 125.94CD 

Drought Levels Mean  127.50A 124.46B 126.25AB   131.14 A 123.87C 128.40B   

LSD 0.05p= cultivar 1.5532and1.8906 ,cultivar x foliar spray  3.1063 and 3.7811, drought levels  1.9022and  2.3154, Foliar spray x cultivars x drought levels  

5.3803 and  6.5491in Bahawalpur and Cholistan respectively 
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4.3.17 Number of Pods Per Plant 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the number of pods per plant in Bahawalpur (Table 4.3.15). Chickpea cultivar Bakhar 

2011 produced significantly higher number of pods per plant (28.25) as compared to 

DUSHT (25.66). Water stress at various growth stages had significant effect on 

number of pods per plant. The well watered conditions produced significantly higher 

number of pods (28.27) which was statistically similar to water stress at flowering 

stage (27.65). While minimum number of pods per plant (24.95) was observed under 

water stress at flowering + pod formation + grain filling stage. Similarly, interaction 

among exogenous applications of nutrients, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the number of pods per 

plant. Exogenous application of potassium chloride on Bakhar 2011 cultivated under 

well watered conditions produced maximum number of pods per plant (32.37) against 

the minimum  (22.41) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of pods per plant in Cholistan farm (Table 4.3.15). 

Chickpea cultivar Bakhar 2011 produced significantly higher number of pods per 

plant (28.12) as compared to DUSHT (25.99). Well watered conditions produced 

maximum number of pods per plant (30.31). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum number of pods per plant (23.36). 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the 

number of pods per plant. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under well watered conditions produced maximum number of pods 

per plant (33.71) against the minimum (21.07) was observed from DUSHT cultivated 

under water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.15: Effect of foliar application of nutrients on number of pods per plant of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
28.51af 24.46fg 27.29bf 26.75BD 

28.25A 

29.84ad 22.62gi 26.62bi 26.36AC 

28.12A 
KCl 32.37a 27.17bf 30.15ab 29.90A 33.71a 25.84ci 29.38ae 29.64 A 

MgCl2 29.56ac 25.79cg 28.93ae 28.09AC 32.39ab 24.45di 28.66af 28.50AB 

CaCl2 30.08ab 25.17eg 29.48ad 28.25AB 31.42ac 24.07di 28.48ag 27.99AB 

DUSHT 

Distilled 

water 
25.17eg 22.41g 24.93eg 24.17E 

 

25.66B 

 

27.47bh 21.07i 24.22di 24.25C 

25.99B 

 

KCl 28.52af 25.29dg 27.45bf 27.09BD 30.77ac 23.41ei 28.45ag 27.55AC 

MgCl2 25.76cg 24.91eg 26.13bg 25.60DE 28.75af 22.41hi 27.07bh 26.07BC 

CaCl2 26.18bg 24.37fg 26.83bf 25.79CE 28.09ah 23.02fi 27.17bh 26.09BC 

Drought Levels Mean  28.27A 24.95B 27.65A   30.31A 23.36C 27.51B   

LSD 0.05p= cultivar 1.2147and1.7250 ,cultivar x foliar spray 2.4295  and3.4501 , drought levels  1.4877and  2.1127, Foliar spray x cultivars x drought levels  

4.2079 and 5.9757  in Bahawalpur and Cholistan respectively 
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4.3.18 Number of Grains per Pod 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the number of grains per pod in Bahawalpur (Table 4.3.16). Chickpea cultivar Bakhar 

2011 produced significantly higher number of grains per pod (1.70) as compared to 

DUSHT (1.58). Water stress at various growth stages had significant effect on number 

of grains per pod. The well watered conditions produced significantly higher number 

grains per pod (1.74) which was statistically similar to water stress at flowering stage 

(1.66). While minimum number of grains per pod (1.53) was observed under water 

stress at flowering + pod formation + grain filling stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the number of grains per pod. 

Exogenous application of potassium chloride on Bakhar 2011 cultivated under well 

watered conditions produced maximum number of grains per pod (1.89) against the 

minimum  (1.42) was observed from DUSHT grown under water stress at flowering + 

pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of grains per pod in Cholistan farm (Table 4.3.16). 

Chickpea cultivar Bakhar 2011 produced significantly higher number of grains per 

pod (1.67) as compared to DUSHT (1.58). The well watered conditions produced 

maximum number of grains per pod (1.76). Whereas, water stress at flowering + pod 

formation + grain filling stage produced minimum number of grains per pod (1.48). 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the 

number of grains per pod. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under well watered conditions produced maximum number of grains 

per pod (1.85) against the minimum (1.32) was observed from DUSHT cultivated 

under water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.16: Effect of foliar application of nutrients on number of grains per pod of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.76ac 1.53df 1.61cf 1.64BC 

1.70A 

1.70  ag 1.50gj 1.64ai 1.61AC 

1.67A 
KCl 1.89a 1.65bf 1.77ac 1.77A 1.85  a 1.62bi 1.73 ae 1.73A 

MgCl2 1.85ab 1.56cf 1.66ae 1.69AB 1.83  ab 1.54ei 1.68 ah 1.68AB 

CaCl2 1.86ab 1.58cf 1.67ae 1.71AB 1.81 ac 1.52fj 1.68 ah 1.67AB 

DUSHT 

Distilled 

water 
1.56cf 1.42f 1.58cf 1.52C 

 

1.58B 

1.62 bi 1.32j 1.56 di 1.50C 

1.58B 
KCl 1.67ae 1.50df 1.70ad 1.62BC 1.76 ad 1.46ij 1.63 bi 1.62AC 

MgCl2 1.65bf 1.48df 1.65bf 1.60BC 1.75 ae 1.48hj 1.60 ci 1.61BC 

CaCl2 1.66be 1.45ef 1.64bf 1.58BC 1.73 af 1.43ij 1.57 di 1.56BC 

Drought Levels Mean  1.74A 1.53B 1.66A   1.76  A 1.48C 1.64B   

LSD 0.05p= cultivar 0.0673and0.0616 ,cultivar x foliar spray 0.1346 and0.1232 , drought levels  0.0824and 0.0754 , Foliar spray x cultivars x drought levels  

0.2332 and 0.2134in Bahawalpur and Cholistan respectively 
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4.3.19 Pod Weight (g) 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the pod weight in Bahawalpur (Table 4.3.17). Chickpea cultivar Bakhar 2011 

produced significantly higher pod weight (0.48 g) as compared to DUSHT (0.39 g). 

Water stress at various growth stages had significant effect on pod weight. The well 

watered conditions produced significantly higher pod weight (0.48 g). While 

minimum pod weight (0.38 g) was observed under water stress at flowering + pod 

formation + grain filling stage. Similarly, interaction among exogenous applications 

of nutrients, chickpea cultivars and water stress conditions at different growth stages 

significantly affected the pod weight. Exogenous application of potassium chloride on 

Bakhar 2011 cultivated under well watered conditions produced maximum pod 

weight (0.57 g) against the minimum  (0.30 g) was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the pod weight in Cholistan farm (Table 4.3.17). Chickpea 

cultivar Bakhar 2011 produced significantly higher pod weight (0.46 g) as compared 

to DUSHT (0.40 g). Water stress at various growth stages had significant effect on 

pod weight. Well watered conditions produced significantly higher pod weight (0.49 

g). While minimum pod weight (0.36 g) was observed under water stress at flowering 

+ pod formation + grain filling stage. Similarly, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the pod weight. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum pod weight (0.54 g) against the minimum (0.28 g) was observed 

from DUSHT cultivated under water stress at flowering + pod formation + grain 

filling stage. 
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Table 4.3.17: Effect of foliar application of nutrients on pod weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering + 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering + 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
0.50ae 0.40gj 0.44ei 0.45BC 

0.48A 

0.47af 0.37hj 0.44ch 0.43BC 

0.46A 

 

KCl 0.57a 0.45dh 0.52ad 0.51A 0.54a 0.42dh 0.50ad 0.49A 

MgCl2 0.53ac 0.42fi 0.47bg 0.47AB 0.52ab 0.40fj 0.48ae 0.47AB 

CaCl2 0.54ab 0.43ei 0.48bf 0.48AB 0.51ac 0.39gj 0.48af 0.46AB 

DUSHT 

Distilled 

water 
0.40gj 0.30k 0.38hk 0.36E 

0.39B 

0.42dh 0.28k 0.39gj 0.36D 

0.40B 

 

KCl 0.46ch 0.37ik 0.45dh 0.43CD 0.49ae 0.34ik 0.45bh 0.42BC 

MgCl2 0.43ei 0.34jk 0.41fj 0.40DE 0.47af 0.34ik 0.42dh 0.41C 

CaCl2 0.44ei 0.34jk 0.40gj 0.39DE 0.46ag 0.32jk 0.42ei 0.40CD 

Drought Levels Mean  0.48A 0.38C 0.45B   0.49A 0.36C 0.45B   

LSD 0.05p= cultivar 0.0225  and0.0233  ,cultivar x foliar spray  0.0450 and0.0467, drought levels 0.0275  and 0.0286 , Foliar spray x cultivars x drought levels 

0.0779  and  0.0809  in Bahawalpur and Cholistan respectively 
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4.3.20 100 Grain Weight (g) 

Among the various parameters contributing towards final yield of a crop, hundred-

seed weight is of prime importance. Comparison of the treatment means showed 

chickpea genotypes significantly affected the pod weight in Bahawalpur (Table 

4.3.18). Chickpea cultivar Bakhar 2011 produced significantly higher hundred-grain 

weight (203.57 g) as compared to DUSHT (197.41 g). Water stress at various growth 

stages had significant effect on hundred-grain weight. The well-watered conditions 

produced significantly higher hundred grain weight (204.94 g) which was statistically 

similar to water stress at flowering stage (202.76 g). While minimum hundred grain 

weight (193.77 g) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the hundred grain weight. Exogenous application of calcium chloride on 

Bakhar 2011 cultivated under well watered conditions produced maximum hundred 

grain weight (212.12 g) against the minimum  (185.68 g) was observed from DUSHT 

grown under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions had no significant effect on 

pod weight in Cholistan farm (Table 4.3.18). Water stress at various growth stages 

had significant effect on pod weight. The well watered conditions produced 

significantly higher hundred grain weight (188.43 g) which was statistically similar to 

water stress at flowering stage (186.67 g). While minimum hundred grain weight 

(180.72 g) was observed under water stress at flowering + pod formation + grain 

filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the hundred grain weight. Exogenous application of potassium chloride on 

Bakhar 2011 cultivated under well watered conditions produced maximum hundred 

grain weight (193.83 g) against the minimum (174.27 g) was observed from DUSHT 

cultivated under water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.18: Effect of foliar application of nutrients on hundred grains weight (g) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
203.48ad 195.30be 201.54ae 200.11AC 

203.57A 

186.48ad 176.20cd 184.21ad 182.30AB 

187.49ns 
KCl 210.18ab 204.43ac 208.01ac 207.54A 193.83 a 187.34ad 192.68ab 191.28 A 

MgCl2 205.50ac 197.38ae 203.78ad 202.22AC 188.98ad 187.75ad 187.67ad 188.13AB 

CaCl2 212.12a 194.89be 206.18ac 204.40AB 191.21ac 184.48ad 189.00ad 188.23AB 

DUSHT 

Distilled 

water 
197.38ae 185.68e 195.41ae 192.82C 

197.41B 

 

 

184.84ad 174.27d 183.84ad 180.99B 

183.07 

 

KCl 207.28ac 191.34ce 204.83ac 201.15AC 190.85ac 181.33ad 186.86ad 186.35AB 

MgCl2 202.38ae 187.43de 203.06ad 197.62BC 185.54ad 177.43bd 184.81ad 182.59AB 

CaCl2 201.17ae 193.69be 199.28ae 198.05AC 185.72ad 176.99cd 184.32ad 182.34AB 

Drought Levels Mean  204.94A 193.77B 202.76A   188.43A 180.72B 186.67A   

LSD 0.05p= cultivar 4.8228and ,cultivar x foliar spray 9.6456 and 9.0521, drought levels 5.9067 and5.5433  , Foliar spray x cultivars x drought levels  

16.707 and 15.679 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.21 Biological Yield (kg ha-1) 

Biological yield refers to the total dry matter accumulation of a plant system. 

Improved harvest index represents increased physiological capacity to mobilize 

photosynthetic and translocate them into organs having economic yield. Comparison 

of the treatment means showed chickpea genotypes significantly affected the 

biological yield in Bahawalpur (Table 4.3.19). Chickpea cultivar Bakhar 2011 

produced significantly higher biological yield (5657.4 kg ha-1) as compared to 

DUSHT (4588.2 kg ha-1). Water stress at various growth stages had significant effect 

on biological yield. The well watered conditions produced significantly higher 

biological yield (5533.2kg ha-1) which was statistically similar to water stress at 

flowering stage (5253.9kg ha-1). While minimum biological yield (4581.3 kg ha-1) 

was observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the 

biological yield. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under well watered conditions produced maximum biological yield 

(6431.7kg ha-1) against the minimum  (3644.4 kg ha-1) was observed from DUSHT 

grown under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the biological yield in Cholistan farm (Table 4.3.19). Chickpea 

cultivar Bakhar 2011 produced significantly higher biological yield (5454.6kg ha-1) as 

compared to DUSHT (4682.kg ha-1). Water stress at various growth stages had 

significant effect on biological yield. Well watered conditions produced significantly 

higher biological yield (5858.2kg ha-1). While minimum biological yield (4064.7kg 

ha-1) was observed under water stress at flowering + pod formation + grain filling 

stage. Similarly, interaction among exogenous applications of nutrients, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the biological yield. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under well watered conditions produced maximum biological yield 

(6698.4kg ha-1) against the minimum (3344.4kg ha-1) was observed from DUSHT 

cultivated under water stress at flowering + pod formation + grain filling stage. 
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Table 4.3.19: Effect of foliar application of nutrients on biological yield (kg ha-1) of chickpea genotypes 

 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
5693.1ad 4765.6ch 5494.0ae 5317.6AC 

5657.4A 

5793.1af 4065.6gi 4827.4ci 4895.3AD 

5454.6A 
KCl 6431.7a 5266.0af 6027.5ac 5908.4A 6698.4a 4799.3ci 5827.5ae 5775.1A 

MgCl2 5984.5ac 5141.7bg 5968.7ac 5698.3AB 6317.8ac 4375.0ei 5835.4ae 5509.4AC 

CaCl2 6197.7ab 4963.8bg 5954.7ac 5705.4AB 6497.7ab 4463.8di 5954.7ad 5638.7AB 

DUSHT 

Distilled 

water 
4547.6dh 3644.4h 4185.5fh 4125.8 

 

4588.2B 

5214.2ah 3344.4i 4252.1fi 4270.2 D 

4682.7B 
KCl 5399.6af 4566.7dh 5057.1bg 5007.8BD 5732.9 af 3933.4gi 5323.8ag 4996.7AD 

MgCl2 4769.9ch 3991.2gh 4690.8dh 4484.0DE 5336.6ag 3791.2gi 4990.8bh 4706.2CD 

CaCl2 5241.5ag 4311.5eh 4653.0cdh 4735.3CE 5274.8ah 3744.8hi 5253.0ah 4757.6BD 

Drought Levels Mean  5533.2A 4581.3B 5253.9A   5858.2A 4064.7C 5283.1B   

LSD 0.05p= cultivar 364.52and 447.63,cultivar x foliar spray 729.05 and 895.26, drought levels 446.45 and  548.23, Foliar spray x cultivars x drought levels   

1262.7and  1550.6in Bahawalpur and Cholistan respectively 
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4.3.22 Grain Yield (kg ha-1) 

Crop yield is a measurement of the amount of agricultural production harvested per 

unit of land area. It can also refer to the actual grains generation from the chickpea 

plant. Comparison of the treatment means showed chickpea genotypes significantly 

affected the grain yield in Bahawalpur (Table 4.3.20). Chickpea cultivar Bakhar 2011 

produced significantly higher grain yield (1755.2 kg ha-1) as compared to DUSHT 

(1413.2 kg ha-1). Water stress at various growth stages had significant effect on grain 

yield. The well watered conditions produced significantly higher grain yield (1734.1 

kg ha-1) which was statistically similar to water stress at flowering stage (1639.4 kg 

ha-1). While minimum grain yield (1379.2 kg ha-1) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the grain yield. Exogenous application 

of potassium chloride on Bakhar 2011 cultivated under well watered conditions 

produced maximum grain yield (2128.1 kg ha-1) against the minimum  (1049.4 kg ha-

1) was observed from DUSHT grown under water stress at flowering + pod formation 

+ grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the grain yield in Cholistan farm (Table 4.3.20). Chickpea 

cultivar Bakhar 2011 produced significantly higher grain yield (1681.9 kg ha-1) as 

compared to DUSHT (1431.6 kg ha-1). Water stress at various growth stages had 

significant effect on grain yield. Well watered conditions produced significantly 

higher grain yield (1825.7 kg ha-1). While minimum grain yield (1225.2 kg ha-1) was 

observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the grain 

yield. Exogenous application of potassium chloride on Bakhar 2011 cultivated under 

well watered conditions produced maximum grain yield (2108.8 kg ha-1) against the 

minimum (955.5 kg ha-1) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.20: Effect of foliar application of nutrients on grain yield (kg ha-1) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1783.1af 1405.3gi 1635.1bh 1607.8BC 

1755.2A 

1792.1ad 1214.5fi 1526.3bh 1511.0AD 

1681.9A 
KCl 2128.1a 1629.5bh 1976.2ab 1911.3A 2108.8a 1467.3ch 1802.4ad 1792.8A 

MgCl2 1868.4ac 1533.0ch 1811.3ae 1737.6AB 1976.7ab 1382.0di 1793.1ad 1717.3AB 

CaCl2 1923.3ab 1503.1ch 1865.5ad 1764.0AB 1970.3abc 1368.3di 1781.5ae 1706.7AC 

DUSHT 

Distilled 

water 
1420.5fi 1049.4i 1319.6hi 1263.2D 

1413.2B 

 

1608.3ag 955.5i 1281.1ei 1281.6D 

1431.6B 

 

KCl 1716.2bg 1375.1gi 1616.6bh 1569.3BC 1815.0ad 1188.9fi 1674.0af 1559.3AD 

MgCl2 1489.7dh 1268.9hi 1444.7eh 1401.1CD 1671.6af 1097.3hi 1503.7bh 1424.2CD 

CaCl2 1543.2ch 1269.4hi 1445.7eh 1419.4CD 1662.5af 1127.8gi 1594.0bh 1461.4BD 

Drought Levels Mean  1734.1A 1379.2B 1639.4A   1825.7 A 1225.2C 1619.5B   

LSD 0.05p= cultivar 108.80and145.60 ,cultivar x foliar spray 217.60 and 291.19, drought levels  133.25and 178.32 , Foliar spray x cultivars x drought levels  

376.90 and 504.36 in Bahawalpur and Cholistan respectively 
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4.3.23 Harvest Index (%) 

Harvest index is defined as the amount of grain divided by the total amount of above 

ground biomass. Comparison of the treatment means showed that chickpea genotypes 

had no significant effect on harvest index in Bahawalpur (Table 4.3.21). Water stress 

at various growth stages had significant effect on harvest index. The well watered 

conditions produced significantly higher harvest index (31.36%) which was 

statistically similar to water stress at flowering stage (31.24%). While minimum 

harvest index (30.16%) was observed under water stress at flowering + pod formation 

+ grain filling stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the harvest index. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under well watered conditions produced maximum harvest index 

(33.17%) against the minimum  (28.86%) was observed from DUSHT grown under 

water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions had no significant effect on 

harvest index in Cholistan farm (Table 4.3.21). Water stress at various growth stages 

had significant effect on harvest index. The well watered conditions produced 

significantly higher harvest index (31.13%). While minimum harvest index (30.07%) 

was observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the harvest 

index. Exogenous application of potassium chloride on Bakhar 2011 cultivated under 

severe water conditions produced maximum harvest index (31.67 a%) against the 

minimum (28.70%) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.21: Effect of foliar application of nutrients on harvest index (%) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
31.23ad 29.54cd 30.15ad 30.308B 

31.03ns 

30.82ab 29.89ac 31.60a 30.77AC 

30.82ns 
KCl 33.17a 30.95ad 32.88ab 32.33A 31.47a 30.56ac 30.87ab 30.97AC 

MgCl2 31.33ad 29.93bd 30.24ad 30.50B 31.36a 31.67a 30.72ab 31.25A 

CaCl2 31.09ad 30.55ad 31.31ad 30.99AB 30.33ac 30.67ab 29.88ac 30.30AC 

DUSHT 

Distilled 

water 
31.39ad 28.86d 31.52ad 30.59AB 

30.81 

 

30.60ab 28.70c 30.42ac 29.91C 

30.42 

 

KCl 31.85ad 30.14ad 32.08ac 31.36AB 31.73a 29.97ac 31.38a 31.03AB 

MgCl2 31.43ad 31.81ad 30.67ad 31.31AB 31.30a 28.99bc 30.05ac 30.11BC 

CaCl2 29.360cd 29.48cd 31.09ad 29.98B 31.41a 30.13ac 30.31ac 30.62AC 

Drought Levels Mean  31.36A 30.16B 31.24A   31.13A 30.07B 30.65AB   

LSD 0.05p= cultivar and ,cultivar x foliar spray 1.7714and 1.0985, drought levels  1.0847and 0.6727 , Foliar spray x cultivars x drought levels  3.0681 

 and 1.9026 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.24 Leaf Total Soluble Protein (mg g-1) 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the leaf total soluble protein in Bahawalpur (Table 4.3.22). Chickpea cultivar Bakhar 

2011 produced significantly higher leaf total soluble protein (1.027 mg g-1) as 

compared to DUSHT (0.930 mg g-1). Water stress at various growth stages had 

significant effect on leaf total soluble protein. The well watered conditions and water 

stress at flowering stage produced significantly higher leaf total soluble protein (0.997 

mg g-1). While minimum leaf total soluble protein (0.940 mg g-1) was observed under 

water stress at flowering + pod formation + grain filling stage. Similarly, interaction 

among exogenous applications of nutrients, chickpea cultivars and water stress 

conditions at different growth stages significantly affected the leaf total soluble 

protein. Exogenous application of potassium chloride on Bakhar 2011 cultivated 

under well watered conditions produced maximum leaf total soluble protein (1.083 

mg g-1) against the minimum  (0.870 mg g-1) was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the leaf total soluble protein in Cholistan farm (Table 4.3.22). 

Chickpea cultivar Bakhar 2011 produced significantly higher leaf total soluble protein 

(0.986 mg g-1) as compared to DUSHT (0.907 mg g-1). Water stress at various growth 

stages had significant effect on leaf total soluble protein. Water stress at flowering 

stage produced significantly higher leaf total soluble protein (0.964 mg g-1). While 

minimum leaf total soluble protein (0.923 mg g-1) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the leaf total soluble protein. Exogenous 

application of potassium chloride on Bakhar 2011 cultivated under well watered 

conditions produced maximum leaf total soluble protein (1.033 mg g-1) against the 

minimum (0.840 mg g-1) was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 
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Table 4.3.22: Effect of foliar application of nutrients on leaf total soluble protein (mg g-1) of chickpea genotypes 

Cultivars Foliar 

Spray 

Bahawalpur Cholistan 

  Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
1.02af 0.95ch 1.02af 1.00AC 

1.03A 

0.98ae 0.93ag 0.97 ae 0.96AD 

0.99A 
KCl 1.08a 0.99ag 1.07ab 1.05A 1.03a 0.97ae 1.02ab 1.01A 

MgCl2 1.05ad 0.97ch 1.04ae 1.02AB 1.00ad 0.94ag 0.99 ad 0.98AC 

CaCl2 1.08a 0.98bg 1.05ac 1.04A 1.03ab 0.96af 1.01ac 1.00AB 

DUSHT 

Distilled 

water 
0.89gh 0.87h 0.91gh 0.89E 

0.93B 

 

0.86fg 0.84g 0.88eg 0.86E 

0.91B 

 

KCl 0.98bg 0.94eh 0.98ag 0.97BD 0.93ag 0.92bg 0.97ae 0.94BD 

MgCl2 0.92fh 0.89gh 0.91gh 0.91DE 0.90dg 0.91cg 0.93ag 0.91DE 

CaCl2 0.95dh 0.93fh 0.98bg 0.95CD 0.90dg 0.91cg 0.95ag 0.92CE 

Drought Levels Mean  1.00A 0.94B 0.997A   0.95AB 0.92 B 0.96A   

LSD 0.05p= cultivar 0.0293 and 0.0314 ,cultivar x foliar spray 0.0586  and0.0629 , drought levels  0.0359 and 0.0385 , Foliar spray x cultivars x drought levels  

0.1015 and 0.1089 in Bahawalpur and Cholistan respectively 
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4.3.25 Superoxide Dismutase (SOD) (IU min-1mg-1 Protein) 

SOD is an enzyme that alternately catalyzes the dismutation of the superoxide (O2
−) 

radical into either ordinary molecular oxygen (O2) or hydrogen peroxide (H2O2). 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the superoxide dismutase in Bahawalpur (Table 4.3.23). Chickpea cultivar Bakhar 

2011 produced significantly higher superoxide dismutase (120.29 IU min-1mg-1 

protein) as compared to DUSHT (112.51 IU min-1mg-1 protein). Water stress at 

various growth stages had significant effect on superoxide dismutase. The water stress 

at flowering + pod formation + grain filling stage produced significantly higher 

superoxide dismutase (195.10 IU min-1mg-1 protein). While minimum superoxide 

dismutase (76.40 IU min-1mg-1 protein) was observed under well watered conditions. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the 

superoxide dismutase. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under stress at flowering + pod formation + grain filling stage produced 

maximum superoxide dismutase (216.62 IU min-1mg-1 protein) against the minimum  

(66.64 IU min-1mg-1 protein) was observed from DUSHT grown under well watered 

conditions. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the superoxide dismutase in Cholistan farm (Table 4.3.23). 

Chickpea cultivar Bakhar 2011 produced significantly higher superoxide dismutase 

(114.92 IU min-1mg-1 protein) as compared to DUSHT (104.34 IU min-1mg-1 protein). 

Water stress at various growth stages had significant effect on superoxide dismutase. 

Water stress at flowering + pod formation + grain filling produced significantly higher 

superoxide dismutase (189.41 IU min-1mg-1 protein). While minimum superoxide 

dismutase (69.38 IU min-1mg-1 protein) was observed under well watered conditions. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the 

superoxide dismutase. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under water stress at flowering + pod formation + grain filling stage 

produced maximum superoxide dismutase (214.38 IU min-1mg-1 protein) against the 

minimum (59.63 IU min-1mg-1 protein) was observed from DUSHT cultivated under 

well watered conditions. 

https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Dismutation
https://en.wikipedia.org/wiki/Radical_(chemistry)
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Hydrogen_peroxide
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Table 4.3.23: Effect of foliar application of nutrients on superoxide dismutase (IU min-1mg-1 protein) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
70.67d 190.56bc 79.69d 113.64BC 

120.29A 

64.01e 184.91bc 69.13e 106.02CD 

114.92A 
KCl 81.45d 216.62a 85.82d 127.96A 75.27e 214.38a 74.15e 121.27 A 

MgCl2 77.85d 197.89ab 77.92d 117.89AB 70.64e 201.16ab 71.84e 114.54AC 

CaCl2 80.92d 204.90ab 79.13d 121.65AB 73.90e 206.60a 73.02e 117.84AB 

DUSHT 

Distilled 

water 
66.64d 174.21c 68.97d 103.27C 

112.51B 

 

59.63e 163.52d 63.33e 95.50E 

104.34B 
KCl 78.83d 192.83bc 77.16d 116.27B 72.81e 186.53bc 70.88e 110.07BD 

MgCl2 76.63d 189.31bc 74.70d 113.55BC 68.23e 175.75cd 69.33e 104.43DE 

CaCl2 78.20d 194.45b 78.16d 116.94AB 70.59e 182.43c 69.07e 107.36CD 

Drought Levels Mean  76.40B 195.10A 77.69B   69.38B 189.41A 70.09B   

LSD 0.05p= cultivar 5.7757 and 4.9623,cultivar x foliar spray 11.551 and9.9245 , drought levels  7.0738and 6.0775 , Foliar spray x cultivars x drought levels  

20.008 and 17.190 in Bahawalpur and Cholistan respectively 
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4.3.26 Peroxidase (POD) (IU min-1 mg-1 protein) 

Comparison of the treatment means showed chickpea genotypes had no significant 

effect on peroxidase in Bahawalpur (Table 4.3.24). Water stress at various growth 

stages had significant effect on peroxidase. The water stress at flowering + pod 

formation + grain filling stage produced significantly higher peroxidase (17.05 IU 

min-1 mg-1 protein). While minimum peroxidase (6.66 IU min-1 mg-1 protein) was 

observed under well watered conditions. Similarly, interaction among exogenous 

applications of nutrients, chickpea cultivars and water stress conditions at different 

growth stages significantly affected the peroxidase. Exogenous application of 

potassium chloride on Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage produced maximum peroxidase (19.11 IU min-1 mg-1 

protein) against the minimum  (5.47 IU min-1 mg-1 protein) was observed from 

DUSHT grown under well watered conditions. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the peroxidase in Cholistan farm (Table 4.3.24). Chickpea 

cultivar Bakhar 2011 produced significantly higher peroxidase (10.25 IU min-1 mg-1 

protein) as compared to DUSHT (9.43 IU min-1 mg-1 protein). Water stress at various 

growth stages had significant effect on peroxidase. Water stress at flowering + pod 

formation + grain filling stage produced significantly higher peroxidase (16.19 IU 

min-1 mg-1 protein). While minimum peroxidase (6.64 IU min-1 mg-1 protein) was 

observed under water stress at flowering stage. Similarly, interaction among 

exogenous applications of nutrients, chickpea cultivars and water stress conditions at 

different growth stages significantly affected the peroxidase. Exogenous application 

of potassium chloride on Bakhar 2011 cultivated under water stress at flowering + 

pod formation + grain filling stage produced maximum peroxidase (18.26 IU min-1 

mg-1 protein) against the minimum (6.04 IU min-1 mg-1 protein) was observed from 

DUSHT cultivated under well watered conditions. 
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Table 4.3.24: Effect of foliar application of nutrients on peroxidase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars 
Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
6.84e 13.23d 6.81e 8.60D 

10.32ns 

6.46d 15.04c 6.65d 9.38CD 

10.25A 
KCl 7.10e 19.11a 7.23e 11.15A 7.30d 18.26a 7.05d 10.87A 

MgCl2 6.97e 17.14bc 6.83e 10.31AC 7.07d 16.31bc 6.81d 10.06AC 

CaCl2 7.03e 18.61ab 6.99e 10.88A 7.15d 17.97ab 6.91d 10.68AB 

DUSHT 

Distilled 

water 
5.47e 16.49c 6.30e 9.42CD 

 

 

10.00 

6.04d 14.52c 6.12d 8.89D 

9.43B 

 

KCl 6.80e 17.85ac 6.84e 10.50AB 6.57d 16.39bc 6.68d 9.88AD 

MgCl2 6.29e 16.52c 6.43e 9.74BD 6.38d 15.05c 6.33d 9.25CD 

CaCl2 6.81e 17.48ac 6.67e 10.32AC 6.54d 15.96c 6.53d 9.68BD 

Drought Levels Mean  6.66B 17.05A 6.76B   6.69B 16.19A 6.64B   

LSD 0.05p= cultivar and 0.5404,cultivar x foliar spray  1.0305 and1.0807, drought levels  0.6311and0.6618  , Foliar spray x cultivars x drought levels  

1.7849  and1.8719  in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.3.27 Catalase (CAT) (IU min-1 mg-1 protein) 

Comparison of the treatment means showed chickpea genotypes had significant effect 

on catalase in Bahawalpur (Table 4.3.25). Chickpea cultivar Bakhar 2011 produced 

significantly higher amount of catalase (62.85 IU min-1 mg-1 protein) as compared to 

DUSHT (57.69 IU min-1 mg-1 protein). Water stress at various growth stages had 

significant effect on catalase. The water stress at flowering+ pod formation + grain 

filling stage produced significantly higher catalase (92.32 IU min-1 mg-1 protein). 

While minimum catalase (43.86 IU min-1 mg-1 protein) was observed under well 

watered conditions. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the catalase. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under water stress at flowering + pod formation + grain filling stage 

produced maximum catalase (102.74 IU min-1 mg-1 protein) against the minimum  

(36.86 IU min-1 mg-1 protein) was observed from DUSHT grown under well watered 

conditions. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the catalase in Cholistan farm (Table 4.3.25). Chickpea cultivar 

Bakhar 2011 produced significantly higher catalase (58.91 IU min-1 mg-1 protein) as 

compared to DUSHT (51.76 IU min-1 mg-1 protein). Water stress at various growth 

stages had significant effect on catalase. Water stress at flowering + pod formation + 

grain filling stage produced significantly higher catalase (97.61 IU min-1 mg-1 

protein). While minimum catalase (34.19 IU min-1 mg-1 protein) was observed under 

water stress at flowering stage. Similarly, interaction among exogenous applications 

of nutrients, chickpea cultivars and water stress conditions at different growth stages 

significantly affected the catalase. Exogenous application of potassium chloride on 

Bakhar 2011 cultivated under water stress at flowering + pod formation + grain filling 

stage produced maximum catalase (110.96 IU min-1 mg-1 protein) against the 

minimum (27.64 IU min-1 mg-1 protein) was observed from DUSHT cultivated under 

well watered conditions. 
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Table 4.3.25: Effect of foliar application of nutrients on catalase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars Foliar 

Spray 

Bahawalpur Cholistan 

  Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
38.98de 88.65b 42.55ce 56.73CD 

62.85A 

30.45ef 95.31bc 29.57ef 51.78CD 

58.91A 
KCl 51.51c 102.74a 52.29c 68.84A 40.05e 110.96a 37.92ef 62.98A 

MgCl2 46.59ce 93.80ab 45.70ce 62.03BC 37.77ef 102.88ac 36.71ef 59.12AB 

CaCl2 48.64cd 95.28ab 47.48ce 63.80AB 38.90ef 107.01ab 39.32ef 61.74A 

DUSHT 

Distilled 

water 
36.86e 84.97b 38.52de 53.45D 

57.69B 

 

27.64f 81.36d 28.36ef 45.79D 

51.76B 

 

KCl 43.56ce 93.48ab 44.85ce 60.63BC 34.35ef 98.91ac 34.70ef 55.99AC 

MgCl2 41.69ce 87.52b 41.72ce 56.98CD 30.75ef 90.88cd 32.97ef 51.54CD 

CaCl2 43.03ce 92.10ab 43.94ce 59.69BD 33.67ef 93.57c 33.93ef 53.72BC 

Drought Levels Mean  43.86B 92.32A 44.63B   34.20B 97.61A 34.19B   

LSD 0.05p= cultivar 3.1311and3.5100 ,cultivar x foliar spray  6.2621 and 7.0200, drought levels  3.8347and  4.2988, Foliar spray x cultivars x drought levels   

10.846 and12.159  in Bahawalpur and Cholistan respectively 
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4.3.28 Ascorbic Acid (m. mole g-1) 

Comparison of the treatment means showed chickpea genotypes had significant effect 

on ascorbic acid in Bahawalpur (Table 4.3.26). Chickpea cultivar Bakhar 2011 

produced significantly higher amount of ascorbic acid (65.56 m. mole g-1) as 

compared to DUSHT (62.83 m. mole g-1). Water stress at various growth stages had 

significant effect on ascorbic acid. The water stress at flowering + pod formation + 

grain filling stage produced significantly higher ascorbic acid (71.53 m. mole g-1). 

While minimum ascorbic acid (60.47 m. mole g-1) was observed under water stress at 

flowering stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the ascorbic acid. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under water stress at flowering + pod formation + grain filling stage 

produced maximum ascorbic acid (74.21 m. mole g-1) against the minimum  (5615 m. 

mole g-1) was observed from DUSHT grown under water stress at flowering station. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the ascorbic acid in Cholistan farm (Table 4.3.26). Chickpea 

cultivar Bakhar 2011 produced significantly higher ascorbic acid (66.07 m. mole g-1) 

as compared to DUSHT (62.13 m. mole g-1). Water stress at various growth stages 

had significant effect on ascorbic acid. Water stress at flowering + pod formation + 

grain filling stage produced significantly higher ascorbic acid (69.71 m. mole g-1). 

While minimum ascorbic acid (60.40 m. mole g-1) was observed under water stress at 

flowering stage. Similarly, interaction among exogenous applications of nutrients, 

chickpea cultivars and water stress conditions at different growth stages significantly 

affected the ascorbic acid. Exogenous application of potassium chloride on Bakhar 

2011 cultivated under water stress at flowering + pod formation + grain filling stage 

produced maximum ascorbic acid (73.23 m. mole g-1) against the minimum (54.21m. 

mole g-1) was observed from DUSHT cultivated under water stress at flowering stage. 
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Table 4.3.26: Effect of foliar application of nutrients on ascorbic acid (m. mole g-1) of chickpea genotypes 

Cultivars 

 

Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
59.94de 70.74a 60.91de 63.86AC 

65.56A 

61.69bf 68.55ac 59.36cf 63.20AC 

66.07A 
KCl 63.17be 74.21a 62.64be 66.67A 66.36ae 73.23a 64.26 af 67.95A 

MgCl2 61.80ce 72.49a 61.19de 65.16AB 63.25af 70.84ab 62.55bf 65.55AB 

CaCl2 62.84be 73.26a 63.55bd 66.55A 65.48ae 71.61ab 65.65ae 67.58AB 

DUSHT 

Distilled 

water 
57.85de 68.27ac 56.15e 60.76C 

62.83B 

 

56.22ef 66.12ae 54.21f 58.85C 

62.13B 

 

KCl 60.72de 71.07a 60.95de 64.25AC 62.45bf 69.21ac 59.83cf 63.83AC 

MgCl2 58.99de 68.93ab 56.94de 61.62BC 60.27cf 67.22ad 57.75df 61.74BC 

CaCl2 59.32de 73.26a 61.46ce 64.68AC 61.76bf 70.92ab 59.59cf 64.09AC 

Drought Levels Mean  60.58B 71.53A 60.47B   62.19B 69.71A 60.40B   

LSD 0.05p= cultivar 2.0401 and3.0036 ,cultivar x foliar spray 4.0801  and 6.0072, drought levels  2.4985 and 3.6786 , Foliar spray x cultivars x drought levels  

7.0670 and 10.405 in Bahawalpur and Cholistan respectively 
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4.3.29 Leaf K+ Contents 

Comparison of the treatment means showed chickpea genotypes significantly affected 

the leaf K+ contents in Bahawalpur (Table 4.3.27). Chickpea cultivar Bakhar 2011 

produced significantly higher leaf K+ contents (51.50) as compared to DUSHT 

(48.47). Water stress at various growth stages had no significant effect on leaf K+ 

contents. However, interaction among exogenous applications of nutrients, chickpea 

cultivars and water stress conditions at different growth stages significantly affected 

the leaf K+ contents. Exogenous application of potassium chloride on Bakhar 2011 

cultivated under well watered conditions produced maximum leaf K+ contents (56.57) 

against the minimum  (45.11) was observed from DUSHT grown under water stress at 

flowering+ pod formation + grain filling stage. 

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the leaf K+ contents in Cholistan farm (Table 4.3.27). Chickpea 

cultivar Bakhar 2011 produced significantly higher leaf K+ contents (51.42) as 

compared to DUSHT (48.29). Water stress at various growth stages had significant 

effect on leaf K+ contents. The water stress at flowering stage produced significantly 

higher leaf K+ contents (52.11). While minimum leaf K+ contents (47.38) was 

observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among exogenous applications of nutrients, chickpea cultivars 

and water stress conditions at different growth stages significantly affected the leaf K+ 

contents. Exogenous application of potassium chloride on Bakhar 2011 cultivated 

underwater stress at flowering stage produced maximum leaf K+ contents (63.14) 

against the minimum (41.05) was observed from DUSHT cultivated under water 

stress at flowering + pod formation + grain filling stage. 
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Table 4.3.27: Effect of foliar application of nutrients on leaf K+ contents of chickpea genotypes 

Cultivars 

 

Foliar 

Spray 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought at 

flowering 

stage 

Foliar 

spray 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Distilled 

water 
50.49ab 47.14b 51.28ab 49.64AB 

51.50A 

47.15dh 42.08gh 50.54ch 46.59BC 

51.42A 
KCl 56.57a 50.76ab 53.63ab 53.66A 62.41ab 57.063abcd 63.14a 60.87A 

MgCl2 51.45ab 48.12ab 51.06ab 50.21AB 50.70ch 44.54eh 52.46bg 49.233B 

CaCl2 52.91ab 51.64ab 52.90ab 52.48A 48.25ch 47.48dh 51.27ch 49.00B 

DUSHT 

Distilled 

water 
46.73b 45.11b 47.10b 46.31B 

48.47B 

 

43.98fh 41.05h 43.38fh 42.80C 

48.29B 

 

KCl 49.14ab 50.44ab 50.73ab 50.10AB 55.11ae 53.42af 58.54ac 55.69A 

MgCl2 47.85ab 47.15b 46.50b 47.17B 45.54eh 45.30eh 47.81dh 46.22BC 

CaCl2 50.19ab 49.55ab 51.17ab 50.30AB 47.51dh 48.10ch 49.73ch 48.45BC 

Drought Levels Mean  50.67ns 48.74 50.55   50.08AB 47.38B 52.11A   

LSD 0.05p= cultivar 2.6384 and3.0560 ,cultivar x foliar spray 5.2767and6.1119 , drought levels  and 3.7428, Foliar spray x cultivars x drought levels   

9.1396 and10.586  in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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Discussion 

Water deficit significantly affected chickpea growth and productivity by influencing 

physiological and biochemical attributes. Exogenous application of mineral nutrients 

at 50% flowering and pod formation minimized the negative effects of water stress by 

influencing the growth, yield and physiological parameters of chickpea cultivars. 

Among these nutrients, foliar spray of potassium chloride on chickpea cultivar Bakhar 

2011 produced significantly higher growth attributes both under water stress and well-

watered conditions. It might be due to the fact that exogenous application of 

potassium improves the photosynthetic efficiency and the succeeding carbohydrate 

synthesis and translocation that ultimately improves the crop growth attributes 

(Pettigrew, 2008). Potassium chloride plays a key role in the growth of the plants that 

utilize it as a source of macromolecules, which are required for normal growth and 

metabolic pathways of plants (Tariq et al., 2019).  

Chickpea cultivars grown under water stress conditions at different growth stages 

significantly affected the number of primary and secondary branches per plant at both 

locations. Reduction in branches per plant resulted in increasing water stress. Foliar 

spray of mineral nutrients improved the number of branches per plant. However, 

exogenous application of potassium chloride produced significantly higher number of 

branches per plant than other mineral nutrients by enhancing the photosynthetic 

efficiency and translocated the photoassimilates to lateral meristems (Ahmadi and 

Bahrani, 2009; Khan et al., 2010; El-Sabagh et al., 2017). Initial growth periods of 

chickpea plants are extremely sensitive to water deficit due to which medium and 

severe moisture stress drastically reduced the length as well as fresh and dry weights 

of the root and shoot (Acosta-Motos et al., 2017). This reduction in root and shoot 

length and fresh and dry weight under moisture stress is correlated with high levels of 

cell death and lipid peroxidation along with the addition of reactive oxygen species 

(Klein, 2012). Exogenous applications of potassium chloride improved the roots and 

shoot length and fresh and dry weights than other mineral nutrients applications.  This 

might be due to the fact that potassium assists the glucose into sucrose transformation 

in leaves, hence supporting shoot-to-root sugar transport (Aleman et al., 2011). This 

preferential carbon allocation to roots influences the root morphology by improving 

primary and lateral root growth (Song et al., 2015). Potassium application can also 
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adjust plant availability to moisture through its influence on root architecture that 

ultimately enhances the shoot growth. 

Moisture stress might have triggered flowering induction, pod formation, grain-filling 

rate, which resulted in early maturity. In the present study data showed that days taken 

to complete flowering, pod formation, grain filling and maturity declined with 

increasing water stress at both locations (Sinai et al., 2007). This decline in days to 

harvesting might be a mechanism of plants to escape water stress (Sinai et al., 2007). 

As the accessibility of adequate water to roots improved the growth and development 

of the plants and delayed the process of maturity (Kamkar et al., 2011). However, 

exogenous application of mineral nutrients exclusively potassium chloride under 

water stress conditions stimulates the physiological and metabolic processes, which 

improve vegetative growth and prolonged the duration of flower initiation, pod 

formation that ultimately delay the physiological maturity (Sibgha et al., 2013). 

Moisture deficit at any specific growth phase or throughout the growing period 

significantly reduced the yield and yield attributes of chickpea cultivars (Nasri, 2005). 

Our results showed that water stress at flowering + pod formation + grain filling stage 

significantly reduced the number of pods per plant, grains per pod, pod weight and 

1000 grain weight that ultimately reduced the biological and grain yield in the 

drought-sensitive cultivar (DUSHT) than in the resistant one (Bakhar 2011) which 

might have been due to their distinction responses to moisture deficit (Zhang et al., 

2014). Reduction in yield components might be due to disturbing the plant water 

relations, fewer and uneconomical nutrients uptake, reduced leaf photosynthesis, dry 

matter partitioning, less accumulation of photo-assimilates and its remobilization 

from source to pods resulted in accelerate maturity with shriveled grains (Zhao et 

al., 2006; Farooq et al., 2008). Exogenous application of mineral nutrients accelerates 

nutrient uptake and reduces the detrimental influences of moisture stress (Cakmak, 

2005; Arif et al., 2006). Among these mineral nutrients, potassium plays a crucial role 

in enhancing plant tolerance under moisture stress situations. Potassium plays a vital 

role in number of physiological processes such as photosynthesis, translocation of 

photosynthetic, activation of enzymes and balance of turgidity (Mengel and Kirkby, 

2001). It was also observed that potassium played a key role in the osmotic 

adjustment of plants under water stress and improved the adaptability of the plant to 

stress conditions, which ultimately enhanced productivity (Yadov, 2006). 
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Moisture deficit reduced the photosynthetic efficiency of chickpea plants due to 

modifications in Chlorophyll contents and destruction of the photosynthetic apparatus 

(Salekjalali et al., 2012). One of the imperative reasons that water stress weekend the 

photosynthetic abilities of plants is the interruption of the balance between the 

production of ROS and the antioxidant defense triggering accumulation of ROS that 

stimulates the oxidative stress to membrane lipids, proteins and other cellular 

components (Shen et al., 2010). Plants have evolved several molecular and 

physiological means to handle with negative influence of moisture stress (Chen and 

Murtaza, 2011). Therefore, plants have developed antioxidant defense systems to 

protect themselves from ROS. This system draws on a series of antioxidant enzymes 

i.e. SOD, POD and CAT, as well as the low molecular weight antioxidants, 

comprising ascorbic acid etc. (Young et al., 2007). In the present study, results 

showed that exogenous application of potassium chloride on Bakhar 2011 cultivated 

under water stress at flowering + pod formation + grain filling stage significantly 

improved the antioxidant enzymes against the minimum antioxidants were observed 

from DUSHT grown under well watered conditions. Higher activities of antioxidant 

enzymes under moisture deficit conditions is the basic cause for scavenging O2– 

radical to produce H2O2 (Kukreja et al., 2005; Bano et al., 2012). There are various 

stress reactions concerning H2O2, the homeostasis of H2O2 is mainly due to catalase 

scavenging and regulating functions. Thus, H2O2 accumulation was possibly the 

trigger of SOD activation. Zheng et al. (2008) submitted that foliar spray of potassium 

detoxified the ROS through increased SOD, CAT, and POD enzyme activities under 

stress conditions. Similar results were reported by Jan et al. (2017) they concluded 

that the antioxidant enzymes activities were increased with the exogenous application 

of potassium in stress conditions thus detoxified the ROS. Hence, the equilibrium 

between ROS and the antioxidative system is vital for endurance and adaptation to 

stress (Zhang et al., 2014).  

Moisture stress has strong detrimental impact on the chickpea plants and it reduced 

the uptake of mineral nutrients including potassium. Inadequate supply of potassium 

negatively influences the stomatal roles in the plant body, ensuing in late stomatal 

closure and even the incomplete closure of the pores. In the present investigation, it 

was observed that exogenous application of potassium chloride significantly 

improved the potassium uptake under moisture stress and well watered conditions. 
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Sufficient supply of potassium can apparently improve the organic osmolyte 

production particularly under moisture stress situations (Zain et al., 2014). As plants 

are exposed to moisture deficit, Pro accumulation plays an extremely defensive role 

and it is involved in osmotic adjustments in plants (Teixeira and Pereira, 2007). 
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4.4 Experiment No. 4: Application of Organic Manure for Drought 

Tolerance in Chickpea 

4.4.1 Plant Population at Completion of Germination 

The data regarding plant population at the time of germination indicated non-

significant interactive effects among chickpea cultivars cultivated under water stress 

at different growth stages and different sources of organic manures at both locations 

(Table 4.4.1). 

4.4.2 Plant Population at Maturity 

The data regarding plant population at the time of harvesting indicated non-significant 

interactive effects among chickpea cultivars cultivated under water stress at different 

growth stages and different sources of organic manures at both locations (Table 

4.4.2). 

4.4.3 Crop Growth Rate (g m-2 day-1) 

Crop growth rate is a measure of the increase in size, mass or number of crops over 

a period of time. Data regarding crop growth rate (CGR) indicated that the combined 

application of organic manures differs significantly at different growth stages of 

chickpea cultivars grown under water stress at different growth stages at both 

locations (Figure 4.4.1). Significantly higher crop growth rate in chickpea cultivar 

Bakhar 2011 cultivated under well watered conditions was observed throughout the 

growing season with the combined application of farmyard manure and press mud. 

Chickpea cultivar DUSHT grown under water stress at flowering + pod formation + 

grain filling stage produced minimum crop growth rate. Almost similar data trends 

were observed for CGR during all growth stages at both locations. 

4.4.4   Relative Growth Rate (g g-1 day-1) 

Relative growth rate has for many years been accepted as a standardized way of 

measuring and comparing the growth rates of different species or genotypes. Data 

regarding relative growth rate indicated that combined application of organic manures 

differs significantly at different growth stages of chickpea cultivars grown under 

water stress at different growth stages at both locations (Figure 4.4.2). Significantly 

higher relative growth rate in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions was observed throughout the growing season with the combined 
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application of farmyard manure and press mud. Chickpea cultivar DUSHT grown 

under water stress at flowering + pod formation + grain filling stage produced 

minimum relative growth rate. Almost similar data trends were observed for relative 

growth rate during all growth stages at both locations.  

4.4.5 Number of Primary Branches 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different stages significantly affected the number of primary branches 

per plant in Bahawalpur (Table 4.4.3). Chickpea cultivar Bakhar 2011 produced 

significantly higher number of primary branches per plant (3.80) as compared to 

DUSHT (3.42). The well watered conditions produced maximum number of primary 

branches per plant (3.84). Whereas, minimum number of primary branches per plant 

(3.43) was observed under water stress at flowering + pod formation + grain filling 

stage. Similarly interaction among chickpea cultivars, water stress at different growth 

stages and application of organic manures significantly affected the number of 

primary branches per plant. Maximum number of primary branches per plant (4.05) in 

chickpea cultivar Bakhar 2011 cultivated under well-watered conditions was observed 

with the combined application of farmyard manure and press mud. Chickpea cultivar 

DUSHT grown under water stress at flowering + pod formation + grain filling stage 

produced minimum number of primary branches per plant (3.19). 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different stages significantly affected the number of primary branches 

per plant in Cholistan farm (Table 4.4.3). Chickpea cultivar Bakhar 2011 produced 

significantly higher number of primary branches per plant (3.78) as compared to 

DUSHT (3.53). Well watered conditions produced maximum number of primary 

branches per plant (3.81). Whereas, minimum number of primary branches per plant 

(3.47) was observed under water stress at flowering + pod formation + grain filling 

stage. Interactive effects of chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the number of primary 

branches per plant. Maximum number of primary branches per plant (3.98) in 

chickpea cultivar Bakhar 2011 cultivated under well watered conditions was observed 

with the combined application of farmyard manure and press mud. Chickpea cultivar 

DUSHT grown under water stress at flowering + pod formation + grain filling stage 

produced minimum number of primary branches per plant (3.22). 
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Table 4.4.1: Effect of organic manures on the plant population at completion of germination of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 23.33ns 23.33ns 23.00ns 23.22ns 

23.22ns 

23.33ns 23.33ns 22.67ns 23.11ns 

23.28ns 

FYM 23.00 23.67 23.67 23.44 23.33 23.33 23.00 23.22 

Press mud 23.00 23.00 23.00 23.00 23.33 23.33 23.33 23.33 

FYM + 

Press mud 
23.33 23.33 23.00 23.22 23.33 23.67 23.33 23.44 

DUSHT 

Control 23.33 23.33 23.00 23.22 

23.11 

 

23.33 23.33 23.33 23.33 

23.17 

FYM 23.33 23.33 23.00 23.22 22.67 23.33 22.67 22.89 

Press mud 23.67 22.33 22.67 22.89 23.33 23.67 23.00 23.33 

FYM + 

Press mud 
23.33 22.667 23.33 23.11 22.67 23.33 23.33 23.11 

Drought Levels Mean  23.29ns 23.13 23.08   23.167ns 23.42 23.08   

LSD 0.05p= cultivar n.s and n.s,organic manure n.s  and n.s, drought levels n.s and n.s , organic manure x cultivars x drought levels n.s  and n.s in Bahawalpur and 

Cholistan respectively 

*ns= Non-significant 
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Table 4.4.2: Effect of organic manures on the plant population at maturity of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 21.67ns 21.33ns 20.67ns 21.22ns 

21.61ns 

21.33ns 21.00ns 21.33ns 21.22ns 

21.31ns 

FYM 22.33 22.00 21.67 22.00 21.67 21.67 21.67 21.67 

Press mud 22.00 21.00 21.00 21.33 21.33 21.00 20.67 21.00 

FYM + 

Press mud 
21.67 22.33 21.67 21.89 21.67 21.67 20.67 21.33 

DUSHT 

Control 22.00 21.33 20.67 21.33 

 

21.44 

 

21.33 20.67 21.33 21.11 

 

21.42 

FYM 21.33 21.33 21.00 21.22 21.67 21.67 21.67 21.67 

Press mud 21.33 21.00 21.67 21.33 21.67 21.33 22.00 21.67 

FYM + 

Press mud 
21.67 22.33 21.67 21.89 21.00 21.67 21.00 21.22 

Drought levels Mean  21.75ns 21.58 21.25   21.46ns 21.33 21.29   

LSD 0.05p= cultivar n.s and n.s, organic manure n.s  and n.s, drought levels n.s and n.s , organic manure x cultivars x drought levels n.s  and n.s in Bahawalpur and 

Cholistan respectively 

*ns= Non-significant 
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Figure 4.4.1a: Effect of organic manures on crop growth rate (g m-2 day-1) on chickpea genotypes in Bahawalpur 

Whereas, D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS= days after sowing 
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Figure 4.4.1b: Effect of organic manures on crop growth rate (g m-2 day-1) on chickpea genotypes in Cholistan 

Whereas, D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS= days after sowing 
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Figure 4.4.2a: Effect of organic manures on relative growth rate (g g-1 day-1) on chickpea genotypes in Bahawalpur 

Whereas, D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS= days after sowing 
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Figure 4.4.2b: Effect of organic manures on relative growth rate (g g-1 day-1) on chickpea genotypes in Cholistan 

Whereas, D1= well watered, D2= Drought at flowering+ pod formation + grain filling stage, D3= Drought at flowering stage, DAS= days after sowing 
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Table 4.4.3: Effect of organic manures on number of primary branches per plant of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 3.88ad 3.57fg 3.79bf 3.75A 

3.80A 

3.78be 3.53gj 3.76bf 3.69BC 

3.78A 

FYM 3.96ab 3.63df 3.85ae 3.81A 3.89ac 3.62ei 3.87ac 3.79A 

Press mud 3.93ab 3.61ef 3.81af 3.7856A 3.87ac 3.60fi 3.85ad 3.77AB 

FYM + 

Press mud 
4.05a 3.64cf 3.89ac 3.86A 3.98a 3.65eh 3.92ab 3.85A 

DUSHT 

Control 3.64cf 3.19h 3.29h 3.37B 

3.42B 

 

 

3.68dg 3.22l 3.46ik 3.45E 

3.53B 

 

FYM 3.73bf 3.27h 3.32gh 3.44B 3.76bf 3.40jk 3.52 gj 3.56D 

Press mud 3.71bf 3.20h 3.29h 3.40B 3.73cf 3.32kl 3.49hk 3.52DE 

FYM + 

Press mud 
3.76bf 3.31h 3.36gh 3.47B 3.78be 3.45ik 3.55gj 3.59CD 

Drought Levels Mean  3.84 A 3.43C 3.58B   3.81A 3.47C 3.68B   

LSD 0.05p= cultivar 0.0712 and0.0501 ,cultivar x organic manure 0.1425 and0.1003 , drought levels 0.0873 and 0.0614 , organic manure x cultivars x drought 

levels 0.2468  and 0.1736 in Bahawalpur and Cholistan respectively 
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4.4.6 Number of Secondary Branches 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different stages significantly affected the number of secondary 

branches per plant in Bahawalpur (Table 4.4.4). Chickpea cultivar Bakhar 2011 

produced significantly higher number of secondary branches per plant (9.30) as 

compared to DUSHT (8.32). The well watered conditions produced maximum 

number of secondary branches per plant (9.47). Whereas, minimum number of 

secondary branches per plant (8.06) was observed under water stress at flowering + 

pod formation + grain filling stage. Similarly, interaction among chickpea cultivars, 

water stress at different growth stages and application of organic manures 

significantly affected the number of secondary branches per plant. Maximum number 

of secondary branches per plant (10.23) in chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions was observed with the combined application of 

farmyard manure and press mud. Chickpea cultivar DUSHT grown under water stress 

at flowering + pod formation + grain filling stage produced minimum number of 

secondary branches per plant (7.13). 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different stages significantly affected the number of secondary 

branches per plant in Cholistan farm (Table 4.4.4). Chickpea cultivar Bakhar 2011 

produced significantly higher number of secondary branches per plant (9.05) as 

compared to DUSHT (8.49). The well watered conditions produced maximum 

number of secondary branches per plant (9.49). Whereas, minimum number of 

secondary branches per plant (7.94) was observed under water stress at flowering + 

pod formation + grain filling stage. Interactive effects of chickpea cultivars, water 

stress at different growth stages and application of organic manures significantly 

affected the number of secondary branches per plant. Maximum number of secondary 

branches per plant (9.98) in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions was observed with the combined application of farmyard manure 

and press mud. Chickpea cultivar DUSHT grown under water stress at flowering + 

pod formation + grain filling stage produced minimum number of secondary branches 

per plant (7.09). 
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Table 4.4.4: Effect of organic manures on number of secondary branches per plant of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 9.27df 8.33jk 8.95fi 8.85C 

9.30A 

9.44bd 7.99kl 8.87fi 8.77CD 

9.05A 

FYM 9.94ac 8.64gk 9.36cf 9.31B 9.87ab 8.37jk 9.16dg 9.13AB 

Press mud 9.99ab 8.53hk 9.59be 9.37AB 9.75ac 8.3300jk 8.97ei 9.02BC 

FYM + 

Press mud 
10.23a 8.91fj 9.84ad 9.66A 9.98a 8.61ij 9.28df 9.29A 

DUSHT 

Control 8.96fi 7.13o 8.14km 8.08E 

8.32B 

9.11dh 7.09n 8.55 ij 8.25 F 

8.49B 

 

FYM 9.08eh 7.73ln 8.28kl 8.37DE 9.21dg 7.79lm 8.69 hj 8.56DE 

Press mud 9.07eh 7.52no 8.41ik 8.33DE 9.20dg 7.48mn 8.61ij 8.43 EF 

FYM + 

Press mud 
9.18eg 7.67mo 8.67gk 8.51D 9.38ce 7.87lm 8.83gi 8.70D 

Drought Levels Mean  9.47A 8.06C 8.91B   9.49A 7.94C 8.87B   

LSD 0.05p= cultivar0.1675and0.1269 ,cultivar x organic manure 0.3349 and 0.2539, drought levels0.2051  and  0.1555, organic manure x cultivars x drought 

levels0.5801   and 0.4397 in Bahawalpur and Cholistan respectively. 
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4.4.7 Root Length (cm) 

Comparison of the treatment means showed that chickpea cultivars and water stress at 

different stages had no significant effect on root length in Bahawalpur (Table 4.4.5). 

However, interaction among chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the root length. Maximum 

root length (24.52 cm) in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions was observed with the combined application of farmyard manure 

and press mud. Chickpea cultivar DUSHT grown under water stress at flowering + 

pod formation + grain filling stage produced minimum root length (16.49 cm). 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different stages significantly affected the root length in Cholistan farm 

(Table 4.4.5). Chickpea cultivar Bakhar 2011 produced significantly higher root 

length (19.07 cm) as compared to DUSHT (16.98 cm). Well watered conditions 

produced maximum root length (19.74 cm). Whereas, minimum root length (16.32 

cm) was observed under water stress at flowering + pod formation + grain filling 

stage. Interactive effects of chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the root length. Maximum 

root length (23.80 cm) in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions was observed with the combined application of farmyard manure 

and press mud. Chickpea cultivar DUSHT grown under water stress at flowering + 

pod formation + grain filling stage produced minimum root length (13.57 cm). 

4.4.8 Root Fresh Weight 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the root fresh weight in 

Bahawalpur (Table 4.4.6). Chickpea cultivar Bakhar 2011 produced significantly 

higher root fresh weight (2.05 g) as compared to DUSHT (1.91 g). The well watered 

conditions produced maximum root fresh weight (2.06 g). Whereas, minimum root 

fresh weight (1.87 g) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among chickpea cultivars, water stress at 

different growth stages and application of organic manures significantly affected the 

root fresh weight. Maximum root fresh weight (2.57 g) in chickpea cultivar Bakhar 

2011 cultivated under well watered conditions was observed with the combined 
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application of farmyard manure and press mud. Chickpea cultivar DUSHT grown 

under water stress at flowering + pod formation + grain filling stage produced 

minimum root fresh weight (1.71 g). 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the root fresh weight in 

Cholistan farm (Table 4.4.6). Chickpea cultivar Bakhar 2011 produced significantly 

higher root fresh weight (2.95 g) as compared to DUSHT (2.58 g). Water stress at 

flowering stage produced maximum root fresh weight (2.88 g) which was statistically 

similar to well watered conditions (2.87 g). Whereas, minimum root fresh weight 

(2.55 g) was observed under water stress at flowering + pod formation + grain filling 

stage. Interactive effects of chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the root fresh weight. 

Maximum root fresh weight (3.30 g) in chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions was observed with the combined application of 

farmyard manure and press mud. Chickpea cultivar DUSHT grown under water stress 

at flowering + pod formation + grain filling stage produced minimum root fresh 

weight (2.20 g). 

4.4.9 Root Dry Weight (g) 

Comparison of the treatment means showed that chickpea cultivars and water stress at 

different growth stages had no significant effect on root dry weight in Bahawalpur 

(Table 4.4.7). However, interaction among chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the root dry 

weight. Maximum root dry weight (1.13 g) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage produced minimum root dry 

weight (0.81 g). 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had no significant effect on root dry weight in 

Cholistan farm (Table 4.4.7). Chickpea cultivars cultivated under water stress at 

different growth stages had significant effect on root dry weight. Water stress at 

flowering stage produced maximum root dry weight (1.32 g). Whereas, minimum root 
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dry weight (1.18 g) was observed under water stress at flowering + pod formation + 

grain filling stage. Interactive effects of chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the root dry 

weight. Maximum root dry weight (1.51 g) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage produced minimum root dry 

weight (1.00 g). 

4.4.10 Shoot Length (cm) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the shoot length in 

Bahawalpur (Table 4.4.8). Chickpea cultivar Bakhar 2011 produced significantly 

higher shoot length (36.05 cm) as compared to DUSHT (33.21 cm). The well watered 

conditions produced maximum shoot length (36.53 cm). Whereas, minimum shoot 

length (32.89 cm) was observed under water stress at flowering + pod formation + 

grain filling stage. Similarly, interaction among chickpea cultivars, water stress at 

different growth stages and application of organic manures significantly affected the 

shoot length. Maximum shoot length (43.92 cm) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage produced minimum shoot 

length (29.92 cm). 

Comparison of the treatment means showed that chickpea cultivars and water stress at 

different growth stages had no significant effect on shoot length in Cholistan farm 

(Table 4.4.8). Interactive effects of chickpea cultivars, water stress at different growth 

stages and application of organic manures significantly affected the shoot length. 

Maximum shoot length (38.30 cm) in chickpea cultivar Bakhar 2011 cultivated under 

well watered conditions was observed with the combined application of farmyard 

manure and press mud. Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage produced minimum shoot length 

(29.45 cm). 
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Table 4.4.5: Effect of organic manures on root length (cm) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 18.52bd 17.69cd 18.03 bd 18.08CD 

20.06ns 

17.93bf 16.04df 17.90bf 17.29BC 

19.07A 

FYM 19.19bd 19.84bd 20.58 ad 19.87 BC 21.60 ab 17.64bf 19.54ae 19.59AB 

Press mud 20.21ad 18.77bd 19.75 bd 19.58BD 20.27ad 16.90bf 18.14bf 18.44AB 

FYM + 

Press mud 
24.52a 21.35ac 22.28ab 22.72 A 23.80 a 18.00bf 21.13ac 20.98A 

DUSHT 

Control 17.71cd 16.49d 17.28cd 17.16D 

 

18.88 

 

16.23cf 13.57f 14.07f 14.62C 

16.98B 

 

FYM 18.54bd 18.18bd 19.60 bd 18.78 BD 19.03ae 16.07def 17.10bf 17.40BC 

Press mud 18.26bd 18.64bd 19.65 bd 18.85BD 18.07bf 15.30ef 17.25bf 16.87BC 

FYM + 

Press mud 
21.06ac 20.54ad 20.65ad 20.75 AB 20.97ad 17.02bf 19.07ae 19.02AB 

Drought Levels Mean  19.75ns 18.94 19.73   19.74A 16.32B 18.02AB   

LSD 0.05p= cultivar and1.4251 ,cultivar x organic manure 2.6317 and 2.8503, drought levels  and 1.7454 , organic manure x cultivars x drought levels  

4.5583  and 4.9368 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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Table 4.4.6: Effect of organic manures on root fresh weight (g) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 1.97b 1.82b 1.92b 1.90BC 

2.05A 

2.90ae 2.40df 2.96ae 2.75BC 

2.95A 

FYM 2.13ab 1.91b 2.04b 2.03AC 3.17ab 2.75af 3.12ac 3.01AB 

Press mud 2.14ab 1.90b 2.05b 2.03AB 3.02ad 2.73af 3.01ad 2.92AB 

FYM + 

Press mud 
2.57a 2.01b 2.12b 2.23A 3.30a 2.93ae 3.19ab 3.14A 

DUSHT 

Control 1.81b 1.71b 1.81b 1.77C 

1.91B 

 

2.41df 2.20f 2.48cf 2.36D 

2.58B 

 

FYM 1.95b 1.84b 1.94b 1.91BC 2.72af 2.48df 2.77af 2.66 BD 

Press mud 1.91b 1.84b 1.93b 1.89BC 2.58bf 2.33ef 2.64bf 2.52CD 

FYM + 

Press mud 
2.04b 1.98b 2.11b 2.04AB 2.87ae 2.62bf 2.89ae 2.79AC 

Drought Levels Mean  2.06A 1.87B 1.99AB   2.87A 2.55B 2.88A   

LSD 0.05p= cultivar0.1282 and 0.1833,cultivar x organic manure 0.2563  and 0.3666, drought levels0.1570  and  0.2245, organic manure x cultivars x drought 

levels 0.4440  and  0.6349in Bahawalpur and Cholistan respectively 
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Table 4.4.7: Effect of organic manures on root dry weight (g) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 1.00 ac 0.84bc 0.98ac 0.94AB 

1.02ns 

1.20ad 1.03cd 1.15ad 1.13C 

1.28ns 

FYM 1.12ab 0.95ac 1.06ac 1.04A 1.33ad 1.213ad 1.30ad 1.28AC 

Press mud 1.01ac 0.97ac 1.01ac 0.99AB 1.28ad 1.19ad 1.33ad 1.27AC 

FYM + 

Press mud 
1.13a 1.11ab 1.04ac 1.10A 1.51a 1.410ab 1.43ab 1.45A 

DUSHT 

Control 0.88ac 0.81c 0.93ac 0.87B 

0.96 

 

1.09 bd 1.00d 1.11 bd 1.07C 

1.24 

 

FYM 0.92ac 0.99ac 1.05ac 0.99AB 1.24 ad 1.19ad 1.39ac 1.27AC 

Press mud 0.92 ac 0.92ac 1.02ac 0.95AB 1.20ad 1.15ad 1.34ad 1.23BC 

FYM + 

Press mud 
1.05ac 0.95ac 1.09ac 1.03AB 1.43ab 1.27ad 1.51a 1.40AB 

Drought Levels Mean  1.00 0.94 1.02   1.28AB 1.18B 1.32A   

LSD 0.05p= cultivar n.s and n.s,cultivar x organic manure 0.1654 and0.2159 , drought levels n.s and 0.1322 , organic manure x cultivars x drought levels 0.2865  

and0.3740  in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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Table 4.4.8: Effect of organic manures on shoot length (cm) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 35.04ce 31.29de 32.09de 32.81CD 

36.05 A 

33.77 ad 30.37cd 34.23ad 32.79BC 

34.98ns 

FYM 36.68 bd 34.05ce 35.30be 35.34BC 35.37 ad 34.57ad 36.55ac 35.50AB 

Press mud 40.91ab 32.39 de 35.43be 36.24B 34.87 ad 33.08ad 35.53ad 34.49AC 

FYM + 

Press mud 
43.92a 36.24 bd 39.26ac 39.81A 38.30 a 35.67ad 37.43ab 37.13A 

DUSHT 

Control 31.72de 29.92 e 31.09de 30.91D 

33.21B 

 

30.91 bd 29.45d 31.53ad 30.63C 

33.52 

 

FYM 34.08ce 32.23de 34.48ce 33.60BD 34.24 ad 32.53ad 35.47ad 34.08AC 

Press mud 34.26ce 32.34de 33.29de 33.29BD 33.80 ad 33.53ad 34.98 ad 34.11AC 

FYM + 

Press mud 
35.62be 34.65ce 34.85ce 35.04BC 35.05 ad 34.67ad 36.07ad 35.26AB 

Drought Levels Mean  36.53A 32.89B 34.47 AB   34.54ns 32.98 35.23   

LSD 0.05p= cultivar1.6796 and ,cultivar x organic manure 3.3591  and 3.9217, drought levels 2.0570 and  , organic manure x cultivars x drought levels    

5.8182and6.7926  in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.4.11 Shoot Fresh Weight 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had no significant effect on shoot fresh weight 

in Bahawalpur (Table 4.4.9). Water stress at different growth stages significantly 

affected the shoot fresh weight. The well watered conditions produced maximum 

shoot fresh weight (35.76 g). Whereas, minimum shoot fresh weight (31.76 g) was 

observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the shoot fresh weight. 

Maximum shoot fresh weight (40.31 g) in chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions was observed with the combined application of 

farmyard manure and press mud against the minimum (28.26 g) was observed from 

the same cultivar grown under water stress at flowering + pod formation + grain 

filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the shoot fresh weight in 

Cholistan farm (Table 4.4.9). Chickpea cultivar Bakhar 2011 produced significantly 

higher shoot fresh weight (34.14 g) as compared DUSHT (31.52 g). Water stress at 

flowering stage produced maximum shoot fresh weight (35.14 g). Whereas, minimum 

shoot fresh weight (30.53 g) was observed under water stress at flowering + pod 

formation + grain filling stage. Interactive effects of chickpea cultivars, water stress at 

different growth stages and application of organic manures significantly affected the 

shoot fresh weight. Maximum shoot fresh weight (41.65 g) in chickpea cultivar 

Bakhar 2011 cultivated under well watered conditions was observed with the 

combined application of farmyard manure and press mud. Chickpea cultivar DUSHT 

grown under water stress at flowering + pod formation + grain filling stage produced 

minimum shoot fresh weight (25.35 g). 
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Table 4.4.9: Effect of organic manures on shoot fresh weight (g) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 33.29ad 28.25d 33.96ad 31.834AB 

33.77ns 

31.29ch 26.92gh 29.96dh 29.39CD 

34.14A 

FYM 37.90ab 32.56bd 34.39ad 34.95AB 39.57ab 30.89ch 36.06ae 35.51AB 

Press mud 34.96ad 31.23bd 34.11ad 33.43AB 36.29ad 30.56ch 34.78af 33.88AB 

FYM + 

Press mud 
40.31a 34.16ad 30.05cd 34.84AB 41.65a 35.04af 36.72ad 37.80A 

DUSHT 

Control 32.06bd 29.35cd 31.67bd 31.02B 

 

33.55 

 

28.72eh 25.35h 28.33fh 27.47D 

31.52B 

 

FYM 35.92ac 32.55bd 34.36ad 34.28AB 34.59 af 29.88dh 31.03ch 31.83BC 

Press mud 34.65ad 32.66ad 32.89ad 33.40AB 31.31ch 31.66ch 30.89ch 31.29BD 

FYM + 

Press mud 
37.01ac 33.29ad 36.22ac 35.51A 37.68ac 33.95bg 34.89af 35.51AB 

Drought Levels Mean  35.76A 31.76B 33.46AB   35.14A 30.53B 32.83AB   

LSD 0.05p= cultivar and 2.1584,cultivar x organic manure 4.4281 and4.3168,drought levels 2.7116 and 2.6435 , organic manure x cultivars x drought levels 

7.6696  and 7.4768 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.4.12 Shoot Dry Weight 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on shoot dry weight in 

Bahawalpur (Table 4.4.10). Chickpea cultivar Bakhar 2011 produced significantly 

higher shoot dry weight (8.90 g) as compared to DUSHT (8.41 g). Water stress at 

different growth stages significantly affected the shoot dry weight.  The water stress at 

flowering stage produced maximum shoot fresh weight (8.92 g) which was 

statistically similar to well watered conditions (8.75 g). Whereas, minimum shoot dry 

weight (8.29 g) was observed under water stress at flowering + pod formation + grain 

filling stage. Similarly, interaction among chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the shoot dry 

weight. Maximum shoot dry weight (9.86 g) in chickpea cultivar Bakhar 2011 

cultivated under water stress at flowering stage was observed with the combined 

application of farmyard manure and press mud against the minimum (7.63 g) was 

observed from same cultivar grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the shoot dry weight in 

Cholistan farm (Table 4.4.10). Chickpea cultivar Bakhar 2011 produced significantly 

higher shoot dry weight (9.38 g) as compared to DUSHT (8.34 g). Well watered 

conditions produced maximum shoot dry weight (9.45 g). Whereas, minimum shoot 

dry weight (8.39 g) was observed under water stress at flowering + pod formation + 

grain filling stage. Interactive effects of chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the shoot dry 

weight. Maximum shoot dry weight (11.69  g) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar Bakhar 2011 grown under 

water stress at flowering + pod formation + grain filling stage produced minimum 

shoot dry weight (7.70 g). 
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Table 4.4.10: Effect of organic manures on shoot dry weight (g) of chickpea genotypes 

Cultivars Organic 

manure 

Bahawalpur Cholistan 

  Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 8.30bf 7.63f 8.91ae 8.28BC 

8.90A 

8.96ch 7.70i 8.65di 8.44BD 

9.38A 

FYM 9.16ad 8.52bf 9.27ac 8.99AB 11.06ab 8.86ci 9.44ce 9.79A 

Press mud 8.92ae 8.46bf 9.30ac 8.89AB 9.92bc 8.20gi 9.20cg 9.11B 

FYM + 

Press mud 
9.40ab 9.07ad 9.86a 9.44A 11.69a 9.40cf 9.53cd 10.21A 

DUSHT 

Control 7.94df 7.80ef 8.25bf 8.00C 

8.41B 

 

7.78i 7.80hi 7.88hi 7.82D 

8.34B 

FYM 8.77af 8.28bf 8.53bf 8.53BC 8.67di 8.42di 8.47di 8.52BC 

Press mud 8.58bf 8.14cf 8.38bf 8.37BC 8.25fi 8.24i 8.28ei 8.26CD 

FYM + 

Press mud 
8.96ae 8.39bf 8.84af 8.73AB 9.26cg 8.52di 8.50dh 8.76BC 

Drought Levels Mean  8.75A 8.29B 8.92A   9.45A 8.39B 8.75B   

LSD 0.05p= cultivar 0.3606 and 0.3378,cultivar x organic manure 0.7213  and 0.6756, drought levels 0.4417 and  0.4137, organic manure x cultivars x drought 

levels 1.2493  and 1.1702 in Bahawalpur and Cholistan respectively 
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4.4.13 Days to Flowering 

Comparison of the treatment means showed that chickpea cultivars grown under 

moisture deficit at distinctive growth phases had significant impact on days taken to 

flowering in Bahawalpur (Table 4.4.11). Chickpea cultivar Bakhar 2011 takes higher 

number of days to flowering (68.61) as compared to DUSHT (63.97). Moisture deficit 

at distinctive growth phases significantly affected the number of days taken to 

flowering. The well watered conditions takes maximum number of days to flowering 

(67.87) which was statistically similar to water stress at flowering stage (66.46). 

Whereas, minimum number of days taken to flowering (64.54) was observed under 

water stress at flowering + pod formation + grain filling stage. Similarly, interaction 

among chickpea cultivars, water stress at different growth stages and application of 

organic manures significantly affected the number of days taken to flowering. 

Maximum number of days taken to flowering (73.00) in chickpea cultivar Bakhar 

2011 cultivated under water stress at flowering stage was observed with the combined 

application of farmyard manure and press mud against the minimum (59.67) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of days taken 

to flowering in Cholistan farm (Table 4.4.11). Chickpea cultivar Bakhar 2011 takes 

significantly higher number of days to flowering (69.53) as compared to DUSHT 

(66.14). Well watered conditions takes maximum number of days to flowering 

(66.37). Whereas, minimum number of days to flowering (66.00) was observed under 

water stress at flowering + pod formation + grain filling stage. Interactive effects of 

chickpea cultivars, water stress at different growth stages and application of organic 

manures significantly affected the number of days taken to flowering. Maximum 

number of days to flowering (73.67) in chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions was observed with the combined application of farm 

yard manure and press mud. Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage takes minimum number of days to 

flowering (61.67). 
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Table 4.4.11: Effect of organic manures on number of days to flowering of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 68.67ad 65.33cf 65.00cg 66.33 CD 

68.61A 

69.33 ad 64.33df 67.00bf 66.89BD 

69.53A 

FYM 71.00ab 67.67be 69.67ac 69.44AB 72.33ab 68.33ae 71.00ac 70.56AB 

Press mud 69.00ad 66.67bf 67.33be 67.67BC 70.00ad 67.33af 69.00ad 68.78AC 

FYM + 

Press mud 
73.00a 69.00ad 71.00ab 71.00A 73.67a 70.00ad 72.00ab 71.89A 

DUSHT 

Control 63.33eh 59.67h 63.67eh 62.22E 

63.97B 

65.00cf 61.67f 65.00cf 63.89D 

66.14B 

 

FYM 66.33bf 62.00fh 65.00cg 64.44DE 68.67ad 65.33cf 67.33af 67.11BD 

Press mud 64.67dg 60.33gh 64.33dh 63.11E 67.00bf 62.00ef 66.33bf 65.11CD 

FYM + 

Press mud 
67.00be 65.67cf 65.67cf 66.11CD 69.00ad 69.00ad 67.33af 68.44AC 

Drought Levels Mean  67.87A 64.54B 66.46A   69.37A 66.00B 68.13AB   

LSD 0.05p= cultivar 1.4357 and1.9090 ,cultivar x organic manure  2.8715 and 3.8180, drought levels1.7584  and  2.3381, organic manure x cultivars x drought 

levels 4.9736  and6.6131  in Bahawalpur and Cholistan respectively 
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4.4.14 Days to Pod Formation 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on number of days taken 

to pod formation in Bahawalpur (Table 4.4.12). Chickpea cultivar Bakhar 2011 takes 

higher number of days to pod formation (87.17) as compared to DUSHT (83.03). 

Water stress at different growth stages significantly affected the number of days taken 

to pod formation. Well watered conditions takes maximum number of days to pod 

formation (86.83). Whereas, minimum number of days taken to pod formation (83.54) 

was observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the number of days taken to 

pod formation. Maximum number of days taken to pod formation (93.00) in chickpea 

cultivar Bakhar 2011 cultivated under water stress at flowering stage was observed 

with the combined application of farmyard manure and press mud against the 

minimum (79.00) was observed from DUSHT grown under water stress at flowering 

+ pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of days taken 

to pod formation in Cholistan farm (Table 4.4.12). Chickpea cultivar Bakhar 2011 

takes significantly higher number of days to pod formation (87.69) as compared to 

DUSHT (85.08). The well watered conditions takes maximum number of days to pod 

formation (88.63). Whereas, minimum number of days to pod formation (84.37) was 

observed under water stress at flowering+ pod formation + grain filling stage. 

Interactive effects of chickpea cultivars, water stress at different growth stages and 

application of organic manures significantly affected the number of days taken to pod 

formation. Maximum number of days to pod formation (92.33) in chickpea cultivar 

Bakhar 2011 cultivated under well watered conditions was observed with the 

combined application of farm yard manure and press mud. Chickpea cultivar DUSHT 

grown under water stress at flowering + pod formation + grain filling stage takes 

minimum number of days to pod formation (80.67). 
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Table 4.4.12: Effect of organic manures on number of days to pod formation of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 88.00ad 82.67dg 85.67cf 85.44BD 

87.17A 

88.67ae 83.33ef 84.33df 85.44BD 

87.69A 

FYM 91.667ab 84.00cg 87.33be 87.67AB 91.00ab 85.33bf 88.33ae 88.22AB 

Press mud 89.00ac 83.33dg 86.33bf 86.22BC 90.33ac 84.67cf 87.00ae 87.33AC 

FYM + 

Press mud 
93.00a 87.00be 88.00ad 89.33A 92.33a 87.67ae 89.33ad 89.78A 

DUSHT 

Control 82.67dg 79.00g 81.33fg 81.00E 

83.03B 

 

85.67bf 80.67f 83.00ef 83.11D 

85.08B 

FYM 84.33cg 83.33dg 83.00dg 83.56CE 87.33ae 84.00df 86.67ae 86.00BD 

Press mud 82.67dg 82.33eg 82.33eg 82.44DE 85.67bf 83.33ef 83.67df 84.22CD 

FYM + 

Press mud 
83.33dg 86.67bf 85.33cf 85.11BD 88.00ae 86.00bf 87.00ae 87.00AC 

Drought Levels Mean  86.83A 83.54B 84.92B   88.63A 84.37B 86.17B   

LSD 0.05p= cultivar 1.5442and 1.6743,cultivar x organic manure 3.0884 and3.3487 , drought levels1.8913  and 2.0506 , organic manure x cultivars x drought 

levels  5.3493 and 5.8001 in Bahawalpur and Cholistan respectively 
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4.4.15 Days to Grain Filling 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had no significant effect on number of days 

taken to grain filling in Bahawalpur (Table 4.4.13). Water stress at different growth 

stages significantly affected the number of days taken to grain filling. Well watered 

conditions takes maximum number of days to grain filling (105.08). Whereas, 

minimum number of days taken to grain filling (100.67) was observed under water 

stress at flowering + pod formation + grain filling stage. Similarly interaction among 

chickpea cultivars, water stress at different growth stages and application of organic 

manures significantly affected the number of days taken to grain filling. Maximum 

number of days taken to grain filling (109.00) in chickpea cultivar Bakhar 2011 

cultivated under water stress at flowering stage was observed with the combined 

application of farmyard manure and press mud against the minimum (96.00) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of days taken 

to grain filling in Cholistan farm (Table 4.4.13). Chickpea cultivar Bakhar 2011 takes 

significantly higher number of days to grain filling (106.92) as compared to DUSHT 

(103.08). The well watered conditions takes maximum number of days to grain filling 

(107.58) which was statistically similar to water stress at flowering stage (105.21). 

Whereas, minimum number of days to grain filling (102.21) was observed under 

water stress at flowering + pod formation + grain filling stage. Interactive effects of 

chickpea cultivars, water stress at different growth stages and application of organic 

manures significantly affected the number of days taken to grain filling. Maximum 

number of days to grain filling (113.33) in chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions was observed with the combined application of farm 

yard manure and press mud. Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage takes minimum number of days to 

grain filling (95.67). 
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Table 4.4.13: Effect of organic manures on number of days to grain filling of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 104.00ad 98.67cd 101.67ad 101.44BC 

103.67ns 

106.67ag 100.33fh 105.00bg 104.00BC 

106.92A 

FYM 107.0ab 102.33ad 103.33ad 104.22AB 110.00ac 105.33bg 108.00af 107.78AB 

Press mud 105.33ac 100.00bd 102.67ad 102.67AC 109.33ad 102.00dh 105.67ag 105.67BC 

FYM + 

Press mud 
109.0a 104.67ac 105.33ac 106.33A 113.33a 106.67ag 110.67ab 110.22A 

DUSHT 

Control 101.00ad 96.00d 100.33bd 99.11C 

101.86 

 

 

102.67ch 95.67h 99.33gh 99.22D 

103.08B 

 

FYM 104.67ac 99.67bd 102.00ad 102.11AC 106.67ag 101.33eh 104.33bg 104.11BC 

Press mud 103.33ad 100.00bd 101.00ad 101.44BC 103.67bg 99.67gh 101.67dh 101.67CD 

FYM + 

Press mud 
106.33ac 104.00ad 104.00ad 104.78AB 108.33ae 106.67ag 107.00ag 107.33AB 

Drought Levels Mean  105.08 A 100.67B 102.54AB   107.58A 102.21B 105.21A   

LSD 0.05p= cultivar 2.8684 and 2.2338 , cultivar x organic manure 4.6840 and4.4675 , drought levels 2.7358 and 4.4675, organic manure x cultivars x drought 

levels 8.1129  and  7.7379 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.4.16 Days to Harvesting 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on number of days taken 

to harvesting in Bahawalpur (Table 4.4.14). Chickpea cultivar Bakhar 2011 takes 

significantly higher number of days to harvesting (127.36) as compared to DUSHT 

(124.58). Water stress at different growth stages significantly affected the number of 

days taken to harvesting. The well watered conditions takes maximum number of 

days to harvesting (127.92) which was statistically similar to water stress at flowering 

stage (126.33). Whereas, minimum number of days taken to harvesting (123.67) was 

observed under water stress at flowering + pod formation + grain filling stage. 

Similarly, interaction among chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the number of days taken to 

harvesting. Maximum number of days taken to harvesting (131.67) in chickpea 

cultivar Bakhar 2011 cultivated under water stress at flowering stage was observed 

with the combined application of farmyard manure and press mud against the 

minimum (118.33) was observed from DUSHT grown under water stress at flowering 

+ pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of days taken 

to harvesting in Cholistan farm (Table 4.4.14). Chickpea cultivar Bakhar 2011 takes 

significantly higher number of days to harvesting (130.07) as compared to DUSHT 

(127.57). Well watered conditions takes maximum number of days to harvesting 

(131.40). Whereas, minimum number of days to harvesting (126.27) was observed 

under water stress at flowering + pod formation + grain filling stage. Interactive 

effects of chickpea cultivars, water stress at different growth stages and application of 

organic manures significantly affected the number of days taken to harvesting. 

Maximum number of days to harvesting (135.32) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage takes minimum number of 

days to harvesting (121.70). 
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Table 4.4.14: Effect of organic manures on number of days to harvesting of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 127.33ae 122.67df 124.33 bf 124.78BD 

127.36A 

130.67ad 124.61df 126.07cf 127.12BC 

130.07A 

FYM 130.33ab 126.00ae 127.00ae 127.78AB 133.76ab 128.34af 130.31ae 130.80AB 

Press mud 129.33ac 126.00ae 126.00ae 127.11AC 132.70ac 127.74bf 127.37bf 129.27AB 

FYM + 

Press mud 
131.67a 128.67ad 129.00ac 129.78A 135.32a 131.34ad 132.56ac 133.07A 

DUSHT 

Control 123.67cf 118.33f 124.67 be 122.22D 

124.58B 

127.07bf 121.70f 124.07df 124.28C 

127.57B 

FYM 126.00ae 122.00ef 126.00 ae 124.67BD 129.64ae 125.53cf 129.57ae 128.25BC 

Press mud 126.00ae 121.33ef 124.67 be 124.00CD 129.52ae 122.95ef 128.02af 126.83BC 

FYM + 

Press mud 
129.00ac 124.33bf 129.00 ac 127.44AC 132.50ac 127.94af 132.37ac 130.94AB 

Drought Levels Mean  127.92A 123.67B 126.33A   131.40A 126.27B 128.79AB   

LSD 0.05p= cultivar 1.7476and 2.1870,cultivar x organic manure 3.4952 and4.3740 , drought levels 2.1404 and 2.6785 , organic manure x cultivars x drought 

levels6.0539   and7.5759  in Bahawalpur and Cholistan respectively 
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4.4.17 Number of Pods per Plant 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had no significant effect on number of pods per 

plant in Bahawalpur (Table 4.4.15). Water stress at different growth stages 

significantly affected the number of pods per plant. Well watered conditions produced 

maximum number of pods per plant (27.93) which was statistically similar to water 

stress at flowering stage (27.65). Whereas, minimum number of pods per plant 

(25.14) was observed under water stress at flowering + pod formation + grain filling 

stage. Similarly, interaction among chickpea cultivars, water stress at different growth 

stages and application of organic manures significantly affected the number of pods 

per plant. Maximum number of pods per plant (30.53) in chickpea cultivar Bakhar 

2011 cultivated under well watered conditions was observed with the combined 

application of farmyard manure and press mud against the minimum (23.77) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of pods per 

plant in Cholistan farm (Table 4.4.15). Chickpea cultivar Bakhar 2011 produced 

significantly higher number of pods per plant (27.75) as compared to DUSHT (26.11). 

The well watered conditions produced maximum number of pods per plant (29.25). 

Whereas, minimum number of pods per plant (24.27) was observed under water stress 

at flowering + pod formation + grain filling stage. Interactive effects of chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the number of pods per plant. Maximum number of pods per 

plant (31.50) in chickpea cultivar Bakhar 2011 cultivated under well watered 

conditions was observed with the combined application of farmyard manure and press 

mud. Chickpea cultivar DUSHT grown under water stress at flowering + pod 

formation + grain filling stage produced minimum number of pods per plant (21.83). 
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Table 4.4.15: Effect of organic manures on number of pods per plant of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 27.12ae 23.96de 26.96ae 26.01AB 

27.45ns 

28.12ae 23.27eg 25.68bg 25.69BC 

27.75A 

FYM 29.20ac 24.76be 29.07ac 27.68AB 30.17ab 25.76bg 28.41ad 28.11AB 

Press mud 28.84ac 24.48ce 28.70ad 27.34AB 29.51ac 25.14cg 27.97ae 27.54AB 

FYM + 

Press mud 
30.53a 26.21ae 29.53ab 28.76A 31.50a 27.28af 30.20ab 29.66A 

DUSHT 

Control 25.95ae 23.77e 25.44be 25.05B 

 

26.36 

 

26.62ag 21.83g 23.90dg 24.12C 

26.11B 

FYM 27.13ae 25.61be 27.02ae 26.59AB 29.05ac 23.43eg 27.22af 26.57BC 

Press mud 26.50ae 25.39be 26.37ae 26.09AB 28.56ad 22.73fg 26.23bg 25.84BC 

FYM + 

Press mud 
28.14ae 26.933ae 28.10ae 27.72AB 30.51ab 24.71cg 28.57ad 27.933AB 

Drought Levels Mean  27.93A 25.14B 27.65A   29.25A 24.27C 27.27B   

LSD 0.05p= cultivar and 1.4282,cultivar x organic manure 2.7791  and 2.8563, drought levels 1.7018 and 1.7491 , organic manure x cultivars x drought levels  

4.8135 and  4.9473in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.4.18 Number of Grains Per Pod 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on number of grains per 

pod in Bahawalpur (Table 4.4.16). Chickpea cultivar Bakhar 2011 produced 

significantly higher number of grains per pod (1.68) as compared to DUSHT (1.51). 

Water stress at different growth stages significantly affected the number of grains per 

pod. Well watered conditions produced maximum number of grains per pod (1.66) 

which was statistically similar to water stress at flowering stage (1.63). Whereas, 

minimum number of grains per pod (1.49) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the number of grains per pod. Maximum number of grains per 

pod (1.85) in chickpea cultivar Bakhar 2011 cultivated under well watered conditions 

was observed with the combined application of farmyard manure and press mud 

against the minimum (1.34) was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the number of grains per 

pod in Cholistan farm (Table 4.4.16). Chickpea cultivar Bakhar 2011 produced 

significantly higher number of grains per pod (1.75) as compared to DUSHT (1.60). 

Well watered conditions produced maximum number of grains per pod (1.79). 

Whereas, minimum number of grains per pod (1.51) was observed under water stress 

at flowering + pod formation + grain filling stage. Interactive effects of chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the number of grains per pod. Maximum number of grains per 

pod (1.92) in chickpea cultivar Bakhar 2011 cultivated under well watered conditions 

was observed with the combined application of farm yard manure and press mud. 

Chickpea cultivar DUSHT grown under water stress at flowering + pod formation + 

grain filling stage produced minimum number of grains per pod (1.32). 
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Table 4.4.16: Effect of organic manures on number of grains per pod of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 1.67ad 1.54cf 1.64ae 1.62BC 

1.68A 

1.77ac 1.47eg 1.69bd 1.65CD 

1.75A 

FYM 1.74ac 1.59be 1.71ad 1.68AB 1.84ab 1.67bd 1.81ac 1.77AB 

Press mud 1.67ad 1.56cf 1.66ad 1.63BC 1.81ac 1.66bd 1.75ac 1.74AC 

FYM + 

Press mud 
1.85a 1.65ad 1.82ab 1.77A 1.92a 1.73bd 1.83ac 1.83A 

DUSHT 

Control 1.56cf 1.34f 1.50df 1.46D 

1.51B 

1.66bd 1.32g 1.56df 1.51E 

1.60B 

 

FYM 1.58ce 1.41ef 1.56cf 1.52CD 1.78ac 1.40fg 1.69bd 1.62D 

Press mud 1.51cf 1.34f 1.54cf 1.47D 1.72bd 1.37g 1.65ce 1.58DE 

FYM + 

Press mud 
1.69ad 1.48df 1.59be 1.59BD 1.83ac 1.43fg 1.77ac 1.68BD 

Drought Levels Mean  1.66 A 1.49B 1.63A   1.79A 1.51C 1.72B   

LSD 0.05p= cultivar 0.0682 and 0.0533,cultivar x organic manure0.1364  and 0.1066, drought levels  0.0836 and 0.0653 , organic manure x cultivars x drought  

levels  0.2363 and 0.1847 in Bahawalpur and Cholistan respectively 
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4.4.19 Pod Weight (g) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on pod weight in 

Bahawalpur (Table 4.4.17). Chickpea cultivar Bakhar 2011 produced significantly 

higher pod weight (0.48 g) as compared to DUSHT (0.41 g). Water stress at different 

growth stages significantly affected the pod weight. Well watered conditions 

produced maximum pod weight (0.49 g) which was statistically similar to water stress 

at flowering stage (0.46 g). Whereas, minimum pod weight (0.39 g) was observed 

under water stress at flowering + pod formation + grain filling stage. Similarly 

interaction among chickpea cultivars, water stress at different growth stages and 

application of organic manures significantly affected the pod weight. Maximum pod 

weight (0.58 g) in chickpea cultivar Bakhar 2011 cultivated under well watered 

conditions was observed with the combined application of farmyard manure and press 

mud against the minimum (0.33 g) was observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the pod weight in 

Cholistan farm (Table 4.4.17). Chickpea cultivar Bakhar 2011 produced significantly 

higher pod weight (0.50 g) as compared to DUSHT (0.44 g). The well watered 

conditions produced maximum pod weight (0.52 g). Whereas, minimum pod weight 

(0.39 g) was observed under water stress at flowering + pod formation + grain filling 

stage. Interactive effects of chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the pod weight. Maximum 

pod weight (0.60 g) in chickpea cultivar Bakhar 2011 cultivated under well watered 

conditions was observed with the combined application of farmyard manure and press 

mud. Chickpea cultivar DUSHT grown under water stress at flowering + pod 

formation + grain filling stage produced minimum pod weight (0.31 g). 
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Table 4.4.17: Effect of organic manures on pod weight (g) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar x 

Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 0.49ae 0.39fi 0.50ac 0.46BC 

0.48A 

0.51ae 0.37hj 0.48bg 0.45CD 

0.50A 

 

FYM 0.53ab 0.42ci 0.41ae 0.48AB 0.55ac 0.45di 0.53ae 0.51AB 

Press mud 0.49ad 0.40ei 0.50ac 0.46BC 0.52ae 0.44ei 0.50be 0.49BC 

FYM + 

Press mud 
0.58a 0.47bf 0.52ab 0.52A 0.60a 0.49bf 0.55ac 0.55A 

DUSHT 

Control 0.42ci 0.33i 0.39fi 0.38E 

0.41B 

0.46ch 0.31j 0.39fj 0.39E 

0.44B 

 

FYM 0.45bf 0.36gi 0.43ch 0.41CE 0.51ae 0.36ij 0.47bg 0.45CD 

Press mud 0.43ch 0.36hi 0.42ci 0.40DE 0.48bf 0.34j 0.46ch 0.43DE 

FYM + 

Press mud 
0.49ac 0.40di 0.45bg 0.45BD 0.56ab 0.38gj 0.54ad 0.50AC 

Drought Levels Mean  0.49A 0.39B 0.46A   0.52A 0.39C 0.49B   

LSD 0.05p= cultivar 0.0265 and0.0271 ,cultivar x organic manure 0.0530 and  0.0543, drought levels  0.0325 and  0.0332, organic manure x cultivars x drought 

levels 0.0918  and0.0940   in Bahawalpur and Cholistan respectively 
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4.4.20 100 Grain Weight (g) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on 100 grain weight in 

Bahawalpur (Table 4.4.18). Chickpea cultivar Bakhar 2011 produced significantly 

higher100 grain weight (194.72 g) as compared to DUSHT (188.30 g). Water stress at 

different growth stages significantly affected the 100 grain weight. The well watered 

conditions produced maximum 100 grain weight (203.60 g). Whereas, minimum 100 

grain weight (179.37 g) was observed under water stress at flowering + pod formation 

+ grain filling stage. Similarly, interaction among chickpea cultivars, water stress at 

different growth stages and application of organic manures significantly affected the 

100 grain weight. Maximum 100 grain weight (211.94 g) in chickpea cultivar Bakhar 

2011 cultivated under well watered conditions was observed with the combined 

application of farmyard manure and press mud against the minimum (169.16 g) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the 100 grain weight in 

Cholistan farm (Table 4.4.18). Chickpea cultivar Bakhar 2011 produced significantly 

higher 100 grain weight (200.75 g) as compared to DUSHT (188.65 g). Well watered 

conditions produced maximum 100 grain weight (209.66 g). Whereas, minimum 100 

grain weight (178.33 g) was observed under water stress at flowering+ pod formation 

+ grain filling stage. Interactive effects of chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the 100 grain 

weight. Maximum 100 grain weight (218.61 g) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage produced minimum 100 grain 

weight (165.83 g). 
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Table 4.4.18: Effect of organic manures on hundred grains weight (g) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 204.18ad 179.84fi 188.85dh 190.96BC 

194.72A 

209.18ac 173.17jk 195.51ch 192.62CD 

200.75 A 

 

FYM 206.84ac 181.34fi 192.84bf 193.67AC 217.37 a 184.68fj 207.38ad 203.14AB 

Press mud 206.73ac 181.34fi 190.62cg 192.90AC 212.47ab 183.00gj 205.12ae 200.20AC 

FYM + 

Press mud 
211.94a 184.09ei 208.06ab 201.37 A 218.61 a 190.76ei 211.73ac 207.03A 

DUSHT 

Control 187.28eh 169.16i 173.06hi 176.50 D 

188.30B 

198.40bg 165.83k 172.72jk 178.98E 

188.65B 

 

FYM 205.97ac 178.24fi 192.87bf 192.36AC 206.85ae 174.91ik 191.53dh 191.10CD 

Press mud 198.83ae 175.07gi 186.17eh 186.69C 203.43ae 172.41jk 185.17fj 187.00DE 

FYM + 

Press mud 
207.03ac 185.89eh 200.04ae 197.65AB 210.95ac 181.89hk 199.70bf 197.51BC 

Drought Levels Mean  203.60A 179.37C 191.56B   209.66A 178.33C 196.11B   

LSD 0.05p= cultivar 4.8066 and4.7039 ,cultivar x organic manure 9.6131  and 9.4079, drought levels5.8868  and  5.7611, organic manure x cultivars x drought 

 levels  16.650 and 16.295 in Bahawalpur and Cholistan respectively 
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4.21    Biological Yield (kg ha-1)  

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on biological yield in 

Bahawalpur (Table 4.4.19). Chickpea cultivar Bakhar 2011 produced significantly 

higher biological yield (5575.7 kg ha-1) as compared to DUSHT (5008.4 kg ha-1). 

Water stress at different growth stages significantly affected the biological yield. Well 

watered conditions produced maximum biological yield (5674.2 kg ha-1) which was 

statistically similar to water stress at flowering stage (5513.8 kg ha-1). Whereas, 

minimum biological yield (4488.2 kg ha-1) was observed under water stress at 

flowering + pod formation + grain filling stage. Similarly, interaction among chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the biological yield. Maximum biological yield (6370.3 kg ha-1) 

in chickpea cultivar Bakhar 2011 cultivated under well watered conditions was 

observed with the combined application of farmyard manure and press mud against 

the minimum (4114.4 kg ha-1) was observed from DUSHT grown under water stress 

at flowering + pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the biological yield in 

Cholistan farm (Table 4.4.19). Chickpea cultivar Bakhar 2011 produced significantly 

higher biological yield (5463.3 kg ha-1) as compared to DUSHT (5022.3 kg ha-1). The 

well watered conditions produced maximum biological yield (5907.6 kg ha-1). 

Whereas, minimum biological yield (4417.4 kg ha-1) was observed under water stress 

at flowering + pod formation + grain filling stage. Interactive effects of chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the biological yield. Maximum biological yield (6636.9 kg ha-1) 

in chickpea cultivar Bakhar 2011 cultivated under well watered conditions was 

observed with the combined application of farmyard manure and press mud. Chickpea 

cultivar DUSHT grown under water stress at flowering + pod formation + grain filling 

stage produced minimum biological yield (3547.7 kg ha-1). 
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Table 4.4.19: Effect of organic manures on biological yield (kg ha-1) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 5569.8ae 4476.1df 5808.6ad 5284.8AC 

5575.7A 

5569.8af 4176.1hj 4975.3ci 4907.1CD 

5463.3A 

FYM 6096.5ab 4770.0bf 5791.7ad 5552.8AB 6229.8ab 4836.7di 5891.7ad 5652.8AB 

Press mud 5919.9ac 4398.9ef 5999.0ac 5439.3AC 5919.9ad 4498.9fj 5532.3af 5317.0BC 

FYM + 

Press mud 
6370.3a 5412.7af 6294.7a 6025.9A 6636.9a 5312.7bh 5978.9ac 5976.2A 

DUSHT 

Control 5271.4af 4114.4f 4680.7cf 4688.9C 

5008.4B 

 

 

5171.4bi 3547.7j 4314.1gj 4344.4D 

5022.3B 

 

FYM 5245.0af 4515.2df 5119.0af 4959.7BC 5811.6ad 4248.6hj 5419.0bg 5159.7BC 

Press mud 5278.2af 4648.8cf 5078.3af 5001.8BC 5744.9ae 4048.8ij 5278.3bh 5024.0BC 

FYM + 

Press mud 
5642.6ae 5169.4af 5338.2af 5383.4AC 6175.9ab 4669.4ej 5838.2ad 5561.2AC 

Drought Levels Mean  5674.2A 4688.2B 5513.8A   5907.6A 4417.4C 5403.5B   

LSD 0.05p= cultivar 392.39and 328.62,cultivar x organic manure 784.78 and657.24 , drought levels480.58  and 402.48 , organic manure x cultivars x drought 

levels 1359.3  and 1138.4 in Bahawalpur and Cholistan respectively 
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4.4.22 Grain Yield (kg ha-1) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on grain yield in 

Bahawalpur (Table 4.4.20). Chickpea cultivar Bakhar 2011 produced significantly 

higher grain yield (1753.9 kg ha-1) as compared to DUSHT (1570.4 kg ha-1). Water 

stress at different growth stages significantly affected the grain yield. Well watered 

conditions produced maximum grain yield (1796.3 kg ha-1) which was statistically 

similar to water stress at flowering stage (1741.6). Whereas, minimum grain yield 

(1448.6 kg ha-1) was observed under water stress at flowering+ pod formation + grain 

filling stage. Similarly, interaction among chickpea cultivars, water stress at different 

growth stages and application of organic manures significantly affected the grain 

yield. Maximum grain yield (2094.7 kg ha-1) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud against the minimum (1291.4 kg ha-1) was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the grain yield in 

Cholistan farm (Table 4.4.20). Chickpea cultivar Bakhar 2011 produced significantly 

higher grain yield (1686.5 kg ha-1) as compared to DUSHT (1530.2 kg ha-1). The 

well-watered conditions produced maximum grain yield (1834.0 kg ha-1). Whereas, 

minimum grain yield (1342.7 kg ha-1) was observed under water stress at flowering + 

pod formation + grain filling stage. Interactive effects of chickpea cultivars, water 

stress at different growth stages and application of organic manures significantly 

affected the grain yield. Maximum grain yield (2133.6 kg ha-1) in chickpea cultivar 

Bakhar 2011 cultivated under well watered conditions was observed with the 

combined application of farmyard manure and press mud. Chickpea cultivar DUSHT 

grown under water stress at flowering + pod formation + grain filling stage produced 

minimum grain yield (1036.8 kg ha-1). 
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Table 4.4.20: Effect of organic manures on grain yield (kg ha-1) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ pod 

formation + 

grain filling 

stage 

Drought 

at 

flowering 

stage 

Cultivar x 

Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 1756.4af 1361.3gh 1825.5ae 1647.7B 

1753.9A 

 

1717.3bg 1230.2ik 1525.6dj 1491.0C 

1686.5A 

 

FYM 1965.0ac 1434.7fh 1839.9ae 1746.5AB 1945.4ac 1504.2ej 1795.9ae 1748.5AB 

Press mud 1865.9ad 1366.5gh 1885.3ad 1705.9AB 1828.5ae 1380.4gj 1657.1bg 1622.0BC 

FYM + 

Press mud 

2094.7a 1639.6bh 2012.5ab 1915.6A 2133.6a 1662.9bg 1857.4ad 1884.6A 

DUSHT 

Control 1542.5dh 1291.4h 1435.5fh 1423.1C 

1570.4B 

1570.9di 1036.8k 1270.5hk 1292.7D 

1530.2B 

 

FYM 1683.0bg 1429.6fh 1630.8ch 1581.1BC 1788.3be 1302.0hk 1652.4bg 1580.9BC 

Press mud 1648.2bh 1465.0eh 1579.1dh 1564.1BC 1732.3bf 1204.2jk 1608.5ch 1515.0C 

FYM + 

Press mud 

1815.0ae 1601.0ch 1724.0ag 1713.3AB 1955.8ab 1421.2fj 1819.1ae 1732.1AB 

Drought Levels Mean  1796.3A 1448.6B 1741.6A   1834.0A 1342.7C 1648.3B   

LSD 0.05p= cultivar108. and99.115 ,cultivar x organic manure 217.43 and 198.23, drought levels  133.15and121.39  , organic manure x cultivars x drought levels  376.60 

and343.35  in Bahawalpur and Cholistan respectively 
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4.4.23 Harvest Index (%) 

Comparison of the treatment means showed that chickpea cultivars and water stress at 

different growth stages had no significant effect on harvest index in Bahawalpur 

(Table 4.4.21). However, interaction among chickpea cultivars, water stress at 

different growth stages and application of organic manures significantly affected the 

harvest index. Maximum harvest index (32.86%) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud against the minimum (29.37%) was observed from 

DUSHT cultivar grown under well watered conditions. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had no significant effect on harvest index in 

Cholistan farm (Table 4.4.21). Water stress at different growth significantly affected 

the harvest index. Well watered conditions produced maximum harvest index 

(31.40%). Whereas, minimum harvest index (30.32%) was observed under water 

stress at flowering + pod formation + grain filling stage. Interactive effects of 

chickpea cultivars, water stress at different growth stages and application of organic 

manures significantly affected the harvest index. Maximum harvest index (32.11%) in 

chickpea cultivar Bakhar 2011 cultivated under well-watered conditions was observed 

with the combined application of farmyard manure and press mud. Chickpea cultivar 

DUSHT grown under water stress at flowering + pod formation + grain filling stage 

produced minimum harvest index (29.29%). 
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Table 4.4.21: Effect of organic manures on harvest index (%) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 31.62ac 30.47bc 31.62ac 31.24ns 

31.44ns 

30.86af 29.47fg 30.68ag 30.34BD 

30.83ns 

FYM 32.18ab 30.07bc 31.80ab 31.35 31.46ac 31.03ae 30.47bg 30.99AC 

Press mud 31.55ac 31.04ac 31.65ac 31.41 30.90af 30.69ag 29.94cg 30.51BD 

FYM + 

Press mud 
32.86 a 30.49bc 31.94ab 31.76 32.11a 31.29ad 31.09ad 31.50A 

DUSHT 

Control 29.37c 31.74ab 30.91ac 30.67 

31.46 

 

 

30.37bg 29.29g 29.52eg 29.73D 

30.39 

 

FYM 32.22ab 31.60ac 32.15ab 31.99 30.80ag 30.61ag 30.44bg 30.62 AD 

Press mud 31.26ac 31.65ac 31.14ac 31.35 30.15bg 29.75dg 30.45bg 30.12CD 

FYM + 

Press mud 
32.17ab 31.02ac 32.31ab 31.83 31.65ab 30.45bg 31.14ad 31.08AB 

Drought Levels Mean  31.65ns 31.01 31.69   31.40A 30.32B 30.47B   

LSD 0.05p= cultivar and ,cultivar x organic manure   and 0.8980, drought levels  and 0.5499 , organic manure x cultivars x drought levels  2.3305 and 1.5555 in 

Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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4.4.24 Leaf Total Soluble Protein (mg g-1) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on leaf total soluble 

protein in Bahawalpur (Table 4.2.22). Chickpea cultivar Bakhar 2011 produced 

significantly higher leaf total soluble protein (1.058 mg g-1) as compared to DUSHT 

(0.960 mg g-1). Water stress at different growth stages significantly affected the leaf 

total soluble protein. The well watered conditions produced maximum leaf total 

soluble protein (1.030 mg g-1) which was statistically similar to water stress at 

flowering stage (1.040 mg g-1). Whereas, minimum leaf total soluble protein (0.957 

mg g-1) was observed under water stress at flowering + pod formation + grain filling 

stage. Similarly, interaction among chickpea cultivars, water stress at different growth 

stages and application of organic manures significantly affected the leaf total soluble 

protein. Maximum leaf total soluble protein (1.153 mg g-1) in chickpea cultivar 

Bakhar 2011 cultivated under well watered conditions was observed with the 

combined application of farmyard manure and press mud against the minimum (0.823 

mg g-1) was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the leaf total soluble 

protein in Cholistan farm (Table 4.4.22). Chickpea cultivar Bakhar 2011 produced 

significantly higher leaf total soluble protein (1.044 mg g-1) as compared to DUSHT 

(0.967 mg g-1). Well watered conditions produced maximum leaf total soluble protein 

(1.017 mg g-1). Whereas, minimum leaf total soluble protein (0.959 mg g-1) was 

observed under water stress at flowering + pod formation + grain filling stage. 

Interactive effects of chickpea cultivars, water stress at different growth stages and 

application of organic manures significantly affected the leaf total soluble protein. 

Maximum leaf total soluble protein (1.113 mg g-1) in chickpea cultivar Bakhar 2011 

cultivated under well watered conditions was observed with the combined application 

of farmyard manure and press mud. Chickpea cultivar DUSHT grown under water 

stress at flowering + pod formation + grain filling stage produced minimum leaf total 

soluble protein (0.847 mg g-1). 
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Table 4.4.22: Effect of organic manures on leaf total soluble protein (mg g-1) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

Manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 0.993dh 0.910gi 1.010 cg 0.971CD 

1.058A 

1.007af 0.923cg 0.987ag 0.972BD 

1.044A 

FYM 1.130ac 1.020bg 1.113 ad 1.088AB 1.097a 1.037af 1.087ab 1.073A 

Press mud 1.073ae 0.993dh 1.070ae 1.046BC 1.057ad 0.980ag 1.047ae 1.028AC 

FYM + 

Press mud 
1.153a 1.080ae 1.147ab 1.127A 1.113a 1.067ac 1.123a 1.101A 

DUSHT 

Control 0.870hi 0.823i 0.923fi 0.872E 

0.960B 

0.900eg 0.847g 0.940bg 0.896D 

0.967B 

FYM 1.003cg 0.927fi 1.037ag 0.989CD 0.987ag 0.913dg 1.053ad 0.984BC 

Press mud 0.967eh 0.907gi 0.963eh 0.946DE 0.947bg 0.893fg 1.000af 0.947CD 

FYM + 

Press mud 
1.047af 1.000    ch 1.060 ae 1.036BC 1.030  af 1.013  af 1.083  ab 1.042  AB 

Drought Levels Mean  1.030A 0.957   B 1.040  A   1.017  A 0.959   B 1.040  A   

LSD 0.05p= cultivar0.0377 and0.0424 ,cultivar x organic manure0.0754  and0.0847 , drought levels 0.0461 and 0.0519 , organic manure x cultivars x drought levels 

0.1305  and 0.1467 in Bahawalpur and Cholistan respectively 
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4.4.25 Superoxide Dismutase (SOD) (IU min-1mg-1 Protein) 

SOD is unique metalloenzymes that constitute the line of defense against ROS. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on superoxide dismutase 

in Bahawalpur (Table 4.4.23). Chickpea cultivar Bakhar 2011 produced significantly 

higher superoxide dismutase (118.66 IU min-1mg-1 protein) as compared to DUSHT 

(111.89 IU min-1mg-1 protein). Water stress at different growth stages significantly 

affected the superoxide dismutase. Water stress at flowering + pod formation + grain 

filling stage produced maximum superoxide dismutase (199.37 IU min-1mg-1 protein). 

Whereas, minimum superoxide dismutase (72.86 IU min-1mg-1 protein) was observed 

under well watered conditions. Similarly, interaction among chickpea cultivars, water 

stress at different growth stages and application of organic manures significantly 

affected the superoxide dismutase. Maximum superoxide dismutase (222.49 IU min-

1mg-1 protein) in chickpea cultivar Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage was observed against the minimum 

(69.40 IU min-1mg-1 protein) was observed from DUSHT grown underwater stress at 

flowering stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the superoxide dismutase 

in Cholistan farm (Table 4.4.23). Chickpea cultivar Bakhar 2011 produced 

significantly higher superoxide dismutase (112.06 IU min-1mg-1 protein) as compared 

to DUSHT (103.08 IU min-1mg-1 protein). The water stress at flowering + pod 

formation + grain filling stage produced maximum superoxide dismutase (183.81 IU 

min-1mg-1 protein). Whereas, minimum superoxide dismutase (67.85 IU min-1mg-1 

protein) was observed under well watered conditions. Interactive effects of chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the superoxide dismutase. Maximum superoxide dismutase 

(207.19 IU min-1mg-1 protein) in chickpea cultivar Bakhar 2011 cultivated under 

water stress at flowering + pod formation + grain filling stage was observed. Chickpea 

cultivar DUSHT grown under well watered conditions produced minimum superoxide 

dismutase (59.55 IU min-1mg-1 protein). 
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Table 4.4.23: Effect of organic manures on superoxide dismutase (IU min-1mg-1 protein) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 75.72e 222.49a 76.33e 124.85A 

118.66A 

64.86de 207.19a 70.62de 114.22 A 

112.06A 

FYM 75.14e 206.55b 77.16e 119.61AB 73.57de 185.49bc 75.47de 111.51AB 

Press mud 72.14e 203.94bc 73.15e 116.41BC 68.19de 194.91ab 70.78de 111.29AB 

FYM + 

Press mud 
70.35e 196.73bd 74.27e 113.78BC 75.07de 179.30bc 79.33d 111.23AB 

DUSHT 

Control 73.23e 203.65bc 72.60e 116.49 BC 

 

111.89B 

59.55e 184.29bc 60.25e 101.36C 

103.08B 

 

FYM 74.07e 187.47d 72.53e 111.36C 66.65de 172.28c 69.72de 102.88 BC 

Press mud 71.46e 183.65d 73.46e 109.52C 62.95e 176.12c 68.61de 102.56BC 

FYM + 

Press mud 
70.75e 190.47cd 69.40e 110.21C 71.98de 170.88c 73.74de 105.53AC 

Drought Levels Mean  72.86 B 199.37A 73.61B   67.85B 183.81A 71.06B   

LSD 0.05p= cultivar 4.1109and 4.6285,cultivar x organic manure 8.2218 and9.2570 , drought levels 5.0348 and 5.6687 , organic manure x cultivars x drought levels  

14.241 and 16.034 in Bahawalpur and Cholistan respectively 
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4.4.26 Peroxidase (POD) (IU min-1 mg-1 protein) 

POD is any of a group of enzymes that catalyze the oxidation of a compound by the 

decomposition of hydrogen peroxide or an organic peroxide. Comparison of the 

treatment means showed that chickpea cultivars grown under water stress at different 

growth stages had significant effect on peroxidase in Bahawalpur (Table 4.4.24). 

Chickpea cultivar Bakhar 2011 produced significantly higher peroxidase (10.13 IU 

min-1 mg-1 protein) as compared to DUSHT (9.63 IU min-1 mg-1 protein). Water stress 

at different growth stages significantly affected the peroxidase. The water stress at 

flowering + pod formation + grain filling stage produced maximum peroxidase (16.51 

IU min-1 mg-1 protein). Whereas, minimum peroxidase (6.54 IU min-1 mg-1 protein) 

was observed under well watered conditions. Similarly, interaction among chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the peroxidase. Maximum peroxidase (19.84 IU min-1 mg-1 

protein) in chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + 

pod formation + grain filling stage was observed against the minimum (6.11 IU min-1 

mg-1 protein) was observed from DUSHT grown under water stress at flowering stage 

with combined application of farmyard manure and press mud. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the peroxidase in 

Cholistan farm (Table 4.4.24). Chickpea cultivar Bakhar 2011 produced significantly 

higher peroxidase (10.70 IU min-1 mg-1 protein) as compared to DUSHT (9.51 IU 

min-1 mg-1 protein). The water stress at flowering + pod formation + grain filling stage 

produced maximum peroxidase (17.34 IU min-1 mg-1 protein). Whereas, minimum 

peroxidase (6.46 IU min-1 mg-1 protein) was observed under water stress at flowering 

stage. Interactive effects of chickpea cultivars, water stress at different growth stages 

and application of organic manures significantly affected the peroxidase. Maximum 

peroxidase (22.44 IU min-1 mg-1 protein) in chickpea cultivar Bakhar 2011 cultivated 

under water stress at flowering + pod formation + grain filling stage was observed. 

Chickpea cultivar DUSHT grown under well watered conditions produced minimum 

peroxidase(6.15 IU min-1 mg-1 protein). 

 

 

 

https://www.collinsdictionary.com/dictionary/english/enzyme
https://www.collinsdictionary.com/dictionary/english/catalyse
https://www.collinsdictionary.com/dictionary/english/oxidation
https://www.collinsdictionary.com/dictionary/english/hydrogen
https://www.collinsdictionary.com/dictionary/english/peroxide
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Table 4.4.24: Effect of organic manures on peroxidase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 6.91c 19.84a 6.93c 0.70A 

10.13A 

7.28 e 22.44a 7.04e 12.25A 

10.70A 

FYM 6.80c 15.67b 6.87c 9.78BC 6.56e 18.08b 6.70e 10.45B 

Press mud 6.80c 16.17b 6.71c 9.89BC 6.45e 17.86bc 6.52e 10.28BC 

FYM + 

Press mud 
6.73c 15.48b 6.69c 9.63BC 6.48e 16.63bc 6.37e 9.83BC 

DUSHT 

Control 6.40c 18.94a 6.45c 10.59AB 

9.63A 

6.15e 18.17b 6.38e 10.23BC 

9.51B 

FYM 6.27c 15.05b 6.37c 9.23C 6.34e 15.92bd 6.20e 9.49BC 

Press mud 6.29c 16.11b 6.44c 9.61BC 6.38e 15.53cd 6.35e 9.42BC 

FYM + 

Press mud 
6.11c 14.86b 6.32c 9.10C 6.45e 14.10d 6.12e 8.89C 

Drought Levels Mean  6.54B 16.51A 6.60B   6.51B 17.34A 6.46B   

LSD 0.05p= cultivar 0.5737and0.7021 ,cultivar x organic manure 1.1473   and1.4043 , drought levels 0.7026 and 0.8600 , organic manure x cultivars x drought 

levels 1.9873  and 2.4323 in Bahawalpur and Cholistan respectively 
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4.4.27 Catalase (CAT) (IU min-1 mg-1 protein) 

Catalase is a common enzyme found in nearly all living organisms exposed to 

oxygen. It catalyzes the decomposition of hydrogen peroxide to water and oxygen. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on catalase in Bahawalpur 

(Table 4.4.25). Chickpea cultivar Bakhar 2011 produced significantly higher catalase 

(59.30 IU min-1 mg-1 protein) as compared to DUSHT (55.53 IU min-1 mg-1 protein). 

Water stress at different growth stages significantly affected the catalase. Water stress 

at flowering + pod formation + grain filling stage produced maximum catalase (90.90 

IU min-1 mg-1 protein). Whereas, minimum catalase (39.84 IU min-1 mg-1 protein) was 

observed under well watered conditions. Similarly, interaction among chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the catalase. Maximum catalase (97.32 IU min-1 mg-1 protein) in 

chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage was observed against the minimum (36.84 IU min-1 

mg-1 protein) was observed from DUSHT grown under water stress at flowering stage 

with combined application of farmyard manure and press mud. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the catalase in Cholistan 

farm (Table 4.4.25). Chickpea cultivar Bakhar 2011 produced significantly higher 

catalase (58.00 IU min-1 mg-1 protein) as compared to DUSHT (52.97 IU min-1 mg-1 

protein). Water stress at flowering + pod formation + grain filling stage produced 

maximum catalase (90.16 IU min-1 mg-1 protein). Whereas, minimum catalase (36.68 

IU min-1 mg-1 protein) was observed under well watered conditions. Interactive effects 

of chickpea cultivars, water stress at different growth stages and application of 

organic manures significantly affected the catalase. Maximum catalase (104.47 IU 

min-1 mg-1 protein) in chickpea cultivar Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage was observed. Chickpea cultivar 

DUSHT grown under well watered conditions produced minimum catalase (31.22 IU 

min-1 mg-1 protein). 

https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Catalyst
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Oxygen
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Table 4.4.25: Effect of organic manures on catalase (IU min-1 mg-1 protein) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 43.79ef 97.32a 43.82ef 61.64A 

59.30A 

34.08ef 104.47a 38.15df 58.90A 

58.00A 

FYM 41.96ef 95.89ab 41.33ef 59.73AB 39.16df 90.51bc 42.83de 57.502A 

Press mud 40.52ef 92.76ac 41.99ef 58.43AC 36.48df 95.48ab 40.52df 57.50A 

FYM + 

Press mud 
40.37ef 91.91ac 39.95ef 57.41AD 42.07de 87.94bc 44.35d 58.12A 

DUSHT 

Control 38.82ef 92.82ac 45.52e 59.06AB 

55.53B 

31.22f 97.15ab 33.03ef 53.80AB 

52.97B 

 

FYM 39.53ef 87.94bd 40.64ef 56.04BD 37.23df 83.13c 38.95df 53.10AB 

Press mud 37.02f 85.32cd 39.92ef 54.09CD 34.53df 80.65c 37.80df 50.99B 

FYM + 

Press mud 
36.68f 83.25d 38.84ef 52.92D 38.66df 81.93c 41.42de 54.00AB 

Drought Levels Mean  39.84B 90.90A 41.50B   36.68B 90.16A 39.63B   

LSD 0.05p= cultivar 2.4222and 2.9171,cultivar x organic manure 4.8445  and 5.8342, drought levels 2.9666 and3.5727  , organic manure x cultivars x drought 

levels  8.3909 and  10.105in Bahawalpur and Cholistan respectively 



 278 

4.4.28 Ascorbic aCid (m. mole g-1) 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on ascorbic acid in 

Bahawalpur (Table 4.4.26). Chickpea cultivar Bakhar 2011 produced significantly 

higher ascorbic acid (64.36 m. mole g-1) as compared to DUSHT (59.26 m. mole g-1). 

Water stress at different growth stages significantly affected the ascorbic acid. Water 

stress at flowering + pod formation + grain filling stage produced maximum ascorbic 

acid (69.23 m. mole g-1). Whereas, minimum ascorbic acid (58.03 m. mole g-1) was 

observed under well watered conditions. Similarly, interaction among chickpea 

cultivars, water stress at different growth stages and application of organic manures 

significantly affected the ascorbic acid. Maximum ascorbic acid (75.82 m. mole g-1) 

in chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage was observed against the minimum (55.68 m. mole g-1) 

was observed from DUSHT grown under water stress at flowering stage with 

combined application of farmyard manure and press mud. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the ascorbic acid in 

Cholistan farm (Table 4.4.26). Chickpea cultivar Bakhar 2011 produced significantly 

higher ascorbic acid (64.04 m. mole g-1) as compared to DUSHT (59.42 m. mole g-1). 

The water stress at flowering + pod formation + grain filling stage produced 

maximum ascorbic acid (70.70 m. mole g-1). Whereas, minimum ascorbic acid (55.54 

m. mole g-1) was observed under well watered conditions. Interactive effects of 

chickpea cultivars, water stress at different growth stages and application of organic 

manures significantly affected the ascorbic acid. Maximum ascorbic acid (79.82 m. 

mole g-1) in chickpea cultivar Bakhar 2011 cultivated under water stress at flowering 

+ pod formation + grain filling stage was observed. Chickpea cultivar Bakhar 2011 

grown under well watered conditions produced minimum ascorbic acid (53.40 m. 

mole g-1)
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Table 4.4.26: Effect of organic manures on ascorbic acid (m. mole g-1) of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure  

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 61.15cf 75.82a 61.60cf 66.19A 

64.36A 

57.45fh 79.82a 63.39dh 66.89A 

64.04A 

FYM 59.48df 71.83ab 60.59cf 63.97AB 54.90gh 74.11ac 61.66eh 63.55AB 

Press mud 60.15cf 72.49ab 60.53cf 64.39AB 55.38gh 75.99ab 61.15eh 64.17AB 

FYM + 

Press mud 
58.85df 70.79ab 59.00df 62.88AC 53.40h 72.73ad 58.54fh 61.56AC 

DUSHT 

Control 56.50f 67.79ac 57.13ef 60.47BC 

59.26B 

57.91fh 69.57be 58.87fh 62.12AC 

59.42B 

 

FYM 55.79f 65.38bd 55.67f 58.95C 54.73gh 64.12cg 56.31fh 58.39BC 

Press mud 56.64f 64.87be 55.94f 59.15C 55.98gh 66.21bf 57.51fh 59.90BC 

FYM + 

Press mud 
55.68f 64.87be 54.82f 58.46C 54.56gh 63.03dh 54.23gh 57.27C 

Drought Levels Mean  58.03B 69.23A 58.16B   55.54B 70.70A 58.96B   

LSD 0.05p= cultivar 2.3465and2.8928 ,cultivar x organic manure 4.6930 and5.7856 , drought levels 2.8739 and  3.5430, organic manure x cultivars x drought  

levels  8.1285 and 10.021 in Bahawalpur and Cholistan respectively 
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4.4.29 Leaf K+ Contents 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages had significant effect on leaf K+ contents in 

Bahawalpur (Table 4.4.27). Chickpea cultivar Bakhar 2011 produced significantly 

higher leaf K+ contents (53.45) as compared to DUSHT (49.17). Water stress at 

different growth stages had no significant effect on leaf K+ contents.  However, 

interaction among chickpea cultivars, water stress at different growth stages and 

application of organic manures significantly affected the leaf K+ contents. Maximum 

leaf K+ contents (59.58) in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions was observed with the combined application of farmyard manure 

and press mud against the minimum (42.77) was observed from DUSHT grown under 

water stress at flowering + pod formation + grain filling stage. 

Comparison of the treatment means showed that chickpea cultivars grown under 

water stress at different growth stages significantly affected the leaf K+ contents in 

Cholistan farm (Table 4.4.27). Chickpea cultivar Bakhar 2011 produced significantly 

higher leaf K+ contents (48.55) as compared to DUSHT (44.41). The well watered 

conditions produced maximum leaf K+ contents (47.75). Whereas, minimum leaf K+ 

contents (44.62) was observed under water stress at flowering + pod formation + grain 

filling stage. Interactive effects of chickpea cultivars, water stress at different growth 

stages and application of organic manures significantly affected the leaf K+ contents. 

Maximum leaf K+ contents (54.24) in chickpea cultivar Bakhar 2011 cultivated under 

well watered conditions was observed with the combined application of farmyard 

manure and press mud. Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage produced minimum leaf K+ contents 

(37.77). 
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Table 4.4.27: Effect of organic manures on leaf K+ contents of chickpea genotypes 

Cultivars 
Organic 

manure 

Bahawalpur Cholistan 

Drought Levels Days After Blooming 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Organic 

manure 

Mean 

Cultivar 

Mean 

Well 

watered 

Drought at 

flowering+ 

pod formation 

+ grain filling 

stage 

Drought at 

flowering 

stage 

Cultivar 

x Organic 

manure 

Mean 

Cultivar 

Mean 

Bakhar 

2011 

Control 48.27 ac 45.41bc 50.23ac 47.97CD 

53.45A 

44.47di 41.74fi 43.71ei 43.31 DE 

48.55A 

FYM 58.18 a 52.44ac 55.94ab 55.52AB 52.48ac 48.13ag 50.92ae 50.510AB 

Press mud 53.900 ac 49.48ac 52.55ac 51.97AC 49.26af 44.14ei 48.13ag 47.18BD 

FYM + 

Press mud 
59.58a 56.55ab 58.83a 58.32A 54.24a 52.11ad 53.27ab 53.21A 

DUSHT 

Control 45.37bc 42.77c 46.003bc 44.72D 

49.17B 

40.24hi 37.77i 41.93fi 39.98E 

44.41B 

 

FYM 50.81ac 49.07ac 51.953ac 50.61BD 46.40bh 44.31ei 45.29ci 45.33CD 

Press mud 49.49ac 45.76bc 48.140ac 47.79CD 44.20ei 40.99gi 43.42ei 42.87DE 

FYM + 

Press mud 
56.09ab 51.13ac 53.497ac 53.57AC 50.71ae 47.750ah 49.85ae 49.44AC 

Drought Levels Mean  52.71ns 49.08 52.14   47.75A 44.62B 47.07AB   

LSD 0.05p= cultivar 3.4408and 2.2471,cultivar x organic manure 6.8815  and 4.4941, drought levels  and 2.7521 , organic manure x cultivars x drought levels  

11.919 and 7.7841 in Bahawalpur and Cholistan respectively 

*ns= Non-significant 
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Discussion 

Moisture stress is one the main factors adversely affecting the chickpea growth and 

productivity by reducing the uptake of water and nutrients. When plants are subjected 

to water deficit conditions show lot of morpho-physiological and biochemical changes 

(Reddy and Raghavendra, 2006). In present investigation it was observed that 

chickpea growth parameters such as crop growth and relative growth rate significantly 

reduced under water stress conditions imposed at flowering + pod formation + grain 

filling stage. However, organic amendment improves the growth attributes both under 

water stress and well-watered conditions. Maximum growth attributes were recorded 

from Bakhar 2011 with the integrated use of farmyard manure and press mud. Our 

results depicted positive influence of organic manure on the crop and relative growth 

rate and number of branches of both chickpea genotypes cultivated under moisture 

deficit situation. This encouraging effect of chickpea to the application of farmyard 

manure and press mud under moisture deficit confirms the vital role of organic 

manure treatment for growth supplementation in water stress circumstances (Boru et 

al., 2017). Organic manures during the process of decomposition incorporated micro 

and macronutrients into the soil and improve the soils moisture retention and nutrient 

supply potentials and offer favorable soil conditions to improve the nutrient use 

efficiency (Armin et al., 2016). 

Early growth of chickpea plants are particularly sensitive to moisture stress due to 

which medium and severe water stress considerably reduced the length and dry matter 

production of the root and shoot (Acosta-Motos et al., 2017). This reduction in root 

and shoot length and fresh and dry weight under moisture stress is correlated with 

high levels of cell death and lipid peroxidation along with the addition of reactive 

oxygen species (Klein, 2012). Combined application of farmyard manure and press 

mud significantly improved the root and shoot length and dry matter accumulation. 

These positive results with the application of farmyard manure and press mud might 

be due to the influence of organic manures on soil aeration and aggregation and 

improving the water holding capacity and provide decent environmental situations for 

the root system of chickpea plants which ultimately enhance the shoot growth under 

stress condition (Ibrahim and Fadni, 2013). These findings are also confirming the 

outcomes of earlier researchers they observed a reduced soil bulk density with the 
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application of press mud that enhance the root development, soil aeration and water 

retention (Khan, 2011; Ghulam et al., 2012; Kavatagi and Lakshman, 2014). 

Drought might have prompted early flowering and pod formation, which also ensued 

in early maturity. Results regarding water stress at flowering + pod formation + grain 

filling stage showed that days taken to complete flowering, pod formation, grain 

filling and maturity reduced as compared to well watered conditions at both locations 

(Sinai et al., 2007). This decline in days to harvesting might be a mechanism of plants 

to escape water stress (Sinai et al., 2007). As the accessibility of sufficient moisture to 

roots improved the growth and development of the plants and delayed the maturity 

(Kamkar et al., 2011).  Organic manures plays substantial role in encouraging 

vegetative growth before the start of flowering by providing adequate amount of 

essential nutrients and moisture and improved the process of photosynthesis, which 

prolonged the vegetative growth thus deferring the plant maturity under moisture 

deficit conditions (Teshome et al., 2011; Boru et al., 2017). 

Water stress restricted the chickpea productivity by reducing the plant growth, canopy 

structure as indicated by leaf senescence, photosynthesis, chlorophyll contents that 

ultimately produced lower photosynthetic and inefficient remobilization of the 

photoassimilates from source to pods that resulted in short and shriveled grains 

resulted lower productivity (Sankar et al., 2007). In present study it was observed that 

water stress at flowering + pod formation + grain filling stage significantly reduced 

the number of pods per plant, grains per pod, pod weight and 100 grain weight that 

ultimately reduced the biological and grain yield in the drought-sensitive cultivar 

(DUSHT) than in the resistant one (Bakhar 2011) which might have been due to their 

distinction responses to moisture stress (Zhang et al., 2014). Influence of reduced 

irrigation on the productivity of chickpea might be due to the poorer accessibility of 

appropriate moisture in rhizosphere and the lesser absorption of essential nutrients 

(Teshome et al., 2011). Moreover, reduction in yield components due to disturbing 

the plant water relations, fewer and uneconomical nutrients uptake, reduced leaf 

photosynthesis, dry matter partitioning, less accumulation of photo-assimilates and its 

remobilization from source to sink, resulted in shriveled pods, which ultimately 

reduced the final productivity (Maheshbabu et al., 2008; Farooq et al., 2008; Shao et 

al., 2008; Farooq et al., 2009). Combined application of farmyard manure and press 

mud significantly improved the yield and yield contributing attributes both under well 
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watered and moisture stress conditions. The increase in the chickpea productivity 

under moisture stress conditions might be due to the positive impact of organic 

manures to encourage microbial activity, soil aeration and improving water holding 

capacity, improve nutrient accessibility and enhance plant photosynthesis (Shah et al., 

2006). Furthermore, it appears that application of organic manures to the soil not only 

improves the nutrients accessibility directly, but also acts as a slow-release fertilizer 

to provide macro and micronutrients to the crop plants steadily (Agbede et al., 

2008). Similarly, higher harvest index with the combined use of farmyard manure and 

press mud also proposed that these organic manures improve the soil fertility by 

providing essential nutrients in accessible form for plant uptake for optimum growth 

and productivity (Boru et al., 2017). 

Water stress adversely affects the photosynthetic apparatus and reduced the 

photosynthetic efficiency of chickpea plants due to interruption of the balance 

between the production of ROS and the antioxidant defense triggering accumulation 

of ROS that stimulates the oxidative stress to membrane lipids, proteins and other 

cellular components (Shen et al., 2010; Salekjalali et al., 2012). Plants have evolved 

several molecular and physiological means to handle with negative influence of 

moisture stress (Chen and Murtaza, 2011). Therefore, plants have developed 

antioxidant defense systems to protect themselves from ROS. Antioxidant protection 

system plays an imperative role in plant’s response to stress situations (Young et al., 

2007). Under stress condition, antioxidant enzymes (SOD, POX, CAT and ascorbic 

acid) protect the cells from ROS and they were found maximum in tolerant genotypes. 

In current investigation the antioxidant activities increase in both chickpea genotypes 

under water stress condition at both locations. Organic manures were applied under 

well watered and water stress at flowering + pod formation + grain filling stage and it 

was observed that maximum concentration of antioxidant enzymes were obtained 

from chickpea genotype Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage. Earlier studies in accordance with our outcomes and 

they were concluded the application of organic manures significantly improved the 

antioxidant enzymes (Oliveira et al., 2013; Vinha et al., 2014). Similarly, 

Mohammadkhani and Sharifi (2016) also observed that antioxidant enzymes 

improved under moisture stress conditions in wheat. Definitely, the higher antioxidant 

activities under moisture stress is a defensive mechanism, in plant, against ROS, 
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causing detoxification and decomposition of hydrogen peroxide produced by the cells 

and it averts the breakdown of plant proteins (Ariano et al., 2005). 

Moisture stress reduced significantly leaf K+ contents, by contrast, combined 

application of farmyard manure and press mud significantly improved the K+ contents 

both under well watered and water stress at flowering + pod formation + grain filling 

stage. The decline in transpiration rate due to moisture stress situations reduced the 

water mass flow into the soil, prohibiting the potassium uptake by plants. The 

promising influence of organic manures, particularly farmyard manure might be due 

to their potential to stimulate microbial activity, improve nutrient accessibility and 

increase the process of photosynthesis. Potassium plays an essential role in plant 

metabolism, exclusively where moisture deficit is the principal concern. Potassium 

stimulates various enzymes involved in plant growth and plays a fundamental role in 

stomatal movements and protein synthesis (Malvi, 2011). Hence, it is sensible that 

improved nutrient uptake by using organic manures, particularly press mud and 

farmyard manure has been measured as a realistic attitude for increasing moisture 

stress resistance in chickpea. 
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Chapter 5 

5.1 SUMMARY 

A set of four experiments was conducted to evaluate the antioxidant status and their 

enhancements strategies for drought tolerance in Chickpea under agro-ecological 

conditions of Arid Zone Research Institute, Bahawalpur (29.3871 °N, 71.653 °E) and 

Cholistan farm near Derawer (28.19 °N, 71.80 °E) of Southern Punjab during Rabi 

2013-14 and 2014-15. Three experiments were conducted during Rabi 2014-15 to 

employ strategies for enhancements of drought tolerance in chickpea cultivars. All the 

experiments were laid out in a Randomized Complete Block Design with factorial 

arrangement having three replications. The results of each experiment are summarized 

below. 

Experiment No. 1: Screening Studies 

Water stress arises as the accessible moisture in the soil is reduced and atmospheric 

conditions demand the loss of water by transpiration or evaporation due to high 

temperature in the surroundings. A field experiment was conducted to study the 

impact of water stress on physiological traits, biochemical and yield attributes in 

newly approved chickpea genotypes. In this experiment, the five approved chickpea 

cultivars (Thall 2006, DUSHT, Punjab 2008, Bakhar 2011 and AZC 06) were 

cultivated under different water stress conditions (well watered, water deficit at 

flowering stage, water deficit at pod formation stage, water deficit at flowering stage, 

water deficit at flowering + pod formation stage, water deficit at flowering + grain 

filling stage, water deficit at pod formation + grain filling stage and water deficit at 

flowering + pod formation + grain filling stage) to screen out for their drought 

tolerance during Rabi 2013-14. 

Among different chickpea cultivars, Bakhar 2011 followed by Thall 2006 produced 

significantly higher growth contributing attributes both under well watered and water 

stress conditions. While chickpea cultivar DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage produced minimum growth parameters 

at both locations. Interaction between chickpea cultivars and drought stress at various 

growth stages significantly affected the root and shoots length, fresh and dry weight. 

Chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 
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maximum root and shoots length, fresh and dry weight against the minimum was 

observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. Results showed that chickpea cultivar DUSHT and AZC 06 takes 

significantly higher number of days to complete flowering, pod formation, grain 

filling and maturity both under well watered and water stressed conditions. While the 

minimum number of days was observed from Bakhar 2011 cultivated under water 

stress at flowering + grain filling stage. 

Chickpea cultivar Bakhar 2011 produced significantly higher yield contributing traits 

such as branches, number of pods per plant, pod weight and 100-grains weight, which 

ultimately produced higher biological and grain yield both  under well watered and 

water stressed conditions against the minimum was observed from DUSHT grown 

under water stress at flowering + pod formation + grain filling stage. Similarly, 

chickpea cultivar Bakhar 2011 cultivated under well watered condition produced 

maximum leaf K+ contents and leaf total soluble protein against the minimum was 

observed from DUSHT and AZC 06 grown under water stress at flowering + pod 

formation + grain filling stage in Bahawalpur and Cholistan, respectively. However, 

chickpea cultivar Bakhar 2011 cultivated under water stress at flowering + pod 

formation + grain filling stage produced maximum antioxidant enzymes against the 

minimum was observed from DUSHT grown under well watered conditions. 

Experiment No. 2: Foliar Application of Osmoprotectants for 

Drought Tolerance in Chickpea 

The second experiment comprised of two chickpea cultivars (Bakhar 2011 (drought 

tolerance) and DUSHT (drought sensitive), two water stress levels (water deficit at 

flowering + pod formation + grain filling stage and water deficit at flowering stage) 

including control (well watered) and foliar application of osmoprotectants (distilled 

water (Control), glycine betaine 20 ppm and proline 10 uM. The foliar application 

was done at 50% flowering and at 50% pod formation. Results showed that 

exogenous application of glycine betaine on chickpea cultivar Bakhar 2011 cultivated 

under well watered conditions produced significantly higher growth contributing 

attributes. While, chickpea cultivar DUSHT cultivated under water stress at flowering 

+ pod formation + grain filling stage produced minimum growth traits at both 

locations. Furthermore, foliar spray of glycine betaine on Bakhar 2011 cultivated 
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under well watered conditions produced maximum higher root and shoots length, 

fresh and dry weight against the minimum was observed from DUSHT cultivated 

under water stress condition at flowering+ pod formation + grain filling stage. 

Exogenous application of distilled water and proline on DUSHT cultivated under well 

watered conditions takes the maximum number of days to complete flowering, pod 

formation and grain filling against the minimum was observed with the exogenous 

application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering stage in Bahawalpur.  

Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced the maximum number of branches, pods per plant, 

grains per pod , pod weight that eventually increased the biological and grain yield. 

While minimum yield contributing attributes was observed from DUSHT cultivated 

under water stress condition at flowering + pod formation + grain filling stage at both 

locations. Moreover, foliar spray of glycine betaine on Bakhar 2011 cultivated under 

well watered conditions produced significantly higher leaf total soluble protein and 

leaf K+ contents against the minimum was observed from DUSHT cultivated under 

water stress condition at flowering+ pod formation + grain filling stage. However, 

foliar application of glycine betaine on Bakhar 2011 cultivated under water stress at 

flowering + pod formation + grain filling stage produced significantly higher 

antioxidant enzymes. While lower antioxidant enzymes were observed from DUSHT 

cultivated under well-watered conditions at both locations. 

Experiment No. 3: Foliar Application of Nutrients for Drought 

Tolerance in Chickpea 

The third experiment comprised of two chickpea cultivars i.e. Bakhar 2011 (Drought 

tolerance) and DUSHT (drought sensitive), two water stress levels (water deficit at 

flowering + pod formation + grain filling stage and water deficit at flowering stage) 

including control (well watered) and foliar application of nutrients (distilled water, 

KCl 200 ppm, MgCl2, 50 ppm and CaCl2, 10 mM. Foliar application of nutrients was 

done at 50% flowering and at 50% pod formation. Results of the experiment showed 

that exogenous application of potassium chloride on chickpea cultivar Bakhar 2011 

cultivated under well-watered conditions produced maximum growth contributing 

attributes against the minimum was observed from DUSHT cultivated under water 
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stress at flowering+ pod formation + grain filling stage at both locations. Similarly, 

foliar application of potassium chloride on Bakhar 2011 cultivated under well watered 

conditions produced significantly higher root and shoots length, fresh and dry weight 

against the minimum was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. Whereas, foliar spray of potassium 

chloride on Bakhar 2011 cultivated under well watered conditions takes the maximum 

number of days to complete flowering, pod formation, grain filling and harvesting 

against the minimum was observed from DUSHT cultivated under water stress at 

flowering + pod formation + grain filling stage. 

Comparison of the treatment means showed chickpea genotypes, water stress at 

different growth stages and foliar spray of nutrients significantly affected the yield 

contributing parameters at both locations. Exogenous application of potassium 

chloride on Bakhar 2011 cultivated under well watered conditions produced the 

maximum number of branches, pods per plant, grains per pod, pod weight and 100-

grain weight that ultimately increased the biological and grain yield per unit area. 

While minimum contributing traits were observed from DUSHT grown under water 

stress at flowering + pod formation + grain filling stage. Moreover, exogenous 

application of potassium chloride on Bakhar 2011 cultivated under well watered 

conditions produced maximum leaf total soluble protein and K+ contents against the 

minimum was observed from DUSHT grown under water stress at flowering + pod 

formation + grain filling stage. However, foliar spray of potassium chloride on Bakhar 

2011 cultivated under stress at flowering + pod formation + grain filling stage 

produced maximum antioxidant enzymes against the minimum was observed from 

DUSHT grown under well watered conditions. 

Experiment No. 4: Application of Organic Manure for Drought 

Tolerance in Chickpea 

The fourth experiment comprised of two chickpea cultivars i.e. Bakhar 2011 (drought 

tolerance) and DUSHT (drought sensitive), two water stress levels (water deficit at 

flowering + pod formation + grain filling stage and water deficit at flowering stage) 

including control (well watered) and application of organic manures (no organic 

manure, FYM @ 20 tons ha-1, Press mud @ 15 tons ha-1 and FYM + Press mud @ 20 

tons ha-1 + 15 tons ha-1. All organic manures were applied at the time of seedbed 
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preparation. Results of the experiment showed that combined application of farmyard 

manure and press mud significantly improved the crop growth attributes both under 

well watered and water stressed conditions. Maximum root and shoots length, fresh 

and dry weight were observed in chickpea cultivar Bakhar 2011 cultivated under well 

watered conditions with the combined application of farmyard manure and press mud. 

Whereas, chickpea cultivar DUSHT grown under water stress at flowering + pod 

formation + grain filling stage produced minimum root and shoot length, fresh and 

dry weight. Similarly, significantly higher number of days to flowering, pod 

formation, grain filling and harvesting was observed in chickpea cultivar Bakhar 2011 

cultivated under water stress at flowering stage and well watered conditions with the 

combined application of farmyard manure and press mud in Bahawalpur and 

Cholistan, respectively. Chickpea cultivar DUSHT grown under water stress at 

flowering + pod formation + grain filling stage takes minimum number of days to 

flowering, pod formation, grain filling and harvesting. 

The combined application of farmyard manure and press mud significantly improved 

the number of pods per plant, grains per pod, pod weight and 100-grain weight that 

ultimately increased the biological and grain yield of Bakhar 2011 both under well 

watered and water stressed conditions. While minimum yield contributing attributes 

was observed from DUSHT grown under water stress at flowering + pod formation + 

grain filling stage. Furthermore, significantly higher leaf total soluble protein and K+ 

contents in chickpea cultivar Bakhar 2011 cultivated under well watered conditions 

was observed with the combined application of farmyard manure and press mud 

against the minimum was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. However, considerably higher 

antioxidant enzymes activities were observed in chickpea cultivar Bakhar 2011 

cultivated under water stress at flowering + pod formation + grain filling stage against 

minimum was observed from DUSHT grown under water stress at flowering stage. 
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5.2 CONCLUSIONS 

 Among different chickpea cultivars, Bakhar 2011 followed by Thall 2006 

produced significantly higher growth and yield contributing attributes both under 

well watered and water stressed conditions. While chickpea cultivar DUSHT 

cultivated under water stress at flowering + pod formation + grain filling stage 

showed worst performance at both locations. 

 Exogenous application of glycine betaine on Bakhar 2011 cultivated under well 

watered conditions produced the maximum number of branches, pods per plant, 

grains per pod and pod weight, hence increased the final productivity. While 

minimum growth and yield contributing attributes was observed from DUSHT 

cultivated under water stress condition at flowering + pod formation + grain filling 

stage at both locations. 

 Exogenous application of potassium chloride on chickpea cultivar Bakhar 2011 

cultivated under well-watered condition produced maximum growth and yield 

contributing attributes against the minimum was observed from DUSHT 

cultivated under water stress at flowering+ pod formation + grain filling stage. 

 The combined application of farmyard manure and press mud significantly 

improved the number of pods per plant, grains per pod, pod weight and 100-grain 

weight that ultimately increased the biological and grain yield of Bakhar 2011 

both under well watered and water stressed conditions. While minimum yield 

contributing attributes was observed from DUSHT grown under water stress at 

flowering + pod formation + grain filling stage. 

5.3 RECOMMENDATIONS  

Based on the two years of research, the following recommendations are made from 

these studies: 

 Chickpea genotype Bakhar 2011 has the genetic potential for best performance 

under water stress conditions and hence they are recommended as the most 

suitable commercial chickpea cultivars for cultivation under the agro-climatic 

conditions of Bahawalpur. 

 Exogenous application of glycine betaine and potassium chloride mitigates the 

adverse effects of water stress and enhanced tolerance in chickpea and therefore 
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recommended due to higher antioxidant enzyme activity, demonstrating the 

protective measures of plant cells in stress conditions.  

 The combined application of organic manure mitigated the adverse effects of 

water stress as its decomposition incorporated micro and macronutrients into the 

soil. Therefore it is recommended to combined use farmyard manure + press mud 

that leads to improve the soils moisture retention and nutrient supply potentials 

and creates favorable soil conditions with enhanced nutrient use efficiency. 

5.4 Future research needs 

 Research on these lines should be continued in other agro-ecological zones of 

Pakistan to verify and strengthen these findings and to arrive at more 

comprehensive conclusions. 

 Further studies are recommended in this field that would more preferably focus 

on various timing and doses of application of different osmoprotectants and 

nutrients 

 Water stress and exogenously applied potassium chloride and glycine betaine 

alterations in the fertility of pollens and ovule development should constitute the 

basis for futuristic roadmaps. 

 Experiments on natural growth promoters modulated alleviations in adversities of 

water stress should be conducted using multiple genotypes and on multiple 

locations in the future to determine drought alleviation potential of eco-friendly 

biostimulants. 

 There is a dire need to study the impact of other sources of organic manures in 

addition to farmyard manure and press mud to find out their recommended and 

proper use under different agro-climatic conditions of Punjab, Pakistan.  

 Water stress is often accompanied by high temperature stress under field 

conditions. Hence, it is suggested to conduct experiments on combined 

imposition of drought and heat stress in chickpea crop in the future. 

 

 



 293 

REFERENCES 

Abubaker, H.O., A.M.E. Sulieman and H.B. Elamin. 2012. Utilization of 

Schizosaccharomyces pombe for production of ethanol from cane 

molasses.  J. Microbiol. Res. 2: 36-40.  

Acosta-Motos, J.R., M.F. Ortuño, A. Bernal-Vicente, P. Diaz-Vivancos, M.J. 

Sanchez Blanco and J.A. Hernandez. 2017. Plant responses to salt stress: 

adaptive mechanisms. Agron. 7: 18. 

Agbede, T.M., S.O. Ojeniyi and A.J. Adeyemo. 2008. Effect of poultry manure 

on soil physical and chemical properties, growth and grain yield of 

sorghum in southwest, Nigeria. Am.-Eurasian J. Sustain. Agric. 2:72-

77. 

Ahmad, B., M.A. Wahid, R.A. Bugti, M.A. Zahid and A. Shaukal. 2003. Evaluation 

of chickpea germplasm for semi-arid zones of Baluchistan. Int. J. Agric. 

Biol. 5: 113-116. 

Ahmadi, M. and M.J. Bahrani. 2009. Yield and yield components of rapeseed as 

influenced by water stress at different growth stages and nitrogen levels. 

Am.-Eur. J. Agric. Environ. Sci. 5: 755-761. 

Ahmed, M.H., K. M. Geleta, A.Tazeze and E. Andualem. 2017. The Impact of 

improved maize varieties on farm productivity and wellbeing: evidence 

from the East Hararghe Zone of Ethiopia, Development Studies Research. 

4: 9-21. 

Aleman, F., M. Nieves-Cordones, V. Martínez and F. Rubio. 2011. Root K+ 

acquisition in plants: The Arabidopsis thaliana model. Plant Cell Physiol. 

52: 1603-1612. 

Ali, M. Y., L. Krishnamurthy, N. P. Saxena, O. P. Rupela, J. Kumar, and C. 

Johansen. 2002. Scope for genetic manipulation of mineral acquisition in 

chickpea. Plant Soil 245 (1):165-176. 

Ali, M., J. Bakhat and G.D. Khan. 2014 Effect of water deficiency and potassium 

application on plant growth, osmolytes and grain yield of Brassica napus 

L. cultivars. Acta Bot. Croat.73: 299–314. 

Ali, Q., M. Ashraf, M. Shahbaz and H. Humera. 2008. Ameliorating effect of foliar 

applied proline on nutrient uptake in water stressed maize (Zea mays L.) 

plants. Pak. J. Bot. 40(1): 211-219. 

Allakhverdiev, S.I., V.D. Kreslavski and V.V. Klimov. 2007. Heat stress: an 

overview of molecular responses in photosynthesis. Photosynth. Res. 98: 

541-550. 



 294 

Allu, A.D., A.M. Soja, A. Wu, J. Szymanski and S. Balazadeh. 2014. Salt stress and 

senescence: identification of cross-talk regulatory components. J. Exp. 

Bot. 65: 3993–4008. 

Almeselmani, M., P.S. Deshmukh, R.K. Sairam, S.R. Kushwaha and T.P. Singh. 

2006. Protective role of antioxidant enzymes under high temperature 

stress. Plant Sci. 171: 382–388. 

Anjum, S.A., X.Y. Xie, L.C. Wang, M.F. Saleem, C. Man and W. Lei. 2011. 

Morphological, physiological and biochemical responses of plants to 

drought stress. African J. Agric. Res. 6: 2026-2032. 

Annunziata, M.G., M.F. Ciarmiello, P. Woodrow, E.D. Aversana and P. Carillo. 

2019. Spatial and temporal profile of Glycine betaine accumulation in 

plants under abiotic stresses. Front. Plant Sci. 10:1-13. 

Anonymous, 2018. Economic Survey of Pakistan. Ministry of Food and Agriculture, 

Federal Bureau of Statistics Islamabad, Pakistan.Pp.19. 

Anyia, A. O. and H. Herzog. 2004. Genotypic variability in drought performance and 

recovery in cowpea under controlled environment. J. Agron. Crop Sci. 

190:151- 159. 

Apel, K. and H. Hirt. 2004. Reactive oxygen species: Metabolism, oxidative stress, 

and signal transduction. Annu. Rev. Plant Biol. 55: 373-399. 

Araya, T., K. Noguchi and I. Terashima. 2006. Effects of carbohydrate accumulation 

on photosynthesis differ between sink and source leaves of Phaseolus 

vulgaris L. Plant Cell Physiol. 47: 644–652. 

Ariano, S., D. Bartolomeo, X. Cristos and M. Andras. 2005. Antioxidant defenses in 

Olive trees during drought stress: changes in activity of some antioxidant 

enzymes. Func. Plant Biol. 32:45-53. 

Arif, M., M.A. Khan, H. Akbar and S. Ali. 2006. Prospects of wheat as a dual 

purpose crop and its impact on weeds. Pak. J. Weed Sci. Res. 12: 13-17. 

Armin, W., K.A.U Zaman, S.S. Zamil, M.H. Rabin, A.K. Bhadra and F. Khatun. 

2016. Combined effect of organic and inorganic fertilizers on the growth 

and yield of mungbean (Bari Mung 6). Int. J. Sci.Res. Pub. 6: 557-561. 

Asch, F., M. Dingkuhnb, A. Sow and A. Audebert. 2005. Drought induced changes 

in rooting patterns and assimilate partitioning between root and shoot in 

upland rice. Field Crop Res. 3:223-236. 

Ashraf , M. and M.R. Foolad. 2007. Role of glycine betaine and proline in improving 

plant abiotic stress resistance. Environ. Exp. Bot.59: 206-216. 

Awari, V.R., U.S. Dalvi, P.K. Lokhande, V.Y. Pawar, S.N. Mate, R.M. Naik and 

L.B. Mhase. 2017. Physiological and biochemical basis for moisture stress 

tolerance in chickpea under pot study. Int. J. Curr. Microbiol. App. Sci. 6: 

1247-1259. 



 295 

Azam, F., M. Ashraf, M.Y. Ashraf and N. Iqbal. 2005. Effect of exogenous 

application of glycine betaine on capitulum size and achene number of 

sunflower under water stress, Int. J. Biol. Biotechnol. 2: 765–771. 

Bakhsh, A., S.R. Malik, M. Aslam, U. Iqbal and A.M. Haqqani. 2007. Response of 

Chickpea Genotypes to Irrigated and Rain-fed Conditions. Int. J. Agri. 

Biol. 9: 590-593. 

Bakšienė, E., A. Ražukas, J. Repečkienė and J. Titova. 2014. Influence of different 

farming systems on the stability of low productivity soil in Southeast 

Lithuania. Zemdirbyste Agriculture. 101: 115–124. 

Bano, A., F. Ullah and A. Nosheen. 2012. Role of abscisic acid and drought stress on 

the activities of antioxidant enzymes in wheat. Plant Soil Environ. 58: 181-

185. 

Barbera, A.C., C. Maucieri, V. Cavallaro, A. Ioppolo and G. Spagna. 2013. Effects 

of spreading olive mill wastewater on soil properties and crops, a review.  

Agric. Water Manag. 119: 43-53.   

Bardhan, K., V. Kumar, and S. Dhimmsar. 2007. An evaluation of the potentiality of 

exogenous osmoprotectants mitigating water stress on chickpea. J. Agric. 

Sci. 3: 67-74. 

Barry, G.A., G.E. Rayment, A.J. Jeffery and A.M. Price. 2001. Changes in cane soil 

properties from application of sugar mill by products. p. 185-199. In: 

Proceeding Conference of the Australian Society of Sugarcane 

Technology, Mackay, Queensland, Australia. 

Bayu, W., N.F.G. Rethman, P.S. Hammes, P.A. Pieterse, J. Grimbeek and M. Van 

Der Linde. 2005. Water stress affects the germination, emergence and 

growth of different sorghum cultivars. Ethiop. J. Sci., 28(2):119–128. 

Bhattacharjee, S. 2005. Reactive oxygen species and oxidative burst: roles in stress, 

senescence and signal transduction in plants. Curr. Sci. 89: 1113–1121. 

Blum, A. 2014. Genomics for drought resistance getting down to earth.Func. Plant 

Biol. 41: 1191–1198. 

Blum, A. 2016. Stress, strain, signaling, and adaptation not just a matter of 

definition. J. Exp. Bot. 67: 562–565. 

Boru, M., K. Tsadik and T. Tana. 2017. Effects of Application of Farmyard Manure 

and Inorganic Phosphorus on Tuberous Root Yield and Yield Related 

Traits of Sweet Potato [Ipomoeabatatas (L.) Lam] at Assosa, Western 

Ethiopia. Adv. Crop Sci. Tech. 5: 302. 

Bose, J., O. Babourina and Z. Rengel. 2011. Role of magnesium in alleviation of 

aluminum toxicity in plants. J. Exp. Bot. 62: 2251–2264. 



 296 

Bradford, M.M. 1976. A rapid sensitive method for the quantification of microgram 

quantities of protein utilizing the principle of protein-Dye 

Binding.Anal.Biochem. 72: 248-254. 

Brestič, M. and K. Olšovská. 2001. Water stress of plants: causes, consequences, 

perspectives. VES SPU Nitra, ISBN 80-7137-902-6, 149 s. 

Cakmak, I. 2005. The role of potassium in alleviating detrimental effects of abiotic 

stresses in plants.J. Plant Nutr. Soil Sci. 168: 521–530. 

Cakmak, I. 2013. Magnesium in crop production, food quality and human health. 

Plant and Soil. 368:1–4. 

Cakmak, I. and A.M.Yazici. 2010. Magnesium: a forgotten element in crop 

production. Better Crops. 94: 23–25. 

Cakmak, I. and E.A. Kirkby. 2008. Role of magnesium in carbon partitioning and 

alleviating photo oxidative damage. Physiol Plant. 133: 692–704. 

Cha-um, S., T. Samphumphuang and C. Kirdmanee. 2013. Glycine betaine alleviates 

water deficit stress in indicia rice using proline accumulation, 

photosynthetic efficiencies, growth performances and yield attributes. 

Aust. J. Crop Sci. 7: 213-218. 

Chan, K.Y. 2001. Soil organic carbon and soil structure: implications for the soil 

health of agro systems. In: ‘Soil Health. The Foundation of Sustainable 

Agriculture’, Proceedings of workshop on the importance of soil health in 

agriculture, Ed R. Lines-Kelly, Wollongbar Agricultural Institute. NSW, 

126-133. 

Chance, B. and A.C. Maehly. 1955. Assay of catalase and peroxidase. Meth. 

Enzymol. 2: 764-775. 

Chaves, M.M., J.P. Maroco and J.S. Pereira. 2003. Understanding plant responses to 

drought from genes to the whole plant. Functional Plant Biol. 30: 239–264. 

Chen, T.H. and N. Murata N. 2011. Glycine betaine protects plants against abiotic 

stress: mechanisms and biotechnological applications. Plant Cell Environ. 

34:1-20. 

Chen, W.P., P.H. Li and T.H.H. Chen. 2000. Glycine betaine increases chilling 

tolerance and reduces chilling-induced lipid peroxidation in Zea mays L. 

Plant Cell Environ. 23: 609–618. 

Chimenti, C.A., J. Pearson and A.J. Hall.2002. Osmotic adjustment and yield 

maintenance under drought in sunflower. Field Crops Res.10: 235-246. 

Cousson, A. 2009. Involvement of phospholipase C-independent calcium-mediated 

abscisic acid signaling during Arabidopsis response to drought. Biol. Plant. 

53: 53-62. 



 297 

Cuin, T.A. and S. Shabala. 2005. Exogenously supplied compatible solutes rapidly 

ameliorate NaCl-induced potassium efflux from barley roots. Plant Cell 

Physiol. 46: 1924-1933. 

Cuin, T.A. and S. Shabala. 2007. Compatible solutes reduce ROS-induced potassium 

efflux in Arabidopsis roots. Plant Cell Environ. 30: 875-885. 

Davidson, E.A., L.V. Verchot, J.H. Cattanio, I.L. Ackerman and H.M. Carvalho. 

2000. Effects of soil water content on soil respiration in forests and cattle 

pastures of eastern Amazonian. Biogeochemistry . 48: 53–69. 

Dawood, M.G. and M.S. Sadak. 2014. Physiological role of glycine betaine in 

alleviating the deleterious effects of drought stress on canola plants 

(Brassica napus L.). Middle East J. Agric. Res. 3: 943-954. 

Degenkolbe, T., P.T. Do, E. Zuther, D. Repsilber, D. Walther, D.K. Hincha and K.I. 

Köhl. 2009. Expression profiling of rice cultivars differing in their 

tolerance to long-term drought stress. Plant Mol. Biol.69: 133–153. 

Deuschle, K., D. Funck, H. Hellmann, K. Däschner, S. Binder and W.B. Frommer. 

2001. A nuclear gene encoding mitochondrial delta 1-pyrroline-5-

carboxylate dehydrogenase and its potential role in protection from proline 

toxicity. Plant J. 27: 345–356. 

Dhiman, N., S.S. Yadav, J. Kumar, S. Dhirendra and J. Mohan. 2006. Effect of 

moisture stress on agronomic and morpho-physiological traits in chickpea. 

Indian J. Pulses Res. 19:197-200. 

Diacono, M. and F. Montemurro. 2010. Long-term effects of organic amendments on 

soil fertility. A review.Agron.Sust. Dev. 30: 401–422. 

Dickin, E. and D. Wright. 2009. The effects of winter waterlogging and summer 

drought on the growth and yield of winter wheat (Triticum aestivum L.). 

Eur. J. Agron. 28: 234-244. 

Egilla, J.N., F.T. Davies and M.C. Drew. 2001. Effect of potassium on drought 

resistance of Hibiscus rosa-sinensis cv. Leprechaun: Plant growth, leaf 

macro- and micronutrient content and root longevity. Plant Soil. 229:213-224. 

Egilla, J.N., F.T. Davies, and T.W. Boutton. 2005. Drought stress influences leaf 

water content, photosynthesis, and water-use efficiency of Hibiscus rosa-

sinensis at three potassium concentrations. Photosynthetica.43: 135–140. 

EL-Beltagi, H.S. and H.I. Mohamed. 2013. Alleviation of cadmium toxicity in Pisum 

sativum L. seedlings by calcium chloride. Not. Bot. Horti. Agrobo. 41: 

157-168. 

El-Sabagh, A., A.A. Abdelaal and C. Barutcular. 2017. Impact of antioxidants 

supplementation on growth, yield and quality traits of canola (Brassica 

napus L.) under irrigation intervals in north Nile delta of Egypt. J. Exp. 

Biol. Agric. Sci. 5: 163-172. 



 298 

Elsayed, M.T., M.H. Babiker, M.E. Abdelmalik, O.N. Mukhtar and D. Montange. 

2008. Impact of filter mud application on the germination of sugarcane and 

small seeded plants and on soil and sugarcane nitrogen contents. Bio 

resource Technology 99: 4164-4168. 

Fageria, N.K. 2012. Role of soil organic matter in maintaining sustainability of 

cropping systems. Commun. Soil Sci. Plan. 43: 2063–2113. 

Fageria, N.K., V. C. Baligar and Y. C. Li. 2008. The Role of Nutrient Efficient 

Plants in Improving Crop Yields in the Twenty First Century. J. Plant 

Nutr. 31: 1121–1157. 

Fang, X., N.C. Turner, G. Yan, F. Li and K.H.M. Siddique. 2010. Flower numbers, 

pod production, pollen viability, and pistil function are reduced and flower 

and pod abortion increased in chickpea (Cicer arietinum L.) under 

terminal drought. J. Exp. Bot. 61: 335–345. 

Farooq, M., A. Wahid and D.J. Lee. 2009. Exogenously applied polyamines increase 

drought tolerance of rice by improving leaf water status, photosynthesis 

and membrane properties. Acta. Physiol. Planta. 31: 937-945. 

Farooq, M., S.M.A. Basra, A. Wahid, Z.A. Cheema, M.A. Cheema and A. 

Khaliq. 2008. Physiological role of exogenously applied glycine 

betaine to improve drought tolerance in fine grain aromatic rice 

(Oryza sativa L.). J. Agron. Crop Sci. 194: 325-333. 

Farrant, J.M. and E. Ruelland. 2015. Plant signaling mechanisms in response to the 

environment. Environ. Exp. Bot. 101: 1–3. 

Farshadfar, M. and E. Farshadfar. 2008. Genetic variability and path analysis of 

chickpea (Cicer arientinum L.) land races and lines. J Appl Sci. 8: 3951-

3956. 

Fazeli, F., M. Ghorbanli and V. Niknam. 2007. Effect of drought on biomass, protein 

content, lipid peroxidation and antioxidant enzymes in two sesame 

cultivars. Biol. Plant. 51: 98–103. 

Foyer, C.H. and G. Noctor. 2005. Redox homeostasis and antioxidant signaling: A 

metabolic interface between stress perception and physiological responses. 

Plant Cell. 17: 1866-1875. 

Ge, L.L., H.Q. Tian and S.D. Russel. 2007. Calcium function and distribution during 

fertilization in angiosperms. Am. J. Bot. 94: 1046-1060.  

Ge, T.D., N.B. Sun, L.P. Bai, C.L. Tong and F.G. Sui. 2012. Effects of drought stress 

on phosphorus and potassium uptake dynamics in summer maize (Zea 

mays) throughout the growth cycle. Acta Physiol. Plant. 34: 2179–2186. 

Gerendás, J. and H. Führs. 2013. The significance of magnesium for crop quality. 

Plant Soil. 368: 101–128. 



 299 

Ghulam, S., M. Khan, K. Usman and H. Rehman. 2010. Impact of press mud as 

organic amendment on physico-chemical characteristics of calcareous soil. 

Sarhad J. Agric. 26: 565-570. 

Ghulam, S., M. Khan, K. Usman and K. Shakeebullah. 2012. Effect of different rates 

of press mud on plant growth and yield of lentil in calcareous soil. Sarhad. 

J. Agric. 28: 249-252. 

Giannopolitis, C. N., and S. K. Ries. 1977. Superoxide dismutases II. Purification 

and quantitative relationship with water-soluble protein in seedlings. Plant 

Physiol.59 :315-318. 

Gilliham, M., M. Dayod, B.J. Hocking, B. Xu, S.J. Conn, b.N. Kaiser, and S.D. 

Tyermann. 2011. Calcium delivery and storage in plant leaves: exploring 

the link with water flow. J. Exp. Bot. 62: 2233-2250. 

Giri, J. 2011. Glycine betaine and abiotic stress tolerance in plants. Plant Signaling & 

Behavior 6:11, 1746-1751.  

Gong, Z., L. Hojoung; X. Liming, J. André, S. Becky and Z. Jian-Kang. 2002. RNA 

helicase-like protein as an early regulator of transcription factors for plant 

chilling and freezing tolerance. Proceedings of the National Academy of 

Sciences of the United States of America. 99: 11507-11512. 

Gransee, A and  H. Führs. 2013. Magnesium mobility in soils as a challenge for soil 

and plant analysis, magnesium fertilization and root uptake under adverse 

growth conditions. Plant and Soil. 368: 5–21. 

Gratao, P.L., A. Polle, P.J. Lea and R.A. Azevedo. 2005. Making the life of heavy 

metal-stressed plants a little easier. Funct. Plant Biol. 32: 481-494. 

Groppa, M.D. and M.P. Benavides. 2008. Polyamines and abiotic stress: recent 

advances. Amino Acids. 34: 35–45. 

Gunes, A., A. Inal M.S. Adak, E.G. Bagci, N. Cicek andF. Eraslan. 2008. Effect of 

drought stress implemented at pre- or post- anthesis stage some 

physiological as screening criteria in chickpea cultivars. Rus. J. Plant. 

Physiol.55: 59–67. 

Gunes A., N.C. Cicek, A. Inal, M. Alpaslan, F. Eraslan, E. Guneri and T. Guzelordu. 

2006. Genotypic response of chickpea (Cicer arietinum L.) cultivars to 

drought stress implemented at pre- and post-anthesis stages and its 

relations with nutrient uptake and efficiency. Plant.Soil. Environ.52: 368–

376. 

Guo, S.W., Q.R. Shen and H. Brueck. 2007. Effects of local nitrogen supply on water 

uptake of bean plants in a split root system. J. Integr. Plant Biol.49: 472–

480. 

Halliwell, B. 2006. Reactive species and antioxidants. Redox biology is a 

fundamental theme of aerobic life. Society.141: 312–322. 



 300 

Hasanuzzaman, M., K. Nahar, M.M. Alam, R. Roychowdhury and M. Fujita. 2013. 

Physiological, biochemical, and molecular mechanisms of heat stress 

tolerance in plants. Int. J. Mol. Sci.14: 9643–9684. 

Hayat S., M. Irfan, A.S. Wani, M.N. Alyemeni and A. Ahmad. 2012. Salicylic 

acidslocal, systemic or inter systemic regulators?. Plant Signal Behav. 7: 

93-102. 

Helmke, P.A. and D.L. Sparks. 1996. Lithium, sodium, potassium, rubidium and 

cesium. In: Page, A.L., Sparks, D.L. (Eds.), Methods of Soil Analysis. Part 

3, 3rd Ed. Vol. 5. Soil Science Society of America, Madison, WI, USA, pp. 

551–601. 

Hoekstra, F.A., E.A. Golovina and J. Buitink. 2001. Mechanisms of plant desiccation 

tolerance, Trends Plant Sci. 6: 431–438. 

Hunt, R., D.R. Causton, B. Shipley and A.P. Askey. 2002. A modern tool for 

classical plant growth analysis. Ann. Bot. 90: 485-488.  

Hussain, M., M.A. Malik, M. Farooq, M.B. Khan, M. Akram and M.F. Saleem. 

2009. Exogenous glycine betaine and salicylic acid application improves 

water relations, allometry and quality of hybrid sunflower under water 

deficit conditions. J. Agron. Crop Sci.195: 98-109 

Hussain, N., M. Aslam, A. Ghaffar, M. Irshad and N.U. Din. 2015. Chickpea 

genotypes evaluation for morpho-yield traits under water stress conditions. 

J. Anim. Plant Sci. 25: 206-211. 

Ibrahim, K.M. and O.S. Fadni. 2013. Effect of Organic Fertilizers Application on 

Growth, Yield and Quality of Tomatoes in North Kordofan (sandy soil) 

western Sudan. Greener J. Agric. Sci. 3: 299-304. 

Iqbal., N., M. Ashraf and M.Y. Ashraf. 2008. Glycine betaine, an osmolyte of 

interest to improve water stress tolerance in sunflower (Helianthus annus 

L.): water relations and yield. South African Journal of Botany. 74: 274–

281. 

Islam, M. M., M. R. Ismail, M. Ashrafuzzaman, K. M. Shamsuzzaman and M. M. 

Islam. 2008. Evaluation of chickpea lines/mutants for growth and yield 

attributes. Int. J. Agri. Biol. 10:493- 498. 

Jackson. R.B., J.S. sperry and T.E. Dawson. 2000. Root water uptake and transport: 

using physiological processes in global predictions. Trends in Plant Sci. 5: 

482-488. 

Jaleel, C., P. Manivannan, A. Wahid, M. Farooq, H.J. Al-Juburi, R. Somasundaram 

and R. Panneerselvam. 2009. Drought stress In plants: a review on 

morphological characteristics and pigments composition. Int. J. Agric. 

Biol. 11:100-105. 



 301 

Jaleel, C.A., P. Manivannan, B. Sankar, A. Kishorekumar and R. Gopi. 2007. Water 

deficit stress mitigation by calcium chloride in Catharanthus roseus: 

Effects on oxidative stress, proline metabolism and indole alkaloid 

accumulation. Colloids Surf B. Biointerfaces.60: 110-116. 

Jaleel, C.A., P. Manivannan, G.M.A. Lakshmanan, M. Gomathinayagam and R. 

Panneerselvam. 2008. Alterations in morphological parameters and 

photosynthetic pigment responses of Catharanthus roseus under soil water 

deficits. Colloids Surf B. Biointerfaces.61: 298–303. 

Jan, A.U., F. Hadi, M.A. Nawaz and K.Rahman. 2017. Potassium and zinc increase 

tolerance to salt stress in wheat   (Triticum aestivum L.). Plant Physiol. 

Biochem. 116: 139–149.  

Jukanti, A.K., P.M. Gaur, C.L.L. Gowda and R.N. Chibbar. 2012. Nutritional quality 

and health benefits of chickpea (Cicer arietinum L.): a review. Brit. J. 

Nutr. 108: S11-S26. 

Kamkar, B., A.R. Daneshmand, F. Ghooshchic, A.H. Shiranirad and A.R.S. 

Langeroudi. 2011. The effects of irrigation regimes and nitrogen rates on 

some agronomic traits of canola under a semiarid environment. Agric. 

water Manage. 98: 1005–1012. 

Kanai, S., R.E. Moghaieb, H.A. El-Shemy, R. Panigrahi, P.K. Mohapatra, J. Ito, N.T. 

Nguyen, H. Saneoka and K. Fujita. 2011. Potassium deficiency affects 

water status and photosynthetic rate of the vegetative sink in green house 

tomato prior to its effects on source activity. Plant Sci.180: 368–374. 

Kant, S., P. Kant, E. Raveh and S. Barak. 2006. Evidence that differential gene 

expression between the halophyte, Thellungiella halophila, and 

Arabidopsis thaliana is responsible for higher levels of the compatible 

osmolyte proline and tight control of Na+ uptake in T. halophila. Plant 

Cell Environ. 29: 1220-1234. 

Kashiwagi, J., L. Krishnamurthy, H.D. Upadhyaya and P.M. Gaur. 2008. Rapid 

screening technique for canopy temperature status and its relevance to 

drought tolerance improvement in chickpea. J. SAT Agric. Res. 6: 1–4. 

Kaur, G., S. Kumar, P. Thakur, J. A. Malik, K. Bhandhari, K. Sharma, and H. 

Nayyar. 2011. Involvement of proline in response of chickpea (Cicer 

arietinum L.) to chilling stress at reproductive stage. Sci. Hortic. 128: 174-

181. 

Kaushal, N., K. Gupta, K. Bhandhari, S. Kumar, P. Thakur and H. Nayyar. 2011. 

Proline induces heat tolerance in chickpea (Cicer arietinum L.) plants by 

protecting vital enzymes of carbon and antioxidative metabolism. Physiol. 

Mol. Biol. Plants. 17: 203-213 



 302 

Kavatagi, P. K. and H.C. Lakshman. 2014. Effect of arbuscular mycorrhizal fungi, 

press mud and growth regulator on Solanum Lycopersicum L.Int. J. Pure 

Appl. Sci. Technol. 21: 11-16. 

Kaya, .M.D., G. Okçub,M. Ataka, Y. Çıkılıc and O. Kolsarıcıa. 2006. Seed 

treatments to overcome salt and drought stress during germination in 

sunflower (Helianthus annuus L.), Eur. J. Agron. 24: 291–295. 

Kaya, C., O. Sonmez, S. Aydemir and M. Dikilitaş. 2013. Mitigation effects of 

glycine betaine on oxidative stress and some key growth parameters of 

maize exposed to salt stress. Turk. J. Agric. For. 37: 188-194. 

Keenan, T., S. Sabate and C. Gracia. 2010. The importance of mesophyll 

conductance in regulating forest ecosystem productivity during drought 

periods. Global Change Biol. 16: 1019–1034. 

Khaitov, B., A. Kurbonov, A. Abdiev and M. Adilov. 2016. Effect of chickpea in 

association with Rhizobium to crop productivity and soil fertility. Eurasian 

J. Soil Sci. 5: 105 – 112. 

Khan, M.A., M.Y. Ashraf, S.M. Mujtaba, M.U. Shi- razi, S. Shereen, S. Mumtaz, 

M.A. Siddique and G.M. Kaleri. 2010. Evaluation of high yielding canola 

type Brassica genotypes/ mutants for drought tolerance using 

physiological indices as screening tool. Pak. J. Bot. 42: 3807-3816. 

Khan, M.J. 2011. Impact of selected doses of organic wastes on physio-chemical 

characteristics of the soil and yield of wheat.2nd International Conference 

on Engineering and Applications. 17: 271-275. 

Khattak, R.A. and M.J. Khan. 2004. Evaluation, reclamation and management of 

saline sodic soils in Kohat division. Final Report.Department of Soil and 

Environmental Sciences, NWFP Agriculture University Peshawar. 

National Drainage Programme (NDP), Govt. of Pakistan. 
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