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ABSTRACT 

The experiments to improve the drought tolerance in maize (Zea mays L.) hybrids by 
potassium application were carried out at Postgraduate Agricultural Research Station (PARS), 
University of Agriculture, Faisalabad, Pakistan. The primary purpose of this study was to 
know the effect of drought stress continued till harvest and role of potassium to mitigate much 
adverse effects of drought for growth and yield improvement after optimizing its rate in 
Faisalabad region. In the first pot experiment screening of eight maize hybrids (FH-810, 32-F-
10, FH-782, 32-B-33, YH-1898, Monsanto-6525, R-2315 and R-3304) against drought was 
done. Maize hybrids were sown on August 4, 2009 and were uprooted 35 days after sowing. 
Drought stress (100% FC, 75% FC and 50% FC) was imposed after two weeks of germination 
till uprooting. The most drought tolerant (32-F-10) and the most sensitive (YH-1898) maize 
hybrids against drought were evaluated. In the second pot experiment five potassium levels (0, 
50, 100, 150 and 200 mg/kg of soil) were optimized under moisture levels 100% and 70% of 
field capacity maintained after 30% depletion in it while the drought stress treatments were 
imposed after two weeks of germination. Two hybrids selected from experiment 1 were sown 
in January 20, 2010 and were uprooted 35 days after sowing and the best fitting potassium 
level (100 mg/kg of soil) was selected for further study. The third pot experiment was 
conducted to investigate the influences of potassium on physiological and morphological 
attributes of maize crop. The two selected maize hybrids from experiment 1 were sown under 
drought imposed from five critical growth stages (no drought, five leaf stage, ten leaf stage, 
anthesis and grain formation) till maturity. In this experiment two potassium levels; (0 mg/kg 
[no potassium] and 100 mg/kg of soil [optimized in experiment no. 2]) were used. Crop was 
sown for complete life duration on February 28, 2010. Drought was maintained from critical 
growth stages with moisture of 70% of field capacity after 30% depletion in it. In these three 
pot experiments CRD (factorial design) with three replications was used. The fourth and fifth 
experiments were field experiment with; two selected maize hybrids from experiment 1, five 
critical growth stages to impose drought and two potassium levels. In these experiments 
moisture application was maintained 70% of field capacity maintained after 30% depletion in 
it. Two potassium levels; (0 mg/kg) [no potassium] and 100 mg/kg of soil [optimized in 
experiment no. 2]) were used. RCBD (split-split plot arrangement) replicated thrice, was used. 
In these experiments the maize hybrids were sown in two years 2010 and 2011 in spring 
(fourth experiment) and autumn (fifth experiment) seasons. The data regarding morphological, 
physiological and biochemical parameters were taken by using standard procedures. The data 
were analysed statistically by using Fisher’s analysis of variance technique and least 
significant difference test at 5% probability level to compare the treatment means. The 
analysis of data from first experiment showed that mild and severe drought had deleterious 
effects on plant height, shoot fresh and dry weight, relative water contents and leaf water 
potential. However, root fresh and dry weight enhanced under mild drought stress and 
severed drought decreased the root fresh and dry weight. There was also little effect on 
photosynthesis under drought stress. On the basis of root dry weight, relative water contents 



and leaf water potential, drought stress tolerance and sensitiveness was evaluated. In the 
second experiment best suited potassium level (100 mg/kg of soil) was optimized where 
plant root dry weight, leaf water potential and relative water contents was found significantly 
higher while the further higher levels of potassium were unable to produce significant 
difference. In the third experiment growth was severely affected by drought when imposed 
from five leaf stage and drought effect on rest of growth stages has little effect on  
morphological, physiological and biochemical attributed of maize hybrids. Under the drought 
stress potassium application enhanced all attributed positively and ultimately enhanced yield. 
The same study was conducted in field as that of third experiment to investigate the effect of 
potassium on maize hybrids grown under drought imposed from various growth stages in 
spring and autumn seasons. Significant effects of potassium were observed on the most of 
morphological, physiological, biochemical and agronomic parameters. Here in the field 
severe effect of drought treatment was found when imposed from five leaf stage. However, 
further research work is required to investigate the potassium efficiency in creating tolerance 
in maize hybrids under abiotic stresses.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 1    

INTRODUCTION 

  

Maize (Zea mays L.) occupies a prominent status among all the crops grown in 

Pakistan. It is a third most important crop after wheat and rice cultivated on an area of 1083 

thousand hectares with production of 4271 thousand tons per annum (Anonymous, 2012). 

Grains of maize crop are widely used for the production of corn flakes, grain cake, lactic 

acid, corn syrup, corn oil dextrose, corn starch, gluten and acetone. In addition, poultry and 

livestock industries have dramatically enhanced the consumption of maize grains. Human 

also consume maize grains in the form of fresh or processed food. The corn industry 

contributes a huge portion in economy of a country (Tiffany, 2009).  

In Pakistan maize is generally grown in irrigated conditions, however with the 

passage of time, availability of irrigation water is limiting for every crop. Maize being C4 

crop plant is considered high yielding for dry matter production (FAOSTAT, 2009). Maize 

crop plant needs 500-800 mm of water for its life cycle of 80-110 days (Critchley and Klans, 

1991). At the time of tasseling maize plant requires 135 mm/month of moisture. On the other 

hand if the weather is hot and windy, the requirement of water may increase up to 195 

mm/month. Due to the semi-arid nature of climate of Pakistan maize crop also faces the 

problem of moisture shortage. Maize growing regions of Pakistan gain the most of its rains in 

monsoon season. Canal system of Pakistan is unable to provide the required quantity of water 

needed by crops. Hence, we need to develop strategies to grow crop under moisture deficit 

condition in order to combat with water shortage issues (PILDAT, 2003). In this situation of 

water shortage, highly productive and drought tolerant maize varieties could be a good 

source to obtain high yield (Cavalieri et al., 2011). 

Drought is defined as an episode without momentous rainfall. Drought is a 

meteorological term and takes place when there is more moisture loss from soil surface and 

fewer water supplies to soil are there in the form of rainfall or other sources of precipitation. 

Drought is a worldwide problem and poses a danger to arable field crops growth and food 

production (Jaleel et al., 2009). Sporadic drought is a severe problem worldwide. The current 

water availability to agricultural crops is retreating thus the idea to grow the crops with less 



water is compulsory to develop. This idea of more yield with less water is also obligatory in 

maize crop being the most sensitive to water stress. Currently selection criteria are applied 

for good variety selection as compare to breeding techniques which are time consuming 

(Zhu, 2002).   

Drought being the deficit moisture condition for plant growth and development is 

very alarming hazard for crop production (Ludlow and Muchow, 1990; Sadras and Milory, 

1996; Gaspar et al., 2002; Zhu, 2002). Globally drought reduces upto 50% average yield of 

crop plants (Wang et al., 2003). The consequences of severe drought are; reduction of leaf 

size, reduced stem elongation and root anchoring which disturb the metabolic activities and 

water use efficiency of crop plants (Nonami, 1998; Lawlor and Cornic, 2002; Hussain et al., 

2008; Farooq et al., 2009). Plant growth involves cell division, enlargement and 

differentiation. Growth of cell is very sensitive to drought because it reduces the turgor 

pressure of cell (Taize and Zeiger, 2006). Under drought cell shrinks and reduces its volume 

making its solutes more viscous which could be toxic to photosynthetic mechanism 

(Hoekstra et al., 2001; Farooq et al., 2009). Similarly, water deficit in root zone enhances 

root respiration which then consumes more carbon resources. This respiration reduces the 

adenosine triphosphate (ATP) synthesis and increases the reactive oxygen species (ROS) 

production (Farooq et al., 2009) which creates oxidative damage to the cell and disturbs the 

normal plant growth. 

 Uptake of soil moisture is compulsory for crop growth, transpiration and also for the 

transportation of food prepared in the leaves. Under critical situation of drought stress crop 

growth and yield decreases. Previous work on maize clarifies that moisture deficit in root 

zone reduces leaf area, chlorophyll contents and photosynthetic rate (Athar and Ashraf, 

2005). Maize is being cultivated twice in a year is more sensitive to drought that leads to low 

crop yield (Lawlor, 2002). Although, maize is drought sensitive crop even then vigorous 

seedling can provide good crop establishment and yield. Maize plants that produce more 

roots at seedling stage tend to develop extensive root system and higher biomass. There is 

clear difference of root growth and development in maize crop between the normal moisture 

and under drought (Maiti et al., 1996; Mehdi and Ahsan, 1999; Pace, 1999).  

To enhance the drought tolerance of maize nutrient application could be useful, 

particularly in the semi-arid regions of Pakistan. The presence of mineral nutrients in the 



plant body produces tolerance to drought. To reduce the negative effects of drought 

potassium plays an important role (Marschner, 1995; Cakmak, 2005). The deficiency of 

potassium is a big nutritional disorder. It is essential for crop production and quality 

improvement. The plants with potassium paucity under drought are highly susceptible to high 

intensity light and become necrotic and chlorotic quickly. Impairment in stomatal regulation, 

transfer of light energy into chemical energy, transport of assimilates from source to sink and 

disturbance in photosynthetic CO2 fixation are the main disorders of potassium deficiency 

(Cakmak, 2005). 

 Application of potassium to plants increase root growth which uptake more water 

from the soil (Sexana, 1985). Similarly, potassium reduces transpiration and helps to 

conserve water during drought conditions (Umar and Moinuddin, 2002). Provision of 

potassium to crop plants under  drought conditions develop tolerance to drought in its body 

by using soil moisture efficiently as compare to potassium deficient plant. Furthermore, 

potassium promotes root growth which absorbs more nutrients and moisture (Rama Rao, 

1986). Potassium regulates osmotic and turgor potentials and stomatal functioning under 

drought stress (Umar et al., 1993). Potassium also increases photosynthetic rate, growth and 

yield under water deficit stress conditions (Sharma et al., 1996; Egila et al., 2001; Umar and 

Moinuddin, 2002). The pH of drought stressed plants is also maintained by potassium in 

stroma and potassium provides protection against photo-oxidative damage to chloroplast 

(Cakmak, 2005). Under drought conditions potassium is an essential nutrient for plant’s 

internal functioning (Cakmak and Engels, 1999). During drought stress chloroplast loses its 

most of potassium that result into slowing down photosynthetic mechanism (Sen Gupta and 

Berkowitz, 1987). Thus potassium is an important extraordinary nutrient for the continuation 

of photosynthesis and to protect the plant from oxidative damage of ROS in wheat crop (Sen 

Gupta et al., 1989; Cakmak, 2005).  

Morphologocal, anatomical and physiological basis of crop plants under drought 

conditions are important to understand in order to develop or select new varieties of crop 

plants which can enhance the efficiency of plants for proper utilization of resources (Nam et 

al., 2001; Martinez et al., 2007). All the varieties of arable crop plants show the various 

kinds of responses against drought due to differences among varieties and differences of 

growth stages (Jaleel et al., 2009). Hence, it is very important to select drought tolerant 



plants (Reddy et al., 2004; Zhao et al., 2008). Potassium has greater ability to produce 

tolerance in plant body. Hence potassium can improve production and quality (Cakmak, 

2010) to fulfill the current food and feed requirements under ever reducing irrigation water 

scenario. It may be useful to consider screen certain local crops and fertilizer strategies to 

gain higher predictability under scope of limited available water recourse in these regions. 

Practically, findings may suggest farmers and agricultural researches to consider carefully on 

limiting or control the huge differences among potassium application in deficient soils by 

water restriction as current challenge of scientist in global changes. The primary purpose of 

this study was to know the effect of drought stress continued till harvest of a crop and to 

determine the role of optimized potassium to mitigate much adverse effects of drought for 

growth and yield improvement after optimizing its rate in Faisalabad condition. Previously 

only pot and hydroponic studies were conducted on potassium role against drought but here 

in this study field experiments have been conducted while in the past drought stress was used 

to impose for short period of time but in this study drought stress was continued till 

uprooting/harvest of crop that could be useful in maize crop production in water deficit 

environment. The current study was designed to select drought tolerant maize hybrids and 

further develop more tolerance against drought by exogenous application of potassium. 

The detailed objectives of this study were:- 

1. To investigate the potential of various maize hybrids to endure against drought. 

2. To find the most appropriate potassium level for alleviating the drought stress effects 

when grown in water deficit circumstances. 

3. To investigate the effect of drought imposed from various growth stages on maize 

hybrids and to inquire the promoting effect of potassium on growth, development and 

yield related parameters of maize hybrids under drought stress. 

 

 

 

 

 



Chapter 2   

REVIEW OF LITERATURE 

 

2.1. Maize 

 

2.1.1. History and Importance  

Zea genus belongs to the tribe Andropogoneae under the Panicoideae subfamily and 

Poaceae family. In Zea mays species mays are only cultivated species. While all the 

remaining species and subspecies proved to be wild grasses and named as teosintes. Maize is 

an important cereal crop grown in the whole world and is known as Corn in United States of 

America. Maize plant is considered as an important plant because the ancient Americans 

found it as a source of fast food in early history. The data declare that maize cultivation was 

started in Central America and afterwards its cultivation was started in the region of Canada 

and Argentina after the discovery of America by the peoples living in Europe in the 15th 

century. According to phylogenetic scrutinies and Archeological accounts the cultivation of 

maize crop started as early as 6000 years ago (Piperno and Flannery, 2001). 

Currently, the biggest producers of maize crop are China, United States of America, 

the European Union, Mexico and Brazil. Sixty percent (60%) of total world maize is being 

produced in USA and China. Maize grains attribute approximately 15 to 20% of total daily 

calories in diet of peoples in more than 20 developing countries among the Latin American 

and African countries. Majority (68%) of maize crop is grown in developing nations, 

however they are producing only 46% which shows the importance of improving yield in 

these developing countries (Farnham et al., 2003). 

 

2.1.2. Morphology 

Maize plant is tall, determinate annual and monoecious. It has long, narrow leaves 

which are produced alternatively alongside the height of plant stem. The leaves are broad and 

one node bear only one leave on opposite ranks on the stem. Leaves are arranged distichously 

in maize plant. Every leaf has a sheath adjacent to the stem and leaf blade is attached to the 



sheath and this joint is called collar. Each maize plant has dissimilarity in number and 

position of leaves. The maximum leaves could be 30 but dimension and orientation may vary 

among each of the leaves in different races of maize plant (Bennetzen and Hake, 2009).  

The maize plant grown in tropical region produces more number of leaves as compare 

to cultivars grown in temperate regions. Maize plant in the tropical region attained seasonal 

roots and a single stalk having nodes and internodes. Nodes slowly grow towards top of plant 

stem. The outermost layer is called epidermis having numerous layers of sclerenchyma 

tissues. The vascular bundles are arranged in very complex system and are scattered 

throughout the parenchyma tissues which make rest of cross-section of stem, however they 

are loosely arranged towards the middle of stem. Maize is a C4 plant and uses CO2 more 

efficiently. Male inflorescence is called tassel located on the top of stem. Female 

inflorescence is emerged from the superior part of plant. Ears are produced in auxiliary bud 

apices and are covered with long type of leaves known as husk. Generally, ears do not 

produce any kind of tangential branch. The number of ovules ranges between 300-1000 that 

laterally develops into kernels (Bennetzen and Hake, 2009). 

 

2.1.3. Cultivation and Economic Value  

Maize plant may be grown under various type of environments ranging from 58o N to 

40o S. The tropical maize is grown between 30o N to 30o S while subtropical maize is grown 

between 30o to 34o in both the north and south hemisphere and temperate maize is grown 

away from the 34o latitudes. Maize plant can be grown on the altitudes from sea level up to 

3800 meters with growing season of 42 days to 400 days. This ability of maize plant to grow 

in wide range of environments is being used in the variety of morphological and 

physiological features (Paliwal, 2000). 

Globally the demand for maize grains is increasing with the passage of time due to 

the current flood of increasing population in developing world. While the use of meat and 

poultry is also being increased in developing countries and this increased consumption of 

meat and poultry will also enhance the demand of maize kernels as feed. On the whole globe 

the developed world is using more maize than developing nations. However forecasts 

indicate that in coming few decades by 2020 the developing nations demand for maize will 



increase due to the huge population growth and urbanization. It is predicted that global 

demand of maize will increase by 45% in 2020 (James, 2003). 

 

2.1.4. Constraints in Maize Production 

Compared to other cereals maize is also faces many biotic and abiotic constraints in 

production. These include weeds, insect pest infestation, diseases, drought water logging, and 

nutrient deficiency (Joshi et al., 2005). Among these constraints drought stress is very 

deleterious reduces the crop growth and development (Jaleel et al., 2009). In the life span of 

maize crop there are several stages when water deficit stress disturbs growth and reduced 

yield of maize crop. These stages include seedling establishment, vegetative growth or post-

emergence growth, flowering or reproduction and grain filling. It has been concluded that 

grain yield is affected severely if drought stress occurs at bracketing flowering (Herrero and 

Johnson, 1981; Grant et al., 1989; Westgate and Grant, 1989). 

Paucity of moisture at any stage of maize growth has negative impacts on its growth 

and on its yield. It was studied that water stress is one of the major problem for spring maize. 

However, drought hazards on maize plant depend on its time, intensity and duration (Classen 

and Shaw, 1970b). Hence it is the requirement of the time to investigate the deleterious 

effects of water stress on the various crop growth stages to develop drought tolerance in 

maize plant. 

    

2.2.  Drought Stress 

Drought is defined as an episode without momentous rainfall. It is a meteorological 

term and takes place when there is a more moisture loss from soil surface and fewer water 

supplies to soil in the form of rainfall or other sources of precipitation. Drought stress is 

globally (Romer et al., 2012) renowned feature of climate which could be unavoidable and 

repeated. Kramer (1980) studied that one third part of arable land of the world faces the 

water shortage which disturb the crop production.  

Globally crop yield may be decreased by biotic or abiotic stresses. Drought, flooding, 

heat, wind and cold are the abiotic stresses. Among these drought is a very threatening stress 

for crop production. Hence, drought is a challenge threat for agricultural scientists 

particularly in the light of current water shortage situation (Mahajan and Tuteja, 2005). Due 



to the current shortage of water with the passage of time drought is considered as a main 

threat to food security worldwide (Jaleel et al., 2009). In this way, increasing population of 

the world may enhance the hazards of drought (Somerville and Briscoe, 2001).  

 

2.2.1. Effect of Drought Stress on Crop Plants 

What are the future impact of drought is very important question to understand? 

Reduction of water contents in plant body parts, leaf water potential loss and loss of turgor, 

stomatal closure and decrease in cell enlargement and growth are the main consequences of 

drought during the initial stage, however severe drought inhibits photosynthesis, arrest 

metabolism and if drought continued death of plant may occur (Jaleel et al., 2009). Drought 

stress also causes decrease in growth or height and leaf senescence (Bhatt and Rao, 2005). 

Drought stress disturbs physiological and biochemical processes and consequently 

diminishes growth and yield (Farooq et al., 2008; Jaleel et al., 2009). 

During drought conditions, maintenance of plant fresh and dry weights are the 

optimally desirable characteristics. But drought stress decreases the length and fresh weight 

of shoot in plants (Thakur and Rai, 1984). Hence, the common harmful impacts of drought 

on crop plants are reduction in fresh and dry weights (Farooq et al., 2009). The capacity of 

dry matter partitioning and biomass production of plants under drought stress is factor to get 

highest yield (Kage et al., 2004). Dai et al. (1990) reported that mild water stress inhibited 

the growth and development of all the hybrids at different growth stages of maize crop and 

also had adverse effect on yield. 

It has been considered that water deficit stress is a very deleterious at the early stage 

of plant growth and development. It negatively affects expansion of plant cell (Anjum et al., 

2003a; Bhatt and Rao, 2005; Kusaka et al., 2005; Shao et al., 2008). In soybean crop length 

of stem was reduced due to water deficit stress (Specht et al., 2001). It was studied that in 

citrus seedling plant height was reduced up to 25% in drought stressed seedlings (Wu et al., 

2008). In another study, stem length was reduced significantly in potato plant under water 

stress (Heuer and Nadler, 1995). 

A developed root system is constitutive feature in many environments. The roots help 

the plants to absorb water and minerals. Under the limited supply of water resource 

allocation pattern changes; root tissues gain more assimilates as compared to leaf tissues. If 



drought stress prevails at the early seedling stage the root shoot ratio changes (Nielson and 

Hinkle, 1996) and commonly increases (Sharp and Davies, 1989). Studies of Anderson 

(1987) clarify that rapid development of root take place during first eight weeks after sowing. 

He also observed that under the adequate precipitation the roots of maize plant that has 

established during initial 60 days of plant growth can assist the plant till maturity. While in 

the moisture limited situation root growth may continue during the whole life span of maize 

plant. In the research greater emphasis has been made on the point whether the more number 

of brace roots and extensible development of fine roots allow the formation of shoot biomass 

(Edmeades et al., 2000). 

 

 

Fig. 2.1. The main causes of growth reduction in plants under water deficit stress. 
(Jaleel et al., 2009) 
 

Matsuura et al. (1996) reported the drought tolerance experiments on four crops 

(pearl millet, maize, barnyard millet, and sorghum). Under water stress root length was 

reduced in maize significantly while root length was not affected in barnyard millet and root 

length was enhanced in pearl millet and sorghum. To get the answer why pearl millet and 

sorghum were more drought tolerant, it was found that these crops have much more water 



uptake ability by increasing growth of roots. Research work showed that root weight 

increased while shoot weight decreased with the application of water deficit stress (Aggarwal 

and Sinha, 1983; Morizet et al., 1983). In sorghum drought resistant cultivars roots grow 

more deeply and produce heavily numerous primary and secondary roots than sensitive 

varieties (Bhan et al., 1974). Shiralipour and West (1984) found in their studies that drought 

reduced fresh and dry shoot and root weight by 40 and 58 percent respectively. 

The experiments conducted in the green house to study the effect of drought stress on 

root growth of maize found that drought stress reduced root growth (Ramadan et al., 1985). 

On the other hand Hoogenboom et al. (1987) evaluated that root weight increases under 

drought stress showing the greater density and depth of roots which are important for 

morphological adaptation to drought stress and ultimately absorb more water from the root 

zone. Wu and Cosgrove (2000) observed that the root shoot ratio of plants enhanced under 

limiting availability of water. The increase in ratio was due to the reason that roots are 

comparatively less susceptible to water deficit condition than shoot growth. 

Sacks et al. (1997) studied the effect of drought stress on the cell division in the 

meristem of primary root of maize plant seedlings and concluded that drought stress resulted 

meristematic cells to be long and cell division reduced along with per unit length of tissues 

and cells in all the meristem. The maximum rate of cell division in apex cells under drought 

stress was found to be 8.2 cells per mm per hour at 0.8 mm while in control conditions; it 

was 13 cells per mm per hour at 1.0 mm. 

Physiological traits at cellular level may be affected by drought. Among these traits 

abscic acid (ABA) accumulation is the most important. Production of it mainly takes place in 

roots where it promotes root growth. From root it moves towards leaves (Zhang et al., 1987). 

These changes are considered to be root signal that provide information to decrease water 

loss. Accordingly Abscic acid assist the plant to face the drought stress and haven’t any role 

in production. Small amount of it transported to grain that abort the formation of grains on 

the tip of cob in maize crop during filling (Banziger et al., 2000). 

During drought ramified root system is very helpful for plant growth and biomass 

production. The significance of root system for acquiring water is authenticated which 

support early plant growth and suck water from shallow layers of soil (Johansen et al., 1992). 

Enhancing root-shoot ratio is related to root and shoot ABA contents (Sharp and Le Nobel, 



2002). Maize crop doesn’t show significance reduction in root growth as it was studied by 

Sacks et al. (1997). 

Optimal leaf area establishment is vital criteria for photosynthesis maintenance and 

dry matter production. Dryness of soil affects the chlorophyll a and b activity (Farooq et al., 

2009). Photosynthesis directly depends on relative water contents and leaf water potential. 

Reduction in relative water contents and leaf water potential decreases the speed of 

photosynthesis (Lawlor and Cornic, 2002). Meanwhile the discussion among the plant 

scientist continues whether photosynthesis decline is due to stomatal closure or due to 

metabolism destruction (Lawson et al., 2003; Anjum et al., 2003b). However, stomatal 

closure or other reasons which slow down photosynthesis has been considered the main 

consequence of drought stress (Farooq et al., 2009). 

Water is an integral part of plant body and plays an important role in growth 

initiation, maintenance of developmental process of plant life and hence has pivotal function 

in crop production. Water is considered as an important input to crop plant in the form of 

solvent, as a cooling agent, as a reagent and is also an important for maintaining the body 

structure by keeping it turgid. Turgor pressure reaches to zero when plant wilts and at this 

time cells start to collapse, damage to plasma membrane and enzyme protein starts to 

denature. After drought stress cells may be repaired if damage is removed. However, it will 

take 0.5 to 7 days. In case damage is too huge cells will die (Banziger et al., 2000). Low 

turgor pressure suppresses cell expansion and cell growth. However osmotic regulation can 

maintain turgor pressure for plant survival or during severe drought conditions helps the 

plant growth as it was studied in pearl millet crop plant (Shao et al., 2008). During the 

drought conditions water potential and turgor are decreased and this situation disturbs the 

normal functioning of plant body (Hsiao, 1973).  

It has been studied that more leaf water potential, osmotic adjustment and cool leaves 

are responsible for higher yield under drought stress situation (Richards, 1989; Petrie and 

Hall, 1992; Nilson and Orcutt, 1996). Other scientists also found that short duration response 

of plants to the variation in water status including physiological, biochemical, and molecular 

changes interrelated with desiccation tolerance could not be the desirable attribute for 

improved yield potential of plant in drought stress condition (Blum, 1996; Passioura, 1996). 



The period from seven days before silking to fourteen days after silking is quite 

important because abortion of ovules may take place due to drought stress (Uhart and 

Andrade, 1995). Andrade et al. (2000) studied that water deficit stress decrease the carbon 

accessibility and dry matter translocation to cob at the critical stages and these factors 

determine the number of grains. It is a fact that when drought stress initiates to disturb the 

plant during the reproductive stage the plant reduces the requirements of carbon by 

decreasing the size of cob. As a result, tillers degenerate, flower may drop, pollen may die 

and ovule may abort (Blum, 1996). Westgate and Boyer (1986) has studied that reduced 

water potential at the time of pollen shedding does not restrict the pollination but due to the 

lack of photosynthesis it prevents the development of embryo. The abortion of ovule may 

take place if silks fail to extrude because of slow growth. While the abortion of kernels may 

take place after proceeding of pollination. During the supply of assimilates to ear when it 

drops below to threshold level that is compulsory to ovule development, abortion of the 

entire kernels take place resulted to an unfertile cob (Edmeades et al., 1993). To study the 

causes affecting development of kernels and grain yield, the quantity and size of kernels are 

important factors to understand (Banziger et al., 1999). In this way the best option for crop 

production, yield improvement and consistency in yield is to select drought tolerant maize 

crop varieties. 

Due to the shortage of water to maize crop grains yield may be reduced if water 

deficit occurs during the critical growth stages from tasseling to grain filling. Bergamaschi et 

al. (2004) studied that during 1998/99 a long period drought, 48.8 mm rainfall produced 4.8 

t/ha of grain yield. On the other hand during the year 2002/03 a short duration drought that 

occurred during critical growth period reduced the grain yield up to 2 t/ha because of reduced 

number of kernel per ear.  

It was studied that drought in pearl millet after flowering reduced the yield. This 

reduction in yield was due to reduction in number of ears per m2, seed per ear and weight of 

seeds (Yadav et al., 1999). The reduction in seed weight could be due to decline in growth 

rate of seed and duration of seed filling. To get maximum yield of arable crops is the ultimate 

goal. Crop species show the huge variation for final harvestable yield in the situation of 

moisture deficit stress. It was studied in early planting of sunflower that increase in yield was 

related with grains number and weight of grains (Soriano et al., 2002). The deposition of dry 



biomass to sink is a critical yield determination process of parsley grown in water deficit 

stress environment (Petropoulos et al., 2008). Sunflower plant exposure to drought stress at 

the stage of initiation of bud could be more detrimental to seed and biological yield as 

compare to seed filling stage (Prabhudeva et al., 1998). While in wheat crop grain number 

and grain size were reduced under drought at pre-anthesis stage (Edward and Wright, 2008). 

In soybean crop seed yield was reduced usually (Specht et al., 2001). Similarly, studies on 

maize crop clarify that water deficit stress greatly decreased the grain yield (Kamara et al., 

2003; Monneveux et al., 2006). 

 

2.3. Effect of Drought on Various Growth Stages of Maize Plant 

Early stage of seedling growth and establishment is very sensitive to drought. Thus 

cessation of elongation and expansion of cell stops growth of seedling (Anjum et al., 2003a; 

Bhatt and Rao, 2005; Kusaka et al., 2005; Shao et al., 2008). It was studied that maize 

seedling attaining low water potential by creating the walls in the apical portion of root 

further long. This is due to the increase in expansion activity and some other complex 

phenomenon. If drought occurs at seedling stage, it enhanced root growth and adaptation of 

maize hybrids to drought stress.  

In the maize crop if soil dries after the seed germination plant establishment and plant 

stand is affected badly. Drought reduces the expansion of following organs from highest to 

lowest; leaf, silk, stem, root. Leaf senescence is also enhanced from bottom first but under 

severe evaporation it may occur at the top. This senescence reduces the root interception due 

to closure of stomata, photosynthesis and respiration. Under severe drought root growth is 

affected badly and uptake of nutrients by mass flow and diffusion in dry soil is reduced. If we 

summarize the impacts of drought on maize crop production, drought can decrease maize 

plant stand during seedling stage, decrease leaf area development, decrease assimilates 

transport to sink and photosynthesis at pre-flowering period. It also affects ear and kernel 

formation during fourteen days bracketing flowering and reduced photosynthesis mechanism 

and leaf senescence at the time of grain filling (Banziger et al., 2000). 

Elongation of stem in maize under drought stress was reduced during vegetative 

stage. The experiments conducted in green house to study the effect of drought stress on the 

vegetative growth of maize and it was found that drought stress reduced shoot growth 



(Ramadan et al., 1985). In these conditions the effect of first stress could be highest 

(Denmead and Shaw, 1960; Claassen and Shaw, 1970a). Limited supply of moisture to plant 

at vegetative growth stage produced the final leaf area of plant smaller hence utilization of 

carbon will be less in the whole growing season of plant (Nilson and Orcutt, 1996). The 

storage of reserves in the ear shank and stem are dependent on the situations under which the 

assimilation takes place before the initiation of flowering. It is a matter of great concern that 

under the normal conditions (no drought) stored reserve has little role in the success of 

reproductive process (Schussler and Westgate, 1995) but when photosynthesis is reduced at 

the grain filling stage the stored reserves are reutilized to fill the gains (Blum, 1996). The 

effects of water deficit stress on the leaf area decrease the assimilation and extent of it. 

At the time of reproductive stage of maize if drought occurs it delayed the silking 

however anthesis is delayed little bit. In this way anthesis-silking gap increased which could 

be significant reason for the failure of crop under drought stress or this may be directly 

proportional to kernel formation (Byrne et al., 1995). The studies on the maize hybrids show 

that effect of reduced number of pollen grains on the number of grain occur when pollen 

quantity reduced to 80% or more or when anthesis-silking interval reached to 8 days or more 

(Bassetti and Westgate, 1994). Edmeades et al.  (2000) observed that anthesis-silking interval 

is a good indicator of translocation of newly created assimilated to the ear, female spikelet 

growth, number of grains and also the water potential of plant. It has been studied that water 

deficit stress increases the interval between silking and anthesis resulted to reduced grain 

filling duration of all the hybrids, however drought stress had little effect on the 

physiological maturity of maize crop (Fiedrick  et al., 1989). 

Drought affects maize yield at all growth stages but the plant is the most sensitive at 

flowering (Classen and Shaw, 1970a; Grant et al., 1989). The extreme sensitive days are 

from 22 days after silking with 7 days at the peak. It has been studied that maize cob may be 

complete barren if drought stress interval is from before tassel appearance to the start of grain 

fill (Grant et al., 1989). In maize crop male and female flowers are separated from each other 

about 1 meter. In this situation pollen grains and fragile stigmatic tissues have to expose to 

dry conditions. While kernel number depends on the transportation of photosynthetic 

assimilates during three weeks of extreme sensitivity bracketing flowering (Schussler and 

Westgate, 1995). On reduction of photosynthesis due to drought stress and by other a-biotic 



stresses, growth of silk is delayed which increase the anthesis-silking interval (ASI) resulted 

to kernel and ear abortion (Bolanos and Edmeades, 1996). Mostly, there are reasonable 

photosynthetic reserves formed in the plant before flowering and then accumulated in the 

stem. The developing ear of maize plant has very less capability to mobilize and attract the 

photosynthates in the first fortnightly interval of its life. In the drought stressed maize plant 

pollination may be successful but abortion of kernels takes place few days later. If selection 

of maize plants is done on the basis of reduced plant height and tassel decrease competition 

for assimilates at flowering stage hence it reduces kernel abortion (Banziger et al., 2000). 

When kernels of cob start the linear phase of deposition of biomass about 2-3 weeks after 

pollination, these kernels attract photosynthates deposited in the stem and husk of cob. 

Meanwhile, if kernels attained this stage after pollination these kernels will generally grow 

about 30% of weight in plants without stress of maize crop even if drought stress became 

much severe (Bolanos and Edmeades, 1996). 

   

2.4. Maize Production in Drought Stress Environment  

Any kind of change in our environmental conditions such as drought severely 

changes a growth and development of a plant and is called as biological stress (Levitt, 1972, 

1980). In maize plant any kind of stress decreased number of grain per plant. Number of 

pollen could be decreased with increasing drought stress (Hall et al., 1981). Among the three 

major cereal-grain crops (maize, sorghum and pearl millet) cultivating in sub-humid to semi-

arid regions, maize crop produces the maximum yield as compare to others when water is 

applied in excess quantity and soil is fertile enough but the maize crop is least tolerance to 

drought stress (Muchow, 1989). Maize is being removed by sorghum and pearl millet when 

average precipitation reduced to 600 mm. But due to its socioeconomics importance, 

development of short period varieties and due to the reason that maize grain is the most safe 

from bird it is also being grown even in semiarid tropics (Carberry et al., 1989). 

Due to the current requirement of maize, it is being grown in drought prone and even 

in waste lands having low fertility level in South East Asia. Approximately 50% tropical low 

land maize cultivated in South East Asia is considered to be facing the problem of reduced 

grain yield because of water deficit stress and also due to low nitrogen application 

(CIMMYT, 1994). According to estimations done by CIMMYT (International Maize and 



Wheat Improvement Centre) regarding the abiotic stresses the most important reason for low 

yield on farmer fields are low fertility and drought conditions (Edmeades and Deutsch, 

1994). As the plant nutrients sources mineral and organic fertilizers are the most costly, 

similarly irrigation water is becoming scarce in maize fields. Farmer should adopt the maize 

production strategies to decrease the yield losses in semi-arid tropics or to select short 

duration varieties and sowing at proper time when drought stress may occur at late 

vegetative, flowering and rain filling stages (Abrecht and Carberry, 1993). Small farmer can 

grow such varieties which are drought tolerant and efficient N user (Bolanos and Edmeades, 

1993). CIMMYT has made such kind of measurements check to calculate the ability of 

maize varieties for yield production in drought prone regions. About 20% of yield variation 

between actual yields in water deficit circumstances and yield potential can be attained by 

breeding (Muchow, 2000). Further 20% can be achieved by doing water conservation 

practices and remaining 60% yield gap may be achieved by additional water supply.  

Betran et al. (2003) studied in maize plant that variation in yield among the hybrids 

and inbred lines enhanced with increasing the water deficit stress on plants. On the other 

hand Dass et al. (2001) screened 166 genetically differ lines of maize under different 

artificially provided stress conditions such as control, mild stress, intermediate stress and 

severe stress and found that plant height was severely affected when irrigation water was 

stopped at knee height and maximum genotypes were screened out. 

Stomatal closure and restriction of gas exchange are very important effects of drought 

in crop plants (Smirnoff, 1993; Jaleel et al., 2009) including restriction of water supply, 

losing leaf water potential and turgor, cell enlargement. Rigorous drought stress diminishes 

photosynthesis, produce disturbance in metabolism and leads to plant death (Farooq et al., 

2008; Jaleel et al., 2009). In maize plant flowering, silking, pollination and grain formation 

are the sensitive stages of vegetative and reproductive growth. Continuance of drought stress 

during flowering leads to ear growth and silk appearance reduction. This results to expansion 

of gap between anthesis and silking. 

 

2.4.1.  Improvement of Drought Tolerance in Maize 

Plants tolerance to abiotic stresses is very complex mechanism as various molecular, 

biochemical and physiological phenomenon are required to understand which disturb growth 



and development of crop plants (Razmjoo et al., 2008). Crop with utmost yield potential 

could perform well even under moderate drought stress (Smirnoff, 1993; Jaleel et al., 2009). 

The current research work done by CIMMYT has inquired the prolific area of roots to absorb 

water in the root zone and this parameter may be used as selection criterion for improving 

drought tolerance as roots are the vital constituent for drought tolerance at the different 

growth stages of plant (Weerathaworn et al., 1992b; Blum, 1996). 

Globally food security could be directly dependent on the development of crop 

varieties which are having tolerance against abiotic stresses such as drought and salinity. 

Grzesiak (2001) reported the soil drought effect on growth in experiment done in glass house 

and concluded that genetic makeup of maize show variation in drought tolerance and is better 

manipulated under severe conditions of drought.  

To overcome the problem of abiotic stresses such as drought for food security 

development of drought tolerant varieties/hybrids could be the cheapest way. Currently 

selection criteria are applied for good variety selection as compare to breeding techniques 

which are time consuming (Zhu, 2002). Sharma and Bhalla (1990) made diallel crosses of six 

drought tolerance lines of maize crop with one drought sensitive variety under rain fed 

situations in which dominance gene action could be important for number of stomata and 

number of leaves. It was also studied that drought tolerant varieties generate more fresh and 

dry weights of stem as compared to sensitive one (Ashraf, 1989).  

Terbea and Ciocazanu (1999) reported the response of some maize cop inbred lines 

seedlings sown under limited water availability. They carried out an experiment to find the 

effect of reduced moisture application on the physiological traits of four maize inbred lines 

having various features for drought tolerance. These experiments were carried out in a 

growth chamber. Significant increase in photosynthesis rate, root length and lateral root area 

were found in drought tolerant inbred lines under limited supply of water while significant 

decrease in photosynthetic rate, root length, lateral root area and chlorophyll contents were 

found in severely drought sensitive inbred lines. Such kind of evaluation declared that under 

normal supply of soil moisture, the variability of maize genetics for above given parameters 

was less marked than under limited moisture supply. It was studied that rice varieties 

maintaining low leaf temperature can attain high transpiration, photosynthetic rates and 

produce higher yield in upland fields. Rice varieties maintaining high leaf temperature were 



evaluated as drought susceptible. Temperature of leaf is considered as an important signal to 

identify the drought tolerance of line selection in upland rice breeding. Hu et al. (2007) noted 

that drought and salinity stress decreased the fresh weight and these results were also same 

for maize crop plants. 

The adaptation of morphological, anatomical, structural and ecological features had 

been considered for the improvement of crop plant for drought tolerance in maize. It has been 

studied that morphological characteristics which are least susceptible to our environment 

should be used for breeding of maize for drought tolerance. 

It is estimated that the share of environmental stresses to our global losses of crop 

production is becoming very alarming (Bray et al., 2000), If we did a comparison of losses 

done by biotic and abiotic  stresses, the losses done by abiotic stresses are very high. It was 

reported that 60% of soils of the world have nutrients deficiency or toxicity problem for crop 

production. Addition of drought stress with nutrient deficiency and toxicity is responsible for 

severe losses of crop production in the entire globe. However, the survival and productivity 

of crop plants exposed to environmental stress are dependent on the ability of crop plant 

tolerance against the drought stress.  

As drought is the most important environmental agent which decreases growth and 

development of plants among all the environmental stresses (Shaw, 1988; Sadras and Milroy, 

1996; Aslam et al., 2006). It also has been considered a serious yield limiting factor in 

developing countries (Ceccarelli and Grando, 1996). Hence this water shortage in Pakistan 

fabricates the varieties of maize crop which are drought tolerant and are able to provide high 

yield in limited water application by the provision of fertilizer nutrients especially potassium 

(Kitchen et al., 1999) because the current water shortage may be devastating quandary for 

food assembly in future, hence could put human being under alarming state of life and death. 

In this way mineral nutrients in plant body can enhance its tolerance to drought stress. 

Among these nutrients potassium is important nutrient to develop tolerance in the plant body. 

 

2.5.  Potassium for Drought Tolerance  

In the earth crust potassium is the seventh most abundant element even then only one 

to two percent can be taken up by plants while other is fixed. Hence potassium is applied to 

crop plant to fulfill crop requirement. Potassium is obtained from mining or from evaporation 



of solution pumped out from below the soil surface or from natural salt lakes like Great Salt 

Lake in USA and Dead Sea on the western border of Jordan (Anonymous, 2009). 

 

2.5.1.  Role of Potassium in Plant Growth and Development 

During the situation of the limited supply of potassium, some disturbance in leaf 

occurs such as leaf chlorosis and necrosis development and disturbance of growth takes place 

when plants are growing under high light intensity. Studies show that K2O application 

significantly enhances the leaf area index, dry weight/plant, crop growth rate, net 

assimilation rat, number of grains cob-1, grains weight cob-1, 1000-grain weight, grains yield 

and harvest index over the control (Mahmood et al., 1999). 

Potassium contents in maize grain usually ranges from 0.25 to 0.45% hence a maize 

field yielding 10 t/ha of grain will remove 30kg K/ha. This removal of potassium could be 

more where vegetative part is also removed from the field (McColl, 1970). As maize plant 

up-takes potassium rapidly at early stage. Thus it has been studied that more than 90% of 

potassium is taken up at the life span of 4 to 7 weeks after planting and before the production 

of 50% dry matter (Corazzina et al., 1991). The maximum daily demand of potassium for 

maize plant is ranges from 2.3 to 10.7 kg/ha (Welch and Flannery, 1985). At the early stage 

of crop growth the concentration of potassium changes rapidly due to the difference in K 

uptake and dry matter production. Hence for the maximum uptake of potassium rapidly 

available supply of potassium is required in the soil. However, this supply of potassium 

depends on many factors such as length of growing period and period of rapid uptake. On the 

one side soil profile may contain sufficient potassium to fulfill the crop requirement however 

during the peak growing periods this supply may be disturbed. Plants absorb potassium from 

the soil solution which is minute quantity to fulfill the needs of plant. 

 

2.5.2. Role of Potassium in Plant Physiology 

Potassium is a macro-nutrient plays a vital role in improving crop growth and 

development in crop plants (Marschner, 1986). It is absorbed in large amount by plants and is 

highly mobile in plant body parts. It has great role in cell expansion and maintain the turgor 

pressure of plant. It assists in osmoregulation of cell, help in opening and closing of stomata 

(Hsiao, 1973).  It activates more than 60 enzymes and takes part in many metabolic activities. 



These enzymes have greater role in protein formation and decomposition of sugar 

compounds (Suelter, 1985; Tisdale et al., 1990) and has promoter effect on the growth, 

development (Kasana and Khan, 1976) and grain yield in maize plant (Davis  et al., 1996). 

The potassium present in cytosol could not be replaced by any other cation hence any 

deficiency of cytosolic potassium concentration will affect the potassium specified functions 

in plant body especially the large number of reactions are dependent on the potassium 

(Lauchli and Pfluger, 1978; Marschner, 1995). It is of quite important to note that deficiency 

of potassium may be appeared on the plant leaves but this deficiency could not be fulfilled at 

later stages of growth (Bergmann, 1992). To maintain and regulate the turgidity of plant body 

cells potassium play an important role (Mengel and Arneke, 1982) and if potassium is 

deficient stomatal conductance may be affected (Graham and Ulrich, 1972) which may 

reduce photosynthetic activity. 

The low quantity of potassium in the plant body decreases the photosynthetic carbon 

metabolism and also the consumption of fixed carbon resources (Cakmak and Engels, 1999; 

Mengel and Kirkby, 2001) as a result of this huge deposition of carbohydrates take place in 

the source leaves. As a result of these changes of photosynthetic C metabolism excess of 

non-utilized light energy and photoelectron are there in the plant bodies which create photo 

oxidative damage to plant body. The plants with potassium paucity under drought are highly 

susceptible to light with high intensity and become necrotic and chlorotic quickly. 

Impairment in stomatal regulation, transfer of light energy into chemical energy, transport of 

assimilates from source to sink and disturbance in photosynthetic CO2 fixation are the main 

disorders of potassium deficiency. 

The fractions of lysine and their amino acids in the grain of maize crop increased with 

the application of potassium (Diuf, 1978). Protein contents in maize grain increased from 9.2 

to 10.8% due to application of potassium fertilizer (Liang, 1985). Photosynthesis in the 

potassium deficient plants also decreases due to restricted stomatal conductance, increasing 

the mesophyll resistance and ribulose bisphosphate carboxylase activities reduced (Peoples 

and Koch, 1979; Cakmak  and Engels, 1999; Zhao et al., 2001). For the continuation of 

Photosynthesis at high speed it is obligatory for Photosynthates to be exported from source to 

sink. Under high potassium application the concentration of sucrose in source leaves 

increases many folds (Huber, 1984; Cakmak et al., 1994b; Marschner et al., 1996; Bednarz 



and Oosterhuis, 1999; Zhao et al., 2001). All above conclusions are related to the results that 

potassium deficiency disturb the export of assimilates from source to sink (Mengel and Viro, 

1974; Mengel, 1980; Cakamk et al., 1994b). Potassium enhances the transportation of 

photosynthetic assimilates from source to sink. The rate and time of grain filling can be 

increased by potassium application. 

 

2.5.3.  Role of Potassium in Mitigation of Stresses  

Potassium is macronutrient absorbed by crop plants and plays a vital role in plant 

growth and development that activation of more than sixty enzymes taken place by this 

element. Potassium creates immunity in plants body against drought and high temperature as 

well as diseases. All plants require potassium but those plants require more which are high in 

carbohydrates. Studies on crop plants show that potassium enhances the shelf life of fruits, 

enhances the length of stem along with root length. 

The reduction in photosynthetic CO2 fixation activate the molecular O2 for extensive 

production of reactive oxygen species (ROS) and these reactive oxygen species (ROS) 

damage the chloroplast and cell membrane. ROS are mainly produce in chloroplast which 

are; superoxide radical (O-
2), hydrogen peroxide (H2O2) and singlet oxygen (1O2) at the time 

when photosynthesis is proceeding at the day time (Asada, 2000). Chloroplast produce high 

amount of ROS when plants are under environmental stresses like drought, chilling, 

deficiency of fertilizer nutrients and salinity (Foyer et al., 1994; Marchner et al., 1996; 

Asada, 2000; Vranova et al., 2002). These (ROS) are the most damaging factors resulted to 

membrane damage; damage chlorophyll then formation of necrosis and chlorosis on the 

leaves of plants. In the normal situation 20% of electron flux in the photosynthesis is 

transferred to molecular O2 which results to form O2
- and other reactive oxygen species 

(Biehler and Fock, 1996; Cakmak, 2000). The consumption of light energy during CO2 

fixation diminishes due to the influence of biotic or abiotic stresses. Under this condition 

electron flux to O2 increases which increases the addition of ROS in the chloroplast under 

such condition of low consumption of light energy, excitation energy also transfer to O2 

which create highly toxic ROS. ROS production in chloroplast under environmental stress 

increases when plants are exposed to high light intensity under such kinds of conditions 

prevail in Pakistan. These ROS also provide photo-oxidative damage to chloroplast. Many 



examples have been observed that if plants are exposed to high light intensity and 

environmental stress at same time produce quickly chlorosis and necrosis (Cakmak and 

Marschner, 1992; Foyer et al., 1994; Wise, 1995; Huner et al., 1998; Cakmak, 2000; Choi et 

al., 2002). Plants exposed to high light intensity are more sensitive to it if potassium supply 

is limited (Marschner and Cakmak, 1989; Marschner et al., 1996). Plants show resistance to 

stresses such as pest and diseases. Enhancing the integrity of body structure and resistance to 

stalk diseases is an important contribution of potassium nutrition for resistance to lodging 

(Welch and Flannery, 1985). 

 

 

Figure 2.2.  Model regarding potassium-deficiency-induced NADPH oxidase, 
superoxide-radical production, and membrane damage in root cells 
(Cakmak 2003, 2005). 

 
2.5.4.  Role of Potassium on Yield Enhancement  

To get the highest yield of maize crop optimum amount of potassium is necessary to 

be applied. A full grown maize crop plant can accumulate up to 300 kg potassium/ha in 

above ground body parts, while more amounts are taken up in silage production maize. 

Maize plants absorb potassium rapidly in early growing period. However this ability depend 

on many factors such as soil solution potassium concentration, soil moisture content, soil 

texture and structure and distribution of soil potassium reserves (White, 2003). Under the 



prevailing circumstances any of these factors may restrict the supply of potassium to maize 

plant. 

The maize crop requires potassium as much as that of nitrogen for six metric tons 

grain production while maize removes 120 kg N, 50 Kg P and K per hectare from soil (Bajwa 

and Rehman, 1996). Potassium is being decreased in soils of Pakistan rapidly. It is due to the 

low application (0.8 kg/ha/year) of potassium in soils of Pakistan as compare to global 

average use of potassium (15.1 kg/ha/year) (Ahmad and Rashid, 2003). Application of 

potassium may increase the yield, 1000 grain weight and shelling percentage over control. 

K2SO4 application at the rate of 60 kg K/ha was found to be the best and better for optimum 

yield of maize (Rasool et al., 1987). Application of potassium can enhance the uptake of it 

and also the available potassium contents in soil (Roy and Kumar, 1990). It is studied that 

yield of maize increased linearly with increase in maize crop up to 112 kg K2O/ha (Heckman 

and Kamprath, 1992). The maximum yield of 2264 kg/ha was attained with the application of 

120 kg K2O/ha including 120 kg N and 90 kg P2O5/ha (Sharif et al., 1993). It was studied 

that plant height, grains/cob, cob/plant, 1000 grain weight and yield/ha were the parameters 

to be increased significantly with the applied dose of 150 kg K2O/ha along 100-150 kg 

NP/ha. Protein contents of grain were more with increased level of potassium. With the 

reality that potassium improved maize yield, thus the maximum yield obtained in this regard 

was 6.87 t/ha with the application of 125 kg/ha potassium. The greater yield means more 

number of grains per cob and 1000 grain weight (Cheema et al., 1999). Abortion of kernels 

at the top of cob and smaller grain size may be resulted due to the deficiency of potassium 

(Bly et. al., 2002). 

The research shows that treatment of K2O at the rate of 200, 150 and 100 kg/ha 

enhanced the yield of maize by 24.50, 20.31 and 13.14% respectively over the control 

(Padgitt et al., 2000). Few experiments conducted in field of Egypt elaborated that yield was 

reduced by reducing the irrigation and application of potassium increased the yield (Abd El-

Hadi et al., 1997). By keeping such kind of thinking in our minds, it can be clarify that 

enhancing the concentration of potassium in plants body parts could be of significant 

importance for obtaining high sustainable yield under drought situation (Valadabadi and 

Farahani, 2009). 



Chapter 3     

MATERIALS AND METHODS 

 

In current research potassium was used to minimize adverse effects of drought  stress 

on maize crop and was conducted at Postgraduate Agricultural Research Station, University 

of Agriculture, Faisalabad, Pakistan. The pot experiments were conducted in a net house 

whereas the others in field. Soil samples from that field were also taken for analysis in soil 

testing laboratory both for pot and field experiments at the beginning of each experiment. 

  

3.1. Site Geography 

The station was located between longitude 73°74 East, latitude 30°31.5 North, with 

an elevation of 184 meters above sea level. This area is located in the Indus plain among the 

Indus river tributaries irrigated by canals originated from these rivers. It is considered that 

Indus valley was part of sea and slowly slowly it was filled with clay coming from up lands 

and such soils are alluvial in nature. 

  

3.2. Meteorological Data  

The meteorological data was collected from Department of Crop Physiological, 

University of Agriculture, Faisalabad Pakistan. The detail of climatic data of whole the 

experimental duration is given in graphical representation. 

 

3.3. Seeds Collection 

Seeds of maize hybrids were collected from various public and private sector 

organizations. These included Pioneer Seeds Sahiwal, Maize Research Institute Yousafwala 

Sahiwal, Monsanto International, Punjab Seed Corporation, Refhan Maize Limited 

Faisalabad. After the screening of maize hybrids seeds of two hybrids were stored for further 

experiments.  

 



Fig. 3.1. Rainfall data of experimental site 

 

 

 

Fig. 3.2. Temperature data of experimental site 
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Fig. 3.3. Relative humidity data of experimental site 

 

 

 

Fig. 3.4. Potential ET data of experimental site 
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3.4. Soil Physical and Chemical Analysis  

Representative soil samples were taken up to depth of 30 cm and were analyzed for 

soil properties.   

 

NET HOUSE STUDIES 

 

This was further subdivided into three experiments 

 

Determination of Field Capacity 

The field capacity was determined on gravimetric basis (Nachabe, 1998). For 

determination of field capacity three samples of 200 g each of the soil used in the experiment 

were taken at the time of filling the earthen pots. These samples were then incubated at 

105oC for 24 hours. These oven dried samples were weighed and averaged for determination 

of total moisture contents of the soil at the time of seed sowing. Then the saturation 

percentage of three samples of 100 g each of this oven dried soil was approximated by 

measuring and then averaging the distilled water used in making completely saturated paste 

of three samples. The field capacity was determined by using the following formulae: 

                                  Saturation percentage 
Field capacity = ----------------------------------------- 
                                                  2 

For pot experiments field capacity (FC) of each pot was maintained as per treatment. 

Soil moisture percentage of each pot was measured on daily basis with the help of soil 

moisture meter (Delta-T device, Cambridge, UK). Each time pots were irrigated to maintain 

field capacity level, when moisture contents were depleted upto 30%. This procedure was 

carried out up to assessment of seedling.  

 

3.5. Experiment 1: Screening of Maize Hybrids against Drought  

The soil was taken from adjacent field and soil samples were sent to soil testing 

laboratory for analysis. 

 

 



3.5.1. Soil Analysis  

Table 3.1. Analysis of soil used in pots 
Parameter Units Values  
Texture -- Sandy loam  

 pH -- 8.2  
EC (dSm-1) 0.71  
O. M. (%) 0.37  
Nitrogen (%) 0.043  
Available P  (ppm) 7.40  
Extractable K (ppm) 125.5  
Sand (%) 55  
Silt (%) 22  
Clay 
Field capacity 
Wilting point 

(%) 
(%) 
(%) 

23 
25.2 
8.4 

 

SAR -- 09  
Taxonomic Soil Classification of Experimental Site 

Order  : Aridisols 

Suborder : Calcids 

Greatgroups : Sierozem  

Subgroups : Typic Camborthids 

Families : Fine silty, mixed hyperthermicvstalfic haplagid 

Soil Series : Lyallpur 

 

3.5.2. Experimental Detail 

The experiment was conducted in pots in a rain sheltered net house. This study was 

just same as that of open environment. The weather data for the period of this experiment is 

given in Fig.3.1, 3.2, 3.3 and 3.4. The design of experiment was factorial Completerly 

Randomized Design (CRD) with three replications. In one pot four plants each of hybrid were 

maintained and one drought treatment was applied. It was an experimental unit. Other 

treatments were also made like this and replicated thrice. The treatments were following;  

Factor: A Maize hybrids  

(FH-810, 32-F-10, FH-782, 32-B-33, YH-1898, Monsanto-6525, R-2315  

and R-3304)  

Factor: B Drought levels  

(100% FC, 75% FC and 50% FC).  



These hybrids were locally grown by the farmers and stakeholders of Faisalabad 

region. These hybrids were selected on the basis of drought tolerance and sensitiveness by 

studying their characters narrated by the seed producing organizations. The drought tolerant 

maize hybrid group was FH-810, 32-F-10, 32-B-33 and Monsento 6525 while drought 

sensitive group was FH-782, YH-1898, R-2315 and R-3304. The purpose was to select one 

drought tolerant and other one sensitive maize hybrid.   

 
Table. Morphology and growing degree days maize hybrids. 
Maize hybrid 
 

Morphology and growing degree days 

Plant 
height 
(cm) 

Cob 
length 
(cm) 

Cob 
rows 
(cm) 

Leaf 
length  
(cm) 

Drought and  
heat resistant  

GDD 

Sring Autumn 

FH-810 225 19 14-16 53 Resistant 115 94 
32-F-10 360 22 14-18 61 Resistant 120 100 
Monsento 6525 210 20 14-16 56 Resistant 115 110 
32-B-33 340 21 14-16 58 Resistant 116 96 
YH-1898 215 18 14-16 52 Intermediate 117 102 
FH-782 181 18 14-16 55 Intermediate 112 107 
R-2315 240 19 14-16 54 Intermediate 123 107 
R-3304 245 18 14-16 53 Intermediate 121 109 
GDD: Growing degree days 

Required quantity of soil was taken from field and pile up near the experimental site. 

The soil was ground and passed through a sieve. The recommended quantity of fertilizer 

250:125:125 NPK kg ha-1 was applied. All of P and K and only 1/3 of N was applied was 

applied at sowing while remaining was applied 20 days after sowing. Fertilizer was mixed in 

eight kilogram of soil on the hectare basis. The sowing was done on August 4, 2009. Eight 

seeds of each hybrid were sown in each pot. The seeds were treated with amedacloprid and 

Topsin-M as systemic insecticide and fungicide respectively. 

After sowing of seeds all the pots were irrigated fully. On every day each pot was 

irrigated with required amount of water on visual observation of soil. At four leaf stage 

thinning was done and four plants pot-1 were maintained. The remaining 2/3 dose of nitrogen 

was applied after 20 days of sowing. Drought stress was imposed after two weeks of 

germination. The application of water to pots was managed by the moisture meter. This 

practice was repeated on every day. Field capacity was maintained to required level when it 

was depleted upto 30%. Carbofuran (Furadan 3-G) was applied after thinning of crop to 

provide protection from Ostrinia nubilalis and Atherigona soccata. Crop was uprooted 35th 



days after sowing and standard procedures were followed to record the data which was taken 

before uprooting. 

3.5.3. Parameters Recorded  

3.5.3.1.  Morphological Parameters 

3.5.3.1.1.  Plant Height Plant-1 (cm) 

Plant height was measured with the help of meter rod from the base of plant stem to 

the colar of top leaf. The height of each of the four plants was measured with the help of 

measuring tape. Then average of height was calculated. 

3.5.3.1.2.  Leaf Length (cm) 

Leaf length was measured with help of meter rod. Leaf length of three leaves from 

each of the plant was measure. It was repeated to four plants and then average of one leaf was 

calculated.   

3.5.3.1.3. Leaf Area Plant-1 (cm2) 

The leaf area was measured with the help of leaf area meter. Leaf area of 10 g sub-

sample of fresh green leaf lamina was measured. On the basis of fresh green weight of leaves 

of plants leaf area per plant was calculated. 

3.5.3.1.4. Number of Leaves Plant-1 

Leaves were counted on plant basis. Then average of four plants was measured. 

3.5.3.1.5. Stem Diameter (cm) 

Stem diameter was calculated with the help of vernier calipers on three points on each 

of the plant from top, mid, and base. Average of four plants was then calculated. 

3.5.3.1.6.  Root Fresh Weight Plant-1 (g) 

The roots of plant were taken out by washing the soil in the pot where roots were 

anchored and weighed with the help of electronic balance. The average of four plants was 

calculated. 

3.5.3.1.7.  Shoot Fresh Weight Plant-1 (g) 

Weight of plant shoot was measured with electric balance after cutting from the base 

of stem. Then average of four plants was measured. 

3.5.3.1.8.  Shoot and Root Dry Weight Plant-1 (g) 

Fresh plants with shoot and root each were taken. After sun drying, these plant 

samples were put in oven at 70oC for 72 hours. After drying the weight of these samples was 



measured. Finally, average was calculated. 

3.5.3.1.9.  Total Dry Weight Plant-1 (g) 

Total dry weight was calculated by the summation of root and shoot dry weights. 

3.5.3.1.10. Root Shoot Ratio 

The ratio of dry weights of root and shoot was measured. 

3.5.3.2.  Physiological Parameters 

3.5.3.2.1.  Relative Water Contents (%) 

To determine the relative water contents fresh weight of 0.5 g excised leaf fully 

expanded from the top was measured and put into test tube full of water so that the leaf 

portion could be fully soaked into water. Leaf was taken out of the test tube after 16 hours. 

Water on the surface of leaf was swiped out with the help of tissue paper and weight of leaf 

was measured. The samples were then dried in an oven at 65 ± 2°C for 24 hours and weighed 

to measure the dry weight. The relative water contents were measured by using the following 

formula (Karrou and Maranville, 1995) given below;  

RWC = (FW-DW)/ (TW-DW) x 100  

Where FW is the fresh weight of sample, DW is the dry weight of sample and TW is the 

turgid/soaked weight of sample.   

3.5.3.2.2.  Leaf Water Potential ѱw (-MPa)  

The third leaf from the top (fully expanded youngest leaf) of maize stem was excised 

between 6:30 am to 8:30 am for the determination of leaf water potential (ѱw) by using 

Scholander type pressure chamber. The measurement of this parameter was carried out after 

35 days of sowing before uprooting of crop. 

3.5.3.2.3. Stomatal Conductance gs (mmole m-2s-1) 

Stomatal conductance (gs) was measure with infrared gas analyzer (Analytical 

Development Company, Hoddesdon, England) from top of 3rd leaf of each plant. This kind of 

measurements were done from 10:00 am to 2:00 pm  with the following type of adjustments 

such as; leaf surface area 11.35 cm2, ambient CO2 concentration 342.12 micromole mol-1, 

leaf chamber temperature varies from 36.2 to 42.9 oC, gas flow rate of leaf chamber volume 

396 mL min-1, molar gas flow rate of leaf chamber 251 µmole s-1, ambient pressure 99.95 

KPa, molar flow of air per unit of area of leaf 221.06 mol m-2 s-1, PAR on the leaf surface 

was highest up to 1030 micromole m-2 s-1. Such kind of measurements were made after 35 



days of sowing before uprooting of crop. 

3.5.3.2.4. Photosynthetic Rate A (µmole m-2s-1) 

It was measured by the same method as in section 3.5.3.2.3.   

3.5.3.2.5. Transpiration Rate E (mmole m-2s-1) 

It was measured by the same method as in section 3.5.3.2.3.  

 

3.6.  Experiment 2: Optimization of Potassium Levels for Maize Hybrids 
Grown under Drought Conditions. 
 

3.6.1. Soil Analysis  
Table 3.2.  Analysis of soil used in pots 
Parameter Units Values 
Texture -- Sandy loam 
pH -- 8.3 
EC (dSm-1) 0.72 
O. M. (%) 0.39 
Nitrogen (%) 0.045 
Available P  (ppm) 7.42 
Extractable K (ppm) 129.5 
Sand (%) 56 
Silt (%) 22 
Clay 
Field capacity 
Wilting point 

(%) 
(%) 
(%) 

22 
25.5 
7.9 

SAR -- 09 
Taxonomic soil classification was same as given in section 3.5.1.  

3.6.2. Experimental Detail 

The experiment was designed to optimize the potassium levels for drought tolerance. 

Two maize hybrids that were screened out in first experiment were used in this experiment. 

The design of experiment was CRD (factorial) with three replications. Experiment was 

comprised of following treatments; 

Factor A: Maize hybrids  

(32-F-10 and YH-1898) 

Factor B: Drought levels  

(100% and 70% FC)  

Factor C: Potassium levels  

(0, 50, 100, 150 and 200 mg/kg of soil)  



The analysis of soil showed the fraction of potassium present in soil as extractable 

potassium. It is consisted of soluble and exchangeable potassium. Soluble potassium is easily 

available to crop plants while exchangeable potassium is available to plants in minute 

quantatiy thus application of further potassium is compulsory for maize production on the 

basis of present soil analysis. The potassium present in soil was kept as contant for all 

experiments and considered as 0 application of potassium while actual applied was 

considered as treatment.   

The recommended quantity of fertilizer 250:125 NP kg ha-1 (only 1/3 of N and all of 

P was applied at sowing while remaining N was applied 20 days after sowing) was mixed in 

eight kilogram of soil on the hectare basis. The sowing was done on January 20, 2010. Eight 

seeds of each of the hybrid were sown in each pot. 

Seeds were treated with fungicide and insecticide such as Topsin-M and acetamaprid 

respectively. After sowing of seeds all the pots were irrigated fully. On every day each pot 

was irrigated with required amount of water on visual observation of soil. At four leaf stage 

thinning was done and four plants per pot were maintained. Drought stress was imposed after 

two weeks of germination with the help of moisture meter to maintained required field 

capacity of 100% and 70% after depletion of 30% in it. This practice was repeated on every 

day. The remaining 2/3 dose of nitrogen was applied after 20 days of sowing. Furadan was 

applied to control the stem borer. Crop was uprooted 35 days after sowing and standard 

procedures were followed to record the data. 

 

3.6.3.  Parameters Recorded 

3.6.3.1.  Morphological Parameters  

Same as recorded in section 3.5.3.1.  

3.6.3.2. Physiological Parameters 

Same as recorded in section 3.5.3.2.  

3.6.2.3. Biochemical Analysis 

3.6.2.3.1. Potassium in Shoot and Leaves (mg/g  dry weight) 

The samples taken from shoot and leaves were dried and then ground. 0.5 g sample 

was taken and digested with the help of sulphuric acid and hydrogen peroxide according to 

the method used by Wolf (1982). The sample (0.5 g) was taken and put in digestion tubes. 



2.5 mL concentrated H2SO4 was poured to each of the tube. These tubes were incubated at 

room temperature overnight. After this 1 mL of H2SO4 (35%) was added on the sides of 

digestion tubes. Then these tubes were transported to digestion block and heat was provided 

to rise temperature up to 300 oC till fumes produced from the tubes. Furthermore these tubes 

were continued to heat up for another half an hour. Now digestion tubes were taken away 

from digestion block and cooled down. Afterwards 1 mL of H2SO4 was added to the 

digestion tubes and put the tubes in digestion block. The above mentioned procedure was 

repeated till cooled digested material was colorless. Now the volume of extract was made to 

50 mL in volumetric flask and then it was filtered and used for determination of K with the 

help of flame photometer (Jenway, PFP-7). 

 
3.7. Experiment 3: Morphological and Physiological Response of Maize 

Hybrids under Drought Imposed from Various Growth Stages to 
Potassium Application. 
 

The analysis of soil was same as given in section 3.6.1.   

 

3.7.1. Experimental Details 

The design of experiment was CRD (factorial) with three replications. The treatments 

were as following;  

Factor A: Maize hybrids  

(32-F-10 and YH-1898)  

Factor B: Growth stages to impose drought  

(no drought, five leaf stage, ten leaf stage, anthesis and grain formation)  

Factor C: Potassium levels (0, 100 mg kg-1 of soil).  

The recommended quantity of fertilizer 250:125 NP kg ha-1. All of P and only 1/3 of 

N was applied at sowing time. Fertilizer was mixed in eight kilogram of soil on the hectare 

basis.  Drought tolerant (32-F-10) and sensitive maize hybrids (YH-1898) were sown on 

February 28, 2010. Six seeds of each of the hybrid were sown in each pot. After sowing of 

seeds all the pots were irrigated fully. On every day each pot was irrigated with required 

amount of water on visual observation of soil. At four leaf stage thinning was done and two 

plants pot-1 were maintained. Drought stress was imposed from required growth stages till 



maturity by maintaining 70% FC with the help of moisture after 30% depletion in it. The 

remaining 2/3 dose of nitrogen was applied after 20 days of sowing. Crop was harvested 

when fully mature and standard procedures were followed to record the data. 

 

3.7.2.  Observations Recorded   

3.7.2.1.  Morphological Parameters 

 Same as recorded in section 3.8.3.1. 

3.7.2.2.   Physiological Parameters 

 Same as recorded in section 3.8.3.2.  

3.7.2.3. Agronomic Parameter 

  Same as recorded in section 3.8.3.3.  

3.7.9.4. Biochemical Analysis 

 Same as recorded in section 3.6.2.3.1. 

  

FIELD STUDIES  
 

 This study was further subdivided into two experiments. 

 

Determination of Irrigation Levels at Field 

Gravimetric procedure of direct soil water measurement was applied to determine the 

water contents in the soil. Soil sampling for soil moisture measurement was carried out 

regularly on alternate days keeping in view the weather conditions. Composite soil samples 

at the depth intervals of 30 cm up to 100 cm were taken on taking into consideration of maize 

growth stage from randomly located sites in each plot for moisture determination, as the 

maximum moisture extraction depth of root zone of maize crop was taken as 100 cm. 

Depth of irrigation water: Irrigation was applied to respective plots as soon as the desired 

available soil moisture depletion level reached in the soil of crop root zone. Depth of 

irrigation for each field capacity levels was predetermined by adopting the direct 

measurement or field sampling method of crop water requirement as reported by Mujumdar 

(2002): 

 
 



                       (Fc – Mb)  (Bd)× D 
 
    d =  
                         100 

 

Here; 

d = Depth of water to be applied in (cm)  

D = Depth of root zone (cm)  

Fc = Field capacity in percent by weight 

Bd= Bulk density of soil g/cm3 

Mb= water contents in soil before irrigation by weight 

 

 

Discharge of water applied to each treatment was determined with the help of a cut 

throat flume (3’ x 8”). The time required to supply the required depth of irrigation water to 

each plot was calculated according to following equation (Rafiq, 2001): 

 
                                                    d x a 
                         t =            
                                                      q 

 

Where,  

t = time in hours  

d = depth of water in inches  

a = area in acres 

q = discharge of irrigation water in ft3/s 

 

 

 

 

 

 

 

 



3.8. Experiment 4: Response of Maize Hybrids Under Drought Imposed 
from Various Growth Stages to Potassium Application Grown in 
Spring Season. 
 

3.8.1.  Soil Analysis 
 
Table 3.3. Analysis of field soil 
Parameter Units 2010 2011 

0-15 (cm) 15-30 (cm) 0-15 (cm) 15-30 (cm) 

Texture -- Sandy loam Sandy loam Sandy loam Sandy loam 
pH -- 8.0 8.1 8.3 8.0 
EC (dSm-1) 0.72 0.53 0.69 0.52 
O. M. (%) 0.38 0.38 0.39 0.37 
Nitrogen (%) 0.044 0.036 0.042 0.037 
Available P  (ppm) 7.5 5.5 7.1 5.2 
Extractable K (ppm) 135.5 121.1 132.5 122.7 
Sand (%) 55 48 54 49 
Silt (%) 22 28 22 27 
Clay 
Field capacit 
Wilting point 

(%) 
(%) 
(%) 

23 
26.10 
8.5 

24 
25.4 
7.8 

24 
25.5 
8.2 

26 
26.2 
8.1 

SAR -- 09 11 08 10 
Taxonomic soil classification was same as given in section 3.5.1. 

 

3.8.2. Experimetal Detail 

Two maize hybrids that were screened out in first experiment used in this experiment. 

The site for experiment was selected at Postgraduate Agricultural Research Station, 

Faisalabad. The soil was taken from the field and soil samples were sent to soil testing 

laboratory for analysis. The design of experiment was RCBD with split-split arrangement and 

replicated thrice. The treatments were as following;  

Factor A: Maize hybrids  

(32-F-10 and YH-1898) 

Factor B: Growth stages to impose drought  

(no drought, five leaf stage, ten leaf stage, anthesis and grain formation) 

Factor C: Potassium levels (0 and 100 mg/kg of soil). 

The field was ploughed once and then cultivated two times. It was then planked and 

leveled with laser land leveler. The ridges were made with the help of tractor mounted ridger 

at the distance of 2.5 foot apart. The sowing of this experiment was done on February 25, 



2010 and on February 21, 2011. The screened hybrids; drought tolerant and sensitive, were 

sown. The recommended fertilizer (NP: 250, 125 kg/ha and optimized K in experiment 2) was 

applied on hectare basis. All the phosphorus, potash and 1/3 of nitrogenous fertilizer was 

applied at the time of sowing while the rest of nitrogen was applied at knee height of maize 

crop. 

The drought was imposed from various growth stages by maintaining 70% FC after 

30% depletion in it. A flume was installed at the start of field channel to measure the quantity 

of water. Quantity of water was measured that was applied to control plot (Full irrigation 

application) with flume while to drought stressed plots water was applied to maintain the 

required field capacity. 

To control the broad leaved weeds atrazine was applied after the germination of 

weeds while the narrow leaved weeds were controlled with hoeing. After that furadon was 

applied twice to control the stem borer with fortnightly interval. The growth and 

physiological data were taken at 65th days after sowing of crop. When crop reached to 

physical maturity, it was harvested for biological yield and grain yield. The crop was piled up 

to get it dried. After drying it was weighed for biological yield and then cobs were separated 

from the stalk for drying and then shelling was done with the help of sheller in the University 

of Agriculture, Faisalabad. 

 

3.8.3.  Parameters Recorded 

3.8.3.1.  Morphological Parameters 

3.8.3.1.1.  Plant Height Plant-1 (cm) 

The height of ten randomly selected plants was measured with the help of measuring 

tape. Then average was calculated.  

3.8.2.1.2. Leaf Length (cm) 

Leaf length of three leaves from each of the plant was measured. It was repeated to ten 

plants and then average was calculated.   

3.8.3.1.2. Leaf Area Index 

Leaf area of 10 g sub-sample of fresh green leaf was measured with the help of leaf 

area meter. On the basis of fresh green weight of leaves of ten plants per plot leaf area was 

calculated. Leaf area index was calculated as the ratio of leaf area of plant to the ground area 



as suggested by Watson (1952).  

LAI= Leaf area/Land area   

3.8.3.1.3.  Number of Leaves Plant-1 

The ten plants were selected randomly and their leaves were counted and after that 

their average was calculated.   

3.8.3.1.4.  Shoot Fresh Weight Plant-1 (g) 

The fresh weight of ten plants was measured with the help of electric balance and 

average was calculated in grams.  

3.8.3.2.  Physiological Parameters 

3.8.3.2.1.  Relative Water Contents (%) 

  It was recorded same as in section 3.5.3.2.1. 

3.8.3.2.2. Leaf Water Potential ѱw (-MPa) 

 It was recorded same as in section 3.5.3.2.1. 

3.8.3.2.3. Osmotic Potential ѱs (-MPa) 

The leaf which was used for the determination of leaf water potential (ѱw) was frozen 

in a freezer below -20oC for more than 7 days. Afterwards, the frozen leaf material was 

thawed and sap from the material was extracted by pressing with the help of glass rod. This 

sap was directly used for the determination of osmotic potential (ѱs) by using vapor pressure 

osmometer.   

3.8.3.2.4. Turgor Potential ѱp (MPa) 

The turgor potential (ѱp) was measured by the determination of difference between 

water potential (ѱw) and osmotic potential (ѱs) values.   

Ѱp= ѱw- ѱs 

3.8.3.2.5. Stomatal Conductance gs (mmole m-2s-1) 

Recorded with the help of infrared gas analyser as in section 3.5.3.2.3. 

3.8.3.2.6. Photosynthetic Rate A (µmole m-2s-1) 

Recorded with the help of infrared gas analyser as in section 3.5.3.2.3. 

3.8.3.2.7. Transpiration Rate E (mmolm-2s-1) 

Recorded with the help of infrared gas analyser as in section 3.5.3.2.3. 

3.8.3.2.8. Leaf Temperature TL (oC) 

Recorded with the help of infrared gas analyser as in section 3.5.3.2.3. 



3.8.3.3. Agronomic Attributes 

3.8.3.3.1. Number of Cobs Plant-1  

Cobs from ten plants were counted from each of the plot and then average was 

calculated.  

3.8.2.3.2. Cob Length (cm)  

Cob length of ten cobs was measured from each of the plot with the help of scale and 

then average of these was calculated.  

3.8.3.3.2. Cob Diameter (cm)  

Diameter of ten cobs was measured randomly from each of the plot and then average 

was calculated.  

3.8.3.3.3. 1000-Grain Weight (g) 

1000 grains were taken randomly from the grain lot of each plot and weighed with the 

help of electric balance.  

3.8.3.3.4. Number of Grain Rows Cob-1 

Ten cobs were selected from each of the plot and number of rows were counted. 

Averages of these were calculated.  

3.8.3.3.5. Number of Grains Cob-1      

Ten cobs randomly selected from each of the plot. The grains from cobs were shelled 

manually and numbers of grains were calculated. Then average of ten cobs was calculated. 

3.8.3.3.6. Grain Weight Cob-1 (g)     

Ten randomly selected cobs from each of the plot were shelled after sun drying. The 

weight of grains from each of the cob was measured and converted into kilogram per hectare.  

3.8.3.3.7. Biological Yield (kg ha-1) 

After harvesting crop was placed into open place for sun drying. Total weight of cobs 

and stalk was measured with the help of electric balance.   

3.8.3.3.8. Grain Yield (kg ha-1) 

Cobs after sun drying were shelled with the help of Sheller. Yield of harvested plot 

was measured and then changed to hectare basis. 

3.8.2.4.  Biochemical Analysis 

 Same as recorded in section 3.5.2.3.1. 

 



3.9. Experiment 5: Response of Maize Hybrids under Drought Imposed 
from Various Growth Stages to Potassium Application Grown in 
Autumn Season. 
 

3.9.1. Soil Analysis 
 

Table 3.4. Analysis of field soil 
Parameters Units 2010 2011 

0-15 (cm) 15-30 (cm) 0-15 (cm) 15-30 (cm) 

Texture -- Sandy loam Sandy loam Sandy loam Sandy loam 
pH -- 8.2 8.0 8.2 8.1 
EC (dSm-1) 0.72 0.58 0.68 0.53 
O. M. (%) 0.36 0.38 0.38 0.36 
Nitrogen (%) 0.046 0.038 0.043 0.038 
Available P  (ppm) 7.8 5.6 7.4 5.5 
Extractable K (ppm) 125.5 121.4 112.5 102.7 
Sand (%) 56 49 55 48 
Silt (%) 22 28 22 27 
Clay 
Field capacity 
Wilting point 

(%) 
(%) 
(%) 

22 
25.4 
7.9 

23 
25.8 
8.4 

24 
25.5 
7.8 

25 
25.9 
8.6 

SAR -- 09 11 08 10 
Taxonomic soil classification was same as given in section 3.5.1. 

 

3.9.2. Experimental Detail  

The sowing of this experiment was done on August 5, 2010 and on August 7, 2011. 

Autumn crop mostly grown under water shortage at tasseling and at grain filling. In the region 

of Punjab autumn maize crop is also grown on large areas. Thus due to high demand of 

farmers and stakeholders it should be investivated for drought tolerance and to determine the 

role of potassium hence autumn maize experiment was included in this study.     

The treatments were as following;  

Factor A: Maize hybrids  

(32-F-10 and YH-1898) 

Factor B: Growth stages to impose drought  

(no drought, five leaf stage, ten leaf stage, anthesis and grain formation) 

Factor C: Potassium levels (0 and 100 mg/kg of soil). 

 All the methodology adopted was same as that of experiment 4 section 3.8.2. 



 

3.9.3. Parameters Recorded  

These were recorded same to section 3.8.3. 

 

3.10. Statistical Analysis 

Data collected were analyzed statistically using Fisher' analysis of variance technique. 

Difference among the treatments means was compared using Least Significant Difference 

Test at 5 % probability level (Steel et al., 1997) using the MSTAT C computer software 

(MSTAT Development Team, 1989).  In experiment fourth and fifith year effect was 

significant thus data was analysed year wise and discussed the results. Mixed Model Analysis 

ANOVA table for yield in spring and autumn are given in appendix 1 and 2.   

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4   

RESULTS AND DISCUSSION  

 
During this research work, an effort was made to induce drought tolerance in maize 

hybrids by exogenous application of potassium. The results obtained are discussed in this 

chapter.  

 
NET HOUSE STUDY 

 
This study was further subdivided into three experiments.  
 

 
Experiment 1: Screening of Maize Hybrids against Drought Stress. 
 
4.1. Results and Discussion 

 
Table 4.1.1. Main effect of maize hybrids and drought levels on the plant height, leaf 
length, leaf area plant-1.  
Hybrids Plant height (cm) Leaf length (cm) Leaf area plant-1 (cm2) 
FH-810 59.48 b 33.33 a 648.40 b 
32-F-10 64.58 a 32.53 ab 842.55 a 
FH-782 59.36 b 28.71 cd 642.48 b 
32-B-33 61.01 ab 29.94 bcd 691.97 b 
YH-1898 53.23 c 27.68 d 483.13 c 
6525 61.55 ab 32.65 ab 714.64 b 
R-2315 59.98 b 31.34 bc 662.00 b 
R-3304 58.58 b 27.38 d 528.91 c 
LSD (P≤0.05) 
Drought Levels 
100% FC 
75% FC 
50% FC 
LSD (P≤0.05) 

4.32 
 
74.67 a 
56.85 b 
47.65 c 
2.65 

2.95 
 
44.60 a 
30.73 b 
16.01 c 
1.81 

94.02 
 
1061.4 a 
624.5 b 
269.4 c 
57.58 

Interaction 
H × D 

 
** 

 
* 

 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively.  
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

 

 



4.1.1. Plant Height  

The results of maize hybrids indicated that performance of all the maize hybrids was 

different (p≤0.05) under drought treatments (Table 4.1.1). Maize hybrid 32-F-10 produced 

maximum plant height (64.58 cm) while YH-1898 produced minimum (53.23 cm) among the 

tested hybrids. It was found that drought levels decreased plant height gradually with the 

decrease in field capacity. The interactive effect of maize hybrids and drought levels for plant 

height was statistically significant (p≤0.01). Maximum plant height was observed at 100% 

FC while lowest was at 50% FC (Table 4.1.2). For the cell division and its enlargement water 

is required which was provided by 100% FC (control) while 75% and 50% FC couldn’t 

provide the required amount of water for apical growth. Thus plant height was attained less 

from moisture defict soils. Maize hybrid 32-F-10 produced maximum height at 100% FC 

(79.74 cm). At 75% FC 32-F-10 and monsanto-6525 gave more plant heights (62.21 and 

63.41 cm) respectively as compare to other hybrids while YH-1898 produced minimum plant 

height (47.02 cm). Maize hybrids 32-F-10 and R-3304 significantly improved this attribute as 

compare to remaining maize hybrids.  

Morphological traits are adversely affected in maize crop cultivars when grown under 

water deficit conditions (Weerathaworn et al., 1992a; Mian et al., 1993). Drought being 

severe stress to plant (Nemeth et al., 2002; Chaves and Oliveria, 2004; Lea et al., 2004; 

Ramachandra et al., 2004; Seghatoleslami et al., 2008; Jaleel et al., 2009; Golbashy et al., 

2010) reduces the cell growth and production of biomass (Ashraf and Mehmood, 1990). In 

the current study such kind of observations were recorded. The studies of Olaoye (2009) on 

maize seedling proved that maize seedling response to its growth changes according to field 

capacities of soil. These morphological changes are indications of effect of stress on plant 

(Farooq et al., 2009; Jaleel et al., 2009). Sah and Zamora (2005) found that water stress 

significantly reduced the plant height at vegetative stage. Nesmith and Ritche (1992) 

observed that decline in the extension of stem and leaf area is due to severe drought. In this 

study plant height of maize hybrids was might be reduced by disturbance in cell division 

(p≤0.01) and clear difference of plant height was observed as in the best performing maize 

hybrid 32-F-10 and other hybrids under well watered, mild and severe drought treatments. 

These results are in agreement with that of Olaoye (2009) who reported that 24 days after 

sowing 100% field capacity increased the plant height of maize hybrids. 



 
Table 4.1.2. Effects of drought levels on plant height (cm) of various maize hybrids. 

LSD (p≤0.05) = 7.484 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  Values in parenthesis indicate % reduction (-) or increase (+) over control. 

 
4.1.2. Leaf Length  

In this study it was found that under drought stress treatments maximum leaf length 

was produced (p≤0.05) by FH-810 followed by 32-F-10 and Monsanto-6525 while YH-1898 

and R-3304 produced minimum leaf length among the tested maize hybrids (Table 4.1.1). 

The drought levels effect was significant (p≤0.05). It is indicated that that maximum leaf 

length (44.60 cm) was produced by 100% FC while minimum (16.011 cm) was produced by 

50% FC drought level (Table 4.1.1). Interaction of maize hybrids and drought levels was 

significant (p≤0.05) (Table 4.1.1). It was observed from data that at 100% FC almost all the 

hybrids produced the leaf length statistically at par except R-3304 which was minimum as 

compare to other maize hybrids significantly (p≤0.05) (Tale 4.1.3). At 75% FC all the 

hybrids may be categorized into four groups produced leaf length from highest to lowest. 

These groups are (1) monsanto-6525, (2) FH-810 which followed a group of hybrids (3) such 

as 32-F-10, FH-782, 32-B-33 and R-2315 and the final group included (4) R-3304 and YH-

1898. These groups produced the significantly different (p≤0.05) leaf length. While at 50% 

FC 32-F-10 produced the maximum leaf length (17.98 cm) statistically different from other 

hybrids which were statistically at par among each other. 

The results of present study showed that drought stress seriously affected the leaf 

length was might be due to reduction in cell expansion resultantly reduced leaf area. Mild 

and severe drought reduced leaf length as per treatment of drought (Table 4.1.3). In maize 

hybrid 32-F-10 the highest leaf length was observed in well watered treatment and it was 

 Drought levels   
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 78.91 a 51.22 hijk (-35.36) 48.30 jkl (-38.79) 
32-F-10 79.74 a 62.21 efg (-21.98) 51.80 hijk (-35.04) 
FH-782 78.22 ab 53.78 hij (-31.25) 46.07 kl (-41.10) 
32-B-33 77.78 ab 56.19 ghi (-27.76) 49.07 ijkl (-36.91) 
YH-1898 71.03 bcd 47.02 jkl (-33.80) 41.65 l (-41.36) 
6525 74.14 abc 63.41 efg (-14.47) 47.11 jkl (-36.45) 
R-2315 68.44 cde 63.92 def (-6.6) 47.56 jkl (-30.51) 
R-3304 78.22 ab 57.00 fgh (-27.12) 49.62 hijk (-36.56) 



reduced with mild drought stress (75% FC) and severe drought stress respectively. The leaf 

length was reduced might be due to non-availability of water to photosynthetic mechanism. 

Acevedo et al. (1971) reported that leaf elongation was highly sensitive to minute reduction 

in soil and leaf water potential.  

 
Table 4.1.3. Effects of drought levels on leaf length (cm) of various maize hybrids. 

LSD (p≤0.05) = 5.11 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05. Values in parenthesis indicate % reduction (-) or increase (+) over control.  
 
4.1.3. Leaf Area Plant-1 

Results of maize hybrids indicated that maximum leaf area was obtained from 32-F-

10 while minimum leaf area (483.13 and 528.91 cm2) was produced by YH-1898 and R-3304 

respectively (Table 4.1.1). Effects of drought levels were statistically significant (p≤0.05). 

Drought levels 100% FC produced 1061.4 cm2 leaf area, 75% FC produced 624.5 cm2 leaf 

area while 50% FC produced 269.4 cm2 leaf area (Table 4.1.1). Leaf area is the most 

important attribute for photosynthesis and hence for plant growth and development. 

Interaction of leaf area with drought levels was significant (Table 4.1.1). The statistical 

analysis of interaction (p≤0.05) of maize hybrids and drought levels is presented in Table 

4.1.4. In the well watered treatment 32-F-10 produced maximum leaf area (1227.0 cm2) 

while YH-1898 produced minimum leaf area (865.1 and 864.8 cm2) respectively. Under 

drought conditions 32-F-10 produced the highest leaf area at 75% FC (915.1 cm2) while YH-

1898 produced statistically minimum leaf area (405.7 cm2). At 50% FC maximum leaf area 

(385.6 cm2) was produced by 32-F-10 and it was statistically different from other maize 

hybrids.  

 Drought levels   
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 42.63 a 30.10 bcd (-29.39) 13.29 gh (-68.82) 
32-F-10 41.32 a 26.02 cde (-37.03) 17.98 fg (-56.49) 
FH-782 37.84 a 24.94 de (-34.09) 13.65 gh (-63.93) 
32-B-33 39.82 a 26.39 bcde (-33.72) 12.93 gh (-67.53) 
YH-1898 39.24 a 21.99 ef (-43.96) 12.03 h (-69.34) 
6525 41.05 a 30.84 bc (-25.94) 14.44 gh (-64.82) 
R-2315 42.11 a 25.62 cde (-39.16) 14.95 gh (-64.49) 
R-3304 31.89 b 21.81 ef (-31.61) 17.04 fgh (-46.28) 



The results of present study indicated that drought stress reduced the leaf area. It was 

might be due to reduction in photosynthesis and movement of assimilates towards roots. 

Actually all assimilates from shoot moved toward the root to cope against the drought. Leaf 

area of maize plant decreased by reducing the field capacity of soil (Hamada, 2001; Liu et 

al., 2004). The reduction in leaf area by severe drought at vegetative stage in maize plant is 

also supported by Ali et al. (2011) and Sah and Zamora (2005). Acevedo et al. (1971) 

reported that the leaf area was highly sensitive to slightly reduction in soil and leaf water 

potential. Olaoye et al. (2009) studied that highest leaf area was recorded at 100% field 

capacity they concluded that decrease in field capacity of soil reduce the leaf area of maize 

hybrids significantly. Moreover, different stress level intensity has its own effect on leaf area 

(Granier et al., 2006; Abo-El-Kheir and Mekki, 2007). 

 

Table 4.1.4. Effects of drought levels on leaf area plant-1 (cm2) of various maize hybrids. 

LSD (p≤0.05) = 162.85 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05.  Values in parenthesis indicate % reduction (-) or increase (+) over control. 

 
 
 
 
 
 
 
 
 
 
 
 

 Drought levels   
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 1012.9 bc 686.5 ef (-32.22) 245.7 ijk (-75.74) 
32-F-10 1227.0 a 915.1 c (-25.42) 385.6 ghij (-68.57) 
FH-782 1124.7 ab 547.0 fg (-51.36) 255.7 ijk (-77.26) 
32-B-33 1115.6 ab 654.3 ef (-41.35) 305.9 hijk (-72.57) 
YH-1898 865.1 cd 405.7 ghi (-53.10) 178.6 k (-79.35) 
6525 1143.0 ab 743.3 de (-34.96) 257.6 ijk (-77.46) 
R-2315 1137.6 ab 611.4 ef (-46.25) 237.1 jk (-79.19) 
R-3304 864.8 cd 433.0 gh (-49.93) 289.0 hijk (-66.58) 



Table 4.1.5. Main effect of maize hybrids and drought levels on no. of leaves plant-1, 
root fresh weight plant-1 and shoot fresh weight plant-1.  
Hybrids No. of leaves plant-1 Root fresh weight (g) Shoot fresh weight (g) 
FH-810 6.87 abc 12.73 ab 33.16 ab 
32-F-10 6.55 bc 13.80 a 36.33 a 
FH-782 6.72 abc 13.18 a 31.19 bc 
32-B-33 7.35 a 11.29 bc 26.43 d 
YH-1898 7.13 ab 9.96 c 24.15 d 
6525 6.79 abc 10.51 c 28.01 cd 
R-2315 6.47 c 10.54 c 28.11 cd 
R-3304 6.33 c 11.23 bc 27.93 cd 
LSD (P≤0.05) 
Drought Levels 
100% FC 
75% FC 
50% FC 
LSD (P≤0.05) 

0.63 
 
8.22 a 
6.79 b 
5.32 c 
0.39 

1.57 
 
14.03 a 
12.78 b 
8.14 c 
0.96 

4.40 
 
41.35 a 
29.56 b 
17.34 c 
2.69 

Interaction 
H × D 

 
ns 

 
ns 

 
ns 

Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  ns not significant  

 

4.1.4. Number of Leaves Plant-1 

Maximum number of leaves was produced by 32-B-33 followed by YH-1898 while 

other maize hybrids produced minimum number of leaves per plant (Table 4.1.5). Drought 

levels were statistically significant (p≤0.05) (Table 4.1.5). Drought levels indicated that 

maximum no. of leaves per plant were observed from 100% FC while minimum no. of leaves 

per plant were observed from 50% FC (Table 4.1.1).  Data indicated (Table 4.1.5) that 

interaction of maize hybrids and drought levels was non-significant (p>0.05) for number of 

leaves per plant. It was reported that leaf area and number are important for photosynthesis 

and dry matter production (Boote et al., 1996). Mild drought might have reduced the number 

of leaves, its rate of expansion and leaf size. While under severe drought leaf elongation 

might have reduced and growth of leaf might have ceased. Drought might have affected on 

the initiation of new leaves and if continued may lead to leaf senescence (de Souza et al., 

1997). 

There was not any effect of drought levels on number of leaves of various maize 

hybrids in the present study. As this trait is not affected by environment condition thus it is 

not expected to be affected by different drought levels. In the early stages of corn plants 



leaves are formed on more desirable form but under stress early formed leaves may die 

(Kochaki and Sarmadnia, 2005).  However, water stress had little effect on number of leaves 

of maize plant (Ali et al., 1999).  

 
Table 4.1.6. Effects of drought levels on number of leaves plant-1 of various maize 
hybrids. 

   

4.1.5. Root Fresh Weight Plant-1 

Maximum root fresh weight was produced by 32-F-10 and FH-810 (13.80 and 13.18 

g) respectively followed by FH-810 (12.73 g) while all other maize hybrids produced 

minimum root fresh weight (Table 4.1.5).Drought levels were statistically significant 

(p≤0.05). It was found from the data that maximum root fresh weight (14.03 g) was observed 

from 100% FC, 12.78 g from 75% FC and minimum (8.14 g) was observed 50% FC (Table 

4.1.5). Data indicated (Table 4.1.1) that maize hybrids and drought levels interaction was 

non- significant (p>0.05) for root fresh weight.  

There was not any effect of drought levels on root fresh weight (Table 4.1.7). An 

important character of plant root system response to soil drying is the ability of some roots to 

continue the growth for their elongation at lower water potentials. The nodal roots have the 

ability to proliferate deeply through dry soil (Sharp and Davies, 1979) while primary roots 

help in seedling establishment under dry conditions by providing supply of water before 

emergence of shoot (Sharp et al., 1988). 

 
 
 
 

 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 8.04 7.30 5.27 
32-F-10 8.11 7.00 4.55 
FH-782 8.47 6.23 5.44 
32-B-33 8.23 7.08 6.73 
YH-1898 8.37 7.38 5.63 
6525 8.42 6.88 5.08 
R-2315 8.10 6.76 4.56 
R-3304 8.04 5.66 5.29 



Table 4.1.7. Effects of drought levels on root fresh weight (g) plant-1 of various maize 
hybrids. 

     
4.1.6. Shoot Fresh Weight Plant-1  

Maize hybrids 32-F-10 produced maximum shoot fresh weight (36.33 g) while 32-B-

33, YH-1898, 6525, R-2315 and R-3304 produced minimum shoot fresh weight per plant 

(Table 4.1.5). Drought levels effect was statistically significant (p≤0.05). It is indicated from 

the data that maize hybrids produced 41.35 g shoot fresh weight under 100% FC, 29.56 g 

under 75% FC and 17.34 g under 50% FC (Table 4.1.1). Data indicated that the interaction of 

maize hybrids and drought levels was statistically non-significant (p>0.05) for shoot fresh 

weight in the current study (Table 4.1.5). It has been studied that transport of assimilated to 

roots making shoot might have deprived of assimilates. This was might be due to the effect 

that all the photosynthates started to move towards root to enhance their growth.  

 
Table 4.1.8. Effects of drought levels on shoot fresh weight (g) plant-1 of various maize 
hybrids. 

 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 43.98  32.52  17.40  
32-F-10 51.39  36.72  20.88  
FH-782 43.45  29.07  17.05  
32-B-33 32.95  27.23  16.79  
YH-1898 26.17  19.75  14.11  
6525 39.45  26.11  15.72  
R-2315 38.36  26.81  16.00  
R-3304 37.62  26.78  17.63  

          
 
 

 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 14.65 14.29 9.26 
32-F-10 16.63 15.98 10.16 
FH-782 18.23 13.36 7.95 
32-B-33 13.27 11.74 8.86 
YH-1898 12.23 10.55 7.11 
6525 11.32 12.08 6.67 
R-2315 12.70 11.51 7.39 
R-3304 13.23 12.72 7.73 



Table 4.1.9. Main effect of maize hybrids and drought levels on stem diameter, shoot 
dry weight plant-1, root dry weight plant-1.  
Hybrids Stem diameter (cm) Shoot dry weight (g) Root dry weight (g) 
FH-810 0.93 bc 4.25 bc 1.44 c 
32-F-10 1.04 a 5.47 a 1.92 a 
FH-782 0.98 ab 4.43 b 1.61 b 
32-B-33 0.95 bc 3.58 d 1.39 c 
YH-1898 0.88 cd 3.02 e 1.05 d 
6525 0.75 e 4.00 cd 1.32 c 
R-2315 0.83 d  4.03 cd 1.32 c 
R-3304 0.81 de 4.06 bc 1.33 c 
LSD (P≤0.05) 
Drought Levels 
100% FC 
75% FC 
50% FC 
LSD (P≤0.05) 

0.078 
 
1.11 a 
0.87 b 
0.70 c 
0.05 

0.44 
 
5.77 a 
4.09 b 
2.46 c 
0.27  

0.15 
 
1.83 a 
1.44 b 
1.00 c 
0.09 

Interaction 
H×D 

 
ns 

 
* 

 
** 

*, ** significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.1.7. Stem Diameter  

Maize hybrid 32-F-10 produced maximum stem diameter (1.04 cm) while 6525 and 

R-3304 produced minimum stem diameter (0.75 and 0.81 cm) respectively (Table 4.1.9). 

Drought levels effect was statistically significant (p≤0.05). Drought levels indicated that 

maximum stem diameter (1.11) was observed at 100% FC while minimum stem diameter 

(0.70 cm) was observed at 50% FC (Table 4.1.9). There was non-significant difference 

among the treatments of interaction of maize hybrids and drought levels (Table 4.1.9). The 

previous studied elaborated that stem diameter shrivels due to change in internal water status 

of plant (Simonneau et al., 1993). This kind of changes in stem diameter was correlated with 

predawn leaf water potential in the prolonged situation of drought (Katerji et al., 1994). In 

the present study there was not any effect of drought on the stem diameter of maize hybrids. 

However, Yatapanage and So (2001) used the stem diameter to determine the leaf water 

potential in sorghum (Sorghum bicolor L.). 

 
 
 
 



Table 4.1.10. Effect of drought levels on stem diameter (cm) of various maize hybrids. 
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 1.03 0.93 0.79 
32-F-10 1.25 1.02 0.85 
FH-782 1.24 0.92 0.78 
32-B-33 1.22 0.91 0.71 
YH-1898 1.08 0.78 0.64 
6525 0.92 0.76 0.64 
R-2315 1.07 0.82 0.59 
R-3304 1.04 0.81 0.58 

 

4.1.8. Shoot Dry Weight Plant-1 

Maximum shoot dry weight (5.47 g) was produced by 32-F-10 and minimum (3.02) 

was produced by YH-1898 (Table 4.19). Drought levels were statistically significant 

(p≤0.05). Drought level 100% FC produced 5.77 g shoot dry weight, 75% FC produced 4.09 

g shoot dry weight and 50% FC produced 2.46 g shoot dry weight (Table 4.1.9). The 

interaction of maize hybrids and drought levels was statistically significant (p≤0.05) for 

shoot dry weight (Table 4.1.9). In the well watered situation maize hybrid (Table 4.1.10) 32-

F-10 produced maximum root dry weight (7.74 g) while YH-1898 produced minimum shoot 

dry weight (4.08 g). Under moisture deficit treatment of 75% FC 32-F-10 produced highest 

dry weight (5.44 g) significantly different from other hybrids while YH-1298 produced 

minimum (2.99 g) shoot dry weight. At the severe moisture deficit treatment of 50% FC, 32-

F-10 yielded significantly highest dry weight (3.22 g) while all other hybrids produced shoot 

dry weights statistically at par among each other.  

The current study indicated that drought stress reduced the shoot dry weight as per 

treatment. Other research studies elaborated that water stress influenced the plant height and 

leaf area which ultimately influenced the shoot dry weight. Reduction of photosynthetic 

surface area of leaf reduces the ability of plant to produce more dry weight as studied by Sah 

and Zamora (2005). In the present study it was also found that dry weight per plant decreased 

with the reduction in moisture availability to maize hybrid. These results are also similar with 

Classen and Shaw (1970b). Even mild water stress affect the shoot dry weight and loss of 

shoot dry weight was more than root dry weight in sugar beet (Mohammadian et al., 2005). 

The reduced biomass was observed in soybean (Specht et al., 2001), common bean and green 



gram (Webber et al., 2006). A moderate stress tolerance was also observed in rice on the 

basis of shoot dry mass (Lafitte et al., 2007). 

 
Table 4.1.11. Effect of drought levels on shoot dry weight (g) plant-1 of various maize 
hybrids.  
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 6.08 bc 4.39 ef (-27.79) 2.29 kl (-62.33) 
32-F-10 7.74 a 5.44 cd (-29.71) 3.22 hij (-58.39) 
FH-782 6.40 b 4.47 ef (-30.15) 2.43 kl (-62.03) 
32-B-33 4.88 de 3.47 ghi (-28.89) 2.39 kl (-51.02) 
YH-1898 4.08 fg 2.99 ijk (-26.71) 1.99 l (-51.22) 
6525 5.64 c 3.91 fgh (-30.67) 2.44 kl (-56.73) 
R-2315 5.73 bc 3.98 fg (-30.54) 2.38 kl (-58.46) 
R-3304 5.62 cd 4.03 fg (-28.29) 2.52 jkl (-55.16) 

LSD (p≤0.05) = 0.76 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05. Values in parenthesis indicate % reduction (-) or increase (+) over control. 
 

4.1.9. Root Dry Weight Plant-1 

Among the maize hybrids maximum root dry weight (1.92 g) was produced by 32-F-

10 while minimum (1.05 g) was produced YH-1898 (Table 4.1.9). Maximum root dry weight 

(1.83 g) was produced by 100% FC while minimum root dry weight (1.00 g) was produced 

by 50% FC. Studies on root dry weight (Table 4.1.9) indicated that interaction of maize 

hybrids and drought levels was statistically significant (p≤0.01) (Table 4.1.9). Data of 

interaction indicated that under the well watered situation 32-F-10 produced the highest root 

dry (2.59 g) weight while YH-1898 produced minimum root dry weight (1.27 g) (Table 

4.1.12). Under the drought stressed treatment of 75% FC the same behavior of 32-F-10 was 

observed where it produced the highest root dry weight (1.84 g) and YH-1898 produced 

minimum root dry weight (1.05 g). Under the severe drought of 50% FC maximum root dry 

weight (1.32 g) was observed in 32-F-10 and other hybrids produced minimum root dry 

weight. Ali et al. (2011) found that severe drought stress significantly reduced root dry 

weight of maize plant. However root dry weight may be increased under mild stress could be 

an adaptive feature of plant to water stress climate as studied by Fitter and Hay (2002) and 

Hamayun et al. (2010). However, in the present study root dry weight was reduced with 

increasing the drought stress. 



Table 4.1.12. Effect of drought levels on shoot dry weight (g) plant-1 of various maize 
hybrids. 
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 1.95 bc 1.33 g (-31.78) 1.04 ij (-46.66) 
32-F-10 2.59 a 1.84 cd (-28.95) 1.32 gh (-49.03) 
FH-782 2.18 b 1.66 de (-23.85) 0.99 j (-54.58) 
32-B-33 1.65 de 1.47 efg (-10.91) 1.04 ij (-36.96) 
YH-1898 1.27 ghi 1.05 hij (-17.32) 0.84 j (-33.85) 
6525 1.69 cde 1.38 fg (-18.34) 0.88 j (-47.92) 
R-2315 1.64 def 1.38 fg (-15.85) 0.93 j (-43.29) 
R-3304 1.65 de 1.36 g (-17.57) 0.96 j (-41.81) 

LSD (p≤0.05) = 0.27 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05. Values in parenthesis indicate % reduction (-) or increase (+) over control. 

 
Table 4.1.13. Main effect of maize hybrids and drought levels on root-shoot ratio, total 
dry weight plant-1 and relative water contents.  
Hybrids Total dry weight (g) Root-shoot ratio RWC (%) 
FH-810 5.69 bc 0.35 68.71 b 
32-F-10 7.381 a 0.36 72.33 a 
FH-782 6.046 b 0.38 72.43 a 
32-B-33 4.97 d 0.39 70.02 ab 
YH-1898 4.08 e 0.36 65.02 c 
6525 5.31 cd 0.34 68.26 bc 
R-2315 5.34 cd 0.34 70.33 ab 
R-3304 5.38 cd 0.37 70.21 ab 
LSD (P≤0.05) 
Drought Levels 
100% FC 
75% FC 
50% FC 
LSD (P≤0.05) 

0.48 
 
7.60 a 
5.52 b 
3.46 c 
0.29 

- 
 
0.30 b 
0.37 a 
0.42 a 
0.05 

3.37 
 
82.37 a 
66.54 b 
60.08 c 
2.06 

Interaction 
H×D 

 
** 

 
ns 

 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.1.10.  Total Dry Weight Plant-1  

Significant difference (p≤0.05) among the maize hybrids grown under drought stress 

conditions was found (Table 4.1.13). Maize hybrid 32-F10 produced maximum total dry 

weight (7.4 g) while YH-1898 produced minimum (4.08 g) total dry weight. Significant 

difference (p≤0.05) of drought levels was observed for total dry weight (Table 4.1.13). 



Maximum total dry weight per plant was observed from 100% FC while minimum was 

observed from 50% FC. There was significant effect (p≤0.01) of drought levels on total dry 

weight of maize hybrids. Maize hybrid 32-F-10 produced significantly highest total dry 

weights (10.33 g), (7.28 g) and (4.53 g) at 100%, 75% FC and 50% FC each respectively. In 

situation of 100% FC and 75% FC it was observed that YH-1898 generate the least total dry 

weight per plant (5.36 g) and (4.05 g) respectively while in the situation of severe drought of 

50% FC all the hybrids produced total dry weight statistically at par except 32-F-10 which 

produced statistically different total dry weight from other hybrids. 

 In the current study drought stress greatly reduced the dry mass. However, shoot dry 

weight was affected severely as compare to root dry weight. It was might be due to the 

movement of assimilated toward roots than shoot. The production of more plant dry weight 

under water deficit conditions is the desirable character. Reduction in dry mass is a common 

adverse effect of water stress on crop plants (Farooq et al., 2009). Under drought stress 

productivity of plant is strictly correlated with the processes of dry matter partitioning and 

biomass distribution temporally (Kage et al., 2004). 

 
Table 4.1.14. Effect of drought levels on total dry weight (g) plant-1 of various maize 
hybrids.  
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 8.03 bc 5.72 efg (-28.76) 3.33 jk (-58.76) 
32-F-10 10.33 a 7.28 cd (-29.52) 4.53 hi (-56.15) 
FH-782 8.58 b 6.13 ef (-28.55) 3.42 jk (-60.13) 
32-B-33 6.53 de 4.94 gh (-24.34) 3.44 jk (-47.32) 
YH-1898 5.36 fgh 4.05 ij (-24.44) 2.82 k (-47.39) 
6525 7.33 cd 5.29 gh (-27.83) 3.32 jk (-54.71) 
R-2315 7.37 c 5.36 fg (-27.27) 3.30 jk (-38.54) 
R-3304 7.28 cd 5.39 fg (-24.86) 3.48 jk (-52.19) 

LSD (p≤0.05) = 0.826 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05.  Values in parenthesis indicate % reduction (-) or increase (+) over control. 

  

4.1.11.  Root-Shoot Ratio 

There was not any significant effect of drought stress on root-shoot ratio of maize 

hybrids (Table 4.1.13). Drought levels were significant (p≤0.05) for root-shoot ratio (Table 

4.1.13). The maximum root-shoot ratio (0.42) was observed in the treatment of 50% FC 



while minimum root-shoot ratio (0.30) was observed in well water treatment. There were 

non-significant (p>0.05) results of interaction of maize hybrids and drought levels (Table 

4.1.13). Investigations of root-shoot ratio indicated that materials with larger or obvious 

increment of root-shoot ratio didn't show an active impact on their water condition. 

Consequently, we could speculate that strong water stress could make some materials with 

less drought resistance growth in aerial part inhibited, damages to membrane, substance loss, 

and thus root-shoot ratio increased. In the current study there was not observed any 

significant effect of drought stress on the root-shoot ratio of maize hybrids.  

 
Table 4.1.15. Effect of drought levels on root-shoot ratio of various maize hybrids. 
 Drought levels 
Hybrids 100% FC 75% FC 50% FC 
FH-810 0.26 0.31 0.47 
32-F-10 0.26 0.40 0.43 
FH-782 0.36 0.39 0.41 
32-B-33 0.35 0.36 0.48 
YH-1898 0.31 0.36 0.41 
6525 0.29 0.37 0.36 
R-2315 0.29 0.34 0.40 
R-3304 0.30 0.42 0.38 

 

4.1.12.  Relative Water Contents   

Maize hybrids for relative water contents were significantly different (p≤0.05) among 

each other (Table 4.1.13). Maize hybrid 32-F-10 produced maximum relative water contents 

(72.33%) while YH-1898 and 6525 produced minimum relative water contents (65.02 and 

68.26%) respectively (Table 4.1.13). Drought levels were statistically significant (p≤0.05) 

(Table 4.1.13). The maximum relative water contents were observed at 100% FC while 

minimum were observed at 50% FC. There was significant effect (p≤0.05) of drought levels 

on relative water contents (Table 4.1.13) of eight maize hybrids. It was quite important to 

note that in the well watered treatment FH-782 produced the highest relative water contents 

(87.26%) followed by 32-B-33 (85.5%) which further followed a group of five hybrids while 

YH-1898 produced minimum (73.39%) relative water contents (Table 4.1.16). This behavior 

was quite different in drought situation. In drought treatment of 75% FC the highest relative 

water contents were observed in hybrid 32-F-10 while other hybrids produced lower relative 

water contents and were statistically at par. However, in the severe situation of drought 50% 



FC 32-F10 produced maximum relative water contents (65.98%) and YH-1898 produced 

minimum (55.64%).  

 For proper growth and functioning of plant body higher relative water contents 

(RWC) are necessary (Blum, 1999). Sah and Zamora (2005) reported that low RWC reduced 

growth, plant functioning and leaf area. Relative water contents remain high at vegetative 

growth stage while become low at maturity. In current study 32-F-10 maize hybrid produced 

maximum relative water contents under well watered treatment (81.23%), 75% FC (69.79%) 

and under 50% FC (46.58%) respectively. Oregan et al. (1993) reported that drought tolerant 

cultivar have higher relative leaf water contents as compare to drought susceptible cultivar in 

the whole period of drought stress. The same was studied by Song-Fengbin et al. (1995) in 

seven maize cultivars sown in well water or water deficit treatment in pot experiments. Leaf 

water potential was higher in drought tolerant cultivars as studied by Saneoka et al. (1996). 

 

Table 4.1.16. Effect of drought levels on relative water contents (%) of various maize 
hybrids. 
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 82.92 ab 66.32 de (-20.01) 56.91 gh (-31.36) 
32-F-10 81.23 b 69.79 cd (-14.07) 65.98 de (-18.77) 
FH-782 87.26 a 67.30 de (-23.26) 62.73 efg (-28.11) 
32-B-33 85.5 ab 65.94 de (-22.88) 58.65 fgh (-31.40) 
YH-1898 73.39 d 66.02 de (-10.04) 55.64 h (-24.18) 
6525 79.79 c 63.38 ef (-20.56) 61.61 efg (-22.78) 
R-2315 84.7 ab 66.69 de (-21.26) 59.58 fgh (-29.65) 
R-3304 84.16 ab 66.88 de (-20.53) 59.57 fgh (-29.21) 

LSD (p≤0.05) = 5.838 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05.  Values in parenthesis indicate % reduction (-) or increase (+) over control. 

 
 
 
 
 
 
 
 
 
 
 



Table 4.1.17. Main effect of maize hybrids on the leaf water potential, stomatal 
conductance, photosynthetic rate and transpiration rate. 
 
 
Hybrids 

Leaf water 
potential  
(-MPa) 

Stomatal 
 conductance  

(mmole m-2 s-1) 

Photosynthetic 
rate  

(µmole m-2 s-1) 

Transpiration rate 
(mmole m-2 s-1) 

FH-810 0.68 bc 103.93 f 18.19 b 5.22 c 
32-F-10 0.53 f 170.55 a 20.35 a 7.11 a 
FH-782 0.59 ef 147.24 c 14.06 d 5.49 bc 
32-B-33 0.66 cd 116.22 e 13.47 e 4.91 d 
YH-1898 0.83 a 134.03 d 11.20 f 3.19 e 
6525 0.63 de 132.45 d 15.46 c 4.78 d 
R-2315 0.61 de 160.15 b 15.39 c 4.85 d 
R-3304 0.72 b 162.39 ab 13.99 de 5.58 b 
LSD (P≤0.05) 
Drought Levels 
100% FC 
75% FC 
50% FC 
LSD (P≤0.05) 
Interaction 

0.054 
 
0.48 c 
0.64 b 
0.85 a 
0.03 

8.98 
 

192.11 a 
137.51 b 
92.98 c 

5.5 
 

0.54 
 

18.72 a 
15.07 b 
11.99 c 

0.33 

0.29 
 

6.96 a 
5.56 b 
2.91 
0.18 

 
H×D ** ** ** ** 

** significant at P≤0.01 respectively. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.1.13.  Leaf Water Potential  

Maize hybrids were statistically significant (0.05) for leaf water potential where 32-F-

10 produced maximum leaf water potential and YH-1898 produced minimum leaf water 

potential (Table 4.1.17). Maximum leaf water potential (-0.48 MPa) was observed from 

100% FC while minimum leaf water potential (-0.85 MPa) was produced by 50% FC. Data 

showed that significant (p≤0.01) effect of drought levels was observed on eight maize 

hybrids (Table 4.1.8). In well watered treatment the maximum leaf water potential (-0.35 and 

-0.41 MPa) was observed in two hybrids like 32-F-10 and FH-782 (Table 4.1.18). All other 

hybrids produced less leaf water potential in well watered treatment. In the mild drought 

stress of 75% FC the highest leaf water potential was observed in 32-F-10 and the minimum 

was observed in YH-1898. However in the severe drought the more leaf water potential was 

observed in 32-F-10 and 32-B-33 while YH-1898 generated the minimum leaf water 

potential. 



Increase in leaf temperature reduces the leaf water potential, relative water contents of 

leaf and rate of transpiration (Saddique et al., 2001). The first and the most important effect 

of drought on the growth of plant body is the hindered leaf water budget (Taiz and Zeiger, 

2006; Farooq et al., 2010). Medici et al. (2003) reported the more leaf water potential in well 

watered treatment and decreased in moisture deficit condition. The same have been studied in 

the present study where with the reducing field capacity leaf water potentials reduced 

immediately. 

 
Table 4.1.18. Effect of drought levels on leaf water potential (-MPa) of various maize 
hybrids. 
 Drought levels 
Hybrids 100% FC 75%  FC 50%  FC 
FH-810 0.48 jkl 0.62 fgh (-29.16) 0.95 ab (-97.91) 
32-F-10 0.35 m 0.50 ijk (-42.85) 0.75 de (-114.28) 
FH-782 0.41 lm 0.54 hij (-31.70) 0.81 cd (-97.56) 
32-B-33 0.45 kl 0.58 ghi (-28.88) 0.97 a (-115.55) 
YH-1898 0.65 fg 0.87 bc (-33.84) 0.98 a (-66.00) 
6525 0.48 jkl 0.65 fg (-35.42) 0.75 de (-56.25) 
R-2315 0.51 ijk 0.63 fgh (-23.52) 0.69 ef (-35.29) 
R-3304 0.54 hij 0.76 de (-40.74) 0.87 bc (-61.11) 

LSD (p≤0.05) = 0.093 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P=0.05.  Values in parenthesis indicate % reduction (-) or increase (+) over control. 

 

4.1.14.  Stomatal Conductance  

Maximum stomatal conductance was found in maize hybrid 32-F-10 while minimum 

was found in 322-B-33 (Table 4.1.17). Drought levels indicated that maximum stomatal 

conductance (192.11 mmole m-2 s-1) was observed from 100% FC and minimum stomatal 

conductance (92.98 mmole m-2 s-1) was observed from 50% FC (Table 4.1.17). The 

interaction of maize hybrids and drought levels was statistically significant (p≤0.01) and is 

described in graphical representation (Fig. 4.1.1). In the well watered treatment 32-F-10 and 

R-3304 were at the top for stomatal conductance while other hybrids were on lower positions 

keeping FH-810 at the end. In the mild drought for the development of stomtal conductance 

32-F-10, FH-782 and R-3304 were at the top while FH-810 and YH-1898 remained on the 

lower position for the maintenance of stomatal conductance. In the severe drought treatment 

of 50% FC 32-F-10 and monsento 6525 regulate the highest stomatal conductance while 32-



B-33 was the hybrid to develop lower stomatal conductance as elaborated in the graphical 

representation (Fig. 4.1.1). 

Stomatal conductance was greatly reduced by drought stress. It was might be due to 

the reason that in the field plants do not deprived of water rapidly. During slow increase in 

water stress photosynthesis and transpiration decreased with equal rates (Farquhar et al., 

1989). The two main and important reason of stomatal closure are normally an increase in 

concentration of gaseous carbon in leaves and decease in leaf water potential in cells (Jordan 

and Ritchie, 1971; Russel, 1977). 

 
Fig. 4.1.1. Effect of drought levels on stomatal conductance of eight maize hybrids 
  

4.1.15.  Photosynthetic Rate  

Maize hybrids photosynthesis was significant (p≤0.05). Photosynthetic rate was 

found higher in 32-F-10 (20.35 µmole m-2s-1) while it was lower in YH-1898 (11.20 µmole 

m-2s-1) (Table 4.1.17). Drought levels were also statistically significant (p≤0.05) and previous 

trend was repeated where 100% FC produced maximum photosynthetic rate (18.72 µmole m-

2s-1) while minimum was observed by YH-1898 (Table 4.1.17). The interaction of maize 

hybrids and drought levels was statistically (p≤0.01) significant (Table 4.1.17). 

Photosynthesis isn’t disturbing much under well watered (Fig. 4.1.2). Drought stress initiates 

several biochemical, physiological and molecular components of photosynthesis. 

Photosynthesis might be retarded either by closure of stomata and movement of CO2 to 
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mesophyll cells (Ort et al., 1994; Chaves et al., 2003; Flexas et al., 2004). On the whole 

during the start of drought stress reduction in stomatal conductance is the first and the 

primary reason for decline of photosynthesis (Cornic, 2000). On increasing the severity of 

drought stress dehydration occurred and leads to metabolic impairment. In the current study, 

it had been found that with the decrease in field capacity photosynthesis decrease severely. 

Mild stress had less deleterious effect on photosynthesis as compare to severe drought stress. 

This kind of results has been supported by Zhou et al. (2007). 

 
Fig. 4.1.2. Effect of drought levels on photosynthetic rate of eight maize hybrids 
 
4.1.16.  Transpiration Rate  

Maximum transpiration rate (7.11 µmole m-2 s-1) was observed in 32-F-10 maize 

hybrid while minimum was observed in YH-1898 (Table 4.1.17). Maximum transpiration 

rate (6.96 µmole m-2 s-1) was found from 100% FC while minimum (2.91 µmole m-2 s-1) was 

found from 50% FC.  Removal of water vapors through the stomata is called transpiration. 

The interaction of maize hybrids and drought levels was also statistically significant 

(p≤0.01). Under proceeded climatic condition the transpiration is much more at 100% FC 

started to decline at 75% FC and become much lesser at severe drought of 50% FC 

(Fig.4.1.3). 

It was studied in the current research that in drought treatment stomatal conductance 

diminished as per treatment of drought. Similarly, transpiration rate decreased with 

increasing the drought levels. This was might be due to adaptive feature of plant to save 
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water. It has been studied that development of stomata has been considered an important 

initiative in their evolution (Brodribb and McAdam, 2011). They are environmentally 

controlled entrances into the plants control CO2 uptake and transpiration from plant. They are 

also responsible for photosynthesis, cooling agents and nutrient uptake (Farooq et al., 2009). 

It has been studied that photosynthesis reduced in water deficit stressed leaves due to closure 

of stomata (Hsiao, 1973). Improved stomatal conductance enhances the CO2 intake into leaf 

blade and enhances higher photosynthesis which in turn produces higher biomass and more 

cop yield. Transpiration from the leaf surface reduced the leaf temperature and higher 

stomatal conductance increases cooling of leaf and reduced the leaf temperature. Closure of 

stomata helps the plant to maintain high leaf water contents but leads to lower down 

photosynthetic activity.  
To increase the drought tolerance in maize hybrids is to reduce loss of water from the 

leaves and increased water use efficiency. The reduction in loss of water from leaves could 

be attain by decreasing cuticular transpiration, reducing leaf area, decreasing night time 

transpiration, decreasing leaf temperature and reducing loss of water from soil surface. 

Tambussi et al. (2007) provided a good idea that reduction in leaf area and its size is the 

important phenomenon to diminish the loss of water from leaves canopy (Blum, 2005). Leaf 

temperature has greater impact on the transpiration rate. Leaf surface has epicutical wax and 

hairs reduce transpiration without reducing photosynthesis and stomatal conductance. 

 



 

Fig. 4.1.3. Effect of drought levels on transpiration rate of eight maize hybrids. 

 

Conclusion 

In the present study effect of different drought levels was studied on eight maize 

hybrids for their drought evaluation. The purpose of evaluation was to investigate drought 

tolerance of maize hybrids and use of at least one the most drought tolerant and one the most 

drought sensitive maize hybrids in further studies. In this study drought affected the growth, 

water relations and gas exchange attribute of maize hybrids. But the drought tolerant maize 

hybrids performed better. The hybrids which had good genetic makeup for drought tolerance 

showed tolerance to drought. The evaluation was done on the basis of efficiency of above 

mentioned attributes. Among the eight grown maize hybrids 32-F-10 performed the best 

under well watered and drought stress circumstances, but maize hybrid YH-1998 indicated 

better growth, water relation and gas exchange attributes under well watered situation 

however, it was highly drought susceptible/sensitive. Such screened maize hybrid may be 

used in field for more production under limited water scenario. This idea might be useful to 

other crops which are high water consuming to grow under water deficit situation. Hence 

screened crop plants could be helpful in enhancing yield to cope with food security.    
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Experiment 2: Optimization of Potassium Levels for Maize Hybrids Grown 
under Drought Conditions. 
 
4.2. Results and Discussion 
 
Table 4.2.1.  Main effect of maize hybrids, drought levels and potassium levels on plant 
height, leaf length, leaf area plant-1. 
Treatments Plant height (cm) Leaf length (cm) Leaf area per plant (cm2) 
Hybrids 
32-F-10 
YH-1898 
LSD (p≤0.05) 

 
62.79 a 
45.42 b 
0.60 

 
24.47 a 
19.05 b 
1.52 

 
 500.91 a 
 363.31 b 
 3.88 

Drought levels 
100% FC 
70%FC 
LSD (p≤0.05) 

 
65.84 a 
42.37 b 
0.60 

 
24.94 a 
18.58 b 
1.52 

 
525.29 a 
 338.93 b 
 3.88 

k levels 
0 mg/kg  
50 mg/kg 
100 mg/kg  
150 mg/kg   
200 mg/kg   
LSD (p≤0.05) 

 
39.49 c 
44.71 b 
61.74 a 
62.14 a 
62.45 a 
0.95 

 
14.97 c 
18.37 b 
24.35 a 
25.02 a 
26.09 a 
2.40 

 
 315.89 c 
 354.06 b 
 493.92 a 
 497.07 a 
 499.61 a 
 6.13 

Interactions 
H×D 
H×K 
D×K 
H×D×K 

 
** 
** 
** 
 * 

 
ns 
ns 
ns 
ns 

 
 ** 
 ** 
 ** 
 ** 

*, ** significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.2.1. Plant Height  

Maize hybrid 32-F-10 performed better than YH-1898 (Table 4.2.1). Drought 

significantly (p≤0.05) reduced the plant height and application of potassium enhanced the 

plant height but higher levels of potassium for production of plant height were statistically at 

par. Data indicated that interaction of maize hybrids, drought levels and potassium levels was 

significant (p≤0.05) (Table 4.2.1). The data (Table 4.2.2) indicated that plant height was 

significantly reduced by drought stress in both the maize hybrids. In both the drought 

treatments application of potassium enhanced the plant height however; application of 

potassium after 100 mg/kg could not enhance plant significantly which might have showed 



the luxury consumption of potassium. Potassium increased the plant height as per treatment 

of drought. Application of potassium might have improved the photosynthesis and activated 

many enzymes and helped in transport of assimilates toward stem. Potassium might has 

greater role in plant physiology (Marschner, 1995; Mengel and Kirkby, 2001) and even in 

plant morphology. It has been studied that plants facing drought stress might have higher 

internal requirement for potassium (Cakmak and Engels, 1999).  

 
Table 4.2.2. Effect of potassium levels on plant height (cm) of maize hybrids grown 
under drought stress conditions. 
  Drought levels 

Hybrids Potassium levels 100% FC 70% FC 
32-F-10 0 mg/kg  51.40 e 42.60 h 

50 mg/kg 53.49 d 48.38 f 
100 mg/kg 83.42 a 60.59 c 
150 mg/kg 83.92 a 59.75 c 
200 mg/kg 84.36 a 60.04 c 

YH-1898 0 mg/kg  44.86 g 19.09 k 
50 mg/kg 46.54 fg 30.43 j 
100 mg/kg 69.19 b 33.76 i 
150 mg/kg 70.48 b 34.39 i 
200 mg/kg 70.74 b 34.66 i 

          LSD (P ≤ 0.05) = 1.89    
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.2.2. Leaf Length   

The interaction of maize hybrids, drought levels and potassium levels was non-

significant (p>0.05) for leaf length (Table 4.2.1). Data for this interaction are given in Table 

4.3.2. Maize hybrids, drought levels and potassium levels were statistically significant 

(p>0.05) (Table 4.2.1). There was significant difference between maize hybrids for leaf 

length. The drought tolerant maize hybrid produced higher (24.47 cm) leaf length while 

drought sensitive maize hybrid produced minimum (19.05 cm) leaf length. The effects of 

drought levels were also statistically significant (p≤0.05) where well water treatment 

generated 24.94 cm leaf length while drought stress yielded 18.58 cm leaf length. The effect 

of potassium treatment indicated that there was gradual increase in leaf length with 

increasing the potassium levels but at 150 mg/kg it stopped to create significant difference up 

to 200 mg/kg of potassium application. The drought stress greatly reduced the leaf length 



while application of potassium enhanced the leaf length as it was found in the present study. 

The leaf length was reduced might be due to less availability of water to photosynthetic 

mechanism. Leaf length was increased by potassium application might be because of more 

growth rate. It was reported by Acevedo et al. (1971) that maize leaves elongation was 

greatly sensitive to minute reduction in soil and leaf water potential. But potassium has its 

role in enhancing the photosynthesis and thus increased the leaf length.  

 

Table 4.2.3. Effect of potassium levels on leaf length (cm) of maize hybrids grown under 
drought stress conditions. 
  Drought levels 

Hybrids Potassium levels 100%FC 70%FC 
32-F-10 0 mg/kg  18.51 15.05 

50 mg/kg 24.12 19.94 
100 mg/kg 30.87 24.89 
150 mg/kg 31.47 25.07 
200 mg/kg 32.95 26.54 

YH-1898 0 mg/kg  14.98 11.32 
50 mg/kg 16.43 12.98 
100 mg/kg 24.36 17.29 
150 mg/kg 25.44 18.11 
200 mg/kg 25.53 19.36 

     

4.2.3. Leaf Area Plant-1  

Effects of maize hybrids, drought levels and potassium levels were found statistically 

significant (p≤0.05) for leaf area (Table 4.2.1). The interaction of maize hybrids, drought 

levels and potassium levels was statistically significant for leaf area per plant (Table 4.2.4). 

The data for this interaction indicated that under well water and drought stress treatment leaf 

area was increased with enhancing the potassium levels but after the 100 mg/kg treatment it 

could be not increased statistically (Table 4.2.3). However under well water treatment YH-

1898 proved better under 200 mg/kg as compare to 100 and 150 mg/kg of potassium 

treatment. Minimum leaf area was observed under control (without potassium application). 

In the current study potassium enhanced leaf area significantly (p≤0.01) under well water and 

drought treatments. This was might be due to the positive effect of potassium on absorption 

of more water from the soil even under the drought stress condition. Alongside potassium 

taken up in plant body from soil through water might have its role in physiology to increase 

vegetative growth? 



  Leaf area beside its efficiency to produce photosynthates, determines the growth rate 

and crop yield (Ritchie and Burnett, 1971). The increase in leaf area index values resulted 

due to sustained supply of potassium in soil-plant continuum. Mengel et al. (1976) and 

Silberbush and Lips (1991) also reported the much higher potassium uptake with higher rate. 

Huber (1985) also reported that potassium affects photosynthetic capacity positively because 

of the dependence of protein synthesis and developmental processes on potassium. Thus, the 

carbon exchange rate of an expanding leaf is restricted rapidly after the onset of potassium 

deficiency. In addition, maximum leaf expansion might be reduced as a result of potassium 

deficiency, whereas leaf initiation proceeds unaffected. The results of this study are in 

contrast with the findings reported by Suevanarit and Sertapukdee (1989) that the size of leaf 

area was not affected by potassium application and agreed with results of (Lonhard and 

Nemeth, 1989; Ashraf et al. (2002), who found an increase in leaf area approximately of 20 

percent with the application of potassium. 

 

Table 4.2.4. Effects of potassium levels on leaf area plant-1 (cm2) of maize hybrids grown 
under drought stress conditions. 
  Drought levels  
Hybrids Potassium levels 100% FC 70% FC 
32-F-10 0 mg/kg  411.18 e 340.83 i 

50 mg/kg 413.49 e 387.03 f 
100 mg/kg 667.38 a 484.68 d 
150 mg/kg 671.37 a 477.96 d 
200 mg/kg 674.91 a 480.30 d 

YH-1898 0 mg/kg  358.89 h 152.67 l 
50 mg/kg 372.33 g 243.39 k 
100 mg/kg 553.56 c 270.06 j 
150 mg/kg 563.85 bc 275.10 j 
200 mg/kg 565.95 b 277.30 j 

               LSD (P≤0.05) = 128.57   
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
 
 
 
 
 
 
 



Table 4.2.5.  Main effect of hybrids, drought levels and potassium levels on no. of leaves 
per plant, root fresh weight plant-1 and shoot fresh weight plant-1. 
Treatments No. of leaves 

plant-1 
Root fresh weight  
plant-1(g) 

Shoot fresh weight 
plant-1 (g) 

Hybrids 
32-F-10 
YH-1898 
LSD (p ≤ 0.05) 

 
6.15 a 
5.08 b 
0.35 

 
12.47 a 
10.29 b 
0.56 

 
35.90 a 
25.95 b 

0.37 
Drought levels 
100% FC 
70%FC 
LSD (p ≤ 0.05) 

 
5.87 a 
5.36 b 
0.35 

 
14.19 a 
8.57 b 
0.56 

 
37.64a 
24.21 b 

0.37 
k levels 
0 mg/kg  
50 mg/kg 
100 mg/kg  
150 mg/kg   
200 mg/kg   
LSD (p ≤ 0.05) 

 
5.28 
5.51 
5.72 
5.74 
5.82 
- 

 
6.83 e 
10.16 d 
12.38 c 
13.31 b 
14.21 a 
0.89 

 
22.57 c 
25.59 b 
35.28 b 
35.51 a 
35.69 a 

0.58 
Interactions 
H×D 
H×K 
D×K 
H×D×K 

 
ns 
ns 
ns 
ns 

 
ns 
ns 
** 
ns 

 
** 
** 
** 
* 

*, ** significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.2.4. No. of Leaves Plant-1  

The interaction (Table 4.2.5) of maize hybrids, drought levels and potassium levels 

for number of leaves was found non-significant (p>0.05) while data are given in Table 4.2.6. 

However, data indicated the significant difference (p≤0.05) between maize hybrids and 

drought levels (Table 4.2.5). Maize hybrid 32-F-10, a drought tolerant maize hybrid 

produced maximum number of leaves while YH-1989 produced minimum number of leaves. 

Under well water 6 number of leaves and in the drought stress 5 number of leaves were 

found. While potassium levels were found non-significant (p>0.05) (Table 4.2.5).  

In the present study potassium did not have any effect on leaf numbers. As this trait is 

not affected by environmental conditions thus it is not expected to be affected by different 

drought levels. In the early stages of corn plants leaves under stress early formed may die 

(Kochaki and Sarmadnia, 2005).  However, water stress had little effect on number of leaves 



of maize plant (Ali et al., 1999). While it was studied (de Souza et al., 1997) that drought 

stress might have effect on initiation of new leaves. The studies on sunflower plant indicated 

that drought stress increased the leaf senescence and reduced the number of leaves in crop 

plants (Yegappan et al., 1996).  

 
Table 4.2.6. Effects of potassium levels on number of leaves plant-1 of maize hybrids 
grown under drought stress conditions. 
  Drought Levels 
Hybrids Potassium levels 100% FC 70% FC 
32-F-10 0 mg/kg  6.22 4.83 

50 mg/kg 6.41 5.20 
100 mg/kg 6.45 5.47 
150 mg/kg 6.46 5.49 
200 mg/kg 6.55 5.58 

YH-1898 0 mg/kg  5.56 4.52 
50 mg/kg 5.74 4.68 
100 mg/kg 6.00 4.95 
150 mg/kg 6.02 5.01 
200 mg/kg 6.12 5.03 

 
4.2.5. Root Fresh Weight Plant-1 

Maize hybrids, drought levels and potassium levels showed the significant difference 

(p≤0.05) (Table 4.2.5). The interaction of maize hybrids, drought levels and potassium levels 

was non-significant (p>0.05) for root fresh weight per plant (Table 4.2.5) while the data are 

given in Table 4.2.7. Plants facing drought stress might have higher internal requirement for 

potassium (Cakmak and Engels, 1999). In the current study potassium did not enhanced root 

fresh weight. This was might be due to the positive effect of potassium on absorption of more 

water from the soil even under the drought stress condition but under stress roots achieve 

more assimilates from shoot which might balance all the root fresh weights. Alongside 

potassium taken up in plant body from soil through water might have its role in physiology to 

increase root growth.  

 
 
 
 
 
 



Table 4.2.7. Effect of potassium levels on root fresh weight plant-1 (g) of maize hybrids 
grown under drought stress conditions. 
  Drought Levels 
Hybrids Potassium levels 100%FC 70%FC 
32-F-10 0 mg/kg  8.79 6.27 

50 mg/kg 14.50 8.34 
100 mg/kg 16.50 10.46 
150 mg/kg 17.62 11.28 
200 mg/kg 18.56 12.36 

YH-1898 0 mg/kg  7.78 4.48 
50 mg/kg 12.08 5.72 
100 mg/kg 14.60 7.96 
150 mg/kg 15.29 9.07 
200 mg/kg 16.14 9.80 

 

4.2.6. Shoot Fresh Weight Plant-1  

The interactive effect of potassium on shoot fresh weight of maize hybrids under 

drought levels was found significant (p≤0.05) (Table 4.2.1). The imposed drought 

significantly reduced the shoot fresh weight in both the maize hybrids (Table 4.2.8). The 

application of potassium mitigated the effect of drought. Increasing the level of potassium 

increased the shoot fresh weight but after 100 mg/kg there was not any significant (p≤0.05) 

increase in shoot fresh weight. However, studies on increase in plant growth by application 

of potassium has been made Sharma et al. (1996), Tiwari et al. (1998), Egila et al. (2001) 

and  Umar and Moinuddin (2002). Potassium is absorbed by plants in larger amounts. Plants 

are unable to increase their stem diameter and more lodging may occur in situation of 

potassium deficiency. In potassium deficient plants sclerenchyma fiber cell and woody 

parenchyma cells might become thin and poorly lignified cell walls resulted to reduced stem 

diameter (Mulder, 1954). 

  
 
 
 
 
 
 
 
 
 



Table 4.2.8. Effect of potassium levels on shoot fresh weight plant-1 (g) of maize hybrids 
grown under drought stress conditions. 
  Drought Levels 
Hybrids Potassium levels 100% FC 70% FC 
32-F-10 0 mg/kg  29.37 e 24.35 h 

50 mg/kg 30.74 d 27.65 f 
100 mg/kg 47.67 a 34.62 c 
150 mg/kg 47.96 a 34.14 c 
200 mg/kg 48.21 a 34.31 c 

YH-1898 0 mg/kg  25.64 g 10.91 k 
50 mg/kg 26.60 fg 17.39 j 
100 mg/kg 39.54 b 19.29 i 
150 mg/kg 40.28 b 19.65 i 
200 mg/kg 40.43 b 19.81 i 

          LSD (P ≤ 0.05) = 1.15   
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
Table 4.2.9. Main effect of hybrids, drought levels and potassium levels on shoot dry 
weight plant-1, root dry weight plant-1, total dry weight plant-1 and root-shoot ratio  
Treatments 
 

Shoot dry weight 
(g) plant-1  

Root dry weight 
plant-1 (g) 

Total dry weight 
plant-1 (g) 

Root shoot 
ratio 

Hybrids 
32-F-10 
YH-1898 
LSD (p≤0.05) 

 
7.99 a 
5.81 b 
0.06 

 
1.82 a 
1.50 b 
0.09 

 
9.82 a 
7.31 b 
0.10 

 
0.23 b 
0.27 a 
0.02 

Drought levels  
100% FC 
70%FC 
LSD (p≤0.05) 

 
8.37 a 
5.43 b 
0.06 

 
1.85 a 
1.48 b 
0.09 

 
10.22 a 
6.91 b 
0.10 

 
0.22 b 
0.28 a 
0.02 

Potassium levels 
0 mg/kg   
50 mg/kg   
100 mg/kg  
150 mg/kg  
200 mg/kg  
LSD (p≤0.05) 

 
5.01 d 
5.62 c 
7.84 b 
7.89 b 
8.14 a 
0.098 

 
1.02 d 
1.53 c 
1.85 b 
1.92 ab 
2.01 a 
0.15 

 
6.03 d 
7.15 c 
9.69 b 
9.81 b 
10.14 a 
0.17 

 
0.21 b 
0.25 a 
0.26 a 
0.27 a 
0.27 a 
0.03 

Interactions 
H×D 
H×K 
D×K 
H×D×K 

 
** 
** 
** 
* 

 
* 
ns 
ns 
ns 

 
** 
** 
** 
* 

 
* 
ns 
* 
ns 

*, ** significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 



4.2.7. Shoot Dry Weight Plant-1 

 It was observed from the data that the interaction of maize hybrids, drought levels and 

potassium levels was statistically significant (p≤0.05) (Table 4.2.9). The shoot dry weight 

produced by 32-F-10 was statistically different and higher than YH-1898 (Table 4.2.9). Under 

the drought stress shoot dry weight increased by increasing the potassium levels. In both the 

maize hybrids 100 and 150 mg/kg treatment of potassium produced statistically at par shoot 

dry weight. It was produced by 200 mg/kg statistically different shoot dry weight. The control 

(no k application) treatment produced minimum shoot dry weight as per treatment. 

 Potassium enhanced the shoot dry weight under well watered and drought stress 

(Table 4.2.10). It was might be due to improvement in photosynthetic efficiency. Wiebold and 

Scharf (2006) reported that potassium enhance the dry mass in maize plant. Potassium 

application enhanced the photosynthesis as result of which carbohydrates increased. Thus 

potassium application might increase carboxylation efficiency in drought stress conditions 

which increase the dry weight of shoot (Marschner, 1995).  

 

Table 4.2.10. Effects of potassium levels on shoot dry weight plant-1 (g) of maize hybrids 
grown under drought stress conditions. 
  Drought Levels 
Hybrids K levels 100%FC 70%FC 
32-F-10 0 mg/kg  6.53 g 5.69 j 

50 mg/kg 6.56 g 5.91 i 
100 mg/kg 10.59 b 8.79 d 
150 mg/kg 10.66 ab 8.95 d 
200 mg/kg 10.82 a 9.20 c 

YH-1898 0 mg/kg  5.41 k 2.42 o 
50 mg/kg 6.14 h 3.86 n 
100 mg/kg 7.69 f 4.29 m 
150 mg/kg 7.59 f 4.37 lm 
200 mg/kg 7.95 e 4.56 l 

    LSD (P≤0.05) = 0.1971 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.2.8. Root Dry Weight Plant-1 

It was observed 32-F-10 produced more root dry weight (1.82 g) while YH-1898 

produced minimum root dry weight (1.50 g) (Table 4.2.9). Drought levels indicated that 



drought treatment negatively affected the root dry weight per pant. Potassium levels 

indicated the increasing trend of root dry weight from control to 200 mg/kg treatment 

however; 100 mg/kg and 150 mg/kg could generate root dry weight statistically at par. The 

interaction effect of potassium on root dry weight of maize hybrids under drought levels was 

found non-significant (p>0.05) (Table 4.2.9). Data are given in Table 4.2.11. 

 In the current study interactive effect of potassium did not produce any significant 

effect on root dry weight. It was might be due to enhanced growth of drought stressed root 

while well watered root did not make as much growth as that of drought stressed root. 

Furthermore, under drought stress conditions roots obtained more assimilates from shoot. 

Baque et al. (2006) found that there was effect of drought on root dry weight but it was less 

as compare to shoot dry weight.  

 

Table 4.2.11. Effect of potassium levels on root dry weight plant-1 (g) of maize hybrids 
grown under drought stress conditions. 

  Drought Levels 
Hybrids Potassium levels  100% FC 70% FC 
32-F-10 0 mg/kg  1.22 1.13 

50 mg/kg 1.90 1.47 
100 mg/kg 2.14 1.92 
150 mg/kg 2.19 1.98 
200 mg/kg 2.22 2.06 

YH-1898 0 mg/kg  1.17 0.56 
50 mg/kg 1.65 1.09 
100 mg/kg 1.95 1.37 
150 mg/kg 2.01 1.48 
200 mg/kg 2.03 1.72 

 

4.2.9. Total Dry Weight Plant-1  

The interaction of maize hybrids, drought levels and potassium levels was statistically 

significant (p≤0.05) for total dry weight per plant (Table 4.2.9). Data for this interaction is 

described in Table 4.2.9. Data indicated that under well watered treatment of drought stress 

in both the hybrids increasing level of potassium increased the total dry weight per plant 

while it was stopped to increase statistically from 100 mg/kg to 200 mg/kg. However, under 

the drought stress treatment the increasing trend in total dry weight was found with 



increasing the potassium levels in both the maize hybrids however 100 mg/kg and 150 mg/kg 

potassium levels could generate mostly statistically at par total dry weight. 

Total dry weight per plant was decreased significantly by drought stress. This was 

might be due reduction in shoot dry weight greatly because of reduction of photosynthesis 

and cell division. Potassium application increased the dry matter per plant. The increase in 

dry matter by potassium application is ascribed to more plant height, stem diameter and leaf 

area. Application of potassium resulted in rapid growth of plants (Wallingfor, 1980). Severe 

and mild drought stress reduced the total dry weight but with increasing the external 

application of potassium increased total dry weight even under severe drought stress (Baque 

et al., 2006).   

 

Table 4.2.12. Effects of potassium levels on total dry weight plant-1 (g) of maize hybrids 
grown under drought stress conditions. 

  Drought Levels 
Hybrids Potassium levels  100%FC 70%FC 
32-F-10 0 mg/kg  7.75 g 6.54 i 

50 mg/kg 8.47 f 7.61 g 
100 mg/kg 12.73 a 9.61 e 
150 mg/kg 12.85 a 9.57 e 
200 mg/kg 13.05 a 10.01 b 

YH-1898 0 mg/kg  6.87 h 2.99 l 
50 mg/kg 7.56 g 4.96 k 
100 mg/kg 10.74 c 5.66 j 
150 mg/kg 10.96 bc 5.84 j 
200 mg/kg 11.24 bc 6.28 i 

     LSD (P≤0.05) = 0.3291 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.2.10. Root-Shoot Ratio  

The interaction of maize hybrids, drought levels and potassium levels (Table 4.2.9) 

was found non-significant (p>0.05). It was found from main effects (4.2.9) that more root-

shoot ratio (0.27) was observed in YH-1898 as compare to 32-F10 root-shoot ratio. More 

root-shoot ratio was observed in drought stress treatment of 70% FC as compare to well 

water treatment. It was found from the main effects of potassium levels that less root-shoot 

ratio was observed in no potassium treatment while more was in other higher potassium 



levels but were statistically at par. In the present study there was non-significant effect of 

potassium on root-shoot ratio. It was might be due to the more absorption of potassium under 

drought stress condition and transportation of assimilates towards root. However, Hamblin, et 

al. (1990) found that root-shoot ratio was increased under water stress conditions that was 

might be due to more diversion of assimilates to roots.  

 
Table 4.2.13. Effect of potassium levels on root shoot ratio of maize hybrids grown 
under drought stress conditions. 

  Drought levels 
Hybrids Potassium levels  100% FC 70% FC 

32-F-10 0 mg/kg  0.19 0.21 
50 mg/kg 0.29 0.24 
100 mg/kg 0.20 0.25 
150 mg/kg 0.21 0.26 
200 mg/kg 0.21 0.26 

YH-1898 
 

0 mg/kg  0.21 0.21 
50 mg/kg 0.28 0.28 
100 mg/kg 0.22 0.32 
150 mg/kg 0.23 0.34 
200 mg/kg 0.22 0.38 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.2.14.  Main effect of hybrids, drought levels and potassium levels on leaf water 
potential, and stomatal conductance. 
Treatments 
 

Relative water 
contents (%) 

Leaf water potential 
(-MPa) 

Stomatal conductance 
(mmole m-2 s-1 ) 

Hybrids 
32-F-10 
YH-1898 
LSD (p≤0.05) 

 
79.84 a 
72.67 b 
2.40 

 
0.79 b 
0.83 a 
0.02 

 
131.50 a 
125.67 b 
4.83 

Drought levels  
100% FC 
50%FC 
LSD (p≤0.05) 

 
79.18 a 
73.33 b 
2.40 

 
0.63 b 
0.99 a 
0.02 

 
142.21 a 
114.96 b 
4.83 

Potassium levels 
0 mg/kg  
50 mg/kg   
100 mg/kg  
150 mg/kg  
200 mg/kg  
LSD (p≤0.05) 

 
64.20 d 
68.77 c 
80.58 b 
81.06 a 
86.66 a 
3.79 

 
1.01 a 
0.85 b 
0.76 c 
0.73 b 
0.70 a 
0.02 

 
112.40 c 
120.61 b 
134.19 a 
137.37 a 
138.36 a 
7.63 

Interactions 
H×D 
H×K 
D×K 
H×D×K 

 
ns 
ns 
* 
** 

 
ns 
ns 
* 
Ns 

 
ns 
ns 
* 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s  protected LSD test at 
P = 0.05.   

 

4.2.11. Relative Water Contents 

The effect of potassium on maize hybrids grown under drought levels was found 

statistically significant (p≤0.01) for relative water contents (Table 4.2.14). Maize hybrid 32-

F-10 performed better than YH-1898 in all the potassium treatments under both the drought 

levels (Table 4.2.15). Under the drought stress treatment relative water contents increased 

with increasing the potassium levels till 200 mg/kg but mostly results of 100 and 150 mg/kg 

were at par.  

Potassium might have greater role in the maintenance of water economy of plant by 

increasing relative water contents under water stress conditions. Such kind of study was 

conducted by Umar and Moinuddin (2002). Relative water contents are an important feature 

of plant water budget after water deficit on cellular level. It has been studied that relative 

water contents decreased with the advancement in age of plant. Similarly, relative water 



contents decreased with increasing water deficit stress. Decrease in relative water contents 

resulted to wilting, stomatal closure and reduced growth (Lawlor and Cornic, 2002). Unyayar 

et al. (2004), Jiang and Huang (2002) reported that drought stress decreased leaves relative 

water contents. Regarding physiological attributes potassium had significant effect on 

relative water contents of leaf. Thus it had increased the relative water contents of leaf and 

leaf water potential in the present study. This was might be due to the increasing root length 

and more absorption of water from these roots and then maintenance of water in leaf cells by 

closing the stomata. Reason behind the higher need of potassium during drought stress is that 

potassium is essential for the maintenance of CO2 fixation during photosynthesis (Jiang and 

Zhang, 2002).  

Fusheing (2006) reported that application of potassium increased relative water 

contents from 92 to 94% in tobacco leaf. Such kind of increase in relative water contents 

with potassium application might be recognized to increase cell turgor by osmotic 

adjustment. Plant absorb large of amount of potassium from root zone to maintain normal 

growth and development of plant body (Maathuis and Sanders, 1996; Elumalai et al., 2002). 

 
Table 4.2.15. Effects of potassium levels on relative water contents (%) of maize hybrids 
grown under drought stress conditions.  

  Drought Levels 
Hybrids Potassium levels  100%FC 70%FC 

32-F-10 0 mg/kg  68.01 ef 65.25 fg 
50 mg/kg 74.85 de 68.09 ef 
100 mg/kg 85.84 bc 83.64 bc 
150 mg/kg 86.71 b 83.23 bc 
200 mg/kg 95.70 a 87.08 b 

YH-1898 
 

0 mg/kg  59.74 g 63.80 fg 
50 mg/kg 65.74 fg 66.41fg 
100 mg/kg 84.68 bc 68.15 ef 
150 mg/kg 84.99 bc 69.31 ef  
200 mg/kg 85.55 bc 78.30 cd 

        LSD (P≤0.05) = 9.2348 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.2.12. Leaf Water Potential  

 Data for this interaction are given in Table 4.2.16. Maize hybrids, drought levels and 

potassium levels were statistically significant (p≤0.05) (Table 4.2.14). More leaf water 



potential (-0.79 MPa) was produced by 32-F-10 as compare to YH-1898. Drought stress 

reduced the leaf water potential. It was observed from potassium levels that highest leaf water 

potential (p≤0.05) was found in 100 mg/kg treatment. While in other potassium treatment leaf 

water potential was lower. The interaction of maize hybrids, drought levels and potassium 

levels was found non-significant (p>0.05) (Table 4.2.14).  

 
Table 4.2.16. Effects of potassium levels on leaf water potential (-MPa) of maize hybrids 
grown under drought stress conditions. 

  Drought levels 
Hybrids Potassium levels  100% FC 70% FC 

32-F-10 0 mg/kg  0.86      1.13  
50 mg/kg 0.64      1.02 
100 mg/kg 0.54          0.94  
150 mg/kg 0.52         0.90    
200 mg/kg 0.50        0.87     

YH-1898 
 

0 mg/kg  0.91 1.15  
50 mg/kg 0.67        1.05 
100 mg/kg 0.57          0.97  
150 mg/kg 0.57          0.93  
200 mg/kg 0.53         0.91 

     

4.2.14. Stomatal Conductance 

For the stomatal conductance the interaction of maize hybrids, drought level and 

potassium levels was found non-significant (p>0.05) (Table 4.2.14). Data are given in Table 

4.2.17. Main effects of maize hybrids, drought levels and potassium levels were statistically 

significant (0.05). The review of research indicated that accumulation and release of 

potassium by guard cells results to change their turgor resultantly stomata open and close 

(Fischer and Hsiao, 1968). 

        

 
 
 
 
 
 
 
 
 
 



Table 4.2.17. Effect of potassium levels on stomatal conductance (mmole m-2 s-1) of 
maize hybrids grown under drought stress conditions. 

  Drought Levels 
Hybrids Potassium levels  100% FC 70% FC 

32-F-10 0 mg/kg  125.20     105.12        
50 mg/kg 133.98    118.20      
100 mg/kg 156.10   119.30     
150 mg/kg 157.01       120.69     
200 mg/kg 115.52      123.44     

YH-1898 
 

0 mg/kg  118.20      101.09         
50 mg/kg 123.73     109.21       
100 mg/kg 146.15   115.19      
150 mg/kg 152.44   119.35     
200 mg/kg 150.65 120.69     

      

Table 4.2.18. Main effect of hybrids, drought levels and potassium levels on 
photosynthetic rate, transpiration rate and k in leaves and shoot. 
Treatments Photosynthetic rate 

(µmole m-2 s-1 ) 
Transpiration rate 
(mmole m-2 s-1 )  

K in leaves and shoot 
(mg/g of dry weight) 

Hybrids 
32-F-10 
YH-1898 
LSD (p≤0.05) 

 
19.34 a 
14.32 b 
0.151 

 
4.16 a 
2.73 b 
0.46 

 
39.00 a 
36.17 b 

1.53 
Drought levels 
100% FC 
50%FC 
LSD (p≤0.05) 

 
20.28 a  
13.38 b 
0.151 

 
3.38 
3.51 

- 

 
17.46 b 
56.71 a 

1.53 
Potassium levels 
0 mg/kg  
50 mg/kg   
100 mg/kg   
150 mg/kg   
200 mg/kg   
LSD (p≤0.05) 

 
12.94 c 
13.67 b 
19.07 a 
19.19 a 
19.29 a 

0.24 

 
1.47 d 
2.02 d 
3.80 c 
4.38 b 
6.07 a 
0.73 

 
28.77 e 
33.80 d 
37.93 c 
41.01 b 
43.83 a 

2.41 
Interactions 
H×D 
H×K 
D×K 
H×D×K 

 
** 
** 
** 
** 

 
ns 
* 
* 

Ns 

 
** 
ns 
** 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

 

 



4.2.15. Photosynthetic Rate  

 The interactive effect of potassium on maize hybrids under drought was found 

significant (p≤0.05) (Table 4.2.18). The data for this interaction are given in Table 4.2.19. The 

application of potassium enhanced photosynthesis significantly as per treatment of potassium. 

But after 100 mg/kg potassium treatment there was not any significant increase in 

photosynthesis. Photosynthesis was reduced under drought stress. The maize hybrid 32-F-10 

regulated photosynthesis more efficiently as compare to YH-1898. 

The role of potassium in agricultural production is linked with photosynthesis. 

Potassium influences the photosynthetic process at many points such as ATP synthesis, 

activation of enzymes involved in photosynthesis and CO2 uptake (Marschner 1995). Bednarz 

et al. (1998) found that stomatal regulation disturbance is the main cause of reduced leaf 

photosynthesis in cotton plants during mild potassium deficiency while under severe 

potassium deficiency biochemical limitation become more important. Thus the role of 

potassium for photosynthesis remains elusive. Thus the exact mechanisms of effects of 

potassium on photosynthesis are still not clear, however the activity of rubisco is also 

important for limiting photosynthesis in rice leaves (Reddya et al., 2004; Yang et al., 2004). 

The same results were found in the present study. 

 
Table 4.2.19. Effects of potassium levels on photosynthetic rate (µmole m-2 s-1) of maize 
hybrids grown under drought stress conditions. 

  Drought Levels  
Hybrids Potassium levels  100%FC 70%FC 

32-F-10 0 mg/kg  15.88 e 13.16 i 
50 mg/kg 15.97 e 14.94 f 
100 mg/kg 25.77 a 18.71 d 
150 mg/kg 25.92 a 18.45 d 
200 mg/kg 26.06 a 18.55 d 

YH-1898 
 

0 mg/kg  13.86 h 8.87 l 
50 mg/kg 14.38 g 9.40 k  
100 mg/kg 21.37 c 10.43 j  
150 mg/kg 21.77 bc 10.62 j 
200 mg/kg 21.85 b 10.70 j 

     LSD (P≤0.05) = 0.48 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

 



4.2.16. Transpiration Rate  

It was observed from data that more transpiration rate (4.16 mmole m-2 s-1) was 

produced by 32-F-10 while YH-1898 produced minimum transpiration rate (Table 4.2.18). 

Drought stress increased (p≤0.05) the transpiration rate as compare to well watered treatment. 

Potassium levels 200 mg/kg potassium produced maximum transpiration while minimum was 

observed in 0 and 50 mg/kg potassium level. It was found that potassium enhanced the root 

growth and water uptake such kind of evaluation has also been made by Rama Rao (1986) 

while the potassium reduces transpirational losses has been studied by Beringer and 

Trolldenier (1978). Deficiency of potassium is associated with reduced transpiration rate and 

in the most studies it was reported that stomatal closure was related to potassium deficiency 

(Thiel and Wolf, 1997; Romheld and Kirkby, 2010). Hence, it can be concluded that 

adequate amount of potassium in plant body will make the plant be able to withstand against 

drought stress for longer periods. The interaction of maize hybrids, drought levels and 

potassium levels was found non-significant (p>0.05) (Table 4.2.18). 

 
Table 4.2.20. Effects of potassium levels on transpiration rate (mmole m-2 s-1) of maize 
hybrids grown under drought stress conditions. 

  Drought Levels  
Hybrids Potassium levels  100% FC 70% FC 

32-F-10 0 mg/kg  1.87 1.54 
50 mg/kg 2.49 2.49 
100 mg/kg 3.49 4.70 
150 mg/kg 4.93 5.69 
200 mg/kg 6.74 7.79 

YH-1898 
 

0 mg/kg  1.26 1.23 
50 mg/kg 1.80 1.42 
100 mg/kg 2.27 2.67 
150 mg/kg 2.76 4.15 
200 mg/kg 5.29 4.48 

     

4.2.17. Potassium in Leaves and Shoot  

 The interaction of maize hybrids, drought levels and potassium levels (Table 4.2.18) 

was found statistically non-significant (p>0.05). While the data are presented in Table 4.2.21. 

It was found that leaf and shoot contents of potassium increased under the water stress 

situations; application of more potassium could improve the potassium status (Table 4.2.18). 

Nutrient film around the soil particles becomes thinner under water deficit conditions and 



resultantly, distance for movement of ions increases from roots. This condition resulted to 

poor diffusion of ions to plants roots and hence low potassium contents in plant body. While 

higher potassium availability in the soil medium under water deficit conditions lead to reduce 

the path length for the movement of ions resulting to higher potassium contents in plants. 

 
Table 4.2.21. Effects of potassium levels on potassium in leaves and stem (mg/g of dry 
weight) of maize hybrids grown under drought stress conditions. 

  Drought levels 
Hybrids Potassium levels  100%FC 70%FC 

32-F-10 0 mg/kg  14.00 47.74 
50 mg/kg 16.00 55.59 
100 mg/kg 17.00 62.37 
150 mg/kg 18.67 67.37 
200 mg/kg 20.33 70.99 

YH-1898 
 

0 mg/kg  13.33 40.00 
50 mg/kg 16.67 47.33 
100 mg/kg 18.33 54.00 
150 mg/kg 19.33 58.67 
200 mg/kg 21.00 63.00 

 
Conclusion 

In the current study, drought affected the morphology and physiological behavious of 

maize hybrids grown. The data indicated that it is compulsory to improve the mineral 

nutrition status of plants especially the use of potassium in order to sustain their survival and 

to maintained high yield. It was concluded that the application of potassium from lower level 

to higher increased the morphological and physiological parameters of maize hybrids 

(drought tolerant and sensitive) under well watered and drought stress conditions but mostly 

application of higher levels from 100 mg/kg did not have significant effects on 

morphological and physiological attributes. Thus application of higher levels of potassium 

would not be sensibly economical that would be resulted to luxury consumption of potassium 

by maize hybrids. Hence, 100 mg/kg of potassium was selected a better suitable level of 

potassium in soils of Pakistan which are already containing some amount of potassium 

available to crop plants. Under the present water scarcity scenario growing drought tolerant 

crops for higher production is very important option but optimization of fertilizer nutrients 

for their balanced and appropriate use seems very important. It might be helpful to farmer to 

save money.  



Experiment 3: Morphological and Physiological Response of Maize Hybrids 
under Drought Imposed from Various Growth Stages to Potassium 
Application. 
 
4.3. Results and Discussion 
 
Table 4.3.1. Main effect of maize hybrids, drought levels and potassium levels on plant 
height, leaf length, leaf area plant-1. 
Treatments Plant height (cm) Leaf length (cm) Leaf area plant-1 (cm2) 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
137.27 a 
131.92 b 
0.64 

 
52.25 a 
49.60 b 
1.40 

 
2265.1 a 
1976.3 b 
32.76 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
150.40 a 
122.91 d 
123.80 d 
132.11 c 
143.74 b 
1.006 

 
  
55.72 a 
43.75 d 
48.64 c 
52.29 b 
54.24 ab 
2.22 

 
 
2509.6 b 
1499.4 e 
1813.8 d 
2184.7 c 
2596.0 a 
51.79 

Potassium levels  
0 mg/kg  
100 mg/kg  
LSD (P≤0.05) 

 
128.39 b 
140.80 a 
0.64 

 
47.64 b 
54.22 a 
1.40 

 
1893.2 b 
2348.2 a 
32.76 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
* 
** 
** 

 
ns 
ns 
* 
ns 

 
* 
ns 
** 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.1. Plant Height  

 The interaction of maize hybrids, drought stages and potassium levels was found 

statistically (p≤0.01) significant (Table 4.3.1). The data for this interaction is presented in 

Table 4.3.2. In both maize hybrids the increase in plant height by application of potassium 

was observed. The highest plant height (160.9 cm) was observed in potassium application plot 

having well water treatment in maize hybrid 32-F-10 followed by YH-1898. To impose 

drought from five leaf stage has to face long period while in other treatments duration of 



drought decreased with the stages while drought at grain formation stage has to face minimum 

drought period as compare to other treatments. In both the hybrids, minimum plant height was 

found when drought imposed from five leaf stage in both the potassium treatments. 

 Plant height was significantly improved by application of potassium under drought 

imposed from various critical growth stages. Plant height was decreased with increasing the 

duration of drought stress. These results are in accordance with Ali et al. (2011). He found 

that increase in drought intensity decrease the plant height. Thus the significant effect of 

drought on plant height was also in accordance with Itoh and Kumara (1986), Hamada 

(2001) and Liu et al., (2004). It was might be due to the adaptation of maize crop plants to 

endure against drought stress. At the start of initial effects of drought stress maize plants 

initiated to divert all assimilates toward stem and then toward root for its growth to increase 

length for water absorption but application of potassium increased the plant height even 

under drought stress because it activates many enzymes. Stem height was also affected by 

water stress.  

 
Table 4.3.2. Effect of potassium on plant height (cm) of maize hybrids grown under 
drought imposed from various growth stages.  

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg of 

32-F-10 No drought  143.53 e 160.72 a 
Five leaf stage 119.79 lm 130.04 i 
Ten leaf stage 123.00 k 133.88 h 
Anthesis 130.18 i 140.11 f 
Grain formation 137.21 g 154.24 c 

YH-1898 No drought  139.74 f 157.62 b 
Five leaf stage 115.63 n 126.19 j 
Ten leaf stage 118.14 m 120.18 l 
Anthesis 122.88 k 135.28 gh 
Grain formation 133.81 h 149.71d 

           LSD (p≤0.05) = 2.87 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.2. Leaf Length  

 Effect of potassium on leaf length has been observed. In both the hybrids leaf length 

was found significantly different (Table 4.3.1). Under drought from anthesis and from grain 

formation stage leaf length was statistically same. While in other growth stages leaf length 



was affected by drought stress. However, with potassium application significant difference 

(p≤0.05) was observed among the treatments. The drought stress greatly reduced the leaf 

length while application of potassium enhanced the leaf length as it was found in the present 

study. The leaf length was reduced might be due to less availability of water to 

photosynthetic mechanism and increased by potassium application because of more growth 

rate. It was reported by Acevedo et al. (1971) that maize leaves elongation was greatly 

sensitive to minute reduction in soil. The interaction of maize hybrids, growth stages and 

potassium levels was found non-significant (p>0.05) for leaf length as indicated in Table 

4.3.1. The data for this interaction is given in Table 4.3.3. 

  
Table 4.3.3. Effect of potassium on leaf length (cm) of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought 

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  53.01  61.19  
Five leaf stage 41.30  48.89  
Ten leaf stage 44.78  54.94  
Anthesis 51.87  54.83  
Grain formation 52.81  58.89 

YH-1898 No drought  49.71  58.96 
Five leaf stage 39.93  44.87 
Ten leaf stage 42.94  51.89 
Anthesis 50.22  52.23 
Grain formation 49.79  55.47 

       

4.3.3. Leaf Area Plant-1  

 The effect of potassium on leaf area of maize hybrid grown under water deficit 

condition was found statistically significant (p≤0.05) (Table 4.3.1). Data indicated that 

potassium has enhanced leaf area significantly (p≤0.05) as per treatment of drought (Table 

4.3.4). Drought imposed from five leaf stage has severe effect on leaf area but leaf area was 

affected when drought was imposed from later growth stages. Regarding maize hybrids 32-F-

10 was dominant in producing leaf area as compare to YH-1898.    

 Drought stress greatly reduced the leaf area in both the maize hybrids. There was a 

clear variation among the drought stress treatment duration on leaf area. It was might be due 

to the enhanced leaf senescence and less availability of moisture by water deficit stress. 

These results are also supported by the earlier findings that water deficit stress reduced leaf 



area, radiation use efficiency and harvest index of maize crop significantly by retarding the 

membrane structures and production of reactive oxygen species that increased the leaf 

senescence (Nogues and Baker, 2000; Earl and Davis, 2003). Lindhauer (1985) reported that 

application of potassium although increased the dry matter production and increased leaf area 

development also enhanced the preservation of water in plant tissues even under water deficit 

stress.  

 
Table 4.3.4. Effect of potassium on leaf area plant-1 (cm2) of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages 
to impose drought 

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  2298.3 e 3015.0 a 
Five leaf stage 1408.1 m 1811.2 j 
Ten leaf stage 1669.3 k 2190.1 fg 
Anthesis 2232.6 ef 2529.0 d 
Grain formation 2598.0 d 2898.9 b 

YH-1898 No drought  1993.4 h 2731.9 c 
Five leaf stage 1238.1n 1540.2 l 
Ten leaf stage 1464.5 lm 1931.3 hi 
Anthesis 1869.4 ij 2107.9 g 
Grain formation 2160.0 fg 2726.5 c 

      LSD (P≤0.05) = 103.59 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.3.5. Main effect of maize hybrids, drought levels and potassium levels on no. of 
leaves plant-1, root fresh weight plant-1, shoot fresh weight plant-1. 

Treatments 
No. of leaves 
plant-1 

Root fresh weight 
plant-1 (g) 

Shoot fresh weight 
plant-1 (g) 

Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
14.30 a 
13.18 b 
0.28 

 
30.49 a 
23.55 b 
1.03 

 
161.79 a 
141.17 b 
2.34 

Growth Stages 
to impose drought  
No drought  
Five leaf stage 
At Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
14.83 b 
11.67 e 
12.67 d 
13.83 c 
15.71 a 
0.45 

 
 
29.10 a 
2392 b 
25.55 b 
28.22 a 
28.31 a 
1.63 

 
 
179.26 a 
107.10 d 
129.56 c 
156.05 b 
185.43 a 
3.69 

Potassium levels  
0 mg/kg  
100 mg/kg 
LSD (P≤0.05) 

 
13.18 b 
14.30 a 
0.28 

 
26.25 b 
27.79 a 
1.03 

 
135.23 b 
167.73 a 
2.34 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
* 
* 
* 
* 

 
** 
* 
* 
* 

 
* 
ns 
** 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.3.4. No. of Leaves Plant-1 

 The interaction of maize hybrids, growth stages and potassium levels was found 

statistically significant (p≤0.05) for no. of leaves per plant (Table 4.3.5). Data indicated that 

potassium has enhanced the number of leaves per plant under well water and drought 

treatments as compare to no potassium application plots (Table 4.3.6). Number of leaves was 

affected more when drought was imposed at five leaves and at ten leaves stage. Mostly, it 

was found that number of leaves was statistically at par for the plots having no drought or 

when drought was imposed at grain formation 

 In the current study that drought stress reduced the number of leaves. Under stress 

early formed leaves may die (Kochaki and Sarmadnia, 2005).  However, water stress had 

little effect on number of leaves of maize plant (Ali et al., 1999). In the same way under 

drought stress potassium application might have better effect on enhancing the number of 



leaves. While it was (de Souza et al., 1997) studied that drought stress might have effects on 

initiation of new leaves. This was might be due to the disturbance in plant growth. Bajji et al. 

(2001) found that drought stress negatively affected the leaf production in wheat, who stated 

that potassium application increased the number of leaves. Hence, potassium has its role in 

enhancing no. of leaves per plant. Leaf number was significantly decreased with the 

increasing of water stress levels. However, application of potassium used in the study caused 

to the elevated leaf number. The highest leaf number was obtained from potassium 

application. Under non-water stress conditions, potassium increased leaf number 

(Rohbakhsh, 2013).  

 
Table 4.3.6. Effect of potassium on no. of leaves plant-1 of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought 

K levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 14.46 c 16.43 a 
Five leaf stage 11.38 f 12.36 e 
Ten leaf stage 12.44 e 13.30 d 
Anthesis 14.36 c 15.39 b 
Grain formation 16.41 a 16.42 a 

YH-1898 No drought 13.38 d 15.46 b 
Five leaf stage 10.35 g 11.46 f 
Ten leaf stage 11.38 f 12.42 e 
Anthesis 12.43 e 13.47 d 
Grain formation 14.47 c 16.40 a 

              LSD (P≤0.05) = 0.66 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.3.5. Root Fresh Weight Plant-1  

 The interaction of maize hybrids, growth stages and potassium levels was observed 

statistically significant (p≤0.05) (Table 4.3.5). It was verified that there was a significant 

(p≤0.05) effect of potassium on the root fresh weight under well water and drought treatment 

(Table 4.3.7). It was observed that drought tolerant maize hybrid produced more root fresh 

weight as compare to drought sensitive maize hybrid. Root fresh weight was severely 

reduced when drought was imposed from five and ten leaves stages. 

 In the current research studies application of potassium has enhanced significantly 

(p≤0.05) the root fresh weight. It was might be due to the role of potassium for enhancing the 



root length for more proliferation. Potassium has greater role in vegetative growth including 

root elongation. Potassium is an element required for plant growth and development. It is the 

most abundantly present in plant body as a cation (Marschner, 1995). Drought is a main 

agent for reducing agricultural production and generally reduced the plant growth by 

reducing the absorption of water and nutrient uptake. In crop plants reduced water decreased 

water accessibility resulted in reduced growth and final yield in crop plants. Potassium ions 

contribute significantly to the osmotic potential of the vacuoles even under drought 

conditions (Marschner, 1995) for root elongation. If soil become dried during the plant 

growing season roots are commonly less inhibited as compare to shoot growth and might be 

improved (Sharp and Davies, 1989). Stability in root growth during water deficit could be an 

important outcome for sustaining plant water supply which is genetic control (O’Toole and 

Bland, 1987; Sponchiado et al., 1989). 

 In the present study there was a significant effect of drought stress on root fresh 

weights. Root fresh weights were found minimum where maximum duration of drought was 

imposed. This reduction in root fresh weight with increase in drought duration was might be 

due to adaptation of maize plant to drought stress. It has been studied on the commencement 

of drought plant tries to reduce the shoot growth by decreasing the leaf area, no. of leaves 

and even plant height and enhanced root growth (Schuppler et al., 1998). 

 However, severe water deficit stress significantly reduced the root growth by creating 

resistance to roots penetration due to soil hardness and by decreasing root respiration 

efficiency (Borrell and Hammer, 2000; Thomas and Howarth, 2000). In the previous studies 

significant variation among the crops plants applied with potassium under water restriction 

was compared with non-application of potassium under drought condition and treatment had 

significant effect on depth of root proliferation and however, higher root penetration was 

indicated in millet with potassium application and none stress condition. Surprisingly, 

potassium application contributed plants to approach longer root length as well through the 

condition of drought stress. Our results of treatments interaction were similar to the results of 

Rosolem et al. (2005) and Ashraf et al. (2003). 

 
 
 
 



Table 4.3.7. Effect of potassium on root fresh weight plant-1 (g) of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages 
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 34.45 b 38.52 a 
Five leaf stage 26.21 fgh 28.35 defg 
Ten leaf stage 28.01 defg 30.12 cde 
Anthesis 30.36 cd 31.25 bcd 
Grain formation 32.24 bc 25.35 ghi 

YH-1898 No drought 17.65 l 25.78 ghi 
Five leaf stage 21.45 jk 19.66 kl 
Ten leaf stage 21.39 jk 22.67 ijk 
Anthesis 24.20 hij 27.08 efgh 
Grain formation 26.53 fgh 29.12 cdef 

      LSD (P≤0.05) = 3.2 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.3.6. Shoot Fresh Weight Plant-1  

 The interaction of maize hybrids, growth stages and potassium levels was found 

statistically (p≤0.01) significant (Table 4.3.5). Maize hybrid 32-F-10 produced more shoot 

fresh weight as compare to YH-1898. It was found that application of potassium enhanced 

the shoot fresh weight per plant (Table 4.3.8.). The drought imposed from various growth 

stages had different effect on shoot fresh weight as per treatment. The effects of drought on 

plants are very complex and variable. A common negative effect of drought stress is the 

reduction in fresh biomass production in various crops such as grasses (Ashraf and Yasmin, 

1995) and maize (Abrechit and Carberry, 1993). Such kinds of results were found in the 

present study. The application of potassium also enhanced the shoot fresh weight even in 

drought stress treatment. It was might be due to enhanced photosynthetic rate and activation 

of enzymes by potassium. Based on the present results shoot fresh matter was intensively 

decreased by water stress treatment; however, potassium application significantly increased 

shoot fresh matter under water stress levels. The highest level of shoot fresh matter was 

obtained by 125 kg ha-1 potassium application under water stress (85% FC). Under no water 

stress, the greatest shoot fresh matter was obtained from 125 kg ha-1 K application as 

compared to control (Rohbakhsh, 2013). 

 



Table 4.3.8. Effect of potassium on shoot fresh weight plant-1 (g) of maize hybrids 
grown under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  164.16 e 215.36 a 
Five leaf stage 100.58 m 129.37 j 
Ten leaf stage 119.23 k 156.44 
Anthesis 159.47 ef 180.64 d 
Grain formation 185.61 d 207.06 b 

YH-1898 No drought  142.39 h 195.13 c 
Five leaf stage 88.44 n 110.01 l  
Ten leaf stage 104.61 lm  137.95 hi 
Anthesis 133.53 ij 150.56 g 
Grain formation 154.29 fg 195.13 c 

           LSD (P≤0.05) = 7.40 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

Table 4.3.9. Main effect of maize hybrids, drought levels and potassium levels on shoot 
dry weight plant-1, root dry weight plant-1, root-shoot ratio. 
Treatments Shoot dry weight plant-1(g) Root dry weight (g) Root-shoot ratio 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
25.82 a 
22.48 b 
0.47 

 
3.59 
3.60 
- 

 
0.13 b 
0.17 a 
0.02 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
28.96 a 
17.01 d 
20.57 c 
24.77 b 
29.43 a 
0.75 

 
 
3.84 a 
3.39 c 
3.29 c 
3.82 a 
3.63 b 
0.16 

 
 
0.13 c 
0.19 a 
0.14 bc 
0.16 b 
0.13 bc 
0.03 

Potassium levels  
0 mg/kg  
100 mg/kg  
LSD (P≤0.05) 

 
21.47 b 
26.83 a 
0.47 

 
3.62  
3.57 
- 

 
0.17 a 
0.12 b 
0.02 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
** 
* 

 
** 
* 
** 
** 

 
* 
* 
ns 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 



4.3.7. Shoot Dry Weight Plant-1 

 The effect of potassium application under drought induction from various growth 

stages on maize hybrids was statistically (p≤0.05) significant (Table 4.3.9). Data indicated 

that application of potassium has enhanced the shoot dry weight (Table 4.3.10). With 

application of potassium highest shoot dry weight (35.52 g) was observed in well water 

treatment while the minimum was found when drought stress was imposed from five leaf 

stage. The application of potassium enhanced the shoot dry weight per plant. 

 Drought stress might have decreased the growth period and photosynthetic materials 

so transformation and assembling of these materials was increased (Nesmith and Ritchie, 

1992). Using potassium with normal irrigation increased biomass. The use of fertilizer 

nutrients to many vegetative and productive stages of plants and increased biomass of shoots. 

Ghahfarokhi (2004) reported that biomass decreased significantly with drought stress. 

However, application of potassium enhanced shoot dry weight significantly in the present 

study.  

 
Table 4.3.10. Effect of potassium on shoot dry weight plant-1 (g) of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg of 

32-F-10 No drought  26.06 f 35.52 a 
Five leaf stage 15.96 m  20.54 j  
Ten leaf stage 18.93 k 24.83 fg 
Anthesis 25.31 fg 28.67 e 
Grain formation 29.46 de 32.87 b 

YH-1898 No drought  22.60 hi  31.65 bc 
Five leaf stage 14.04 n 17.46 kl  
Ten leaf stage 16.61 lm  21.90 ij  
Anthesis 21.19 ij  23.90 gh 
Grain formation 24.49 g 30.91 cd 

           LSD (P≤0.05) = 1.49  
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.3.8. Root Dry Weight Plant-1 

 The effect of potassium levels under drought imposed from various growth stages on 

maize hybrids was found statistically (p≤0.05) significant (Table 4.3.9). Data indicated that 

potassium application has increased the root dry weight as per treatment (Table 4.3.11). The 



drought tolerant maize hybrid performed better as compare to sensitive hybrids (Table 

4.3.11). The maximum root dry weight (4.54 g) was observed in potassium application with 

no drought while the minimum was observed in treatments which received drought for longer 

duration. Shorter duration of drought increased the root dry weight as per treatment.

 Under the well water situation root grow normally while on mild drought stress roots 

might get assimilates from leaves and grow more. Root dry weight was affected more with 

increasing the drought stress duration as per treatment. Improving the root dry weight of 

maize plants under mild drought stress is the most important adaptive attribute due to use of 

assimilates of photosynthesis for increasing the root growth and also enhances the root 

respiration efficiency (Fitter and Hay, 2002; Hamayun et al., 2010). However, severe water 

deficit stress significantly reduced the root growth by creating resistance to roots penetration 

due to soil hardness and by decreasing root respiration efficiency and thus reduced the root 

dry weight. (Borrell and Hammer, 2000; Thomas and Howarth, 2000). Hence, potassium is 

an essential element for plant growth and development and is the most plentiful cation in 

plants (Marschner 1995). 

 
Table 4.3.11. Effect of potassium on root dry weight (g) plant-1 of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages 
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 4.05 cd 4.54 a 
Five leaf stage 3.09 ghij 3.34 fg 
Ten leaf stage 3.29 fgh 3.54 ef 
Anthesis 3.57 ef 3.68 e 
Grain formation 3.79 de 2.99 hij 

YH-1898 
 

No drought 4.28 abc 3.81 de 
Five leaf stage 2.96 ij 2.85 j 
Ten leaf stage 3.09 ghij 3.22 ghi 
Anthesis 4.38 ab 3.66 e 
Grain formation 3.68 e 4.08 bcd 

              LSD (P≤0.05) = 0.31 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.9. Root-Shoot Ratio 

 It was found that application of potassium decreased the root-shoot ratio. In drought 

tolerant maize hybrid less root-shoot ratio was found than drought sensitive maize hybrid. 



Maize hybrids differed significantly for root-shoot ratio. Root-shoot ratio increased with the 

imposition of water deficit conditions (70% of field capacity). The effect of potassium under 

drought at various growth stages on root shoot ratio of maize hybrids was statistically not 

significant (p>0.05) (Table 4.3.9). 

Huang et al. (1997) reported that stability of root growth for nutrient and water 

uptake during drought stress is considered as a vital factor for plant tolerance to drought 

stress because drought stress is understood to be the main cause for root death in field 

(Smucker et al., 1991; Huang and Nobel, 1992).  

 
Table 4.3.12. Effect of potassium on root-shoot ratio of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought 

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 0.140  0.147  
Five leaf stage 0.123  0.127  
Ten leaf stage 0.123  0.127  
Anthesis 0.123  0.123  
Grain formation 0.130  0.110  

YH-1898 No drought 0.103  0.130  
Five leaf stage 0.173  0.110  
Ten leaf stage 0.113  0.117  
Anthesis 0.157  0.133  
Grain formation 0.127  0.140  

        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.3.13. Main effect of maize hybrids, drought levels and potassium levels on 
relative water contents and leaf water potential. 
Treatments Relative water contents (%) Leaf water potential (-MPa) 
Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
69.77 a 
67.87 b 
0.35 

 
-1.44 a 
-1.68 b 
0.0054 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
76.73 a 
50.21 e 
69.76 d 
72.68 c 
74.69 b 
0.56 

 
 
-1.36 a 
-1.88 d 
-1.77 c 
-1.41b 
-1.37 a 
0.0085 

Potassium levels  
0 mg/kg  
100 mg/kg 
LSD (P ≤ 0.05) 

 
66.62 b 
71.01 a 

 
-1.64 b 
-1.47 a 
0.0054 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
* 
ns 
** 
* 

 
* 
** 
** 
* 

*, ** significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.10. Relative Water Contents  

 The significant (p≤0.05) effect of potassium levels on relative water contents of 

maize hybrids under drought imposed from various growth stages was found statistically 

significant (Table 4.3.13). Data showed that potassium application has enhanced the relative 

water contents than without potassium as per treatment (Fig. 4.3.1). Maize hybrid 32-F-10 

performed better in attaining relative water contents as compare to YH-1898. The control (no 

drought) treatment developed the highest relative water contents than drought treatments. 

The minimum relative water contents were found in drought treatment when drought was 

imposed from five leaf stage. While relative water contents gradually started to increase as 

per drought treatments on various growth stages from five leaf stage to grain formation.  

 Improving the plant internal status of potassium might be very important for 

improving the yield under water deficit conditions and for the improvement of drought 



tolerance in plant. Waraich et al. (2011) studied that under moisture deficit conditions 

potassium application to crop plant enhances the crop tolerance to drought stress by utilizing 

the soil moisture more efficiently as compare to potassium deficient plants. Nejad et al. 

(2010) reported that relative moisture content of leaf at time of flowering of corn plant have 

high correlated with seed function, negative correlation between drought tension with leaf 

surface index and potential of leaf water have provided reduction of leaf surface and 

reduction of photosynthesis at leaf water unit at level of sinking and resulted in reduction of 

supplying processed substances and negative effect of it on seed production in maize was led 

to the result of seed performance reduction. 

 

 

Fig. 4.3.1. Effect of potassium on the relative water contents of maize hybrids under 
drought imposed various growth stages. 
 

4.3.11. Leaf Water Potential  

 The influence of potassium application on maize hybrids leaf water potential under 

drought imposed from various growth stages was found statistically significant (Table 

4.3.13) as depicted in Fig 4.3.2. Data presented graphically indicate that application of 

potassium enhanced the leaf water potential than without potassium application. The drought 

tolerant maize hybrid (32-F-10) developed more leaf water potential as compare to drought 

sensitive maize hybrid (YH-1898) as mentioned in Table 4.3.13. It was observed that control 
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(no drought) and drought at grain filling stage could develop same (statistically at par) leaf 

water potential. The minimum leaf water potential was observed when drought was imposed 

at five leaf stage and more was found in other drought treatments as per treatment (Table 

4.3.13). 

 

 Fig. 4.3.2. Effect of potassium on the leaf water potential of maize hybrids under 
drought imposed from various growth stages. 

 
 Potassium is an important element of various plant processes such as osmoregulation 

during cell expansion in the cytosol as well as in the vacuole. Potassium ions contribute 

significantly to the osmotic potential of the vacuoles even under drought conditions 

(Marschner, 1995). Thus, adequate potassium fertilization of crop plants might enabled 

osmotic adjustment, which maintains turgor pressure at lower leaf water potentials and could 

increase the ability of plants to tolerate drought stress (Mengel and Arneke, 1982; Lindhauer, 

1985). Studies have shown that optimum potassium application is beneficial to the growth 

and development of plants (Davidson, 1969). However, little information is available about 

the influence of potassium on whole-plant drought resistance of plants to drought. Thus, 

information about adequate levels of potassium fertilizer that would optimize drought 

resistance in maize under drought conditions is still lacking. 
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Table 4.3.14. Main effect of maize hybrids, drought levels and potassium levels on 
stomatal conductance, photosynthetic rate and transpiration rate. 
 
Treatments 

Stomatal conductance 
(mmole m-2s-1) 

Photosynthetic rate 
(µmole m-2s-1) 

Transpiration rate 
(mmole m-2s-1) 

Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
202.22 a 
182.90 b 
7.93 

 
19.53 a 
17.04 b 
0.28 

 
6.09 a 
5.49 b 
0.55 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
At Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
205.60 ab 
152.12 d 
192.19 c 
199.60 bc 
213.26 a 
12.54 

 
 
21.64 b 
12.93 e 
15.64 d 
18.83 c 
22.38 a 
0.45 

 
 
8.04 a 
3.34 d 
4.32 c 
5.55 b 
7.70 a 
0.86 

Potassium levels  
0 mg/kg  
100 mg/kg 
LSD (P≤0.05) 

 
178.86 b 
206.26 a 
7.93 

 
16.32 b 
20.24 a 
0.28 

 
5.06 b 
6.51 a 
0.55 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
* 
Ns 

 
* 
ns 
** 
** 

 
* 
* 
ns 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.13. Stomatal Conductance  

 The effect of potassium on stomatal conductance of maize hybrids under drought 

imposed from various growth stages was found statistically non-significant (p>0.05) (Table 

4.3.14).  

 
 
 
 
 
 
 
 



Table 4.3.15. Effect of potassium on stomatal conductance (mmole m-2s-1) of maize 
hybrids grown under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg 

32-F-10 No drought  198.89 228.96 
Five leaf stage 138.02 186.23 
Ten leaf stage 192.21 212.12 
Anthesis 198.03 221.16 
Grain formation 215.41 231.12 

YH-1898 No drought  182.33 212.22 
Five leaf stage 117.99 166.22 
Ten leaf stage 172.23 192.22 
Anthesis 178.33 201.10 
Grain formation 195.32 183.86 

        

4.3.14. Photosynthetic Rate  

 The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was found significant (p≤0.01) for photosynthetic rate (Table 4.3.15). Potassium 

enhanced the photosynthetic rate in well watered and drought stress treatment (Table 4.3.16). 

Regarding stages to impose drought photosynthetic rate was disturbed more when drought 

was imposed from five leaf stage. The huge potassium need of plant under water deficit stress 

might be related to the protective role of potassium for stress injury (Pier and Berkowitz, 

1987; Sen Gupta et al., 1989). Under drought stress photosynthetic efficiency reduced 

severely might be due to dehydration of chloroplast (Sen Gupta and Berkowitz, 1987; 

Berkowitz and Kroll, 1988). On commencement of reduced photosynthesis chloroplast loses 

large amount of potassium. Hence more application of potassium might be necessary for 

maintenance of normal photosynthesis. Pier and Berkowitz (1987) conducted experiments on 

wheat crop and found that 66-113% more photosynthetic rate was observed in plants applied 

normal amount of potassium than under standard fertilization indicating that leaves with high 

internal potassium levels reversed the dehydration. 

  

 
 
 
 
 
 



Table 4.3.16. Effect of potassium on photosynthetic rate (µmole m-2 s-1) of maize hybrids 
grown under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg of 

32-F-10 No drought  19.81 e 25.99 a 
Five leaf stage 12.14 m 15.62 j 
Ten leaf stage 14.39 k 18.88 fg 
Anthesis 19.25 ef 21.80 d 
Grain formation 22.40 d 24.99 b 

YH-1898 No drought  17.19 h 23.55 c 
Five leaf stage 10.67 n 13.28 l 
Ten leaf stage 12.62 lm 16.65 hi 
Anthesis 16.12 ij 18.17 g 
Grain formation 18.62 fg 23.51 c 

           LSD (P≤0.05) = 0.89 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.3.15. Transpiration Rate  

 The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was found non-significant (p>0.05) for transpiration rate (Table 4.3.15). The function 

of stomata is to control water loss from the plant via transpiration. In the present study, 

transpiration rate (E) was not declined (Table 4.3.15) in all maize hybrids under water-

limited condition and well watered treatment. On other hand it was found that plants can 

compensate water deficit condition by closing stomata to conserve the water for turgor 

maintenance (Lawlor, 1995). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.3.17. Effect of potassium on transpiration rate (mmol m-2 s-1) of maize hybrids 
grown under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg of 

32-F-10 No drought  7.52 10.76 
Five leaf stage 2.46 3.82 
Ten leaf stage 2.99 5.19 
Anthesis 5.32 5.88 
Grain formation 7.31 9.26 

YH-1898 No drought  6.32 7.56 
Five leaf stage 3.48 3.59 
Ten leaf stage 4.12 4.99 
Anthesis 4.69 5.88 
Grain formation 6.44 7.79 

         
Table 4.3.18. Main effect of maize hybrids, drought levels and potassium levels on no. of 
cobs plant-1, cob length, 1000 grain weight. 
 
Treatments 

No. of cobs plant-1 Cob length (cm) 1000 grain weight 
(g) 

Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
1.12 
1.13 
- 

 
14.07 a 
11.39 b 
0.51 

 
199.03 a 
173.31 b 
2.87 

Growth stages 
to impose drought  
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
1.37 a 
1.08 b 
1.04 b 
1.08 b 
1.04 b 
0.151 

 
 
15.46 a 
8.23 d 
11.43 c 
12.85 b 
15.69 a 
0.81 

 
 
219.92 b 
132.71 e 
159.49 d 
192.11 c 
226.62 a 
4.54 

Potassium levels  
0 mg/kg  
100 mg/kg 
LSD (P≤0.05) 

 
1.15 
1.10 
- 

 
11.56 b 
13.90 a 
0.51 

 
166.49 b 
205.85 a 
2.87 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
ns 
ns 

 
* 
* 
ns 
ns 

 
* 
ns 
** 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

 



4.3.16. No. of Cobs Plant-1 

  The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was found non-significant (p>0.05) (Table 4.3.18). The data for this interaction are 

given in Table 4.3.19. It was might be due to reason that number of cobs per plant is genetic 

character and is least effected by environmental changes.   

 
Table 4.3.19. Effect of potassium on no. of cobs plant-1 of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  1.20 1.02 
Five leaf stage 1.21 1.20 
Ten leaf stage 1.01 1.23 
Anthesis 1.07 1.26 
Grain formation 1.25 1.26 

YH-1898 No drought  1.28 1.09 
Five leaf stage 1.28 1.07 
Ten leaf stage 1.26 1.01 
Anthesis 1.09 1.27 
Grain formation 1.22 1.29 

       

4.3.17. Cob Length  
 Effects on maize hybrids indicated that maximum (14.07 cm) (statistically 

significant) (p≤0.05) cob length was produced by 32-F-10 while minimum (11.39 cm) was 

produced by YH-1898. Growth stages indicated that maximum cob length (15.69 and 15.46 

cm) was found in no drought and drought imposed from grain filling respectively while 

drought imposed from five leaf stage produced minimum (8.23 cm) cob length (Table 

4.3.18). Maize cultivars showed decreases in cob length under water deficit conditions 

(Anjum et al., 2011). The effect of potassium on cob length of maize hybrids under drought 

imposed from various growth stages was found statistically non-significant (p>0.05) (Table 

4.3.18). The data are given in Table 4.3.20. 

 
 
 
 
 
 
 



Table 4.3.20. Effect of potassium on cob length (cm) of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg 

32-F-10 No drought  15.38 19.37 
Five leaf stage 7.42 10.48 
Ten leaf stage 11.38 13.57 
Anthesis 12.75 15.74 
Grain formation 16.38 18.27 

YH-1898 No drought  12.64 14.46 
Five leaf stage 6.38 8.66 
Ten leaf stage 9.36 11.38 
Anthesis 10.37 12.55 
Grain formation 13.55 14.56 

       

 4.3.18. 1000-Grain Weight  

 The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was found significant (p≤0.05) as mentioned in Table 4.3.18. It is clear from the data 

application of potassium has significantly enhanced the 1000 grain weight in well watered 

and even in drought treatment (Table 4.3.21). Regarding drought treatments from various 

growth stages 1000-grain weight was decreased more when drought was imposed from five 

leaf stage. The maximum 1000-grain weight (265.11 g) was observed in well watered 

situation with potassium application. The application of potassium enhanced 1000 grain 

weight was found in current study. It was might be due to more translocation of assimilates 

to sink even in drought stress treatment as potassium helped for it. It was reported that 

drought stress reduced the grain weight (Bismillah Khan et al. (2001). Regarding role of 

potassium it has been studied that potassium has greater role in water use efficiency, 

improving growth of plants and cell division, make hydrocarbon and proteins and then their 

quick transfer towards grain (Marschner, 1995). Kolcar (1975) found greater 1000 grain 

weight with potassium application. 

  

 
 
 
 
 
 



Table 4.3.21. Effects potassium on 1000-grain weight (g) of maize hybrids grown under 
drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  202.09 e 265.11 a 
Five leaf stage 125.69 m  159.27 j 
Ten leaf stage 146.78 k  192.58 fg 
Anthesis 196.31 ef 222.38 d 
Grain formation 225.19 d 254.90 b 

YH-1898 No drought  175.29 h 237.20 c 
Five leaf stage 110.47 n 135.43 l 
Ten leaf stage 128.78 lm 169.81 hi 
Anthesis 164.38 ij  185.35 g  
Grain formation 189.93 fg  236.47 c 

           LSD (P≤0.05) = 9.09 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
Table 4.3.22. Main effects of maize hybrids, drought levels and potassium levels on no. of 
grains rows cob-1, no. of grains cob-1 and grain weight cob-1. 
Treatments No. of grains rows cob-1 No. of grains cob-1 Grain weight cob-1 (g) 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
12.03 a 
11.23 b 
0.61  

 
206.02 
204.85 
- 

 
60.33 a 
52.20  b 
0.93 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
13.25 a 
9.17 b 
10.50 c 
12.25 b 
13.00 ab 
0.96 

 
 
264.87 a 
122.94 d 
189.61 c 
225.69 b 
224.04 b 
20.06 

 
 
67.07 a 
40.07 d 
48.47 c 
58.14 b 
68.07 a 
1.47 

Potassium levels  
0 mg/kg  
100 mg/kg of soil 
LSD (P≤0.05) 

 
10.97 b 
12.30 a 
0.61 

 
191.66 b 
219.20 a 
12.687 

 
50.42 b 
62.31 a 
0.93 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
ns 
ns 

 
* 
ns 
ns 
ns 

 
**  
ns 
** 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 



4.3.19. No. of Grains Rows Cob-1 

 Effects of maize hybrids, growth stages to impose drought and potassium levels were 

statistically significant (p≤0.05) (Table 4.3.23). Drought tolerant maize hybrid 32-F-10 

produced more no. of rows per cob than YH-1898. Among the treatments of drought; no 

drought produced maximum no. of rows per cob while the minimum no. of rows per cob was 

observed in treatment when drought was imposed at five leaf stage. The interaction of maize 

hybrids, growth stages to impose drought and potassium levels was observed statistically non-

significant (p>0.05) as described in Table 4.3.22. 

  

Table 4.3.23. Effect of potassium on no. of grain rows cob-1 of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  13.00 15.00 
Five leaf stage 9.00 10.00 
Ten leaf stage 10.00 11.00 
Anthesis 11.67 13.33 
Grain formation 13.33 14.00 

YH-1898 No drought  11.33 13.67 
Five leaf stage 8.33 9.33 
Ten leaf stage 9.67 11.33 
Anthesis 11.67 12.33 
Grain formation 11.67 13.00 

        

4.3.20. No. of Grains Cob-1 

 Maximum no. of grain per cob were found in well water plots (imposed no drought) 

while minimum was observed when drought was imposed from five leaf stage (Table 4.3.22). 

More no. of grains was calculated in 32-F-10 as compare to YH-1898. The effect of potassium 

on maize hybrids under drought imposed from various growth stages was found statistically 

non-significant (p≤0.05) (Table 4.3.22). The data for this interaction is given in Table 4.3.24. 

In the present study potassium could not play any role in enhancing no. of grains per cob. It 

was might be due to the genetic character of maize plant. Furthermore, grains were able to 

keep away from abortion at drought stress period that might be a role of potassium. Mahmood 

et al. (1999) reported that in some years research potassium did not increased the number of 

grains per cob while in some year research potassium had significant effect on number of 

grains per cob.  



Table 4.3.24. Effect of potassium on no. of grains cob-1 of maize hybrids grown under 
drought imposed from various growth stages.  

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  267.39 308.5 
Five leaf stage 117.32 137.99 
Ten leaf stage 174.98 218.68 
Anthesis 194.01 240.67 
Grain formation 194.69 205.69 

YH-1898 No drought  214.65 268.69 
Five leaf stage 111.02 125.44 
Ten leaf stage 167.41 197.36 
Anthesis 231.99 236.10 
Grain formation 243.15 252.65 

        

4.3.21. Grain Weight Cob-1  

 The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was found significant (p≤0.05) (Table 4.3.22). Data showed that potassium has 

enhanced significantly grain weight per cob while the minimum grain weight per cob was 

found in drought treatment when it was imposed from five leaf stage (Table 4.3.25). Grain 

weight per cob was reduced with increasing the duration of drought stress. Data showed that 

32-F-10 drought tolerant maize hybrid produced more grain weight per cob as compare to 

YH-1898. It was also clear from data that potassium application has enhanced the grain 

weight per cob as per treatment of drought.  

 In the present study role of potassium in enhancing grain weight per cob was 

observed. It was might be due to critical role of potassium in drought stress treatments. 

Mahmood et al. (1999) found that there was not any significant effect of K2O on grain 

weight per cob in some years however, some time it was found that potassium had significant 

effect on grain weight per cob. On the other hand, some other researcher found that under 

lower available soil moisture deficit greater grain weight per cob was found while water 

stress reduced grain weight per cob (Nesmith and Ritchie, 1992). Potassium also endorses the 

translocation of photosynthetic assimilates from leaves to grain through the phloem (Farooqi 

et al., 2012).   

 
 
 



Table 4.3.25. Effect of potassium on grain weight cob-1 (g) of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought  61.42 e 80.57 a 
Five leaf stage 37.63 m 48.41 j  
Ten leaf stage 44.61 k  58.53 ef 
Anthesis 59.66 e 67.58 d 
Grain formation 69.44 d  77.47 b 

YH-1898 No drought  53.27 gh 73.01 c 
Five leaf stage 33.09 n 41.16 l 
Ten leaf stage 39.14 lm  51.61 hi 
Anthesis 49.95 ij 55.37 g 
Grain formation 55.99 fg 69.38 d 

          LSD (P≤0.05) = 2.93 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
Table 4.3.26. Main effect of maize hybrids, drought levels and potassium levels on 
biological yield, grain yield and potassium in shoot and leaves. 
 
Treatments 

Biological yield  
(g plant-1) 

Grain yield  
(g plant-1) 

K in shoot and leaves 
(mg g-1 of dry weight)  

Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
152.69 a 
132.89 b 
2.54 

 
62.68 a 
55.57 b 
1.96 

 
33.87 a 
31.38 b 
1.16 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
170.10 b 
100.82 e 
121.96 d 
146.90 c 
174.15 a 
4.02 

 
 
70.48 a 
41.42 d 
52.00 c 
59.74 b 
71.97 a 
3.10 

 
 
18.05 d 
54.93 a 
48.63 b 
22.65 c 
18.86 d 
0.7763 

Potassium levels  
0 mg/kg   
100 mg/kg of soil 
LSD (P≤0.05) 

 
127.68 b 
157.90 a 
2.54 

 
54.47 b 
63.78 a 
1.96 

 
29.64 b 
35.60 a 
1.16 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
* 
ns 
** 
* 

 
* 
** 
* 
* 

 
ns 
ns 
* 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   



4.3.22. Biological Yield Plant-1 

 The effect of potassium on maize hybrids under drought imposed from various 

growth stages was found statistically significant (p≤0.05) (Table 4.3.26). Data showed that 

drought tolerant maize hybrid yielded more biological yield as compare to drought sensitive 

maize hybrid (Table 4.3.27). Furthermore, in the both maize hybrids biological yield 

increased with reducing the duration of drought stress. Data showed that potassium 

application has enhanced the biological yield statically significant (p≤0.05) than without 

potassium application as per treatments. The comparison of treatment means for biological 

yield in Table 4.3.27 indicated that maximum biological yield (202.73 g) was obtained in 

pots receiving no stress with soil applied potassium while minimum biological yield (94.68 

g) obtained in pots having water stress with no soil applied potassium in maize hybrid 32-F-

10. Water stress significantly reduced the biological yield. Soil applied potassium under no 

stress gave maximum value and minimum value was observed in case of no soil application 

of potassium under water stress condition.  

 In the present study application of potassium enhanced the biological yield per plant 

as compare to without potassium application. It was might be due to enhanced growth rate 

due to potassium application. These results suggested that forage can be harvested from 

initially high potassium soils without loss in dry matter yield as long as no additional 

potassium is added (Ketterings et al., 2005). The results of biological yield were in 

accordance with the findings of Nasri et al. (2010) and Abdulai et al. (2007) and who 

claimed that maximum biological yield was obtained from proper fertilization of essential 

nutrient with adequate water supply. 

 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.3.27. Effect of potassium on biological yield (g) plant-1 of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg of 

32-F-10 No drought  159.95 d 202.73 a 
Five leaf stage 94.68 m 121.79 j  
Ten leaf stage 112.25 k 147.27 ef  
Anthesis 150.12 e 170.06 c 
Grain formation 173.10 c 194.92 a 

YH-1898 No drought  134.04 gh 183.69 b 
Five leaf stage 83.25 n  103.56 l  
Ten leaf stage 98.48 lm 129.86 hi  
Anthesis 125.70 ij  141.74 fg  
Grain formation 145.24 ef  183.34 b 

           LSD (P≤0.05) = 8.04 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.3.23. Grain Yield Plant-1 

 The effect of potassium levels on maize hybrids under drought imposed from various 

growth stages was found statistically (p≤0.05) significant (Table 4.3.26). Data indicated that a 

maximum grain yield (84.73 g) per plant was found in 32-F-10 maize hybrid when no drought 

was imposed under potassium treatment (Table 4.3.28). It was clear from the data that 32-F-

10 performed better than YH-1898 in potassium applied and without potassium as per 

treatments. Similarly, potassium has enhanced the grain yield.   

 Potassium being soil aggregating nutrient have positive effect on crop growth and 

yield (Hamza and Anderson, 2003). Wortmann et al. (2009) provided recommendations for 

P, K and S. These were estimated by using results of 34 irrigated corn trails. It was concluded 

that potassium application should be maintained.   

 An adequate provision of soil water is the requirement of soil for crop growth, 

replacement of transpiration loss, and transportation of crop nutrients from roots to apical 

portion of plant body. Drought occurs when there is a deficit in soil water supply to the crop. 

Severe drought limits crop water use and reduces yield. Earl and Davis (2003) summarized 

three key tools through which corn yield is reduced by soil water deficit: (i) reduced canopy 

absorption of incident photosynthetically active radiation, (ii) decreased radiation use 

efficiency, and (iii) reduced harvest index. The ability to tolerate drought and have 

acceptable yields is limited among cultivars within a species (Serraj and Sinclair, 2002). It 



was studied that the effect of drought induced stress on corn and observed if irrigated it 

properly, high yield might be obtained (Hugh and Davis, 2003). 

 
Table 4.3.28.  Effect of potassium on grain yield (g plant-1) of maize hybrids grown 
under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

k levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 69.27 bc  84.73 a 
Five leaf stage 39.05 hi 48.95 fg  
Ten leaf stage 44.38 gh  68.17 bc  
Anthesis 55.23 de 72.26 bc  
Grain formation 71.15 bc  73.58 b 

YH-1898 No drought 67.32 c  71.74 bc  
Five leaf stage 38.15 i 39.55 hi  
Ten leaf stage 48.84 fg  46.63 fg 
Anthesis 50.83  ef  60.63 d  
Grain formation 60.49 d 71.53 bc 

         LSD (P≤0.05) = 6.20 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.3.24. Potassium in Shoot and Leaves  

 The absorption and up taken of potassium in maize hybrids under drought imposed 

from various growth stages with potassium levels was found statistically non-significant 

(p>0.05) (Table 4.3.26). It was might be due to the reason that maize plant absorb more 

potassium under drought stress (Table 4.3.29). While in other studies it has been found that in 

potassium applied treatments more potassium was observed in stem and leaves as compare to 

without potassium treatments. Waraich et al. (2011) studied that under moisture deficit 

conditions potassium application to crop plant enhances the crop tolerance to drought stress 

by utilizing the soil moisture more efficiently as compare to potassium deficient plants.  

  

 
 
 
 
 
 
 
 



Table 4.3.29. Effect of potassium on potassium in leaves (mg g-1 of dry weight) of maize 
hybrids grown under drought imposed from various growth stages. 

Hybrids 
Growth stages  
to impose drought  

Potassium levels 
0 mg/kg  100 mg/kg  

32-F-10 No drought 16.24 21.83 
Five leaf stage 51.27 60.91  
Ten leaf stage 46.54 53.94 
Anthesis 21.91 25.87 
Grain formation 17.27 22.91 

YH-1898 No drought 14.20 19.91 
Five leaf stage 49.31 58.24 
Ten leaf stage 43.80 50.24 
Anthesis 20.57 22.24 
Grain formation 15.31 19.94 

        

 

Conclusion 

 It could be little bit difficult to get actual results of application of fertilizer nutrients 

from field experiments or these experiments may contain some errors. Thus data from maize 

hybrids (one drought tolerant and other drought sensitive) sown in pots in a net house was 

evaluated to determine the role of potassium on growth, physiology and yield of maize 

hybrids in a microclimate under well watered and drought stress conditions. Although, the 

performance of maize hybrid plants was not reached to prevailing field results but application 

of potassium has its distinguished role on maize plant growth, physiology and yield related 

attributes. The maize hybrid plants performance was disturbed more which faces the long 

term drought stress. This performance was improved by reducing the drought duration. Some 

times the performance of plants under well watered and drought imposed at grain filling have 

the same performance regarding growth parameters but yield and yield related parameters 

were different. In all the drought stress treatments potassium application enhanced the plant 

performance regarding drought tolerance. Hence, it can be concluded that potassium might 

be used when maize plants are grown under water scarce conditions.          

 

 

 

 



FIELD STUDIES 
 

This study was further subdivided into following experiments 
 
Experiment 4: Response of Maize Hybrids under Drought Imposed from 
Various Growth Stages to Potassium Application Grown in Spring Season. 
 
4.4. Results and Discussion 
 
Table 4.4.1. Main effect of maize hybrids, drought at different growth stages and 
Potassium levels on plant height, leaf length and leaf area index. 

Treatments 
Plant  height plant-1   (cm) Leaf length  (cm) Leaf area index 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤ 0.05) 

 
170.5 a 
154.9 b 
0.698     

 
211.1 a 
198.0 b 
0.835      

 
58.43 a 
53.87 b 
0.578    

 
70.32 a 
64.03 b 
0.061     

 
3.66 a 
3.43 b 
0.015 

 
3.89 a 
3.53 b 
0.016 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain Formation 
LSD (P≤0.05) 

 
 

175.8 a 
134.8 e 
161.3 d 
168.2 c 
173.5 b 
1.148 

 
 

219.5 a 
175.5 e 
201.7 d 
210.8 c 
215.3 b 
0.712 

 
 

66.51 a 
48.04 e 
51.06 d 
56.31 c 
58.84 b 
0.546 

 
 

77.67 a 
51.01 e 
64.76 d 
66.92 c 
75.50 b 
0.099 

 
 

3.81 a 
3.04 e 
3.50 d 
3.65 c 
3.73 b 
0.02 

 
 

4.01 a 
3.07 e 
3.68 d 
3.84 c 
3.96 b  
0.016 

Potassium levels 
0 mg/Kg  
100mg/kg  
LSD (P≤0.05) 

 
153.6 b 
171.8 a 
0.567     

 
191.7 b 
217.4 a 
0.731      

 
52.44 b 
59.87 a 
0.295    

 
64.64 b 
69.71 a 
0.082     

 
3.32 b 
3.77 a 
0.013 

 
3.50 b 
3.92 a 
0.013 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
* 
** 

 
** 
* 
* 
* 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
** 
* 
** 
* 

 
** 
** 
** 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively.  
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.1. Plant Height  

Maize hybrid 32-F-10 produced more plant height (170.5 cm) as compare to YH-

1898 (154.9 cm) (Table 4.4.1). Application of potassium enhanced the plant height (4.4.1) in 

both the years. More loss of plant height was observed when drought was imposed from five 

leaf stage. Plant height was observed maximum (175.8 cm) when no drought was imposed 



followed by when drought was imposed from grain filling stage in both the years. The effect 

of potassium on maize hybrids under drought imposed from various growth stages in spring 

season was found statistically significant on plant height in both the years 2010 (p≤0.01) and 

2011 (p≤0.05) (Table 4.4.1). Data (Table 4.4.2) indicated that in both years 2010 and 2011 

potassium significantly increased the plant height as compare to without potassium 

application. Potassium application in 32-F-10 maize hybrid produced plant heights (150.7 

and 196.0 cm) when drought was imposed from five leaf stage in years 2010 and 2011 

respectively and it was significantly improved from without potassium application. In both 

the maize hybrids drought imposed from various growth stages had significantly adverse 

effect on plant height in years 2010 and 2011. In both the year minimum plant height was 

observed when drought was imposed from five leaf stage. The maximum plant height was 

observed in well watered (no drought) treatment in both the hybrids and in both the years. 

Minimum loss in plant height was observed when drought was imposed from grain filling 

stage as compare to other drought treatment.  

Plant height was significantly improved by application of potassium under drought 

imposed from various critical growth stages in the present study. Plant height was decreased 

with increasing the duration of drought stress. These results are in accordance with Ali et al. 

(2011) who found that increase in drought intensity decrease the plant height. Thus the 

significant effect of drought on plant height was also in accordance with Itoh and Kumara 

(1986), Hamada (2001) and Liu et al. (2004). It was might be due to the adaptation of maize 

crop plants to endure against drought stress. At the start of initial effects of drought stress 

maize plants initiated to divert all assimilates toward stem and then toward root for its growth 

to increase length for water absorption but application of potassium enhanced the 

photosynthetic rate and improve the plant performance. Data showed that significant 

difference in the maize hybrids with respect to plant height was observed.  

 
 
 
 
 
 
 
 



Table 4.4.2. Effect of potassium on plant height (cm) of maize hybrids under drought 
stress in spring season. 

Hybrids 
Drought imposed 
from growth stages  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 170.7 ef 199.8  a 215.4 e 239.6 a 
Five leaf stage 129.8 p 150.7 m 170.4 m 196.0 i 
Ten leaf stage 156.7 l 181.8 d 191.6 j 215.5 e 
Anthesis 161.0 jk 192.8 c 201.9 g 232.4 b 
Grain Formation 167.2 g 194.8 b 209.8 f 238.6 a 

YH-1898 No drought 161.3 ij 171.3 e 199.5 h 223.5 c 
Five leaf stage 124.1 q 134.5 o 154.4 n 181.4 l 
Ten leaf stage 147.4 n 159.2 k 188.5 k 211.4 f 
Anthesis 155.2 l 163.7 h 191.3 j 217.4 de 
Grain formation 163.0 hi 169.0 fg 194.5 i 218.4 d 

   LSD (P≤0.05) = 1.79     LSD (P≤0.05) = 2.31 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.4.2. Leaf Length  

There was significant effect of potassium on leaf length of maize hybrids under 

drought in both the years 2010 (p≤0.01) and in 2011 (p≤0.01) (Table 4.4.1). Data showed that 

potassium application enhanced the leaf length significantly in both the years in sown hybrids 

(Table 4.4.3). Role of potassium in enhancing leaf length was more under well watered (no 

drought) and when drought was imposed from grain filling stage. However, in other drought 

treatments potassium also had its role in enhancing leaf length but it was comparatively less. 

If we look on drought treatments, it is clear from the data that minimum leaf length was 

observed when drought was imposed from five leaf stage. Drought imposed on later growth 

stages had less effect on leaf length as per treatment.  

Drought stress greatly reduced the leaf length while application of potassium 

enhanced the leaf length. The leaf length was reduced might be due to less availability of 

water to photosynthetic mechanism. Leaf length was increased by potassium application 

because of more growth rate. However, application of potassium might have enhanced the 

leaf length by increasing the rate of photosynthesis by accumulating more water by increasing 

the rate of photosynthesis by accumulating more water. 

 
 
 



Table 4.4.3. Effect of potassium on leaf length (cm) of maize hybrids under drought 
stress in spring season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 59.84 cd 77.18  a 72.90 d 90.42  a 
Five leaf stage 49.21 kl 52.41 i 51.04 s 56.56 q 
Ten leaf stage 50.03 k 54.49 fg 67.91 j 65.38 m 
Anthesis 54.32 gh 60.36 c 70.34 g 67.35 k 
Grain formation 55.07 fg 71.43 b 71.77 f 89.50 b 

YH-1898 No drought 57.59 e 71.45 b 69.08 h 78.29 c 
Five leaf stage 45.21 m 45.33 m 44.22 t 52.22 r 
Ten leaf stage 48.42 l 51.29 j 64.38 n 61.37 p 
Anthesis 51.17 j 59.40 d 66.42 l 63.57 o 
Grain formation 53.51 h 55.37 f 68.33 i 72.42 e 

LSD (P≤0.05) = 0.93  LSD (P≤0.05) = 0.26 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.4.3. Leaf Area Index 

 The effect of potassium on leaf area index of maize hybrids grown under drought was 

statistically significant in both the years 2010 (p≤0.05) and 2011 (p≤0.01) (Table 4.4.1). Data  

showed that application of potassium enhanced the leaf area index as per treatment in both 

the years 2010 and 2011 (Table 4.4.4). Drought also had deleterious effects on leaf area 

index of grown hybrids as per treatment in both the years. The maximum leaf area index was 

observed in well watered (no drought) treatment in both the maize hybrids followed by when 

drought was imposed from grain filling stage which was less affected by drought as compare 

to other drought treatments. The minimum leaf area index was observed when drought was 

imposed from five leaf stage.  

Leaf area index (LAI) is an indicator of the size of the assimilatory system of a crop. 

The leaf area index progressively increased up to 60 days after sowing and then declined to 

the final harvest. The current study indicated that drought stress greatly reduced the leaf area 

in both the maize hybrids. There was a clear variation among the drought stress treatment 

duration on leaf area. It was might be due to the enhanced leaf senescence and less 

availability of moisture by water deficit stress. These results are also supported by the earlier 

finding that water deficit stress reduced leaf area, radiation use efficiency and harvest index 

of maize crop significantly by retarding the membrane structures and production of reactive 

oxygen species that increased the leaf senescence (Nogues and Baker, 2000; Earl and Davis, 



2003). Enhanced leaf area was produced by potassium application which maintains osmotic 

potential of cells (Wynjones et al., 1979) and helps the plant to provide more assimilates to 

increase leaf area.  

 

Table 4.4.4. Effect of potassium on leaf area index of maize hybrids under drought 
stress in spring season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 3.73 e 4.15 a 3.89 d 4.56 a 
Five leaf stage 2.95 l 3.40 h 2.96 m 3.44 j 
Ten leaf stage 3.32 ij 3.74 de 3.58 i 4.15 c 
Anthesis 3.50 g 4.03 b 3.67 gh 4.40 b 
Grain formation 3.64 f 4.14 a 3.81 e 4.45 b 

YH-1898 No drought 3.46 g 3.88 c 3.68 gh 3.91 d 
Five leaf stage 2.68 m 3.15 k 2.83 n 3.07 l 
Ten leaf stage 3.27 j 3.66 f 3.36 k 3.63 h 
Anthesis 3.32 j 3.77 de 3.54 i 3.73 f 
Grain formation 3.37 hi 3.79 d 3.72 fg 3.85 de 

    LSD (P≤0.05) = 0.054   LSD (P≤0.05) = 0.0538 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.4.5. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on number of leaves plant-1, shoot fresh weight plant-1 and relative 
water contents. 
 
 
Treatments 

Number of leaves 
plant-1 

Shoot fresh 
weight  plant-1 (g) 

Relative water 
contents (%) 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
14.54a 
13.99b 
0.4097     

 
15.54a 
14.79b 
0.4906    

 
258.52 
253.32 
- 

 
297.54 
296.60 
- 

 
63.17a 
59.72b 
2.099     

 
65.65a 
62.56b 
0.1217     

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten  leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
15.31a 
12.67d 
13.43c 
14.77b 
15.14a 
0.2596 

 
 
16.55a 
13.11d 
14.46c 
15.09b 
16.62a 
0.2030 

 
 
280.6a 
210.5d 
254.5c 
263.6bc 
270.4ab 
10.72 

 
 
326.7a 
253.7d 
291.5c 
305.0b 
308.5b 
7.162 

 
 
71.99a 
44.06e 
55.87d 
65.85c 
69.47b 
1.075 

 
 
74.29a 
46.45e 
59.03d 
68.46c 
72.29b 
0.1193 

Potassium Levels 
0 mg/kg  
100mg/kg  
LSD (P≤0.05) 

 
12.76b 
15.76a 
0.1607     

 
14.25b 
16.08a 
0.1445    

 
205.3b 
306.5a 
6.589      

 
278.4b 
315.7a 
4.451     

 
60.20b 
62.69a 
0.728     

 
62.65b 
65.56a 
0.076 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
** 
** 
* 

 
** 
ns 
** 
ns 

 
ns 
* 
** 
ns 

 
* 
ns 
* 
* 

 
* 
ns 
** 
* 

 
** 
** 
** 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.4.4. Number of Leaves Plant-1 

The significant effect of potassium on number of leaves of maize hybrids grown 

under drought imposed from various growth stages in the year 2010 (p≤0.05) while there was 

non-significant effect of potassium on number of leaves of maize hybrids grown under 

drought at various growth stages in 2011 (p>0.05) (Table 4.4.5). In the year 2010 potassium 

application enhanced significantly (p≤0.05) the number of leaves as compare to without 

potassium. The maximum no. of leaves (17.37) was observed in 32-F-10 maize hybrids under 

well water treatment with potassium application. On the other hand minimum no. of leaves 

(11.40) was found in YH-1898 grown under drought imposed from five and ten leaves stage 

without potassium.  In this year of 2010, maximum no. of leaves was found in well watered 



(no drought) treatment followed by when drought was imposed from anthesis and grain 

filling stage as per treatment.  

The drought stress reduced the number of leaves. As this trait is not affected by 

environment condition thus it should be not expected to be affected by different drought 

levels. In the early stages of corn plants leaves are formed on more desirable form but under 

drought stress early formed leaves may die (Kochaki and Sarmadnia, 2005).  However, water 

stress had little effect on number of leaves of maize plant (Ali et al., 1999). Bajji et al. (2001) 

found that water deficit stress effects leaf production in durum wheat. He reported that 

application of potassium increased the leaves number. Ebrahimi et al. (2011) reported that 

application of potassium enhanced the number of leaves. The same was observed in the 

present study. It was might be due to role of potassium of crop plant at initial growth stages.  

 
Table 4.4.6. Effect of potassium on no. of leaves plant-1 of maize hybrids under drought 
stress in spring season.   

Hybrids 
Growth stages to 
impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 14.30 e 17.37 a 15.98 18.21 
Five leaf stage 11.53 i 14.37 e 12.71 13.94 
Ten leaf stage 11.87 i 15.47 d 13.79 15.94 
Anthesis 13.07 gh 16.77 b 14.97 16.26 
Grain formation 13.87 ef 16.77 b 15.82 17.75 

YH-1898 No drought 13.47 fg 16.10 c 14.82 17.18 
Five leaf stage 11.70 i 13.07 gh 11.90 13.86 
Ten leaf stage 11.40 i 14.97 d 12.93 15.16 
Anthesis 12.87 h 16.37 bc 13.76 15.37 
Grain formation 13.57 fg 16.37 bc 15.78 17.11 

   LSD (P≤0.05) = 0.51           
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.4.5. Shoot Fresh Weight Plant-1 

The interaction of maize hybrids, growth stages to impose drought and potassium 

levels was statistically significant for shoot fresh weight in 2011 (p≤0.05) while it was 

statistically non-significant in 2010 (p≤0.05) as mentioned in Table 4.4.5. Data (Table 4.4.7) 

showed that in year 2011 application of potassium has greatly increased the shoot fresh 

weight than without potassium application. The maximum shoot fresh weight (350.3 g) was 



observed in well watered (no drought) treatment with application of potassium in 32-F-10  

while minimum (205.4 g) was observed when drought was imposed from five leaf stage.  

In the year 2011 it was verified that potassium improved the shoot fresh weight. It 

was might be due to the role of Potassium in vegetative growth including root elongation. It 

takes part in photosynthetic mechanism and generates biomass for plant growth and 

development. In the present study there was adverse effect of drought stress on shoots fresh 

weights. Shoot fresh weight was found minimum where maximum duration of drought was 

imposed. This reduction in shoot fresh weights with increase in drought duration was might 

be due to adaptation of maize plant to drought stress. On the commencement of drought plant 

tries to reduce the shoot growth by decreasing the leaf area, no. of leaves and even plant 

height and enhanced root growth. Studies have shown that optimum potassium application is 

beneficial for growth and development of plants (Davidson, 1969).  

 
Table 4.4.7. Effect of potassium on shoot fresh weight plant-1 (g) of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages to 
impose drought  

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F-10 No drought 226.54 346.14 310.4 def 350.3  a 
Five leaf stage 170.75 250.19 205.4 m 280.4 jk 
Ten leaf stage 202.44 311.60 291.0 hij 299.2 fgh 
Anthesis 207.07 324.20 295.7 ghi 321.1 cd 
Grain formation 210.79 335.48 290.5 hij 331.4 bc 

YH-1898 No drought 215.11 334.53 305.6 efg 340.3 ab 
Five leaf stage 192.96 227.97 238.5 l 290.4 hij 
Ten leaf stage 203.30 300.72 270.1 k 305.5 efg 
Anthesis 211.22 311.91 285.1 ij 318.3 cde 
Grain formation 212.99 322.40 291.8 ghij 320.3 cd 

         LSD (P≤0.05) = 14.07 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.4.6. Relative Water Contents (%) 

The effect of potassium on relative water contents of maize hybrids grown under 

drought was found statistically significant in both the years 2010 (p≤0.05) and in 2011 

(p≤0.01) as mentioned in Table 4.4.5. The data (Fig. 4.4.1) in both the years indicated that 

potassium application significantly enhanced relative water contents as per treatments of 



drought. The minimum relative water contents were observed when drought was imposed 

from five leaf stage as per potassium treatment.  

Improving the plant internal status of potassium seems to be very important for 

improving the relative water contents under water deficit conditions. Waraich et al. (2011) 

studied that under moisture deficit conditions potassium application to crop plant enhanced 

the crop tolerance to drought stress by utilizing the soil moisture more efficiently as compare 

to potassium deficient plants. Lindhauer (1985) reported that potassium application increased 

dry matter production and leaf area development greatly by retention of more water under 

drought conditions. Application of potassium enhanced root growth and act as a osmolyte in 

plant body hence, potassium enhanced relative water contents under well water as well as 

drought conditions.  

 

 

Fig.4.4.1. Effect of potassium on relative water contents of maize hybrids under drought 
imposed from various growth stages in spring season. 
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Table 4.4.8. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on leaf water potential, osmotic potential and turgor potential of maize 
hybrids. 
 
 
Treatments 

Leaf water 
potential (-MPa) 

Osmotic potential 
(-MPa) 

Turgor potential 
(MPa) 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
1.55 b 
1.68 a 
0.0038     

 
1.60 b 
1.66 a 

0.01531    

 
1.89 b 
1.98 a 
0.0222   

 
1.89 
1.90 

- 

 
0.34 a 
0.31 b 
0.003   

 
0.31 a 
0.29 b 
0.006   

Growth stages  
to impose drought 
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 

1.40 e 
1.92 a 
1.71 b 
1.58 c 
1.46 d 
0.082 

 
 

1.49 e 
1.83 a 
1.71 b 
1.59 c 
1.52 d 
0.0137 

 
 

1.77 e 
2.18 a 
2.01 b 
1.89 c 
1.82 d 
0.0011 

 
 

1.86 bc 
2.02 a 
1.93 b 
1.84 c 
1.83 c 
0.082 

 
 

0.38 a 
0.26 e 
0.30 d 
0.32 c 
0.36 b 
0.011 

 
 

0.43 a 
0.20 e 
0.24 d 
0.28 c 
0.37 b 
2.12 

Potassium levels 
0 mg/kg  
150mg/kg  
LSD (P≤0.05) 

 
1.63 a 
1.59 b 
0.0069 

 
1.65 a 
1.61 b 
0.0063 

 
1.96 a 
1.91 b 
0.0007   

 
1.89 
1.90 

- 

 
0.33 a 
0.32 b 
0.007   

 
0.33 a 
0.28 b 
0.002   

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
ns 
* 

 
* 
* 
** 
** 

 
** 
** 
** 
** 

 
ns 
ns 
ns 
ns 

 
** 
ns 
** 
** 

 
* 
ns 
** 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.4.7. Leaf Water Potential  

The effect of potassium on leaf water potential of maize hybrids under drought was 

found statistically significant in 2010 (p≤0.05) and in 2011 (p≤0.01) (Table 4.4.8). Data (Fig 

4.4.2) elaborated that potassium has enhanced leaf water potential significantly as compare to 

without potassium as per treatment of drought.  

Leaf water potential was enhanced by potassium application in the present study. It 

was might be due to osmoticum role of potassium in maintaining leaf water potential. 

Potassium ions contribute significantly to the osmotic potential of the vacuoles even under 

drought conditions (Marschner, 1995). Thus, suitable potassium fertilization of crop plants 

could stimulate osmotic adjustment that stabilize turgor pressure at lower leaf water 



potentials and can increase the capability of plants to tolerate drought stress (Lindhauer, 

1985; Mengel and Arneke, 1982). Studies have shown that optimum potassium application is 

beneficial to the growth and development of plants (Davidson, 1969). However, little 

information is available about the influence of potassium on whole-plant drought resistance. 

Thus, information about adequate levels of potassium fertilizer that would optimize drought 

resistance in maize is still lacking. 

 

 

Fig. 4.4.2. Effect of potassium on leaf water potential of maize hybrids under drought at 
various growth stages in spring season. 
 
4.4.8. Osmotic Potential  

The effect of potassium on osmotic potential of maize hybrids under drought was 

found statistically significant in 2010 (p≤0.01) while it was non-significant in 2011 (p>0.05) 

(Table 4.4.8). In the year 2010 application of potassium has significantly (p≤0.01) enhanced 

the osmotic potential as compared to without potassium as per treatments (Fig. 4.4.3). The 
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imposed from later growth stages has little effect on osmotic potential as per treatment of 

drought. The minimum effect of drought was observed when it was imposed from grain 

filling.  

Potassium enhanced the osmotic potential in 2010. Potassium is an essential element 

for plant growth and is the most abundant cation in plants (Marschner 1995). It is essential 

for many plant processes. Potassium ions contribute significantly to the osmotic potential of 

the vacuoles even under drought conditions (Marschner, 1995). Thus, application of adequate 

amount of potassium to crop plants might be regulated osmotic adjustment, which maintains 

turgor pressure at lower leaf water potentials and could increase the capability of plants to 

tolerate against drought stress (Lindhauer, 1985; Mengel and Arneke, 1982).    

 

Fig. 4.4.3. Effect of potassium on osmotic potential of maize hybrids under drought at 
various growth stages in spring season. 

4.4.9. Turgor Potential 

The effect of potassium levels on turgor potential of maize hybrids under drought was 

found statistically significant in both the years 2010 (p≤0.01) and 2011 (p≤0.01) (Table 

4.4.8). Data (Fig. 4.4.4) showed that application of potassium enhance turgor potential in 

well watered (no drought) and in growth stages where drought was imposed from later 

growth stages such as; from anthesis and grain filling. However, effect of potassium was 

n p k n
b e

a

cf g
d fl i

i
ho m m j

0

0.5

1

1.5

2

2.5

3

0 (mg/kg) 100 (mg/kg) 0 (mg/kg) 100 (mg/kg)

32-F-10 YH-1898

2010

O
sm

ot
ic

 P
ot

en
ti

al
 (

-M
P

a)

Maize × k levels

No drought Five leaf stage Ten leaf stage Anthesis Grain formation



clear when drought was imposed from five and ten leaf stages. Data showed that drought 

tolerant maize hybrid 32-F-10 yielded more turgor pressure as compare to YH-1898 (Table 

4.4.8). Meanwhile, application of potassium enhanced the turgor pressure significantly more 

from without application of potassium as per treatment. In all the drought treatment at 

various growth stages potassium has enhanced turgor pressure as per drought treatments. 

Osmotic adjustment maintained cell turgor potential in a better way and regulate turgor-

related processes, such as the stomata opening, photosynthesis, shoot growth and roots 

extension in deeper soil layers. Studies show that under drought stress conditions mustard 

leaves have better leaf turgor pressures than canola and leaf turgor is positively correlated to 

leaf area duration and crop growth rate reported by Wright et al. (1996). Potassium plays an 

important role in osmotic adjustment, enzyme activation and stomatal conductance. The 

same results were found in the present study.  

 

 

Fig. 4.4.4. Effect of potassium levels on turgor potential of maize hybrids under drought 
at various growth stages in spring season. 
 
 
 
 
 
 

a
bc cd de

c
a

e

b

j

fgh
k k kl k l

m

ghi ghi
fg

i j h
k i

de ef
ghi hi hi

f

j
g

b cd bcd fg d c
f

c

0
0.1
0.2
0.3
0.4
0.5
0.6

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

32-F-10 YH-1898 32-F-10 YH-1898

2010 2011

T
ur

go
r 

P
ot

en
ti

al
 (

M
P

a)

Maize hybrids × potassium levels 

No drought Five leaf stage Ten leaf stage Anthesis Grain formation



Table 4.4.9. Main effects of maize hybrids, drought at different growth stages and 
potassium levels on stomatal conductance and photosynthetic rate in spring season. 
 
 
Treatments 

Stomatal conductance 
(mmolm-2s-1) 

Photosynthetic rate 
(µmolm-2s-1) 

2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
0.15 a 
0.14 b 
0.011     

 
0.14 
0.12 
- 

 
14.95 a 
13.09 b 
1.47 

 
16.45 a 
14.87 b 
0.31 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten  leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
0.17 a 
0.11 e  
0.14 d 
0.15 c 
0.16 b 
0.006 

 
 
0.15 a 
0.11 c 
0.12 bc 
0.13 ab 
0.14 ab 
0.028 

 
 
18.29 a 
7.54 e 
12.79 d 
14.24 c 
17.26 b 
0.65 

 
 
16.96 a 
12.81 e 
15.57 d 
16.23 c 
16.74 b 
0.20 

Potassium levels 
0 mg/kg 
150mg/kg 
LSD (P ≤ 0.05) 

 
0.12 b 
0.17 a 
0.0034    

 
0.10 b 
0.16 a 
0.017     

 
9.97 b 
18.08 a 
0.4709 

 
14.76 b 
16.56 a 
0.1654 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
* 
ns 

 
ns 
ns 
ns 
ns 

 
* 
** 
** 
* 

 
ns 
** 
ns 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
  

4.4.11. Stomatal Conductance  

Potassium had not any significant effect on stomatal conductance of grown maize 

hybrids under drought conditions (p>0.05) in both years of 2010 and 2011(Table 4.4.9). 

However, the main effects of maize hybrids showed that 32-F-10 produced higher 

(statistically significant (p≤0.05)) stomatal conductance as compare to YH-1898 (Table 

4.4.9). The stomatal conductance was lower (statistically significant) in treatment of drought 

when imposed from five leaf stage. The main effect of potassium levels show that stomatal 

conductance was more (statistically significant) in potassium applied treatments as compare 

to without potassium applied treatments. Kumar and Sing (1987) found that high osmotic 

adjustment genotypes sustained greater values of stomtala conductance. Osmotic adjustment 

could have a vital role in maintaining cell turgor potential and other turgor related 



mechanisms such as the stomatal opening, photosynthesis, shoot growth and roots extension 

in deeper soil layers for more proliferation to absorb more water and mineral salts. 

 

4.4.12. Photosynthetic Rate  

Potassium had its role in enhancing photosynthetic rate of maize hybrids grown under 

drought in both the years 2010 (p≤0.05) and 2011 (p≤0.05) (Table 4.4.9). Data (Fig. 4.4.5) 

indicated that potassium has enhanced photosynthetic rate significantly as per treatment in 

both the maize hybrids. The effect of drought stress was more severe when imposed from 

five leaf stage followed by ten leaf and anthesis stage. The loss of drought was less when 

imposed from grain filling stage.  

Plants suffering from environmental stresses such as drought have a bigger internal 

requirement for potassium (Cakmak and Engels, 1999). Environmental stress factors that 

increase the requirement for potassium also cause oxidative damage to cells through 

induction of ROS, especially during photosynthesis. (Bowler et al., 1992; Elstner and 

Osswald, 1994 and Foyer et al., 1994).  

 

Fig. 4.4.5. Effect of potassium levels on photosynthetically rate of maize hybrids under 
drought imposed from various growth stages in spring season. 
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Table 4.4.10. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on transpiration rate, leaf temperature and number of cobs plant-1 of 
maize hybrids 
 
 
Treatments 

Transpiration rate 
(mmolm-2s-1) 

Leaf temperature 
(oC) 

Number of 
cobs plant-1 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
5.18 
5.03 
- 

 
3.68 a 
3.11 b 
0.0608    

 
38.77 b 
40.67 a 
0.03513    

 
38.47 b 
39.78 a 
0.3346 

 
1.03 
1.07 
- 

 
1.03 
1.16 
- 

Growth stage 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
7.23 a 
2.56 e 
4.16 d 
5.35 c 
6.24 b 
0.295 

 
 
5.41 a 
1.30 e 
2.59 d 
3.38 c 
4.28 b 
0.261 

 
 
37.60 e 
41.41 a 
41.10 b 
39.82 c 
38.66 d 
0.0274 

 
 
38.28 c 
40.79 a 
39.85 b 
38.57 c 
38.15 c 
0.420 

 
 
1.07 
1.03 
1.07 
1.06 
1.05 
- 

 
 
1.10 
1.09 
1.10 
1.09 
1.10 
- 

Potassium levels 
0 mg/kg  
150mg/kg  
LSD (P ≤ 0.05) 

 
4.13 b 
6.09 a 
0.2890     

 
2.43 b 
4.35 a 
0.078     

 
39.88 a 
39.55 b 
0.01703    

 
39.32 
38.94 
- 

 
1.05 
1.06 
- 

 
1.10 
1.10 
- 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
ns 
* 
* 

 
* 
** 
** 
* 

 
** 
** 
** 
** 

 
ns 
** 
ns 
ns 

 
ns 
* 
ns 
ns 

 
ns 
* 
ns 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.12. Transpiration Rate  

Application of potassium enhanced transpiration rate of maize hybrids grown under 

drought statistically significant in both the years 2010 (p≤0.05) and 2011 (p≤0.05) (Table 

4.4.10). Data (Fig. 4.4.6) indicated that potassium has enhanced transpiration rate 

significantly in both the maize hybrids. The effect of drought stress was more severe when 

imposed from five leaf stage followed by ten leaf and anthesis stage. The loss of drought was 

less when imposed from grain filling stage.  

The aim is to control the stomata of plant water loss by evaporation. When potassium 

is low, the stomata can’t function properly, and the loss of water from the plant could reach 

harmful (Gething, 1990). This has been proven in a barley field experiment in which the 



plants exposed to the hot wind. This resulted in a sharp increase in the intensity of 

evaporation, the more serious the deficiency of potassium in plants that have a lot of time to 

react by closing stomata, and potassium supplied plants react quickly closing the stomata and 

maintained internal moisture. 

 

 
Fig. 4.4.6. Effect of potassium on transpiration rate of maize hybrids under drought 
imposed from various growth stages in spring season. 

 
4.4.13. Leaf Temperature  

Potassium application significantly reduced leaf temperature of maize hybrids grown 

under drought in year 2010 (p≤0.01) and there was not any significant (p>0.05) effect of 

potassium in year 2011 (Table 4.4.10). Data (Fig. 4.4.7) showed that potassium has 

decreased leaf temperature significantly as per treatment in both the maize hybrids. The 

effect of drought stress was more severe when imposed from five leaf stage followed by ten 

leaf stage and anthesis stage and the loss of drought was found less when imposed from grain 

filling stage.  

Application of potassium reduced the temperature of the leaf. It was might be because 

of the role of potassium in osmotic adjustment and turgor maintenance. Measurement of 

canopy temperature has a preference for plant (Kluitenberg and Biggar, 1992). Water stress 
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increased leaf temperature and reduces the gap between the canopy and air temperature. 

Similar results reported by Pasban Eslam, et al. (2000) and Kumar and Singh (1998) who has 

accepted these results. Use of potassium reduced the temperature of the leaf. Unlike the 

severe water stress of canopy temperature and the air was less, but the application of 

potassium increased the difference. These results indicated that, in such circumstances, the 

plant's load balanced heat and canopy temperature reduced. Azizi (2000) also reported that 

increasing potassium intake had moderate effect on canopy temperature and the temperature 

difference of the air and covered. 

 
Fig. 4.4.7. Effect of potassium on photosynthetic rate of maize hybrids under drought 
imposed from various growth stages in spring season. 
 
4.4.14. Number of Cobs Plant-1 
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While the data are discussed in Table 4.4.11. It was might be due to reason that number of 

cobs per plant is genetic character and is least effected by environmental changes. Similarly, 

scientists are interested in attaining one cob per plant than more number of cobs but interest is 
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Table  4.4.11. Effect of potassium on no. of cobs plant-1 of maize hybrids under drought 
stress in spring season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 1.03 1.00 1.06 1.00 
Five leaf stage 1.06 1.00 1.03 1.00 
Ten leaf stage 1.10 1.00 1.06 1.00 
Anthesis 1.06 1.00 1.00 1.06 
Grain formation 1.06 1.00 1.00 1.10 

YH-1898 No drought 1.03 1.20 1.10 1.23 
Five leaf stage 1.00 1.06 1.13 1.20 
Ten leaf stage 1.00 1.16 1.20 1.13 
Anthesis 1.06 1.10 1.20 1.10 
Grain formation 1.06 1.06 1.16 1.13 

 
Table 4.4.12. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on cob length, cob diameter and 1000-grain weight in spring season. 
 
Treatments 

Cob length (cm) Cob diameter (cm) 1000-grain weight (g) 
2010 2011 2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
18.09 
16.97 

-    

 
18.84 
18.83 
- 

 
5.67 
5.27 
- 

 
6.26 a 
5.87 b 
0.048 

 
218.0 a 
209.0 b    

 
253.7 a 
229.3 b    

Growth stages  
to impose drought 
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
19.27 a 
14.67 c 
16.53 b  
18.41 a   
18.80 a 
0.908        

 
 
20.64 b 
13.45 e 
18.40 d 
20.00 c 
21.70 a 
0.067      

 
 
6.07 a 
4.11 d 
5.49 c 
5.74 c 
5.95 ab 
0.23      

 
 
6.71 a 
4.66 e 
6.20 d 
6.25 c 
6.49 b 
0.022        

 
 
222.5 a 
201.5 e 
207.2 d 
214.4 c 
221.8 b 
0.397         

 
 
263.7 a 
212.9 e 
234.4 d 
242.7 c 
253.8 b 
2.353         

Potassium Levels 
0 mg/kg  
100mg/kg 
LSD (P ≤ 0.05) 

 
15.91 b 
19.16 a     

 
18.29 b 
19.39 a   
  

 
5.17 b 
5.77 a 
0.11   

 
5.64 b 
6.49 a 
0.02 

 
205.1b 
221.9a 

 
226.5 b 
256.5 a 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
* 
ns 
ns 

 
** 
** 
** 
** 

 
ns 
ns 
ns 
ns 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
* 
** 
** 
Ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

 



4.4.15. Cob Length  

The effect of potassium on cob length of maize hybrids grown under drought was 

found statistically significant in year 2011 (p≤0.05) and there was not any significant 

(p>0.05) effect of potassium on cob length in year 2010 (Table 4.4.12). The data (Table 

4.4.13) showed that potassium has enhanced cob length significantly as per treatment in both 

the maize hybrids. The effect of drought stress was more severe when imposed from five leaf 

stage followed by ten leaf and anthesis stage. The loss of drought was found less when 

imposed from grain filling stage. The previous studies showed that potassium enhanced the 

cob length (Akram, 2010). The same was observed in the current study. It was might be due 

to enhanced growth of plant under well watered and drought stress treatments.   

 
Table 4.4.13. Effect of potassium on cob length (cm) of maize hybrids under drought 
stress in spring season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 17.81 22.34 20.42 g 22.82  a 
Five leaf stage 13.12 16.51 13.38 p 14.24 n 
Ten leaf stage 15.42 19.53 17.41 m 17.57 l 
Anthesis 17.16 20.20 19.70 i 19.30 j 
Grain formation 17.50 21.31 21.85 b 21.71 c 

YH-1898 No drought 17.03 19.89 19.05 k 20.26 h 
Five leaf stage 12.95 16.09 12.26 q 13.90 o 
Ten leaf stage 14.86 16.28 17.68 l 20.94 f 
Anthesis 16.89 19.38 19.68 i 21.29 e 
Grain formation 16.37 20.01 21.42 d 21.81 bc 

    LSD (P≤0.05) = 0.132 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.4.16. Cob Diameter  

Applied potassium had significant effect on cob diameter of maize hybrids grown 

under drought in year 2011 (p≤0.01) and there was not any significant effect of potassium on 

cob diameter in year 2010 (p>0.05) (Table 4.4.12). The data (Table 4.4.14) indicated that 

potassium has enhanced cob diameter significantly as per treatment in both the maize 

hybrids. The effect of drought stress was more severe when imposed from five leaf stage 

followed by ten leaf and anthesis stage. The loss of drought was found less when imposed 

from grain filling stage. Application of potassium might have greater role in enhancing cob 



diameter due to role in growth and development (Marchner, 1995) and enhancing rate of 

photosynthesis.  

 
Table 4.4.14. Effect of potassium on cob diameter (cm) of maize hybrids under drought 
stress in spring season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 5.88 6.64 6.22 h 7.75  a 
Five leaf stage 4.01 4.74 4.56 n 5.33 l 
Ten leaf stage 5.39 5.95 5.89 j 6.71 de 
Anthesis 7.71 6.10 6.05 i 6.77 cd 
Grain formation 5.79 6.48 6.18 h 7.12 b 

YH-1898 No drought 5.54 6.20 6.04 i 6.81 c 
Five leaf stage 3.40 4.29 3.86 o 4.91 m 
Ten leaf stage 5.09 5.53 5.73 k 6.48 f 
Anthesis 5.35 5.82 5.87 j 6.32 g 
Grain formation 5.52 5.99 6.00 i 6.66 e 

    LSD (P≤0.05) = 0.076 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.17. 1000-Grain Weight 

The effect of potassium on 1000-grain weight of maize hybrids grown under drought 

was found statistically significant in year 2010 (p≤0.01) and there was not any significant 

(p>0.05) effect of potassium on 1000-grain weight in year 2011 (Table 4.4.12). The data 

(Table 4.4.15) showed that potassium has enhanced 1000-grain weight significantly as per 

treatment in both the maize hybrids. The effect of drought stress was more severe when 

imposed from five leaf stage followed by ten leaf and anthesis stage. The loss of drought was 

found less when imposed from grain filling stage.  

Nejad et al. (2010) reported that the most effect of drought stress on seed weight was 

during filling of seeds and stress would happen after silking causes small seed by reducing 

the duration of seed filling. Increasing drought decreased 1000-grain weight. This decrease 

was more pronounced at vegetative stage. Application of potassium humate at vegetative 

stage and both at vegetative and reproductive stages reduced grain weight under increasing 

water deficiency. The use of potassium humate at reproductive stage alone increased the 

resistance of seed weight to drought. In many studies, drought before pollination affected 

both grain number and 1000-grain weight (Moser et al. 2006). Also dry weight of corn grains 



decreased. Moser et al. (2006)
 
reported that drought before pollination reduced seed weight 

in corn. 

 
Table 4.4.15. Effect of potassium on 1000-grain weight (g) of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 216.6 f 243.5  a 250.68 298.91 
Five leaf stage 201.9 l 212.9 g 217.75 241.31 
Ten leaf stage 203.8 k 220.0 e 225.52 268.64 
Anthesis 209.4 hi 227.4 d 235.77 269.98 
Grain formation 213.7 g 230.6 c 241.21 286.99 

YH-1898 No drought 210.1 h 220.0 e 237.44 267.71 
Five leaf stage 186.1 n 205.1 j 191.18 201.17 
Ten leaf stage 196.3  m 208.7 i 212.16 231.16 
Anthesis 203.7 k 217.0 f 223.87 241.18 
Grain formation 209.0 hi 233.9 b 229.33 257.71 

LSD (P≤0.05) = 1.09   
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.4.16. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on number of grain rows cob-1, number of grains cob-1 and grain 
weight cob-1 in spring season. 
 
 
Treatments 

Number of grain 
rows cob-1 

Number of grains 
cob-1 

Grain weight cob-1

 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
16.04 a 
14.09 b 

0.85 

 
16.40 a 
14.45 b 
0.076 

 
422.2 a 
414.7 b 

3.59    

 
510.43 
488.17 

- 

 
93.27 a 
87.80 b 

0.86 

 
128.4 a 
111.1 b 
10.86 

Growth stages  
to impose drought 
No Drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 

16.02 a 
13.26 d  
14.37 c 
15.51 b 
16.17 a 
2.120 

 
 

16.38 a 
13.61 d 
14.78 c 
15.89 b 
16.45 a 
2.120    

 
 

500.4 a 
280.2 e 
389.1 d 
445.8 c  
476.8 b 
3.428     

 
 

545.1 a 
442.4 c 
480.0 b 
491.0 b 
538.0 a 
16.36     

 
 

112.0 a 
56.91 e 
81.02 d 
96.11 c 
106.6 b 
0.9795    

 
 

143.9 a 
94.41 d 
112.4 c 
110.5 c 
137.5 b 
4.396    

Potassium Levels 
0 mg/kg  
150mg/kg  
LSD (P ≤ 0.05) 

 
16.31 a 
13.82 b 
0.12 

 
14.19 b 
16.66 a 
0.136 

 
357.8 b 
479.1 a 
2.11 

 
452.6 b 
546.0 a 
11.22 

 
73.84 b 
107.2 a 

0.48 

 
98.50 b 
141.0 a 

2.86   
Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
* 
* 
** 
* 

 
** 
* 
* 
* 

 
** 
** 
** 
** 

 
* 
ns 
** 
* 

 
** 
** 
** 
** 

 
* 
** 
** 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.18. Number of Grain Rows Cob-1 

Effect of potassium on no. of grain rows of maize hybrids grown under drought 

imposed from various growth stages was statistically significant in both the years 2010 

(p≤0.05) and 2011 (p≤0.05) (Table 4.4.16). Data (Table 4.4.17) indicated that application of 

potassium enhanced the no. of grain rows as per treatment in both the years 2010 and 2011. 

Drought also had adverse effects on no. of grain rows of grown hybrids as per treatment in 

both the years. The maximum no. of grain rows was observed in well watered (no drought) 

treatment in both the maize hybrids followed by when drought was imposed from grain 

filling stage which was less affected by drought as compare to other drought treatments. The 

minimum no. of grain rows was observed when drought was imposed from five leaf stage. 



The drought tolerant maize hybrid performed better than YH-1898 in producing no. of grain 

rows.  

In the present study potassium had clear effect on number of grain rows per cob. It 

was might be due to higher growth rate at initial growth stage. Mollasadeghi et al. (2011)
 

reported that seed number per inflorescence, biomass and yield increased by potassium 

humate application, but the seed weight was not affected by potassium humate. Arancon et 

al. (2003)
 
reported that the humic acid increases fruit number in strawberry. Moser et al. 

(2006)
 
reported that drought before pollination reduced the row number per ear and seed 

number in each row. 

   

Table 4.4.17. Effect of potassium on no. of grains rows cob-1 of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages to 
impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 15.4 e 18.6 a 15.7 d 18.9 a 
Five leaf stage 13.4 g 15.5 de 13.8 f 15.8 d 
Ten leaf stage 14.6 f 16.6 c 15.10 e 16.9 c 
Anthesis 15.4 de 17.6 b 15.8 d 18.00 b 
Grain formation 15.6 d 17.6 b 15.9 d 18.00 b 

YH-1898 No drought 13.4 g 16.6 c 13.8 f 17.10 c 
Five leaf stage 10.6 i 13.4 g 11.00 h 13.9 f 
Ten leaf stage 11.6 h 14.6 f 12.00 g 15.10 e 
Anthesis 13.4 g 15.5 de 13.9 f 15.8 d 
Grain formation 14.5 f 16.8 c 14.9 e 17.00 c 

LSD (P≤0.05) = 0.40  LSD (P≤0.05) = 0.43 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.4.19. Number of Grains Cob-1 

Effect of potassium on no. of grains per cob of maize hybrids grown under drought 

imposed from various growth stages was statistically significant in both the years 2010 

(p≤0.01) and 2011 (p≤0.05) (Table 4.4.16). Data (Table 4.4.18) showed that application of 

potassium enhanced the no. of grains per cob as per treatment in both the years 2010 and 

2011. Drought also had adverse effect on no. of grains per cob of grown hybrids as per 

treatment in both the years. The maximum no. of grains per cob was observed in well water 

(no drought) treatment in both the maize hybrids followed by when drought was imposed 

from grain filling stage which was less affected by drought as compare to other drought 



treatments. The minimum no. of grains per cob was observed when drought was imposed 

from five leaf stage.  

In the current study more number of grains per cob was found with the application of 

potassium. It was might be due to the reduced number of ovules due to drought stress. 

Drought imposed reduced grain number due to prevention of ovule fertilization or cessation 

of development of some apical ovule after fertilization (Grant et al. 1989). Mollasadeghi et 

al. (2011) elaborated that seed number per cob was increased by potassium humate 

application that was might be due to enhanced pollination efficacy and then movement of 

more assimilate to seed. 

 

Table 4.4.18. Effect of potassium on number of grains cob-1 of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 403.0 i 599.7  a 477.4 def 647.1  a 
Five leaf stage 267.0 o 342.7 l 436.8 ghi 442.7 fghi 
Ten leaf stage 321.3 m 453.7 g 457.9 efgh 507.9 cd 
Anthesis 371.3 k 516.7 d 461.9 efgh 588.0 b 
Grain formation 375.7 k  571.3 b 468.8 efg 616.0 ab 

YH-1898 No drought 489.0 f 510.0 e 459.0 efgh 597.0 b 
Five leaf stage 212.0 p 299.0 n 421.0 i 469.4 efg 
Ten leaf stage 342.7 l 438.7 h 438.7 ghi 515.4 c 
Anthesis 386.3 j 509.0 e 427.9 hi 486.0 cde 
Grain formation 409.3 i 550.7 c 476.9 def 590.5 b 

LSD (P≤0.05) = 6.66       LSD (P≤0.05) = 35.50 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.4.20. Grain Weight Cob-1 

Effect of potassium on grain weight per cob of maize hybrids grown under drought at 

various growth stages was statistically significant in both the years 2010 (p≤0.01) and 2011 

(p≤0.05) (Table 4.4.16). Data (Table 4.4.19) showed that application of potassium enhanced 

the grain weight per cob as per treatment in both the years 2010 and 2011. Drought also had 

significant effect on grain weight per cob of grown maize hybrids. The maximum grain 

weight per cob was observed in well watered (no drought) treatment in both the maize 

hybrids followed by when drought was imposed from grain filling stage which was less 

affected by drought as compare to other drought treatments. The minimum grain weight per 



cob was observed when drought was imposed from five leaf stage followed by drought at ten 

leaf stage.  

In the present study potassium enhanced the grain weight per cob. It was might be 

due to more translocation of assimilates to cob efficiently. Nesmith and Ritchie (1992) found 

water stress decreased the grain weigh per cob as compare to well watered treatment. 

Potassium helps the plant to absorb more water from soil also by root elongation. Potassium 

takes part in photosynthesis activates many enzymes and thus transport more food from 

leaves to grain. 

 
Table 4.4.19. Effect of potassium on grain weight cob-1 (g) of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 87.29 j 146.0  a 120.0 d 185.5  a 
Five leaf stage 53.92 r 72.96 n 95.64 hi 106.9 fg 
Ten leaf stage 65.48 p 99.80 h 100.8 gh 136.5 c 
Anthesis 77.75 m 117.5 d 88.36 ij 158.8 b 
Grain formation 80.26 l 131.7 b 112.4 def 179.4  a 

YH-1898 No drought 102.7 g 112.2 e 110.3 ef 159.9 b 
Five leaf stage 39.46 s 61.31 q 80.62 jk 94.50 hi 
Ten leaf stage 67.27 o 91.53 i 93.20 hi 119.2 de 
Anthesis 78.71 m 110.4 f 77.61 k 117.3 de 
Grain formation 85.54 k 128.8 c 106.1 fg  152.2 b 

LSD (P≤0.05) = 1.53  LSD (P≤0.05) = 9.06 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.4.20. Main effects of maize hybrids, drought at different growth stages and 
potassium levels on biological yield, grain yield and potassium in shoot and leaves in 
spring season. 
 
 
Treatments 

Biological yield 
(kg ha-1) 

Grain yield 
(kg ha-1) 

K in shoot and leaves 
(mg/g dry weight) 

2010 2011 2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
13280 a 
11730 b 
854.1       

 
13389 
13347 
-      

 
6418 a 
6038 b 
264.8    

 
8907 a 
7407 b 
570.5    

 
40.02  
39.81 

-          

 
40.78  
40.49 

-        
Growth stages  
to Impose drought  
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
14350 a 
9833 e 
11770 d 
12780 c  
13810 b 
326.4            

 
 
14700 a 
11417 d 
13116 c 
13727 b 
13882 b 
322.29 

 
 

7613 a 
3761 d 
5500 c 
6650 b 
7615 a 
215.8    

 
 

9653 a 
6310 c 
7785 b 
7560 b 
9476 a 
384.4   

 
 

18.06 e 
60.27 a 
50.31 b 
46.53 c   
24.41 d 

0.30        

 
 
18.76 e   
61.08 a 
50.97 b 
47.27 c 
25.08 d 
0.36 

Potassium levels 
0 mg/kg  
150mg/kg  
LSD (P ≤ 0.05) 

 
11170 b 
13850 a 
316.4       

 
12528 b 
14208 a 
200.29 

 
5118 b 
7337 a  
264.8    

 
6714 b 
9599 a 
264.8    

 
36.84 b 
43.00 a 

0.21      

 
37.57 b 
43.70 a 

0.23    
Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
* 
* 

 
* 
ns 
** 
* 

 
** 
** 
** 
** 

 
ns 
** 
** 
* 

 
ns 
ns 
** 
ns 

 
ns 
ns 
** 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.21. Biological Yield  

Effect of potassium on biological yield of maize hybrids grown under drought was 

statistically significant (p≤0.05) in both the years 2010 and 2011 (Table 4.4.20). Data given 

in Table 4.4.20 indicated that application of potassium enhanced the biological yield in both 

the years 2010 and 2011. Drought also had deleterious effect on biological yield of sown 

hybrids as per treatment in both the years. The maximum biological yield was observed in 

well water (no drought) treatment in both the maize hybrids followed by when drought was 

imposed from grain filling stage which was less affected by drought as compare to other 

drought treatments. The minimum biological yield was observed when drought was imposed 

from five leaf stage.  



In this study potassium had improved biological performance. It was might be due to 

the growth rate improved by applying potassium. Increase in the thickness of layers of 

sclerenchyma tissue in optimal nutrition of potassium has been described for rice 

(Vaithilingam and Balasubramanian (1976).  

 
Table 4.4.21. Effect of potassium on maize hybrids under drought levels on biological 
yield (kg ha-1) 

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 12320 def 16880 a 13970 def 15760 a 
Five leaf stage 9360 j 12870 de 9245 m 12620 jk 
Ten leaf stage 1110 ghi  14980 c 13090 hij 13470 fgh 
Anthesis 11530 fgh 15180 c 13310 ghi 14450 cd 
Grain formation 12250 ef 16360 ab 13070 hij 14910 bc 

YH-1898 No drought 12810 de 15380 bc 13750 efg 15310 ab 
Five leaf stage 8695 j 8413 j 10730 l 13070 hij 
Ten leaf stage 10450 i 10560 hi 12150 k 13750 efg 
Anthesis 11090 ghi 13290 d 12830 ij 14320 cde 
Grain formation 12080 efg 14560 c 13130 ghij 14410 cd 

LSD (P≤0.05) = 1001  LSD (P≤0.05) = 633.4 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.4.22. Grain Yield  

Effect of potassium on grain yield of maize hybrids grown under drought was 

statistically significant in both the years 2010 (p≤0.01) and 2011 (p≤0.05) (Table 4.4.20). 

Data (Table 4.4.22) showed that application of potassium enhanced the grain yield in both 

the years 2010 and 2011. Drought also had adverse effect on grain yield of sown hybrids as 

per treatment in both the years. The maximum grain yield was observed in well watered (no 

drought) treatment in both the maize hybrids followed by when drought was imposed from 

grain filling stage which was less affected by drought as compare to other drought 

treatments. The minimum grain yield was observed when drought was imposed from five 

leaf stage. The application of potassium had greatly enhanced the grain yield (Table 4.4.20) 

in both the maize hybrids. 

An adequate supply of soil moisture is essential for crop growth, replacing loss of 

transpiration, and the transport of nutrients by crop roots. Severe drought limits water 

consumption and reduced crop yields. Earl and Davis (2003) summarize the three main 



mechanisms by which corn yield is reduced by soil water deficit: (i) reduces the absorption 

of radiation incident photosynthetically active canopy, (ii) decrease the effectiveness of use 

radiation, and (iii) reduced harvest index. The ability to tolerate drought and acceptable 

yields is limited in cultivars within a species (Serraj and Sinclair, 2002).  

Nejad et al. (2010) reported that water stress induced at the pre-flowering, flowering, 

post-flowering phases, compared to control plants decreased corn yield of 21%, 5%, 25%, 

respectively. Water deficit during the flowering phase of pollination induced yield loss 

through intense abnormal development of embryo sac, pollen abortion and ultimately reduces 

the number of grains productive (Nejad et al., 2010). Studies have shown that frequent 

application of potassium fertilizer mitigate the adverse effects of drought on plant growth in 

barley (Andersen et al., 1992), sunflower (Lindhauer 1985), cane sugar (Sudama et al., 1998) 

and rice (Tiwari et al., 1998), which confirmed the result of this study. The greatest need 

potassium plants under different abiotic stresses appears to be related to the inhibitory role of 

potassium against the reactive oxygen species (ROS) production during photosynthesis and 

NADPH oxidase (Cakmak, 2005). 

 
Table 4.4.22. Effect of potassium on grain yield (kg ha-1) of maize hybrids under 
drought stress in spring season. 

Hybrids 
Growth stages to 
impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 5941 gh 10220 a 8254 d 12720 a 
Five leaf stage 3475 k 4760 ij 6641 fg 7422 def 
Ten leaf stage 4584 ij 6736 ef 7198 ef 10110 bc 
Anthesis 5531 h 8091 c 5712 hi 10930 b 
Grain formation 5649 h 9195 b 7802 de 12280 a 

YH-1898 No drought 6819 e 7472 d 7640 de 10000 c 
Five leaf stage 2528 l 4282 j 5132 i 6048 gh 
Ten leaf stage 4866 i 5814 gh 6000 gh 7837 de 
Anthesis 5541 h 7438 d 5745 hi 7849 de 
Grain formation 6248 fg 9367 b 7019 ef 10800 bc 

  LSD (P≤0.05) = 516.5 LSD (P≤0.05) = 837.5 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.4.23. Potassium in Shoot and Leaves  

Effect of potassium application on potassium status in shoot and leaves of maize 

hybrids grown under drought was statistically non-significant (p>0.05) in both the years 2010 



and 2011 (Table 4.4.20). Data are given in Table 4.4.23. While Nejad et al. (2010) reported 

the trend of potassium accumulation during initial growth stages is very severe compared to 

accumulation of dry matter. The maximum potassium uptake is taken place when the grain 

begins to get milky and before grain formation the accumulation is completed.  

Potassium is unique element activates many enzymes, take part in protein synthesis, 

improve photosynthesis efficiency in plants (Marschner, 1995). Potassium applied attained 

higher leaf water potential, turgor potential and relative water contents and lower osmotic 

potential as compare to untreated plant of Vigna radiata (Nandwal et al., 1998), maize 

(Premachandra et al., 1991), and wheat (Pier and Berkowitz, 1987; Sen Gupta et al., 1989) 

grown under water stress. Potassium is predominantly accumulating solute during drought 

stress in tropical grasses (Ford and Wilson, 1981), soybean (Itoh and Kumura, 1987) and 

maize (Premachandra et al., 1991) and significantly contributed to osmotic adjustment. 

 
Table 4.4.23. Effect of potassium on potassium in leaves (mg/g dry weight) of maize 
hybrids under drought stress in spring season. 

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F10 No drought 17.62 18.99 18.32 19.65 
Five leaf stage 54.74 65.80 55.69 66.74 
Ten leaf stage 46.99 53.82 47.66 54.49 
Anthesis 42.50 50.71 43.44 51.38 
Grain formation 23.03 26.03 23.69 26.70 

YH-1898 No drought 16.70 18.93 17.36 19.69 
Five leaf stage 54.77 65.79 55.43 66.46 
Ten leaf stage 46.71 53.73 47.38 54.38 
Anthesis 42.48 50.42 43.15 51.09 
Grain formation 22.85 25.74 23.53 26.41 

    
 

Conclusion 

 Although soils of Pakistan contain some amount of available potassium but with the 

passage of time potassium is becoming deficient and plants are facing deleterious effects. 

Moreover, currently farmers are facing the problem of water shortage in spring maize even in 

autumn. The idea of use of drought tolerant maize hybrid along with use of potassium is very 

important. Use of balanced fertilizer might be very important for farmers and stakeholders 

for more production and to save money. Similarly, to overcome the problem of water scarcity 



application of potassium is also very important. The maize in spring season needs much 

water due to increasing temperature and its higher need. But this high temperature and long 

days help photosynthesis to be enhanced and resulted to more yield. In the present study the 

growth, physiological and yield attributes trend was found higher in 2011 because of low 

temperature which was lower in 2010. But the performance of drought tolerant (32-F-10) 

maize hybrid was better than drought sensitive maize hybrid (YH-1898). The maize hybrid 

plants performance was disturbed more which faces the long term drought stress. This 

performance was improved by reducing the drought duration. Some times the performance of 

plants under well watered and drought imposed at grain filling have the same performance 

regarding growth parameters but yield and yield related parameters were different. Data 

indicated that duration of drought stress put deleterious effects on maize hybrids but these 

effects were mediated by applied potassium. Field experiments results could useful for 

farmers who are facing water scarcity. Application of potassium enhanced the growth, 

physiological and growth related parameter. In all the drought stress treatments potassium 

application enhanced the plant performance regarding drought tolerance. Hence, it can be 

concluded that potassium may be used when maize plants are grown under water scarce 

conditions.          

 

 

 

 

 

 

 

 

 

 



Experiment 5: Response of Maize under Drought Imposed from Various 
Growth Stages to Potassium Application Grown in Autumn Season. 
 
4.5. Results and Discussion 
  
Table 4.5.1. Main effect of maize hybrids, growth stages to impose drought and 
potassium levels on plant height plant -1, leaf length in autumn season.  
 
Treatments 

Plant  height plant-1 (cm) Leaf length (cm) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
180.9 a 
163.4 b 
6.08 

 
216.49 a 
195.82 b 
6.00 

 
60.76 a 
55.25 b 
2.64 

 
72.91 a 
66.29 b 
3.16 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
188.0 a 
143.1 e 
169.5 d 
177.7 c 
182.3 b 
3.77 

 
 
225.13 a 
171.72 e 
202.69 d 
212.58 c 
218.64 d 
4.61 

 
 
64.93 a 
43.96 c 
56.51 b 
60.64 ab 
63.99 a 
4.86 

 
 
77.91 a 
52.75 c 
67.80 b 
72.76 ab 
76.79 a 
5.83 

Potassium levels 
0 mg/Kg 
100mg/kg 
LSD (P ≤ 0.05) 

 
163.1 b 
181.2 a 
2.37 

 
195.68 b 
216.63 a 
2.98 

 
54.75 b 
61.26 a 
0.82 

 
65.69 b 
73.51 a 
0.99 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
ns 
** 
** 

 
* 
ns 
** 
* 

 
ns 
** 
** 
* 

 
ns 
** 
* 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.5.1. Plant Height  

The effect of potassium on plant height of maize hybrids grown under drought was 

statistically significant in both the years 2010 (p≤0.01) and 2011 (p≤0.05) (Table 4.5.1). Data 

(Table 4.5.2) showed that application of potassium enhanced the plant height as per treatment 

in both the years 2010 and 2011. Drought also had deleterious effect on plant height of sown 

hybrids as per treatment in both the years. The maximum plant height was observed in well 

water (no drought) treatment in both the maize hybrids followed by when drought was 

imposed from grain filling stage which was less affected by drought as compare to other 



drought treatments. The minimum plant height was observed when drought was imposed 

from five leaf stage followed by ten leaf stage and at anthesis. While application of 

potassium enhanced the plant height by increasing the growth. 

Plant height was decreased under water deficit condition; same was reported by Khan 

et al. (2001). It was reported by Zhao et al. (2006) that drought affected plant height due to 

hormonal imbalance (cytokinin, abscisic acid) that affected growth due to changes in cell 

wall extensibility. The adverse effects of water stress might also decreased by increasing the 

availability of water to the plant due to reduction in transpiration by partial closure of 

stomata (Alfredo and Setter, 2000; Hoad et al., 2001). It has been suggested that plants 

mineral nutrient status plays a vital role in improving the resistance of plant to stress 

conditions (Yadov, 2006).  

 
Table 4.5.2. Effect of potassium on plant height (cm) of maize hybrids under drought 
stress in autumn season.  

Hybrids 
Growth stages   
to impose drought 

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 179.6 ef 204.4  a 215.5 fgh 245.3 a 
Five leaf stage 148.5 j 160.4 i 178.2 l 192.5 jk 
Ten leaf stage 168.1 gh 190.4 cd 201.7 ij 225.7 cde 
Anthesis 176.5 ef 197.3abc 211.8 gh 234.0 bc 
Grain formation 183.8 de 199.8 ab 220.5 efg 239.8 ab 

YH-1898 No drought 172.5 fg 195.6 bc 207.0 hi 232.7 bcd 
Five leaf stage 129.0 k 134.6 k 154.8 m 161.5 m 
Ten leaf stage 156.7 i 162.8 hi 188.1 k 195.3 jk 
Anthesis 158.0 i 179.1 ef 189.6 k 214.9 gh 
Grain formation 158.1 i 187.5 d 189.7 k 224.5 def 

          LSD (P≤0.05) = 7.49  LSD (P≤0.05) = 9.44 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  ns not significant 
  

4.5.2. Leaf Length  

Effect of potassium on leaf length of maize hybrids grown under drought was 

statistically significant in both the years 2010 (p≤0.05) and 2011 (p≤0.01) (Table 4.5.1). Data 

given in Table 4.5.3 indicated that application of potassium enhanced the leaf length as per 

treatment in both the years 2010 and 2011. Drought also had adverse effects on leaf length of 

sown hybrids as per treatment in both the years. The maximum leaf length was observed in 

well watered (no drought) treatment in both the maize hybrids followed by when drought was 



imposed from grain filling stage which was less affected by drought as compare to other 

drought treatments while in some treatments leaf length of no drought and drought at grain 

filling was almost equal (statistically at par) however, in some treatments it was equal to no 

drought treatment. The minimum leaf length was observed when drought was imposed from 

five leaf stage followed by drought at ten leaf stage.  

Drought stress greatly reduced the leaf length while application of potassium 

enhanced the leaf length. The leaf length was reduced might be due to less availability of 

water to photosynthetic mechanism. Leaf length was increased by potassium application 

because of more growth rate. It was reported by Acevedo et al. (1971) that maize leaves 

elongation was greatly sensitive to minute reduction in soil and leaf water potential but 

application of potassium enhanced the water budget of plant body helps in leaf length 

enhancement due its role in plant growth and development (Marchner, 1995).  

 
Table 4.5.3. Effect of potassium on leaf length (cm) of maize hybrids under drought 
stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010   2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 62.39 cd 72.41 a 74.87 cd 86.89 a 
Five leaf stage 41.39 i 52.65 h 49.67 i 63.18 h 
Ten leaf stage 54.48 gh 60.39 cde 65.37 gh 72.47 cde 
Anthesis 60.82 cde 66.41 b 72.99 cde 79.69 b 
Grain formation 62.47 c 74.23 a 74.96 c 89.08 a 

YH-1898 No drought 59.42 e 65.48 b 71.30 e 78.58 b 
Five leaf stage 38.39 j 43.42 i 46.07 j 52.10 i 
Ten leaf stage 52.41 h 58.74 ef 62.89 h 70.49 ef 
Anthesis 56.28 fg 59.05 e 67.54 fg 70.86 e 
Grain formation 59.42 e 59.85 de 71.30 e 71.82 de 

LSD (P≤0.05) = 2.61  LSD (P≤0.05) = 3.127 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
 
 
 
 
 
 
 
 
 



Table 4.5.4. Main effect of maize hybrids, growth stages to impose drought and 
potassium levels on leaf area index and number of leaves plant-1 in autumn season.  
 
Treatments 

Leaf area index Number of leaves plant-1 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
3.61 a 
3.38 b 
0.012 

 
3.79 a 
3.55 b 
0.018 

 
15.23 a 
14.33 b 
0.05 

 
16.11 
15.52 
- 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
3.75 a 
3.00 e 
3.45 d 
3.60 c 
3.68 b 
0.02 

 
 
3.94 a 
3.15 e 
3.62 d 
3.78 c 
3.86 b 
0.02 

 
 
15.38 b 
13.47e 
14.49 d 
14.93 c 
15.65 a 
0.13 

 
 
17.06 a 
13.74 d 
15.36 c 
16.17 b 
16.74 ab 
0.66 

Potassium levels 
0 mg/Kg  
100mg/kg  
LSD (P ≤ 0.05) 

 
3.44 b 
3.90 a 
0.013 

 
2.81 b 
3.19 a 
0.01  

 
14.45 b 
15.12 a 
0.076 

 
15.52 b 
16.12 a 
0.19 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
* 
** 
* 

 
** 
* 
** 
* 

 
** 
ns 
** 
** 

 
ns 
ns 
ns 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.5.3. Leaf Area Index 

The effect of potassium on leaf area index of maize hybrids grown under drought was 

statistically significant (p≤0.01) in both the years 2010 and 2011 (Table 4.5.4). Data (Table 

4.5.5) indicated that application of potassium enhanced the leaf area index as per treatment. 

Drought also had adverse effect on leaf area index of sown hybrids as per treatment in both 

the years. The maximum leaf area index was observed in well water (no drought) treatment 

in both the maize hybrids followed by when drought was imposed from grain filling stage 

which was less affected by drought as compare to other drought treatments. The minimum 

leaf area index was observed when drought was imposed from five leaf stage.  

There was a critical role of potassium on enhancing leaf area per plant in the present 

study. It was studied that application of potassium resulted to rapid growth of leaf and 

maintenance of osmotic potential of cells (Wyn Jones et al. 1979). Green parts of maize leaf 



decreased due to water deficit stress which reduced consumption of potassium from soil. 

More consumption of potassium increased leaf area as compare to un-consumption under 

proper moisture. Leaf area index was enhanced by potassium as studied by Ebrahimi et al. 

(2011). Same was observed in this study. Leaf area index was improved due to enhanced leaf 

growth.  

 
Table 4.5.5. Effect of potassium on leaf area index of maize hybrids under drought 
stress in autumn season.  

Hybrids 
Growth stages  to 
impose drought 

2010   2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 3.68 d 4.09 a 3.86 e 4.30 a 
Five leaf stage 2.91 k 3.35 g 3.05 m 3.52 h 
Ten leaf stage 3.27 hi 3.68 d 3.44 ij 3.86  de 
Anthesis 3.45 f 3.97 b 3.62 g 4.17  b 
Grain formation 3.58 e 4.08 a 3.76 f 4.28 a 

YH-1898 No drought 3.41 f 3.82 c 3.58 g 4.01 c 
Five leaf stage 2.64 l 3.10 j 2.77 n 3.25 l 
Ten leaf stage 3.22 i 3.61 e 3.38 k 3.79 f   
Anthesis 3.27 hi 3.71 d 3.43 jk 3.90 de 
Grain formation 3.25 gh 3.73 d 3.49 hi 3.92 d 

   LSD (P≤0.05) = 0.054 LSD (P≤0.05) = 0.054 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.5.4. Number of Leaves Plant-1 

The effect of potassium on no. of leaves per plant of maize hybrids under drought 

imposed from various growth stages was found statistically significant (p≤0.01) in 2010 

while it was non-significant (p>0.05) in 2011 (Table 4.5.4). In the year 2010 application of 

potassium significantly enhanced the no. of leaves per plant as compared to without 

potassium as per treatments (Table 4.5.6). The drought imposed from five leaf stage has 

greatly reduced the no. of leaves per plant but drought imposed from later growth stages has 

little effect on no. of leaves per plant as per treatment of drought. Least effect of drought was 

observed when it was imposed from grain filling followed by anthesis.  

Drought stress reduced the number of leaves. Potassium has enhanced the number of 

leaves in 2010. As this trait is not affected by environmental  condition thus it is not expected 

to be affected by different drought levels. In the early stages of corn plants leaves are formed 

on more desirable form but under stress early formed leaves may die (Kochaki and 



Sarmadnia, 2005).  However, water stress had little effect on number of leaves of maize plant 

(Ali et al., 1999). While it was (de Souza et al., 1997) studied that drought stress might have 

effect on initiation of new leaves. This was might be due to the disturbance in plant growth. 

Ebrahimi et al. (2011) reported that water deficit stress effects leaf production in durum 

wheat. He reported that application of potassium increased the leaves number due to more 

growth and development. 

  

Table 4.5.6. Effect of potassium on number of leaves plant-1 of maize hybrids under 
drought stress in autumn season.  

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 15.51 d 16.04 bc 17.01 17.90 
Five leaf stage 13.71 i 14.02 g 13.59 14.31 
Ten leaf stage 14.66 f 14.88 ef 15.24 16.08 
Anthesis 14.91 e 16.14 b 16.36 16.79 
Grain formation 15.85 c 16.61 a 16.63 17.19 

YH-1898 No drought 14.70 ef 15.29 d 16.31 17.02 
Five leaf stage 12.70 k 13.45 j 13.46 13.60 
Ten leaf stage 13.76 hi 14.65 f 14.85 15.27 
Anthesis 14.00 gh 14.67 ef 15.49 16.03 
Grain formation 14.69 ef 15.43 d 16.20 16.93 

LSD (P≤0.05) = 0.24   
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.5.7. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on shoot fresh weight per plant and relative water contents in autumn 
season. 

 
Treatments 

Shoot fresh weight  plant-1 (g) Relative water contents (%) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
302.69 a 
300.53 b 
0.038 

 
432.4 a 
429.3 b 
0.049 

 
64.89 a 
61.76 b 

0.27 

 
75.91 a 
72.26 b 
0.317  

Growth stages  
to impose drought  
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
351.20 a 
230.70 e 
285.61 d 
302.71 c 
337.84 b 
0.036 

 
 
501.7 a 
329.6 e 
408.0 d 
432.4 c 
482.6 b 
0.055 

 
 

73.62 a 
45.45 e 
58.21 d 
67.71 c 
71.62 b 

0.35 

 
 

86.13 a 
53.17 e 
68.10 d 
79.22 c 
83.79 b 
0.407 

Potassium levels 
0 mg/kg 
100mg/kg 
LSD (P ≤ 0.05) 

 
301.21 b 
302.01 a 
0.038 

 
431.4 a 
430.3 b 
0.054 

 
61.95 b 
64.70 a 
0.3685 

 
72.48 b 
75.69 a 

0.43 
Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

** significant at P≤0.01 respectively. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.5.5. Shoot Fresh Weight per Plant 

The effect of potassium on shoot fresh weight per plant of maize hybrids grown under 

drought was statistically significant (p≤0.01) in both the years 2010 and 2011 (Table 4.5.7). 

Data (Table 4.5.8) showed that application of potassium enhanced the shoot fresh weight per 

plant as per treatment in both the years 2010 and 2011. Drought produced adverse effects on 

shoot fresh weight per plant of sown hybrids as per treatment in both the years. The 

maximum shoot fresh weight per plant was observed in well watered (no drought) treatment 

in both the maize hybrids followed by when drought was imposed from grain filling stage 

which was less affected by drought as compare to other drought treatments. The minimum 

shoot fresh weight per plant was observed when drought was imposed from five leaf stage.  



Plant fresh reduced under water deficit conditions (Zhao et al., 2006). It was reported 

by Sankar et al. (2007) in lady finger that fresh weight of crop plants reduced under drought 

stress. This reduced biomass might have created the disorders in the remobilization of the 

assimilates from source to mature grain that resulted in short and shriveled kernel or it might 

be due to disturbed grain growth pattern or its improper position between and within the 

spikelets under drought stress showing assimilate limitation (Yang et al., 2003). The current 

outcomes agreed with the findings of Schuppler et al. (1998), Thomas et al. (2004). Ashraf 

and Ibram (2005) and Slama et al. (2006) who reported that shoot fresh of two leguminous 

plants, Phaseolus vulgaris and Sesbania aculeata, reduced considerably due to water deficit 

stress that disturb the normal functioning of photosynthesis. The reduction in vegetative 

growth of plants under drought, in specific shoot growth, reduced cyclin dependent kinase 

activity results in slower cell division as well as inhibition of growth (Schupper et al., 1998). 

In 2010 and 2011 it was found that potassium improved the shoot fresh weight. It was 

might be due to the role of Potassium in vegetative growth including root elongation. 

Potassium is an essential element for plant growth and development and is the most abundant 

cation in plants (Marschner 1995). Decreased water availability generally results in reduced 

growth and final yield in crop plants.  

 
Table 4.5.8. Effect of potassium on shoot fresh weight plant-1 (g) of maize hybrids under 
drought stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 334.6 f 379.4 a 478.0 f 542.0 a 
Five leaf stage 230.3 r 250.6 q 329.1 r 358.0 q 
Ten leaf stage 262.6 p 291.1 l 375.1 p 415.9 l 
Anthesis 270.4 o 311.5 j 386.3 o 445.0 j 
Grain formation 333.8 g 362.5 b 476.9 g 517.9 b 

YH-1898 No drought 358.4 c 332.4 h 512.0 c 474.8 h 
Five leaf stage 220.5 t 221.4 v 315.0 t 316.3 s 
Ten leaf stage 316.5 i 272.2 n 452.2 i 388.8 n 
Anthesis 340.6 e 288.4 m 486.5 e 412.0 m 
Grain formation 352.3 d 302.6 k 503.3 d 432.4 k 

LSD (P≤0.05) = 0.12  LSD (P≤0.05) = 0.17 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.5.6. Relative Water Contents  



Effect of potassium on relative water contents of maize hybrids grown under drought 

was statistically significant in both the years 2010 (p≤0.01) and 2011 (p≤0.01) (Table 4.5.7). 

Data (Fig.4.5.1) indicated that application of potassium enhanced the relative water contents. 

Drought also had adverse effects on relative water contents of sown hybrids as per treatment. 

The maximum relative water contents was observed in well watered (no drought) treatment 

in both the maize hybrids followed by when drought was imposed from grain filling stage 

which was less affected by drought as compare to other drought treatments. The minimum 

relative water contents were observed when drought was imposed from five leaf stage.  

Potassium helps the plant to absorb more water from soil throught roots and then 

enhance the capability of plant to preserve such water for further use in times of water 

scarcity. Fusheing (2006) found the increment in relative water contents by potassium 

application from 92 to 94 % in tobacco leaf. Such kind of improvement in potassium 

application might be credited to increase cell turgor through osmotic adjustment. Pinhero et 

al. (2001) reported that production and accumulation of osmolytes varies between and within 

plant species and osmolytes play a key role in osmotic adjustment and also protect the cells 

by scavenging reactive oxygen species (ROS). 

 

Fig. 4.5.1. The effect of potassium levels on relative water contents of maize hybrids 
grown under drought imposed from various growth stages in autumn season.  
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Table 4.5.9. Main effect of maize hybrids, drought levels at different growth stages and 
potassium levels on leaf water potential and osmotic potential in autumn season. 
 
Treatments 

Leaf water potential (-MPa) Osmotic potential (-MPa) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
1.57 a 
1.45 b 
0.0035 

 
1.52 b 
1.65 a 
0.049 

 
2.15  
2.07 
- 

 
2.01 b 
2.13 a 
0.076 

Growth stages 
to impose drought  
No drought 
Five  leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
1.31 e 
1.80 a 
1.60 b 
1.48 c 
1.37 d 
0.011  

 
 
1.37 e 
1.89 a 
1.68 b 
1.55 c 
1.43 d 
0.011  

 
 
2.00 d 
2.31 a 
2.16 b 
2.07 c 
1.99 d 
0.033 

 
 
1.93 e 
2.24 a 
2.14 b 
2.06 c 
1.97 d 
0.034 

Potassium levels 
0 mg/kg of soil 
150mg/kg of soil 
LSD (P ≤ 0.05) 

 
1.53 a 
1.49 b 
0.0065 

 
1.61 a 
1.57 b 
0.0071 

 
2.12 a 
2.09 b 
0.027 

 
2.09 a 
2.04 b 
0.025 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
** 
ns 

 
** 
ns 
** 
* 

 
** 
ns 
** 
ns 

 
** 
ns 
** 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.5.7. Leaf Water Potential  

The effect of potassium on leaf water potential of maize hybrids under drought was 

found statistically significant (p≤0.01) in 2011 while it was non-significant (p>0.05) in 2010 

(Table 4.5.9). In the year 2011 application of potassium has significantly enhanced the leaf 

water potential as compared to without potassium as per treatments (Fig 4.5.2). The drought 

imposed from five leaf stage has greatly reduced the leaf water potential but drought imposed 

from later growth stages has little effect on leaf water potential as per treatment of drought. 

Least effect of drought was observed when it was imposed from grain filling.  

There was significant effect of potassium on leaf water potential in 2011. It was 

might be due to enhanced leaf water status. Leaf water potential was enhanced by potassium 

application as it was studied in the present research work. It was might be due to osmoticum 

role of potassium in maintaining leaf water potential. Potassium ions contribute significantly 



to the osmotic potential of the vacuoles even under drought conditions (Marschner, 1995). 

Thus, adequate potassium fertilization to crop plants could assist osmotic adjustment that 

resulted to conserve more turgor pressure at lower leaf water potentials and improve the 

capacity of plants to tolerate against drought stress (Mengel and Arneke, 1982; Lindhauer, 

1985). Studies have shown that optimum potassium application is beneficial to the growth 

and development of plants (Davidson, 1969). However, little information is available about 

the influence of potassium on whole-plant drought resistance. Thus, information about 

adequate levels of potassium fertilizer that would optimize drought resistance in maize is still 

lacking.  

 
Fig. 4.5.2. The effect of potassium levels on leaf water potential of maize hybrids grown 
under drought imposed from various growth stages in autumn season. 
  

4.5.8. Osmotic Potential  

Potassium had not any effect (p>0.05) on osmotic potential of grown maize hybrids 

under drought conditions in both years of 2010 and 2011 (Table 4.5.9). However, the main 

effects of maize hybrids show that 32-F-10 produced higher (statistically significant) 

(p≤0.05) osmotic potential as compare to YH-1898. The osmotic potential was lower 

(statistically significant) in treatment of drought when imposed from five leaf stage. The 

main effect of potassium levels show that osmotic potential was more (statistically 
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significant) in potassium applied treatments as compare to without potassium applied 

treatments. However, it has been found that potassium is a macro-nutrient essential for plant 

growth and development and is found in abundant quantity as a cation in plants (Marschner 

1995).  

 

Table 4.5.10. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on turgor potential in autumn season. 
 
Treatments 

Turgor potential (MPa) 
2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
0.59  
0.60 
- 

 
0.48 
0.47 
- 

Growth stages  
to impose drought 
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
0.69 a 
0.51 d 
0.56 c 
0.59 b  
0.62 b 
0.03  

 
 
0.56 a 
0.34 d 
0.46 c 
0.50 b 
0.53 ab 
0.034 

Potassium levels 
0 mg/kg 
150 mg/kg 
LSD (P ≤ 0.05) 

 
0.59 
0.60 
- 

 
0.48 
0.47 
- 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
ns 
ns 

 
ns 
ns 
ns 
ns 

Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  ns not significant. 

 

4.5.9. Turgor Potential  

 Application of potassium did not create any effect (p>0.05) on turgor potential of 

grown maize hybrids under drought conditions in both years of 2010 and 2011 (Table 

4.5.10). However, the main effect of osmotic potential was statistically significant (p≤0.05).  

Guard cells of stomates have the ability to deposit or release the potassium when required 

resulted to change in turgor, stomatal opening and closing (Fischer and Hsiao, 1968). There 

are many studied which show that potassium application diminish the adverse effects of 



drought on plant growth (Andersen et al., 1992 and Sangakkara et al., 2001). Potassium has 

maximum role in maintaining turgor pressure in order to increase leaf and stem length. This 

accelerates the growth of canopy development and help in sun light absorption to improve 

growth. 

  

Table 4.5.11. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on stomatal conductance and photosynthetic rate in autumn season. 
 
 
Treatments 

Stomatal conductance 
(mmolem-2s-1) 

Photosynthetic rate 
(µmolm-2s-1) 

2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
0.14 a 
0.12 b 
0.006 

 
0.14  
0.11 
- 

 
17.07 a 
16.01 b 
0.07 

 
18.62 a 
17.47 b 
0.07 

Growth stages 
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
0.16 a 
0.08 e 
0.12 d 
0.13 c 
0.15 b 
0.01 

 
 
0.14 a 
0.08 c 
0.12 b 
0.13 ab 
0.14 a 
0.017 

 
 
17.75 a 
14.19 e 
16.31 d 
17.04 c 
17.41 b 
0.09 

 
 
19.36 a 
15.48 e 
17.80 d 
18.59 c 
18.99 b 
0.10 

Potassium levels 
0 mg/kg  
150mg/kg 
LSD (P≤0.05) 

 
0.10 b 
0.16 a 
0.005 

 
0.10 
0.15 
- 

 
15.50 b 
17.58 a 
0.06 

 
16.91 a 
19.18 b 
0.07 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
** 
ns 

 
ns 
ns 
ns 
ns 

 
** 
* 
* 
* 

 
** 
* 
* 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  
  

4.5.11. Stomatal Conductance  

The effect of potassium on stomatal conductance of grown maize hybrids under 

drought conditions was statistically non-significant (p>0.05) as mentioned in Table 4.5.11 in 

both years of 2010 and 2011. However, the main effects of maize hybrids show that 32-F-10 

showed higher (statistically significant) stomatal conductance as compare to YH-1898 only 

in 2010. The stomatal conductance was lower (statistically significant) in treatment of 



drought when imposed from five leaf stage in 2010 and 2011. The main effect of potassium 

levels showed that stomatal conductance was more (statistically significant) in potassium 

applied treatments as compare to without potassium applied treatments. There was not any 

significant effect of potassium application on stomatal conductance of maize hybrids under 

drought in the present study. Similar studies were conducted by Kumar and Sing (1987) and 

Singh et al. (1985) who reported close relation among osmotic adjustment and both stomatal 

conductance and canopy temperature in many Brassica species. 

 

4.5.12. Photosynthetic Rate  

The effect of potassium on photosynthetic rate of maize hybrids grown under drought 

at various growth stages was statistically significant (p≤0.05) in both the years 2010 and 

2011 (Table 4.5.11). Data (Fig. 4.5.3) elaborated that application of potassium enhanced the 

photosynthetic rate as per treatment in both the years 2010 and 2011. Drought also had 

adverse effect on photosynthetic rate of grown hybrids as per treatment in both the years. The 

maximum photosynthetic rate was observed in well water (no drought) treatment in both the 

maize hybrids followed by when drought was imposed from grain filling stage which was 

less affected by drought as compare to other drought treatments. While the minimum 

photosynthetic rate was observed when drought was imposed from five leaf stage.  

Measures completed by Campbell (1964) noted that there was an inverse correlation 

between affiliation ear weight and soluble solids in the juice of the stem. Potassium plants 

produce enough photosynthesis to a faster rate than potassium deficient plants. This 

photosynthesis additionally helps to prevent the concentration of soluble solids in the stem 

from becoming too low during grain development (Welch and Flannery, 1985). 

Reduced growth of many plant species subjected to an environment of limited water is often 

associated with a reduction in photosynthetic capacity (Lawlor, 2002; Dubey, 2005). 

Reduction of photosynthesis has been reported in different cultures, for example, in tomato 

(Srinivasa Rao et al., 2000), wheat (Molnar et al., 2002) and sunflower (Tezara et al. 2002). 

With the increase in the intensity of water stress, decreased biochemical photosynthesis is 

observed. 

Lower rates of photosynthesis could be due to stomatal closure, which reduces 

CO2/O2 ratio in leaves and inhibits photosynthesis (Janson et al, 2004; Moussa, 2006), which 



is consistent with our findings that the conductance of stomata (gs) decreased under water 

deficit conditions in all maize cultivars. Different responses such as stomatal closure are one 

of the first responses to drought, protecting the plant against water losses (Chaves et al., 

2003). Water stress causes a significant decrease in stomatal conductance (gs) and mesophyll 

conductance, and increased intercellular CO2 concentration and lower rates of photosynthesis 

(A) (Siddique et al., 1999). Leaf stomatal conductance (gs) is also of great importance in 

conditions where water stress increases (Flexas and Medrano, 2002) which limits the entry of 

CO2 into the leaf (Cornic, 1994). The measurement of stomatal conductance (gs) can be used 

as an indicator to assess the stomatal and non-stomatal limitations to photosynthesis (A) in 

water deficit conditions (Flexas et al., 2004 and Medrano et al., 2002)  

 

Fig. 4.5.3. The effect of potassium on photosynthetic rate in maize hybrids grown under 
drought imposed from various growth stages in autumn season.  
 
 
 
 
 
 
 
 
 
 

e
a

h c
e

a
h c

m i
n

l m
i n lj e k f j e k

f
g b j

de g b
j de

f
a i

d f a
i

d

0

5

10

15

20

25

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

0 (mg/kg) 100
(mg/kg)

32-F-10 YH-1898 32-F-10 YH-1898

2010 2011

P
ho

to
sy

nt
he

ti
c 

ra
te

Maize hybrid × potassium levels 

No drought  5 leaf stage 10 leaf stage  Anthesis Grain formation



Table 4.5.12. Main effects of maize hybrids, drought at different growth stages and 
potassium levels on transpiration rate and leaf temperature in autumn season. 
 
Treatments 

Transpiration rate (mmolm-2s-1) Leaf temperature (oC) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
5.98 a 
5.10 b 
- 

 
5.50 a 
5.02 b 
0.34 

 
39.50 b 
40.01 a 
0.46 

 
38.16 b 
40.09 a 
0.96 

Growth stages 
to impose drought 
No drought 
Five leaf stage 
Ten leaf stage 
Anhesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
7.97 a 
3.25 e 
4.48 d 
5.41 c 
6.62 b 
0.563 

 
 
7.36 a 
3.55 e 
4.28 d 
5.18 c 
5.92 b 
0.37 

 
 
38.80 
40.18 
39.36 
39.30 
38.64 
- 

 
 
38.02 c 
39.86 a 
39.47 a 
39.55 a 
38.73 b 
0.49 

Potassium levels 
0 mg/kg  
150mg/kg 
LSD (P ≤ 0.05) 

 
4.67 b 
6.42 a 
0.40 

 
4.08 b 
6.43 a 
0.15 

 
39.21 
39.30 
- 

 
39.02  
39.23 
- 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
** 
ns 
ns 

 
** 
** 
** 
** 

 
ns 
ns 
ns 
ns 

 
** 
ns 
** 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.5.13. Transpiration Rate 

The effect of potassium on transpiration rate of maize hybrids under drought was 

found statistically significant (p≤0.01) in 2011 while it was non-significant (p>0.05) in 2010 

(Table 4.5.12). In the year 2011 application of potassium has significantly enhanced the 

transpiration rate as compared to without potassium as per treatments (Fig 4.5.4). The 

drought imposed from five leaf stage has greatly reduced the transpiration rate but drought 

imposed from later growth stages has less effect on transpiration rate as per treatment of 

drought. The minimum effect of drought was observed when it was imposed from grain 

filling. In 2011 application of potassium enhanced the transpiration rate. It was might be due 

to the stomata regulated efficiently.  

Stomatal function is to control the water loss from the plant through transpiration. 

When potassium is deficient, the stomata can’t function properly and the loss of water from 



the plant can reach damaging levels (Gething, 1990). This has been demonstrated in field 

experience in barley in which the plants were exposed to the hot wind. This caused an 

immediate increase in transpiration rate, more severe in potassium deficient plants had much 

time to react by closing the stomata, while plants supplied with potassium respond quickly to 

stomatal closure and preserved moisture internally. 

 

 
Fig. 4.5.4. The effect of potassium on transpiration rate (mmole m-2 s-1) of maize hybrids 
grown under drought imposed from various growth stages in autumn season.  

4.5.14. Leaf Temperature  

The effect of potassium on leaf temperature (TL) of grown maize hybrids under 

drought conditions was statistically non-significant (p>0.05) as mentioned in Table 4.5.12 in 

both years of 2010 and 2011. However, the main effects of maize hybrids show that 32-F-10 

maintained lower (statistically significant) leaf temperature as compare to YH-1898 in 2011. 

The leaf temperature was higher (statistically significant) in treatment of drought when 

imposed from five leaf, ten leaf and at anthesis stage.  
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Table 4.5.13. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on number of cobs plant-1 and cob length in autumn season. 
 
Treatments 

Number of cobs plant-1 Cob length (cm) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
1.05 
1.10 

- 

 
1.06 
1.08 

- 

 
15.28 a 
13.98 b 
0.95 

 
16.71 a 
15.71 b 
0.13 

Growth stages  
to impose drought  
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 

1.07 
1.08 
1.08 
1.08 
1.08 

- 

 
 

1.12 
1.05 
1.07 
1.08 
1.05 

- 

 
 
16.27 a 
11.81 d 
14.73 c 
14.86 c 
15.50 c 
0.26 

 
 
17.67 a 
14.34 d 
16.09 c 
16.06 c 
16.87 b 
0.32 

Potassium levels 
0 mg/kg 
150mg/kg 
LSD (P ≤ 0.05) 

 
1.07 
1.08 

- 

 
1.06 
1.08 

- 

 
12.69 b 
16.58 a 
0.19 

 
14.41 b 
18.01 a 
0.07 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
ns 
ns 

 
ns 
* 
ns 
ns 

 
** 
ns 
** 
* 

 
** 
** 
** 
** 
 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 

4.5.14. Number of Cobs Plant-1 

Effect of potassium on no. of cobs per plant of maize hybrids under drought was 

found statistically non-significant (p>0.05) as mentioned in Table 4.5.13 for both the years 

2010 and 2011. Data are given in a Table 4.5.14. It was might be due to the inherent genetic 

makeup of maize plants that doesn’t allow to change in environmental variations. Presently, 

the breeder’s interest is to obtain increasing grain number, grain weight and number of rows 

in a cob. To increase the number of cobs is not much interested. Hence this parameter 

couldn’t be of much importance.  

 

 



Table 4.5.14. Effect of potassium on number of cobs plant-1 of maize hybrids under 
drought stress in autumn season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 1.03 1.00 1.10 1.07 
Five leaf stage 1.07 1.07 1.07 1.07 
Ten leaf stage 1.10 1.03 1.10 1.00 
Anthesis 1.07 1.00 1.07 1.07 
Grain formation 1.10 1.03 1.07 1.00 

YH-1898 No drought 1.03 1.20 1.10 1.20 
Five leaf stage 1.10 1.07 1.00 1.07 
Ten leaf stage 1.00 1.17 1.00 1.17 
Anthesis 1.13 1.10 1.07 1.10 
Grain formation 1.07 1.13 1.07 1.07 

 

4.5.15. Cob Length  

Effect of potassium on cob length of maize hybrids grown under drought at various 

growth stages was statistically significant (p≤0.05) as described in Table 4.5.13 in both the 

years 2010 and 2011. Data (Table 4.5.15) showed that application of potassium enhanced the 

cob length. Drought also had significantly adverse effects on cob length of sown hybrids as 

per treatment in both the years. The maximum cob length was observed in well watered (no 

drought) treatment in both the maize hybrids followed by when drought was imposed from 

grain filling stage which was less affected by drought as compare to other drought 

treatments. The minimum cob length was observed when drought was imposed from five leaf 

stage. In both the year application of potassium increased the cob length. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.5.15. Effect of potassium on cob length (cm) of maize hybrids under drought 
stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 14.01 f 19.87 a 16.29 f 19.77 a 
Five leaf stage 11.31 i 13.46 fg 12.55 m 16.72 e 
Ten leaf stage 13.04 g 17.03 d 14.49 j 18.41 c 
Anthesis 14.02 f 17.17 d 14.79 i 18.98 b 
Grain formation 14.03 f 18.87 b 15.98 g 19.09 b 

YH-1898 No drought 13.35 g  17.86 c 16.31 f 18.31 c 
Five leaf stage 10.17 j 12.29 h 12.35 m 15.75 h 
Ten leaf stage 12.18 h 16.65 d 14.09 k 17.39 d 
Anthesis 12.38 h 15.85 e 13.13 l 17.32 d 
Grain formation 12.39 h 16.69 d 14.08 k 18.33 c 

LSD (P≤0.05) = 0.60  LSD (P≤0.05) = 0.22 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  ns significant 

 
Table 4.5.16. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on cob diameter and 1000-grain weight in autumn season. 
 
Treatments 

Cob diameter (cm) 1000-grain weight (g) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
5.31 a 
5.17 b 
0.11 

 
6.01 a 
5.38 b 
0.02 

 
209.1 a 
201.4 b 
0.68 

 
219.0 a 
207.6 b 

      7.70 
Growth stages to 
impose drought 
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
5.70 a 
4.59 d 
4.97 c 
5.40 b 
5.54 ab 
0.20 

 
 
6.08 b 
4.84 e 
5.58 d 
5.91 c 
6.13 a 
0.017 

 
 

217.7 a 
191.8 e 
199.7 d 
206.1 c 
210.9 b 
0.318 

 
 

226.6 a 
196.1 e 
206.6 d 
216.0 c 
221.2 b 

2.77 
Potassium levels  
0 mg/kg 
150mg/kg 
LSD (P ≤ 0.05) 

 
4.94 b 
5.54 a 
0.010 

 
5.51 b 
5.88 a 
0.01 

 
199.6 b 
210.9 a 
0.236 

 
202.6 b 
224.0 a 

2.23 
Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
ns 
ns 
** 
** 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
ns 
** 
* 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  



4.5.16. Cob Diameter  

Effect of potassium on cob diameter of maize hybrids grown under drought at various 

growth stages was statistically significant (p≤0.01) as described in Table 4.5.16 in both the 

years 2010 and 2011. Data (Table 4.5.17) showed that application of potassium enhanced the 

cob diameter as per treatment in both the years 2010 and 2011. Drought also had deleterious 

effect on cob diameter of sown hybrids as per treatment in both the years. The maximum cob 

diameter was observed in well water (no drought) treatment in both the maize hybrids 

followed by when drought was imposed from grain filling stage which was less affected by 

drought as compare to other drought treatments however, in 2011 cob diameter was more in 

grain filling drought treatment as compare to no drought. The minimum cob diameter was 

observed when drought was imposed from five leaf stage. Due to enhanced growth of maize 

by potassium application cob was also increased by potassium as it takes part in growth and 

development of plant (Marchner, 1995)  

  
Table 4.5.17. Effect of potassium on cob diameter (cm) of maize hybrids under drought 
stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010   2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 5.32 fgh 6.23 a 6.27 d 6.57 c 
Five leaf stage 4.47 ij 4.63 i 4.63 n 5.29 k 
Ten leaf stage 4.99 h 5.24 gh 5.56 i 6.13 e 
Anthesis 5.14 h 5.83 bcd 5.92 f 6.73 b 
Grain formation 5.23 gh 6.04 abc 6.12 e 6.88 a 

YH-1898 No drought 5.18 gh 6.07 ab  5.58 i 5.88 g 
Five leaf stage 4.62 i 4.62 i 4.47 o 4.96 m 
Ten leaf stage 4.18 j 5.48 efg 5.13 l 5.27 k 
Anthesis 5.05 h 5.59 def 5.56 i 5.41 j 
Grain formation 5.18 gh 5.71 cde 5.88 g 5.64 h 

LSD (P≤0.05) = 0.33  LSD (P≤0.05) = 0.033 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 

4.5.17. 1000-Grain Weight  

Effect of potassium on 1000-grain weight of maize hybrids grown under drought was 

statistically significant (p≤0.01) as described in Table 4.5.16 in the years 2010 and while this 

effect was non-significant (p>0.05) in 2011. Data (Table 4.5.18) elaborated that application 

of potassium enhanced the 1000-grain weight as per treatment in 2010. Drought also had 



significant effect on 1000-grain weight of grown hybrids as per treatment in both the years. 

The maximum 1000-grain weight was observed in well watered (no drought) treatment in 

both the maize hybrids followed by when drought was imposed from grain filling stage 

which was less affected by drought as compare to other drought treatments. The minimum 

1000-grain weight was observed when drought was imposed from five leaf stage.  

Decreased 1000-grain weight was reported by Plaut et al. (2004) under drought at 

flowering stage due to less efficient and disturbed nutrient uptake and limited photosynthetic 

translation within the plant which hastened maturity producing shriveled kernels. Drought 

stress either at vegetative or flowering stage considerably decreased grain yield and yield 

components in wheat (Nasri, 2005). Drought reduced plant yield components (Anjum et al., 

2011), especially grain weight (Nasri, 2005). This decrease was might be due to reduced 

production of photosynthates under water deficit conditions (Anjum et al., 2003; Wahid and 

Rasul, 2005). The loss in kernel weight and number might also be due to water stress 

condition (Setter et al., 2001). 1000-grain weight was observed when water deficit occurred 

at anthesis stage than at vegetative stage (Brevedan and Egli, 2003; Sinaki et al., 2007). The 

decrease in yield components was maximum due to drought at flowering stage (Saleem, 

2003). Gupta et al. (2001) also observed decreased in grain yield per plant due to drought 

stress at flowering stage. Drought reduced photosynthesis and ultimately resulted in reduced 

1000-grain weight, grain yield, number of grains per spike and other yield contributing 

components (Foulkes et al., 2001; Brisson and Casals, 2005). Weight of 1000 grains under 

drought stress can be improved by increasing plants stress tolerance (Liu et al., 2003). More 

reduced 1000-grain weight was observed when drought was imposed at anthesis stage than at 

vegetative stage (Brevedan and Egli, 2003; Sinaki et al. 2007). 

 
 
 
 
 
 
 
 
 
 
 



Table 4.5.18. Effect of potassium on 1000-grain weight (g) of maize hybrids under 
drought stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 212.3 d 242.7 a 216.35 248.61 
Five leaf stage 192.8 j 196.4 i 192.93 211.99 
Ten leaf stage 199.2 h 205.1 f 198.97 223.60 
Anthesis 204.3 g 212.3 d 208.29 208.29 
Grain formation 205.8 f 219.7 c 212.27 243.06 

YH-1898 No drought 185.8 l 229.8 b 209.36 232.00 
Five leaf stage 186.0 l 191.9 k 181.84 197.60 
Ten leaf stage 196.0 i 198.7 h 194.72 209.01 
Anthesis 204.1 g 203.6 g 205.28 216.34 
Grain formation 209.4 e 208.9 e 205.96 223.40 

 LSD (P≤0.05) = 0.74   
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
Table 4.5.19. Main effects of maize hybrids, drought at different growth stages and 
potassium levels on number of grain rows cob-1 and number of grains cob-1 in autumn. 
 
Treatments 

Number of grain rows cob-1 Number of grains cob-1

2010 2011 2010 2011 
Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
16.03 a 
14.09 b 

0.06 

 
16.08 a 
14.17 b 

0.21 

 
374.3 a 
349.8 b 
13.65 

 
472.2 a 
399.1 b 
17.71 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 

16.02 a 
13.26 d 
14.37 c 
15.51 b 
16.15 a 

0.22 

 
 
16.07 a 
13.40 d 
14.40 c 
15.51 b 
16.24 a 
0.39 

 
 

422.3 a 
274.3 e 
322.9 d 
375.3 c 
415.4 b 

5.35 

 
 

517.4 a 
302.9 e 
416.4 d 
457.7 c 
483.6 b 
14.93 

Potassium levels 
0 mg/kg 
150mg/kg 
LSD (P≤0.05) 

 
13.85 b 
16.27 a 

0.11 

 
13.96 b 
16.29 a 
0.17 

 
339.0 b 
385.1 a 

    1.25 

 
416.4 b 
517.4 a 

14.17 
Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
** 
* 

 
** 
* 
* 
* 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   



4.5.18. Number of Grain Rows Cob-1 

Effect of potassium on no. of grain rows per cob of maize hybrids grown under 

drought was statistically significant (p≤0.05) in both the years 2010 and 2011 (Table 4.5.19). 

Data (Table 4.5.20) elaborated that application of potassium enhanced the no. of grain rows 

per cob as per treatment. Drought also had adverse effect on no. of grain rows per cob of 

sown hybrids as per treatment in both the years. The maximum no. of grain rows per cob was 

observed in well watered (no drought) treatment in both the maize hybrids followed by when 

drought was imposed from grain filling stage which was less affected by drought as compare 

to other drought treatments. The minimum no. of grain rows per cob was observed when 

drought was imposed from five leaf stage. In the present study application of potassium 

enhanced the number of rows per cob. It was might be due to the enhanced growth of cob at 

initial stage of growth. Moser et al. (2006) reported that drought before pollination reduced 

the number grain rows per cob. Potassium application significantly enhanced grain rows 

(Akram et al. 2010).    

  

Table 4.5.20. Effect of potassium on number of grains rows cob-1 of maize hybrids 
under drought stress in autumn season. 

Hybrids 
Growth stages  
to  impose drought  

2010 2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 15.35 e 18.62 a 15.57 e 18.62 a 
Five leaf stage 13.42 g 15.45 e 13.43 g 15.25 e 
Ten leaf stage 14.61 f 16.60 c 14.61 f 16.72 d 
Anthesis 15.37 e 17.61 b 15.37 e 17.61 b 
Grain formation 15.98 d 17.31 b 16.32 d 17.31 bc 

YH-1898 No drought 13.41 g 16.68 c 13.41 g 16.68 d 
Five leaf stage 10.65 i 13.52 g 11.20 h 13.74 g 
Ten leaf stage 11.65 h 14.61 f 11.65 h 14.61 f 
Anthesis 13.53 g 15.52 e 13.53 g 15.52 e 
Grain formation 14.50 f 16.82 c 14.50 f 16.82 cd 

  LSD (P≤0.05) = 0.3573     LSD (P≤0.05) = 0.5194  
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.       

 

4.5.19. Number of Grains Cob-1 

Effect of potassium on no. of grains per cob of maize hybrids grown under drought 

was statistically significant (p≤0.01) in both the years 2010 and 2011 (Table 4.5.19). Data 



(Table 4.5.20) indicated that application of potassium enhanced the no. of grains per cob. 

Drought also had adverse effects on no. of grains per cob of sown hybrids as per treatment in 

both the years. The maximum no. of grains per cob was observed in well watered (no 

drought) treatment in both the maize hybrids followed by when drought was imposed from 

grain filling stage which was less affected by drought as compare to other drought 

treatments. The minimum no. of grains per cob was observed when drought was imposed 

from five leaf stage.  

Other researchers reported that drought before pollination due to reducing seed 

number reduces grain yield. Two theories for this decline are expressed. 1) Biophysical and 

nutritional reasons reduce the seed number under drought conditions. Researchers reported 

that silk formation delay could be due to reduction of seed number per ear. By the way, when 

pollen from fully irrigated plants is artificially added to the plants exposed to drought, the 

eggs are formed, but the development is stopped, even if the drought is removed before 

pollination. Reduction in assimilates during drought associated with inhibition of 

carbohydrate metabolism in the ovary reduces allocation of carbohydrates to the ear and 

finally causes lack of seed formation. 2) Hormones or chemicals induce infertility; ABA 

increases infertility in wheat and drought increases the production of phytohormones. 

Boomsma and Vyn (2008)
 
reported that the drought stress decreased cell development and 

division which led to reduction in leaf area of corn. Therefore, the reduced assimilates can 

ultimately decrease the number of filled grains. The seed number per ear in corn under long-

period drought conditions was reduced by 60 percent. Drought two weeks before pollination 

reduced seed number per ear by 30 percent, but this loss was balanced by 25% increase of 

seed weight. 

 

 
 
 
 
 
 
 
 
 



Table 4.5.21. Effect of potassium on number of grains cob-1 of maize hybrids under 
drought stress in autumn season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F-10 No drought 406.3 d 500.3 a 451.0 cd 608.7 a 
Five leaf stage 263.6 o 299.3 m 286.8 ij 349.2 gh 
Ten leaf stage 293.9 n 333.6 k 420.6 cdef 524.6 b 
Anthesis 367.5 h 402.6 de 444.8 cde 577.9 a 
Grain formation 385.0 f 491.3 b 460.4 c 597.7 a 

YH-1898 No drought 382.7 f 399.8 e 426.7 cde 583.3 a 
Five leaf stage 240.9 p 293.6 n 259.4 j 316.4 hi 
Ten leaf stage 313.5 l 350.7 j 380.4 fg 340.0 gh 
Anthesis 362.8 i 368.3 h 407.2 def 400.8 ef 
Grain formation 374.1 g 410.9 c 424.8 cdef 451.5 cd 

         LSD (P≤0.05) = 3.95       LSD (P≤0.05) = 44.81 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
Table 4.5.22. Main effects of maize hybrids, drought at different growth stages and 
potassium levels on grain weight and biological yield in autumn season. 
 
Treatments 

Grain weight cob-1(g) Biological yield  (kg ha-1)
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P ≤ 0.05) 

 
79.23 a 
70.86 b 
3.16 

 
103.2 a 
87.50 b 
10.79 

 
10640 a 
9988 b 
129.0 

 
11584.4 
11094.1 
- 

Growth stages  
to impose drought  
No drought  
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P ≤ 0.05) 

 
 
92.70 a 
52.69 e 
64.53 d 
77.44 c 
87.86 b 
1.45 

 
 
118.8 a 
63.10 e 
85.56 d 
99.53 c 
109.7 b 
5.01 

 
 
11140 a 
9005 d 
9831 c 
10560 b 
11040 a 
167.2 

 
 
12230 b 
9028 d 
10820 c 
11960 b 
12660 a 
402.9 

Potassium levels 
0 mg/kg of soil 
150mg/kg of soil 
LSD (P ≤ 0.05) 

 
67.98 b 
82.11 a 
0.309 

 
81.57 b 
109.1 a 
2.83 

 
9904 b 
10730 a 
212.4 

 
10390 b 
12290 a 
120.4 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
** 
ns 
* 
ns 

 
ns 
ns 
** 
* 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   



4.5.20. Grain Weight Cob-1 

Effect of potassium on grain weight per cob of maize hybrids grown under drought 

was statistically significant (p≤0.01) in both the years 2010 and 2011 (Table 4.5.22). Data 

(Table 4.5.23) showed that application of potassium enhanced the grain weight per cob as per 

treatment in both the years 2010 and 2011. Drought had adverse effects on grain weight per 

cob of grown hybrids as per treatment in both the years. The maximum grain weight per cob 

was observed in well water (no drought) treatment in both the maize hybrids followed by 

when drought was imposed from grain filling stage which was less affected by drought as 

compare to other drought treatments. The minimum grain weight per cob was observed when 

drought was imposed from five leaf stage. The produced assimilates are transported to sink 

by potassium. Hence potassium have enhanced enhanced the grain weight.  

 

Table 4.5.23. Effect of potassium on grain weight cob-1 (g) of maize hybrids under 
drought stress in autumn season. 

Hybrids 
Growth stages   
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F-10 No drought 86.27 d 121.5 a 98.28 e 146.5 a 
Five leaf stage 50.81 n 58.79 l 56.51 jk 79.75 gh 
Ten leaf stage 58.55 l 68.42 j 77.03 h 115.3 d 
Anthesis 75.09 f 85.61 d 90.74 ef 130.3 c 
Grain formation 79.28 e 108.0 b 95.46 e 141.8 ab 

YH-1898 No drought 71.14 h 91.90 c 95.15 e 135.2 bc 
Five leaf stage 44.81 o 56.36 m 51.45 k 64.69 ij 
Ten leaf stage 61.48 k 69.69 i 73.49 hi 76.44 h 
Anthesis 74.06 g 75.00 fg 86.11 fg 90.96 ef 
Grain formation 78.34 e 85.85 d 91.48 ef 110.0 d 

LSD (P≤0.05) = 0.9799  LSD (P≤0.05) = 8.94 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.  

 
4.5.21. Biological Yield  

Effect of potassium on biological yield of maize hybrids grown under drought at 

various growth stages was statistically significant (p≤0.05) in 2011 and this effect was non-

significant (p>0.05) in 2010 (Table 4.5.22). Data (Table 4.5.24) showed that application of 

potassium enhanced the biological yield as per treatment in 2011. Drought had adverse 

effects on biological yield of sown hybrids as per treatment. The maximum biological yield 

was observed in drought treatment from grain filling treatment in both the maize hybrids 



followed no drought treatment. The minimum biological yield was observed when drought 

was imposed from five leaf stage.  

 
Table 4.5.24. Effect of potassium on biological yield (kg ha-1) of maize hybrids under 
drought stress in autumn season.  

Hybrids 
Growth stages  
to impose drought  

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F-10 No drought 10840.26 12592.43 11850 ef 13650 ab 
Five leaf stage 9229.59 8987.96 8654 j 9903 i 
Ten leaf stage 9864.72  10234.51 10020 i 12040 e 
Anthesis 10019.96 11569.32 10890 h 13220 c 
Grain formation 10768.62  12342.36 11590 fg 14020 a 

YH-1898 No drought 10235.52 10901.02 10700 h 12700 d 
Five leaf stage 8790.05 9011.01 7895 k 9659 i 
Ten leaf stage 9325.15 9901.27 9876 i 11360 g 
Anthesis 9856.44 10805.05 10700 h 13030 cd 
Grain formation 10112.33 10942.31 11690 efg 13320 b 

           LSD (P≤0.05) = 380.8 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4.5.25. Main effect of maize hybrids, drought at different growth stages and 
potassium levels on grain yield and potassium in shoot and leaves in autumn season. 
 
Treatments 

Grain yield (kg ha-1) K in shoot and leaves (mg/g dry weight) 
2010 2011 2010 2011 

Hybrids 
32-F-10 
YH-1898 
LSD (P≤0.05) 

 
5434 a 
4893 b 
199.8 

 
7047 a 
5570 b 
230.2 

 
14.87 a 
13.24 b 
0.59 

 
16.92 a 
14.19 b 
2.28 

Growth stages  
to impose drought  
No drought 
Five leaf stage 
Ten leaf stage 
Anthesis 
Grain formation 
LSD (P≤0.05) 

 
 
6336 a 
3615 d 
4498 c 
5285 b 
6085 a 
311.4 

 
 
8076 a 
3839 e 
5890 d 
6560 c 
7177 b 
155.4 

 
 
16.30 b 
9.39 e 
11.59 d 
15.10 c 
17.91 a 
0.222 

 
 
18.33 a 
10.62 d 
13.52 c 
16.37 b 
18.94 a 
0.65 

Potassium levels 
0 mg/kg 
150mg/kg 
LSD (P≤0.05) 

 
4648 b 
5679 a 
181.1 

 
5494 b 
7123 a 
93.99 

 
13.07 b 
15.05 a 
0.11 

 
14.58 b 
16.54 a 
0.59 

Interactions 
H×G 
H×K 
G×K 
H×G×K 

 
** 
** 
** 
** 

 
** 
** 
** 
** 

 
ns 
* 
** 
ns 

 
* 
* 
** 
ns 

*, ** significant at P≤0.05 and P≤0.01 respectively. ns not significant. 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   
 

4.5.22. Grain Yield  

Effect of potassium on grain yield of maize hybrids grown under drought was 

statistically significant (p≤0.01) in both the years 2010 and 2011 (Table 4.5.25). Data (Table 

4.5.26) elaborated that application of potassium enhanced the grain yield as per treatment in 

both the years 2010 and 2011. The maximum grain yield was observed in well watered (no 

drought) treatment in both the maize hybrids followed by when drought was imposed from 

grain filling stage which was less affected by drought as compare to other drought 

treatments. The minimum grain yield was observed when drought was imposed from five 

leaf stage.  

Crop plants usually differ in their yield, and morphological and yield contributing 

characteristics (Ashrafuzzaman et al., 2009). However, potassium increases the crop yield by 

significant improvements in yield components (Zulkarnain et al., 2009) and through its 



diverse roles in plant metabolic processes (Pervez et al., 2006). It is also apparent from the 

current study, as the yield increased by potassium fertilization in maize in well watered and 

drought situations. Elevated doses of potassium stimulate plant growth, and enhanced their 

yield (Çelik et al., 2010). Potassium deficiency stress results in to decreased plant biomass, 

slow plant growth, poor tillering, retarded root growth and increased Na uptake (Liu et al., 

2003). Grain yield was increased by potassium application might be due to increasing grain 

number, grain weight and 1000 grain weight (Roy and Kumar, 1990). 

Water deficit in corn is one of limiting factors of yield and at the time of pollination, 

drought might have severe impact on yield (Moser et al., 2006). The drought stress decreases 

the corn yield might be due to three main mechanisms: 1) by reducing the amount of 

photosynthetic active radiation received by vegetation canopy (due to decreasing growth of 

leaves and leaf premature senescence, 2) by reducing efficiency of energy and 3) by reducing 

the harvest index (due to less allocation of assimilates to crop economic yield) (Hlavinka et 

al., 2009).  

 
Table 4.5.26. Effect of potassium on grain yield (kg ha-1) of maize hybrids under 
drought stress in autumn season. 

Hybrids 
Growth stages  
to impose drought  

2010   2011 
0 mg/kg  100 mg/kg  0 mg/kg  100 mg/kg  

32-F-10 No drought 5941 bcd 8366 a 6972 e 10430 a 
Five leaf stage 3208 k 4154 ij 3718 l 4506 k 
Ten leaf stage 4368 hij 4712 ghi 5628 h 7940 d 
Anthesis 5171 efg 5565 cde 6228 f 8947 c 
Grain formation 5005 efg 7856 a 6793 e 9298 b 

YH-1898 No drought 4894 fgh 6142 b 5951 fg 8945 c 
Five leaf stage 3000 k 4100 j 3473 l 3656 l 
Ten leaf stage 4114 j 4799 gh 5319 ij 4674 k 
Anthesis 5390 def 5012 efg 5270 j 5794 gh 
Grain formation 5394 def 6085 bc 5584 hi 7033 e 

LSD (P≤0.05) = 572.8   LSD (P≤0.05) = 297.2 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test at 
P = 0.05.   

 
4.5.23. Potassium in Shoot and Leaves  

Effect of potassium on potassium status in shoot and leaves of maize hybrids grown 

under drought at various growth stages was statistically non-significant (p>0.05) in both the 

years 2011 and 2010 (Table 4.5.25). Data are given in Table 4.5.27. Kafkafi (1990) 



suggested that the accumulation of potassium by plants before the stress is not a luxury but 

rather an insurance strategy to allow the plant to survive a shot abiotic environment. When 

there is a shortage of potassium in the early vegetative stages of plant growth, the structure of 

the whole plant suffers and can be expressed in the slot. 

 
Table 4.5.27. Effect of potassium on potassium in shoot and leaves (mg/g dry weight) of 
maize hybrids under drought stress.  

Hybrids 
Growth stages   
to impose drought 

2010 2011 
0 mg/kg  100 mg/kg 0 mg/kg  100 mg/kg  

32-F-10 No drought 18.20 18.99 18.21 19.00 
Five leaf stage 59.79 65.77 66.80 69.79 
Ten leaf stage 49.12 53.82 54.79 57.12 
Anthesis 43.14 50.71 43.20 51.37 
Grain formation 23.42 26.03 23.39 26.04 

YH-1898 No drought 16.70 18.93 16.72 18.90 
Five leaf stage 54.77 65.11 61.12 66.45 
Ten leaf stage 46.71 53.73 51.45 56.79 
Anthesis 42.48 50.42 42.48 50.42 
Grain formation 22.85 25.74 22.90 25.80 

   
 

Conclusion 
Yield potential of autumn maize is very low as compare spring maize. This could be 

due to low temperature, short days for growth and consumption of less degree days. The slow 

photosynthesis resulted to low growth and eventually yield. Autumn maize faces water 

shortage in late growth stages also sometimes at initial growth stages. Use of drought tolerant 

maize hybrid with potassium application is very important. Due its importance in Punjab 

province it appeared to be necessary to include it in this research work. In the present study 

of autumn maize drought at various growth stages had various effects on maize hybrids. The 

long duration drought had more deleterious effects on maize hybrids plants and application 

of potassium mitigated the effects of drought on all stages. Although our soil are containing 

small amount of available potassium thus addition of more potassium is required to get 

higher yield in prevailing circumstances of water shortage.  

 

 

 



Chapter 5    

SUMMARY 

 

Current study “To improve the drought tolerance in maize hybrids by potassium 

application” was designed and conducted at Postgraduate Agricultural Research Station, 

University of Agriculture, Faisalabad, to evaluate whether potassium can ameliorate the 

adverse effects of drought on growth and yield of maize hybrids. It was comprised of three 

pot and two field experiments. In the first pot experiment (sown on August 4, 2009) eight 

maize hybrids (FH-810, 32-F-10, FH-782, 32-B-33, YH-1898, Monsanto-6525, R-2315 and 

R-3304) were screened out against three drought levels (100%, 75% and 50% FC) imposed 

after two weeks of germination. Two maize hybrids (the most tolerant [32-F10] and the most 

sensitive [YH-1898]) were selected. In the second experiment (sown on January 20, 2010) 

selected maize hybrids were sown and potassium levels (0, 50, 100, 150 and 200 mg/kg) 

were optimized under two drought stress (imposed after two weeks of germination) were 

levels (100% and 70% FC) maintained after 30% depletion. The crop was harvested after 35 

days of sowing in first two experiments. The third experiment (sown on February 28, 2010) 

was to examine the role of potassium on plant functioning under drought stress. Drought 

stress (70% FC) was imposed from various growth stages (no drought, five leaf stage, ten 

leaf stage, anthesis and grain filling) till maturity on two maize hybrids (32-F10, YH-1898) 

having two potassium treatments (0 and 100 mg/kg). The drought treatments were upheld 

with the help of moisture meter. The design for pot experiments was CRD (factorial).  

The field experiments were conducted in spring and autumn seasons in 2010 and 

2011 replicated thrice while the design was RCBD with split-split plot arrangement. The plot 

size was 3 m × 4.5 m. The spring crop was sown on February 25, 2010 and February 21, 

2011 while autumn crop was sown on August 5, 2010 and August 7, 2011.  The treatments 

were same as that of third experiment. The application of water to plots was carried out with 

the help of cut throat flume installed at base of experimental field.  

The data regarding morphological, physiological and biochemical parameters were 

taken by using standard procedures. The data were analysed statistically by using Fisher’s 



analysis of variance technique and least significant difference test at 5% probability level to 

compare the treatment means.  

NET HOUSE STUDIES 

 

Experiment 1: Screening the Maize Hybrids against Drought 

The analysis of data from first experiment indicated that mild and severe drought had 

deleterious effects on plant height, shoot dry weight, relative water contents and leaf water 

potential. Severe drought decreased the root fresh and dry weight while the root-shoot ratio 

was enhanced. There was also adverse effect on photosynthesis under severe drought stress. 

While the performance of maize for all the attributes was maximum under well watered 

conditions. The field capacity (75% FC) had less deleterious effects on all the studied 

attributes as compare to 50% FC which negatively affected the studied attributes. On the 

basis of shoot and root dry weight, relative water contents and leaf water potential, drought 

stress tolerance and sensitiveness of maize hybrids was evaluated. It was found that the 

performance of maize hybrid 32-F-10 was the best among all hybrids and performance of 

YH-1898 was found minimum among all maize hybrids. These two hybrids were used in 

further studies.  

 

Experiment 2: Optimization of Potassium Levels for Maize Hybrids Grown under 
Drought Conditions. 
 

The analysis of data concluded that application of various levels potassium enhanced 

the maize hybrids studied attributes such as plant height, leaf area, shoot fresh weight, shoot 

dry weight, relative water contents and photosynthetic rate but after 100 mg/kg potassium 

level the significant difference was not found under the drought stress for various attributes. 

Drought stress negatively reduced the plant height. Hence in this experiment the best 

economically suited potassium level (100 mg/kg) was optimized where plant root fresh and 

dry weight and relative water contents was found significantly higher. This optimized level 

of potassium was used in third net house and field experiments. 

 
Experiment 3: Morphological and Physiological Response of Maize Hybrids under 
Drought Imposed from Various Growth Stages to Potassium Application. 

 



In this experiment growth was severely affected by drought when imposed from five 

leaf stage and drought effect on later stages had little effect on morphological, physiological, 

biochemical and agronomical attributes of maize hybrids. However, the effect on grain filling 

stage was some time at par with no drought treatment. Under the drought stress potassium 

application enhanced the all attributed positively such as plant height, leaf area, root and 

shoot fresh weight and dry weight, relative water contents, leaf water potential, 

photosynthetic rate and enhanced yield and yield related attributes. 

 

FIELD STUDIES 

 

Experiment 4: Response of Maize Hybrids Under Drought Imposed from Various 
Growth Stages to Potassium Application Grown in Spring Season. 

 

In this experiment growth was severely affected by drought when imposed from five 

leaf stage and at ten leaf stage in spring season. Drought effect on later stages has little effect 

on morphological, physiological, biochemical and agronomical attributes of maize hybrids. 

This effect of drought was more severe in 2010 while it was less in 2011. Under the drought 

stress potassium application has enhanced the all attributed positively and enhanced yield. In 

the field severe effect of drought treatment was found when imposed from five leaf stage. 

However, further research work is required to investigate the potassium efficiency in creating 

tolerance in maize hybrids under abiotic stresses. 

  

Experiment 5: Response of Maize Hybrids under Drought Imposed from Various 
Growth Stages to Potassium Application Grown in Autumn Season. 
 

In field it was investigated the effect of potassium on maize hybrids grown under 

drought imposed from various growth stages. Significant effects of potassium were observed 

on the most of morphological, physiological, biochemical and agronomic parameters in 

autumn season. In the field severe effect of drought treatment was found when imposed from 

five leaf stage and it was less when drought was imposed from ten leaf stage. However, this 

effect was more severe in 2010 as compare to 2011. However, further research work is 

required to investigate the potassium efficiency in creating tolerance in maize hybrids under 

abiotic stresses. 



 

CONCLUSIONS 

 

The experiments were conducted to explore whether the soil application of potassium 

has any role in improving the adverse effects of drought stress on growth, physiological and 

yield parameters of maize hybrids. Based on the findings of current study it can be concluded 

that;  

1. Maize hybrid 32-F-10 executed better than YH-1898 under well watered and 

drought conditions while the other maize hybrids performed in-between these two 

hybrids on the whole. These hybrids were evaluated drought tolerant and sensitive 

respectively on the basis of biomass production and water relations.  

2. The rate of photosynthesis and transpiration diminishes under drought stress. 

Drought tolerant maize hybrid was capable to sustain higher photosynthesis and 

transpiration. The maize hybrids supplied with potassium were able to improve 

photosynthesis and transpiration under well watered and drought treatments. The 

dry mass production and water relations were also taken into account. The most 

appropriate level of potassium (100 mg/kg) was selected economically fitted.  

3. Drought stress triggered a significant decline in growth and yield of maize hybrids 

however; these adverse effects were significantly reconciled by potassium 

application. 

4. The maize hybrids maintaining high relative water contents, low water and osmotic 

potential had higher turgor potential. The evaluation of maize hybrids can be done 

on the basis of water relation parameters. The application of potassium was very 

advantageous in improving water relations and effect of potassium was more 

distinct. 

5. Drought imposed from five leaf stage had greater adverse effect on the growth, 

physiology and agronomy of maize hybrids. Hence, lengthen the duration of 

drought may have deleterious effects on maize growth. 



6. The previous studies related to potassium application under water deficit condition 

in maize crop were conducted in pots and hydroponic culture while we evaluated 

the potassium application under field conditions and concluded that it was 

beneficial to maize production. 

7. In the earlier studies drought stress was imposed for short duration however, in this 

study water deficit was continued till uprooting/harvest of crop.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FUTURE RESEARCH ORIENTATION 

 

Although, considerable efforts are being made to tackle the drought problem through 

different strategies, improvement in drought tolerance in crop plants is still a big challenge to 

fulfill the food requirement of growing population. Based on the findings of the present 

study, it is reasonable to suggest an economical technique to grow crops in drought stress 

environment i.e. crop may be grown in water deficit condition by the application of optimal 

dose of potassium and other nutrients using appropriate management practices. On the 

significant improvement in growth of maize by potassium application, use of potassium in 

other crop plant could be possible for drought tolerance. Furthermore, potassium persistence 

in guard cells play an important role in stomatal conductance it should be studied to control 

stomatal regulation. Furthermore, molecular level studies are required to investigate the role 

of potassium in plant physiology. The uptake of Potassium by root through pumps and 

channels is very important. Thus role of these transporters should be studied. Including this 

high affinity and low affinity transport system should be studied. It is a matter of great 

concern that high quality research work is required to investigate the potassium role in maize 

and other crops.  
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Appendix 
 
Appendix 1. MIXED MODEL ANALYSIS ANOVA TABLE FOR SPRING MAIZE GRAIN 
YIELD 
          
 A N A L Y S I S   O F   V A R I A N C E   T A B L E 
 
  K             Degrees of Sum of        Mean        F 
Value   Source  Freedom    Squares       Square       Value     Prob 
  2     Factor B    1 111610018.601 111610018.601     18.6133   
0.0125 
 -3     Error       4  23985065.057   5996266.264 
  4     Factor C    1  26513262.976  26513262.976    162.8587   
0.0002 
  6     BC          1   9392998.095   9392998.095     57.6968   
0.0016 
 -7     Error       4    651196.727    162799.182 
  8     Factor D    4 212762333.921  53190583.480    409.9915   
0.0000 
 10     BD          4   9401062.024   2350265.506     18.1158   
0.0000 
 12     CD          4   2863302.838    715825.709      5.5176   
0.0017 
 14     BCD         4    835345.292    208836.323      1.6097   
0.1959 
-15     Error       32   4151546.450    129735.827 
 16     Factor E    1 195404588.388 195404588.388   1170.9227   
0.0000 
 18     BE          1   3326270.510   3326270.510     19.9320   
0.0001 
 20     CE          1  11357945.280  11357945.280     68.0602   
0.0000 
 22     BCE         1    147967.779    147967.779      0.8867 
 24     DE          4  23494378.455   5873594.614     35.1963   
0.0000 
 26     BDE         4   3748291.740    937072.935      5.6152   
0.0011 
 28     CDE         4   8860469.146   2215117.286     13.2736   
0.0000 
 30     BCDE        4   3059878.340    764969.585      4.5839   
0.0038 
-31     Error       40   6675234.167    166880.854 

Total          119 658241155.784 
B=Years, C=Hybrids, D=Growth stages for imposing drought and E=Potassium levels 

 

 
 
 



Appendix 2. MIXED MODEL ANALYSIS ANOVA TABLE FOR AUTUMN MAIZE GRAIN 
YIELD 
          A N A L Y S I S   O F   V A R I A N C E   T A B L E 
 
  K               Degrees of Sum of       Mean          F 
Value    Source   Freedom    Squares       Square       Value     
Prob 
  2     Factor B  1  39303045.936  39303045.936     87.8969   0.0007 
 -3     Error     4   1788597.972    447149.493 
  4     Factor C  1  30552723.603  30552723.603    811.5527   0.0000 
  6     BC        1   6559960.066   6559960.066    174.2481   0.0002 
 -7     Error     4    150588.977     37647.244 
  8     Factor D  4 175820698.209  43955174.552    543.6671   0.0000 
 10     BD        4   7706941.294   1926735.324     23.8312   0.0000 
 12     CD        4   4183656.368   1045914.092     12.9366   0.0000 
 14     BCD       4   5264213.565   1316053.391     16.2778   0.0000 
-15     Error     32   2587181.683     80849.428 
 16     Factor E  1  53059021.274  53059021.274    736.1345   0.0000 
 18     BE        1   2685020.030   2685020.030     37.2516   0.0000 
 20     CE        1   8903556.681   8903556.681    123.5269   0.0000 
 22     BCE       1   1007160.314   1007160.314     13.9732   0.0006 
 24     DE        4  16615168.537   4153792.134     57.6292   0.0000 
 26     BDE       4   4773540.767   1193385.192     16.5569   0.0000 
 28     CDE       4   1933542.692    483385.673      6.7064   0.0003 
 30     BCDE      4   4691550.717   1172887.679     16.2725   0.0000 
-31     Error     40   2883115.718     72077.893 
        Total     119 370469284.404 
B=Years, C=Hybrids, D=Growth stages for imposing drought and E=Potassium levels 

 
 

        


