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ABSTRACT

Fifty maize inbred lines collected from different sources were screened at seedling
stage for drought tolerance in glasshouse.One drought tolerant and one sensitive line were
selected and used to develop six generations (P1, P2, F1, F2, BC1 and BC2). The generations
were evaluated in glasshouse and field simultaneously under normal and drought conditions.
Data on various seedling and morpho-physiological parameters were recorded and analyzed
statistically. There was a decreasing trend for all the traits except anthesis-silking interval and
leaf temperature under drought condition. Additive and dominance genetic effects were
found for all seedling traits under normal condition except fresh and dry root weight which
had additive genetic effects. Similarly additive and dominance gene action was involved for
all seedling traitsunder drought condition except fresh root length and fresh and dry root
weight, which were under additive genetic control. Additive genetic effects were present for
the inheritance of days to silking, anthtesis-silking interval, ear leaf area, plant height, days to
maturity, 100 grain weight and relative water content under normal condition, whereas days
to tasseling, ear length, kernels per ear, grain yield per plant, cell membrane thermo-stability
and leaf temperature showed the presence of both additive and dominance genetic effects.
However under drought condition, days to tasseling, anthtesis-silking interval, ear leaf area,
plant height, ear length, kernels per ear and cell membrane thermo-stability had both additive
and dominance genetic effects, whereas additive genetic effects were observed for days to
silking, days to maturity, 100 grain weight, grain yield per plant, relative water content and
leaf temperature. Narrow sense heritability was high for most of the seedling and morpho-
physiological traits under both conditions, whereas genetic advance was maximum for grain
yield per plant, ear leaf area and kernels per ear under water stress. Inbreeding depression
was also maximum for grain yield per plant, ear leaf area and kernels per ear under water
stress. Root/shoot ratio was positively and significantly correlated both on phenotypic and
genotypic basis with fresh and dry root weight under both conditions. Grain yield had
positive and significant association with days to maturity, ear length, number of kernels per
ear, cell membrane thermo-stability and relative water content on phenotypic and genotypic
basis under both normal and drought conditions, whereas negative and significant phenotypic
correlations of grain yield were found with leaf temperature under both conditions. Grain
yield of maize may be enhanced by improving ear length, kernels per ear, cell membrane
thermo-stability and relative water content.
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CHAPTER 1
INTRODUCTION

Maize is one of the oldest domesticated as well as cultivated monoecious food crops

of Maydae tribe.Among leading cereal crops it ranks on first and third position followed by

wheat and rice in world and Pakistan respectively (Anonymous 2012-13a, b). Being C4 plant,

maize gives higher yield among cereal crops though it produces highest yield under abundant

water and high soil fertility, yet it is least tolerant to stresses (Ludlowand Muchow. 1990).

Maize plant is considered to be a more productive food plant and its multiplication ratio is

1:600 or more on plant basis (Aldrich et al., 1975).It shares an important position in global

economy and trade, while ever increasing demand of maize in comparison with wheat and

rice has made it distinct food and feed crop. Maize demand would be higher than wheat and

rice by 2020 among developing countries. In changed circumstances global maize demand

will increase from 558 million tons to 837 million tons by 2020 while in the developing

countries it will increase from 282 million tons to 504 million tons per annum (FPRI, 2000).

Demand of maize is expected to increase with a rate of 1.5% annually, while area is

increasing at a rate of 1.2%, whereas it is 1% in developed countries (Duvick and cassman,

1999). It is chiefly grown for human diet, as well as animal feed and fodder. Maize is mainly

a carbohydrate rich food known as starch factory in addition to a considerable amount of

vitamins, proteins and minerals.Maize grain contains 72% starch, 10% protein, 4.8% oil,

9.5% fiber, 3% sugar and 1.7% ash (Chaudhary, 1983 and Anonymous, 2010)

It is used in human diet both in fresh and processed forms as well as maize provides

raw material for various industries such as corn refineries, foundry, textile, fermentation and

food industries which produce products like corn syrup, corn oil, dextrose for pharmaceutical

ind`ustry, alcohol for beverages, biofuel for automotives such as ethanol and gasohol, maize

bread, maize chips, high fructose corn syrup in addition to plastics, fabrics, sweeteners, corn

porridge, corn flakes, corn flour and additives in paints and explosives. It is estimated that

more than 4000 industrial products are produced from maize and more than 1000 such items

are available in US supermarket (Dowswell et al., 1996). Developed and tropical countries

use a big proportion 40 and 80% of maize production respectively as stock feed (Paliwal,

2000; Farnham et al., 2003).
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USDA-FAS estimated that during 2012-13 a total of 862.71 million metric tons maize

was produced from an area of 176.18 million hectares having average yield of 4900 kgha-1on

global basis.In Pakistan, currently it is grown on an area of 1.085 million hectares with

annual production of 4.631 million tons and average yield of 4268 kg ha-1 (Anonymous 2012-

13b).In Pakistan per hectare yield of maize is very low compared with global yield.The major

corn producing countries are United States, China, EU, Brazil, Mexico and India (USDA/

FAS / GRAIN 2012-13).

Water is amongst the most important inputs in agriculture and plays very critical role

in the initiation of growth and subsequent continuation of developing processes throughout

the plant’s life. Rao and Singh (2006) reported that drought is among the most important

abiotic factors which can limit crop production.When plant is subjected to water stress, the

water availability to the roots becomes insufficient and the transpiration rate increases. Such

situation can often be seen simultaneously under arid and semi arid climates (Reddy et al.,

2004). Low soil moisture or water deficit, affects the plants capability to grow and complete

its normal life cycle (Moussa and Aziz, 2008).The rainfall in Pakistan is low and irregular in

maize growing areas, 63% percent of the total rainfall occurs as heavy showers during

summer from July to September, originating from the summer monsoons, and rest of 37% in

winter. In Pakistan summer is very hot except in mountainous areas, with highest

temperature of more than 40 ºC, while during winter it is near freezing point (Anonymous,

2012-13b).

Although water is abundant on this planet, but 83% of earth water is present as saline

water, 14% of the total is chemically bound and thus unavailable for utilization. Another 2%

is present as ice, snow and glaciers whereas less than 1% is available as fresh water. 98% of

the available fresh water is present in underground aquifers, while less than 2% is present in

lakes and rivers (De Moel et al., 2006).

Water is becoming scarce and Pakistan is among the most water limited nations in the

world. The total actual renewable water resources in the country decreased from 2961 to

1420 cubic meters per capita from 2000 to 2005.If this trend continues; it would go as low as

550 cubic meters by 2025. About 36% of the ground water is classified as highly saline

(United Nations World Water Development Report). According to water sector investment

planning study, availability of irrigation water is 134.2, 132.5 and 156 million acre
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feet(MAF) for the years 2005, 2013 and 2025 respectively, while the shortfall is 49.7, 133.7

and 186.2 MAF for the years 2005, 2013 and 2025 respectively (Safdar, 2004). The

availability of water in Pakistan during Kharif and Rabi season was 10 and 19.2% less than

normal supply respectively (Anonymous, 2012-13b), so there is a dire need to use efficiently,

what is available.

The water deficit or drought stress is a worldwide inevitable and recurring feature of

agriculture. Kramer (1980) reported that one third of the world arable land is adversely

affected from water shortage, and most of the crop production is reduced by drought. In

Pakistan 25-30% of the total cropped area is under rain-fed conditions (Annonymous, 2007-

08).

Drought could affect plants at various levels of their organization (Yordanov et al.,

2000). Drought environments are developed by ample fluctuations in precipitation, amount

and distribution within and between seasons (Swindale and Bidinger, 1981). Normally water

stress effects photosynthesis and plant growth badly (Yordanov et al., 2000). It is known fact

that no other environmental factor effects global crop productivity severely than water stress

(Fischer and Turner, 1978; Boyer, 1982).

Maize growth is sensitive to several stresses including low rainfall and sub-sequent

moisture stress. Water stress at early stages, reduces crop stand while during vegetative stage,

size of the assimilatory structure is reduced (Denmead and Shaw, 1960). Reduction of leaves,

stems, and root expansion, ultimately reproductive organs reduction and finally potential

grain yield is reduced with the onset of water stress (Denmead and Shaw, 1960). Moisture

stress results stunted plant growth, low plant density, tassel blast, wilting, silk delay, top

firing and poor seed set which eventually decrease grain yield (Chohan et al., 2012).

Eventually grain yield may be reduced from 15-90% (Denmead and Shaw, 1960; Claasan

and shaw, 1970; Edmeades et al., 1992; NeSmith and Rtchie, 1992).

Maize grain yield under severe drought stress at flowering is decidedly correlated

with kernel number per plant (Bolanos and Edmeades, 1996). Capacity of developing kernels

to use assimilates is reduced due to functioning impairment of enzyme acid invertase

(Zinselmeier et al., 1995; Westgate, 1997).

The problem of water stress can be solved either by providing supplemental

irrigations to crop in the stress areas or by developing drought tolerant genotypes. The



4

provision of supplemental irrigation is not feasible for Pakistan owing to resources.

Therefore, development of drought tolerant cultivars seems to be best option to cope with

the drought stress. The global major issue of insufficient water supply and uneven

distribution of rainfall makes the improvement in drought tolerance predominantly

significant (Luo and Zhang, 2001). The development of drought tolerant cultivars in maize

is the cheapest, easiest and highly dependable approach in order to sustain grain yield in

developing countries like Pakistan.

The utilization of genetics for the improvement of drought tolerance and provision of

yielding stability is an important part of the solution to stabilize global maize production

(Campos et al., 2004).Improvement in productivity of existing maize cultivars can be

achieved through introgression of genes for drought tolerance (Olaoye et al., 2009). To

evolve drought tolerant and high yielding varieties their must be better understanding of

physiological and genetic responses of germplasm. Information on the genetic architecture

of traits related to drought tolerance and their mode of inheritance is a necessary step to

move forward (Mitra, 2001; Raddy et al., 2004; Aslam et al., 2012).

To develop new lines, three things are essential to play with, which is the variation

for the trait, heritability and mode of inheritance of the trait. A plant breeder always requires

controlled genetic variation that enables him to evolve drought tolerant maize lines. Genetic

architecture of the yield and drought associated traits can be improved by the utilization of

proper breeding methodology (Thirunanai et al., 2000).Genotypes having economic value

are desirable both as cultivars and as breeding parents. Existing variability plays an

important role in the success of selection which depends upon the gene action that controls

the trait under improvement.

Information on the mode of inheritance of yield and drought associated traits is a pre-

requisite to formulate an efficient breeding programme. Nature and magnitude of different

genetic components (dominance, additive and epistasis) responsible for inheritance of yield

and its associated components can be identified through generation means analysis

technique.The present study was also planned to estimate the degree to which various

characters of maize plants are associated with economic productivity and also to determine

the precise contribution of each component towards the yield
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The current study wasconducted with the following objectives.

a) Screening of inbred lines for various physio-genetic traits underdrought conditions.

b) Evaluation of breeding material for drought tolerance on the basis of morpho-

physiological traits.

c) Exploration of genetic parameters and gene action controlling various traits related

to droughttolerance and high yield.

d) Development of criteria for the selection of droughttolerant and high yielding maize

types.
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CHAPTER 2

REVIEW OF LITERATURE

2.1. Drought stress

Lack of water temporarily may be termed as drought and its cause is necessarily the

unusual climatic condition, which is harmful for an activity, group or environment (Kallis,

2008). Precipitation significantly below expectation for the time of year and location is

termed as meteorological drought (Ashley, 1993; Swindale and Bidinger, 1981).Loss of

water through evaporation causes drought condition especially when the availability from

soil is reduced. Generally drought stress occurs when the available water in the soil is

reduced and atmospheric conditions cause continuous loss of water by transpiration or

evaporation (Jaleel et al., 2009). The water deficit or drought stress is a worldwide inevitable

and recurring feature of agriculture. One third area of the world arable landis adversely

affected from water shortage, and most of the crop production is reduced by drought

(Kramer, 1980).Drought being a complex phenomenon is considered one of the major factors

limiting crop yields worldwide (Beltrano and Ronco, 2008) and affect plants at various levels

of their organization (Yordanov et al., 2000).Global crop productivity is no more severely

limited by any other abiotic stress than water deficit (Fischer and Turner, 1978). Drought

stress is highly heterogeneous in time (over the season and year) and space (between and

within sites) and is unpredictable. Irregular rains and poor irrigation is a major cause of water

shortage leading to water stress in rain-fed areas (Wang et al., 2005). Sustainable agriculture

faces a severe threat from global water crisis, where 90% of the total diverted fresh water

accounts for irrigation.Consequently, development of effective drought management strategy

is really a challenging task (Pomee et al., 2005). Presently sustainable food production and

survival of agricultural crops are directly linked with water deficit and salt stresses which are

undoubtedly the global issues (Jaleel et al., 2008; Nakayama et al., 2007).

2.2. Drought and crop productivity/crop losses

Usually crop productivity shrinks by abiotic stresses. Crops attain only about 25% of

their potential yield because of the damaging effects of environmental stress (Boyer, 1982).

Severe crop production shortage in developing countries is now widely considered the

ultimate result of global warming, which will further accelerate the impact of drought (Ribaut
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et al., 2009). Water deficit environments also differ from region to region (Richard,

2004).Some crop species rely totally on preserved soil moisture, while others on current

rainfall alone and some others rely on both types of stored soil water and current rainfall. It is

estimated that only 15-20% of world food is produced by 60% of agricultural producers

living under some type of abiotic stress (Ceccarelli, 1996). The wide gap between the global

share of area and production in tropics is due to low average yield (Heisey and Edmeades,

1999; Pingali and Pandey, 2000). As per data available, yield losses in maize were estimated

about 15-17% annually in the tropics (Edmeades et al., 1992;Heisey and Edmeades,

1999).The immense effect of drought on cereal production is quiet alarming and is a real

threat for food security right from the smallest unit i.e. households up to the countries and

even the subcontinent. Impact of drought in future may grow as the climate change becomes

a reality.

2.3. Drought and maize production

To enhance yield on per unit basis, optimum water availability is considered one of

the most unavoidable factor. Maize growth is sensitive to several stresses including low

rainfall and subsequent moisture stress. The effect of stress is usually supposed to be a

decrease in photosynthesis and plant growth (Yordanov et al., 2000). Most tropical maize is

grown under rain-fed conditions, in areas where drought is one of the most important abiotic

constraints in maize production (Pingali and Pandey, 2000). As apparent from statistics,

approximately 40% of the maize area in sub-Saharan Africa is subjected to occasional

drought; however the frequently affected area is about 25 % (CIMMYT, 1990).

Maize losses are projected to 500 million US dollar due to drought each year (Sharma

and Lavanya, 2002). Approximately 140 million people are affected due to 10 million tons

loss of maize annually in the developing world (Jones, 2003). Two percent increase in global

maize (Zea mays L.) production is required to meet the increasing demands for food, feed,

and bio-energy annually (Ortiz et al., 2010).As a matter of fact high potential regions are

unable to fulfill the projected demand of maize over next decade (Heisey and Edmeades,

1999). The increase in demand of maize for human consumption is projected to be 1.3%

per annum in the developing world until 2020 (CIMMYT, 2005).

Significant yield losses occur in maize due to increase in temperature and rainfall

distribution changes in key traditional production areas (Campos et al., 2004). Effect of
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moisture stress on maize during flowering and pollination stage is much severe compared

with grain filling and vegetative stage (Lauer, 2005). Reduced plant growth and development

hamper flower production and grain filling as the drought prevails, which results in poor seed

setting and development. Keeping in view the susceptibility of maize plant to moisture stress,

the best solution is genetic improvement and development of drought tolerant genotypes

(Campos et al., 2004; Xiao et al., 2005).

2.4. Drought resistance mechanism

Plant breeders generally categorize drought resistance mechanisms into three

categories (Chaves and Oliveira, 2004).

(1) Drought escape i.e., the ability of a plant to escape periods of drought, especially

duringthe most sensitive periods of its developmental stage.

(2) Drought avoidance is the ability of a plant to maintain relatively high tissue water

potential despite a shortage of soil moisture.

(3) Drought tolerance is theability of a plant to withstand water-deficit with low tissue water

potential. The responses of plants to tissue water-deficit determine their level of drougt

tolerance. Understanding plant responses to water stress is thekeyelement for breeding

stress resilient crops (Reddy et al., 2004; Zhao et al., 2008).

2.5. Screening criteriafor drought tolerance

Characteristics of a good screening method are evaluation of plant performance at

critical developmental stages, rapid completion, use of small amount of plant material, and

screening of large number of plants (Johnson, 1980). Different morpho-physiological

parameters could be used as selection criteria for drought tolerance at different stages of crop

growth (Mehdi et al., 2001; Ali et al., 2009).Good crop establishment and productivity can

be achieved through seedling vigor (Mock and Mc Neill, 1979; Koscielniak and Dubert,

1985). Screening of different crop plants especially maize under water stress through

exploitation of root morphology is considered important (Sharp and Davies, 1979; Passioura,

1983; Turner, 1997; Ludlow and Muchow, 1990; Zekri, 1991; Takele, 2000; Kashiwagi et

al., 2004; Pathan et al., 2004; Hussain et al., 2009).  Root-shoot ratio is a useful and reliable

selection parameter for development of drought tolerant cultivars (Zekri, 1991; Misra, 1990).

Traits like root length, fresh and dry root weight are also useful criteria and genetic variation

can be utilized to develop high yielding drought tolerant/resistant maize genotypes through
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selection and conventional breeding (Qayyum et al., 2012). Leaf relative moisture content

and dry root weight are two important drought responses in maize at seedling stage and

provide useful information for germplasm screening and improvement at seedling stage in

maize (Xian-de et al., 2004). Dry root weight and root/shoot ratio is an important selection

criterion in maize under water stress (Daubenmir, 1974; Mehdi and Ahsan, 2000a; Wang et

al., 2000). Maize germplasm can be screened for drought tolerance by using fresh root

length, fresh root weight, dry root weight and root/shoot ratio as selection criteria under

water stress (Menkir and Akintunde, 2001; Matsui and Singh 2003; Dhanda et al., 2004;

Olaoye et al., 2009; Chohan, 2012).

2.6. Impact of water stress on developmental stages

Drought affects maize production at all stages of development (Doorenbos and

Kassam, 1979). Development of maize plant takes place in four stages i.e.

a) Establishment of seedling

b) Vegetative stage

c) Reproductive stage

d) Grain filling stage

During which drought stress can affect the yield of maize to a varying extent.

2.6.1. Effect on seedling traits

2.6.1.1. Root and shoot length

Root length has a positive effect on drought tolerance in maize through water uptake

from deep soil profile. It is generally assumed that lines with deep root system perform better

under water deficit conditions (Bruce et al., 2002). Significant reductions in all physiological

parameters, while increase in root length is observed under water stress in some accessions of

sorghum (Ali et al., 2009; Bibi et al., 2010), maize (Thakur and Rai, 1984; Ramadan et al.,

1985; Rao and Singh, 2004; Iqbal, 2012; Chohan, 2012) and Brassica (Rezaeieh and Eivazi,

2011), whereas decrease in root and shoot length in triticale (Yagmur and Kaydan, 2008).

Significant variation was found in maize seedlings for root length under severe moisture

deficit conditions (Maiti et al., 1996).Greater the vigor and root system of seedlings, higher

will be the prospect of coping with drought (Selmani et al., 1991).Severe water stress

condition can restrict root penetration into the dry soil by reducing root growth, ultimately

reducing the root respiratory efficiency (Borrell and Hammer, 2000; Thomas and Howarth,
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2000).Biomass accumulation and yield is directly affected by root system of a plant, having

better capability of absorbing water from deep soil (Hammer et al., 2009).

2.6.1.2. Root and shoot weight

Under mild water stress conditions, increase in root fresh and dry weight of maize

plants is an important adaptive attribute due to assimilation of photosynthates used in the

stem for enhancing the root growth and increase in root respiration efficiency (Fitter and

Hay,2002; Hamayun, 2010). Increase in stress level causes reduction in root and shoot dry

weight but increase in root-shoot ratio at seedling stage in wheat (Mian et al., 1993; Tavakol

and Pakniyat, 2007; Jabeen et al., 2008) maize (Shiralipour and West, 1984; Ramadan et al.,

1985; Eck, 1986; Matsuura et al., 1996; Sah and Zamoora, 2005; Ali et al., 2011a; Chohan,

2012) and triticale (Yagmur and Kaydan, 2008). A significant increase in sorghum and pearl

millet was found under water deficit conditions (Matsuura et al., 1996), whereas root weight

increases under water deficit by increasing root density and root penetration (Hoogenboom et

al., 1987).

2.6.1.3. Root/shoot ratio (by weight)

Water stress has significant effect on root-shoot ratio of seedlings. Increase in root-

shoot ratio at seedling stage under water stress has been reported in maize (Agarwal and

Sinh, 1983; Thakur and Rai, 1984; Camacho and Caraballo,1994; Jun-feng et al., 2004; Xu et

al., 2007; Jabeen et al., 2008; Iqbal, 2012; Chohan, 2012), wheat (Lina et al., 1996; Takele,

2000), sorghum (Nouret al., 1978; Maiti et al., 1996; Ali et al., 2009) and triticale (Yagmur

and Kaydan, 2008). Drought at the seedling stage enhances root growth and adaptability (Dai

et al., 1990). Decline in root-shoot ratio under varying cycles of drought in brassica is

reported by Rezaeieh and Eivazi (2011). Redirection of photosynthetic assimilates and dry

matter accumulation towards root than shoot is characteristic of several species including

maize (Hsiao and Xu, 2000; Sharp et al., 2004). Roots are less sensitive than shoots to growth

retardation under moisture stress. Therefore root-shoot ratio of plants increases when water

availability is limiting (Wu and Cosgrove, 2000).

2.6.2. Effect on physiological parameters

Water stress directly affects physiological processes causing reduction in crop yield.

Leaf gas exchange (net photosynthesis), relative leaf water content, leaf water potential,
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transpiration rate, cell membrane thermo-stability and leaf temperature are the traits to

estimate drought tolerance (Kramer and Boyer, 1995; Miyashita et al., 2005).

2.6.2.1. Cell membrane thermo-stability

Cell membrane thermo-stability is a physiological trait which determines tolerance

against stress. It is also common to other stresses (Levitt, 1980). Cell membrane thermo

stability represents the percent injury of the cell membranes of a plant body portion. It is now

broadly used as dependable marker for screening of various genotypes against a range of

abiotic stresses like water stress under field and screen house conditions. The injury index

indicates the tolerance against abiotic stress such as drought, high temperature and cold

(Dexter, 1956; Sullivan, 1972; Martineau et al., 1979; Blum and Ebercon, 1981; Sadalla et

al., 1990; Foker et al., 1998; Reynolds et al., 2005). With the increase in water stress level in

maize, a decrease in cell membrane thermo-stability percentage was observed (Ali et al.,

2011a; Iqbal, 2012; Chohan, 2012). Water stress injures cell membrane and ionic discharge

determines its magnitude (Nir et al., 1969; Buttrose and Swift, 1975; Ferrat and Lovatt, 1999

and Saneoka et al., 2004). The association between membrane stability and yield under

moisture stress has also been reported in lentil (Neyestani and Azimazadeh, 2003) and sugar

beet (Vazan et al., 2005). Relative cell injury percentage has been used as major selection

criteria for drought tolerance in maize (Aslam et al., 2006), sorghum (Ali et al., 2009) and

for heat tolerance in cotton (Rehman et al., 2004). Genotypes sensitive to water stress exhibit

maximum relative cell membrane injury compared with those of drought tolerant genotypes

in cereals (Tripathy et al., 2000). Therefore cell membrane thermo-stability or the cell injury

is very commonly used for the evaluation of drought and temperature tolerance (Martineau et

al., 1979; Sadalla et al., 1990; Reynolds et al., 2005).

2.6.2.2. Relative water content

Relative water content (RWC) is a key indicator of the degree of cell and tissue

hydration (Sinclair and Ludlow, 1985; Ali et al., 2009) with a vital role for proper plant

physiological execution and growth processes. Plant ability to maintain high relative water

content during water stress is a symbol of drought tolerance (Jamaux et al., 1997; Altinkut et

al., 2001; Jongdee et al., 2002; Colom and Vazzana, 2003; Valentovic et al., 2006). Leaf

relative water content is perhaps the most significant criteria of water status than any other

water potential parameters under moisture stress conditions (Carter and Patterson, 1985;
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Sinclair and Ludlow, 1985). Relative water content declined with the increase in moisture

deficiency in maize (Schonfeld et al., 1988; Siddique et al., 2000; Kirnak et al., 2001; Yang

et al., 2003; Sah and Zamoora, 2005;Kheir and Mekki, 2007; Jabeen et al., 2008;

Khayatnezhad et al., 2011; Iqbal et al., 2012) and triticale (Yagmur and Kaydan, 2008).

Drought tolerant plants of sorghum and pearl millet have the ability to maintain high leaf

relative water content and water uptake through high root length (Matsuura et al., 1996).

Drought tolerant cultivars show higher transpiration rate as well as relative water

content under water stress in comparison to the susceptible ones (Weatherley and Slatyer,

1975; Jarvis and Jarvis, 1963; Fengbin et al., 1995; Malik et al., 2006). Higher relative water

content is crucial for appropriate growth and function of plant and low relative water content,

repressed growth and plant function under water stress which results in lower leaf area, shoot

dry matter and grain yield (Blum, 1999; Lycoskoufis et al., 2005). High leaf water retention

may be used as a criterion to measure drought tolerance in wheat and triticale (Randhawa et

al., 1988). Relative water content has an association with grain yield in maize (Tahera et al.,

1990; Bhatt and Rao, 2005), wheat (Khan et al., 1993) and rice (Siddique et al., 2001).

Cultivars with smallest decrease in relative water content produce higher dry weight, grain

yield per plant and plant height (Khan et al., 1993). Maintenance of higher relative water

content has been suggested as a useful screening criterion for drought resistance (Schonfeld

et al., 1988; Matin et al., 1989; Ritchie et al., 1990).

2.6.2.3. Leaf temperature

Measurement of leaf temperature also has good connection with performance under

water stress (Blum et al., 1989) as it is associated with plant water status (Idso et al., 1981).

Varieties with low leaf temperature are drought tolerant so leaf temperature is therefore

considered a useful marker for the estimation of drought tolerance (Ali et al., 2011a; Li et al.,

2012). Maize and other plants exhibit highest leaf and canopy temperature due to inhibition

of transpiration and increase in the boundary layer resistance to transpiration when subjected

to severe drought conditions (Siddique et al., 2000; Iqbal, 2012; Chohan, 2012). Canopy

temperature ranged from 30.08 to 33.90°C at 12.00 pm and 33.82 to 36.34°C at 14.00 pm

(Bahar et al., 2012). Canopy temperature exhibits a significant difference at midday between

drought resistant and drought sensitive genotypes (Araghi and Assad, 1998). Correlation
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analysis indicates that leaf temperature response to water stress plays a crucial role in maize

biomass accumulation (Liu et al., 2011).

2.6.3. Effect on morphological traits

2.6.3.1. Anthesis and silking stage

Maize is very sensitive to drought stress at anthesis and silking stage. The failure of

fertilization due to impairment of pollen development and ovule function causes sterility,

thereby decreasing potential seed number and grain filling duration (Westgate and Boyer,

1985; Prasad et al., 2008). Silk growth is affected more than tassel growth when subjected to

water stress just before tasseling (Herrero and Johnson, 1981; Westgate, 1997; Edmeades et

al., 1993).The stress just prior to anthesis inhibits ear and silk growth more than tassel

growth (Du Plessis and Dijkhuis, 1967; Herrero and Johnson, 1981; Bolaños and Edmeades,

1996; Edmeades et al., 1993). Moisture stress at flowering stage, particularly two weeks

before and after flowering causes delay in silking, increase in anthesis-silking interval (ASI)

and abnormality in ovule function, thus ultimately results reduction in maximum grain yield

(Denmead and Shaw, 1960; Claassen and Shaw, 1970, Grant et al., 1989; Schussler and

Westgate, 1995; Bolanos and Edmeades, 1993a, b; 1996). Water deficit during anthesis does

not affect pollen viability (Herrero and Johnson, 1981; Westgate and Boyer, 1986), but silk

receptivity can be affected if pollination is delayed (Bassetti and Westgate, 1993). Anthesis

and silking dates delay while grain filling period is reduced under drought stress (Frederick et

al., 1989).Moisture stress results in tassel blast, silk delay, top firing and poor seed set in

maize which eventually decrease grain yield (Chohan et al., 2012). Grain development is

often arrested due to sensitivity of emerging silks to drought stress (Westage and Boyer,

1986; Basseti and Westage, 1993).Continuous moisture stress through plant growth increases

tasseling time in maize and significantly decreases days to complete flowering (Khan et al.,

2001). Days to 50% anthesis and silking increased by 0.83 and 2.57%, respectively under

water stress (El-Hifny et al., 2003). Water deficit at vegetative stage delayed tassel initiation

and silking up to 4-5 days (Abrecht and Carberry, 1993). Pre-flowering water stress delays

flowering and date of silking (Du Plessis and Dijkhuis, 1967;Ne Smith and Ritchie, 1992;

Weerathaworn et al., 1992; Bolaños and Edmeades, 1996;Edmeades et al., 2000;Menkir and

Akintunde, 2001).Drought stress at flowering stage favours male inflorescence development,

which assures pollen production and dispersion, but inhibits ear and silk development
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(Sangoi and Salvador, 1998). Therefore one of the major causes of maize sensitivity to

drought at flowering is the potential lack of synchrony between emergence of silk and pollen

shed, which reduces the rate of sexual fertilization and decrease in kernel set (Wesgate and

Basseti, 1990; Bolanos and Edmeades, 1996). Maize has short and definite period of

flowering and pollen remains viable for only a brief period of time, each day of delay

between pollen shed and ear pollination leads to a delay of sexual fertilization, resultantly

increase in barren plants (Bolanos and Edmeades, 1993b; Beck et al., 1996; Sangoi and

Salvador, 1998).

2.6.3.2. Anthesis-silking interval

The anthesis-silking interval prolongs and it is considered as the most important

drought adaptive trait in maize (Edemeades et al., 1989; Fischer et al., 1989;Bolanos and

Edemeades, 1993b; Edmeades et al., 1997; Bekavac et al., 2006;Carena et al., 2009; Munyiri

et al., 2010). Severe drought stress reveals genetic variation for anthesis–silking interval and

ears per plant (Bolanos and Edmeades, 1996). Long anthesis–silking interval generally

relates with drought susceptibility, low harvest index, slow ear growth and barrenness

(Edmeades et al., 1997; Machida, 1999; Menkir and Akintunde, 2001; Fengling et al., 2002).

For determination of differences in grain yield potential of the cultivars under moisture

deficit condition, anthesis-silking interval was the most important parameter whether grown

in the screen house or in the field experiment (Olaoye et al., 2009).Anthesis-silking interval

contributs up to 76% in determining variation of grain yield (Bolanos and Emeadeas, 1993a,

b).The stress just prior to anthesis inhibits ear and silk growth more than tassel growth which

causes increased anthesis-silking interval (ASI) that results in barren or poorly developed

ears (Du Plessis and Dijkhuis, 1967; Herrero & Johnson, 1981; Bolaños and Edmeades,

1993b; 1996; Westgate, 1997; Edmeades et al., 1993).

2.6.3.3. Plant height

Moisture deficit during vegetative growth restricts plant height in maize (EL-

Neomani et al., 1990; Nesmith and Ritche, 1992; Gu et al., 1989; Pingali and Pandey,2000;

Khan et al., 2001; Cakir, 2004; Sah and Zamoora, 2005; Farhad et al., 2011; Khayatnezhad

et al., 2011) and soybean (Specht et al., 2001). The reduced plant height is the result of

decline in the cell enlargement, stem extension and inter nodal length under moisture deficit
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(Bhatt and Rao, 2005). Hybrids exhibit early flowering and increase in plant height than

inbred in all stress conditions (Betran, 2003).

2.6.3.4. Leaf area

Source size and intensity for assimilates is depicted by leaf area and leaf

photosynthetic rate of a plant respectively. Reduction in leaf area means reduction in light

interception, resulting in decreased whole source size for assimilates (Steduto, 1996).

Drought stress at vegetative and reproductive stages causes reduction in leaf area per plant

compared with well-watered plant of maize (Eneva, 1991; Guiducci and Marroni, 1992;

Otegui et al., 1995; Cakir, 2004; Athar and Ashraf, 2005;Sah and Zamoora, 2005;Farooq et

al., 2009; Farhad et al., 2011), Populus(Wullschleger etal., 2005), soybean (Zhang et al.,

2004) and many other species. Green leaf area at physiological maturity might be an

excellent indirect indicator for yield improvement in maize crop (Borrel et al.,

2000a,b).Significant reduction of leaf area and harvest index of maize under water stress,

occur due to degeneration of membrane structures, over production of ROS and accelerated

leaf senescence (Earl and Davis, 2003). Moisture deficit at tasseling stage in maize causes

reduction in leaf area index (Cakir, 2004).

2.6.3.5. Days to maturity

Water deficit during grain filling shortens the duration for physiological maturity in

maize (Yordanov et al., 2000; Sharma and Bhala, 2002; Yadav et al., 2003; Hussain et al.,

2009). Drought stress had a little effect on the date of physiological maturity in maize

(Frederick et al., 1989).

2.6.3.6. Ear length

Water stress reduces leaf area, plant height, disturb photosynthesis and assimilate

remobilization which finally reduces ear length and grain yield (Hifny et al., 2003; Rosset

al., 2006; Oktem, 2008; Khayatnezhad et al., 2011; Moosavi, 2012).

2.6.3.7. Number of kernels/ear

Water stress is responsible for reduction in yield components like number of grains

per cob and grain yield (Khan et al., 2001; Sah and Zamoora, 2005;Khayatnezhadet al.,

2011; Moosavi, 2012; Khodarahmpour and Hamidi, 2012).Drought tolerant genotypes

exhibit more ears per plant and greater number of kernels per ear (Monneveux et al., 2006),

therefore kernels per plant are considered as the most important drought adaptive trait
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(Edmeades et al., 1997). Effect of irrigation on number of kernels per ear is significant

especially at silking stag (Mojaddam et al., 2012). Moisture deficit at tasseling stage causes

20% reduction of kernel number in maize (Cakir, 2004).Even when gamete and floral

development proceed normally, and pollen is not limiting, grain number can be reduced by

only a few days of dehydration at flowering (Westgate and Boyer, 1986; Westgate, 1997).

2.6.3.8. 100-Grain weight

Water stress decreases 100-kernel weight and grain yield per plant (Khan et al.,

2001;El-Hifny et al., 2003; Khan, 2003; Sah and Zamoora, 2005;Saleem et al., 2007;

Farshad et al., 2008;Khayatnezhadet al., 2011; Moosavi, 2012). During vegetative and

reproductive growth, effect of irrigation on 100 seed weight is significant, especially at

silking stage(Mojaddam et al., 2012). There is a reduction of 20 to 40 % in 100-grain weight

under moisture stress conditions (Hussain et al., 2009).

2.6.3.9. Grain yield

Drought significantly reduces grain yield (Denmead and Shaw, 1960; Vasal et al.,

1997; Saini and Westgate, 2000; Grzesiak, 2001;Sah and Zamoora, 2005; Kefale and

Ranamukhaarachchi, 2006; Moosavi, 2012), especially when stress occurs during early

growing season (Heisey and Edmeades, 1999), during flowering period (Doorenbos and

Kassam, 1979; Heisey and Edmeades, 1999; Chapman and Edmeades,1999; Ghooshchi et

al., 2008; Zhang et al., 2008; Olaoye et al., 2009; Khodarahmpour and Hamidi, 2012) and at

pre-silking and grain filling period (Farshad et al., 2008; Ghooshchi et al., 2008;Heisey

and Edmeades, 1999). Grain yield decreases with the increase in severity of drought stress

(Duvick, 1984; Castleberry et al., 1984; Frederick et al., 1989; Betran,2003). Reduction of

20-87%, in grain yield has been reported due to moisture stress at vegetative, silking and

grain filling (Denmead and Shaw, 1960; Bolanos and Edmeades, 1996; Chapman and

Edmeades, 1999; Kamara et al., 2003;El-Hifny et al., 2003; Atteya et al., 2003; Cakir, 2004;

Monneveux et al., 2006; Kheir and Mekki, 2007; Hussain et al., 2009).

During evaluation of short and long term responses of corn to pre anthesis water deficit, yield

losses of 15-25% as a long term consequence of water stress were reported by NeSmith and

Ritchie (1992). Reduction in grain yield occurs under three water regimes; normal,

intermediate and severe stress. However, the magnitude of the yield reduction depends on the

developmental stage, the severity and duration of stress, and vulnerability of the genotype to



17

stress (Lorens et al., 1987). Hybrids under drought stress show greater variation in grain yield

than inbred (Betran, 2003). Water stress at early growth stage did not reduce significant grain

yield although there is a decrease in plant morphology (leaf area, plant height) followed by

delayed flowering (Abbrecht and Carberry, 1993). Grain development is often arrested due to

sensitivity of emerging silks to drought stress (Westage and Boyer, 1986; Basseti and

Westage, 1993).

2.7. Genetics of various traits

2.7.1. Genetics of seedling traits

Additive genetic effectswere significant for fresh root and shoot weight, dry root and

shoot weight (Setty, 1975; Wang et al., 2000;Rao and Singh, 2004; Akbar et al., 2008), fresh

root length (Akbar et al., 2008), fresh shoot length (Rao and Singh, 2004), root-shoot ratioin

maize (Rao and Singh, 2004; Akbar et al., 2008) and shoot length in canola (Cheema and

Sadaqat et al., 2004).Non additive genetic control was involved in the expression of root

length, fresh root and shoot weight and dry shoot weight in maize (Zia and Chaudhary, 1980;

Rehman et al., 1994) and brassica (Sharma and Singh, 1994). Partial dominance type of gene

action was involved for the inheritance of dry root weight (Zia and Chaudhary, 1980) and

dominance type of genetic effects were present for the trait in maize (Rehman et al., 1994).

Fresh shoot length, fresh root and shoot weight were under additive and dominance genetic

control in maize (Akbar et al., 2008) and rice (Ekanayake et al., 1985). Dominant genetic

effects were prominent for dry shoot weight in maize (Akbar et al., 2008). Most of the

seedling traits were under polygenic control (Ana et al., 1997).

2.7.2. Genetics of physiological traits

2.7.2.1. Cell membrane thermo-stability

Additive and dominance type of genetic effects were involved for the inheritance of

cell membrane thermo-stability in maize(Iqbal et al., 2012) and wheat(Ahmed et al.,2000),

whereasKumar and Sharma (2007)and Wattoo et al. (2013)reported only additive effects

controlling cell membrane thermo-stability in maize. The inheritance of cell membrane

thermo-stability is controlled by additive and dominant type of gene action, which changed to

additive effects under ware stress (Chohan et al., 2012). Dominant genetic effects were

important for the trait (Hussain et al., 2009).
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2.7.2.2. Relative water content

Additive genetic effects were predominant for relative water content under both rain-

fed and irrigated conditions (Dedio, 1975; Kumar and Sharma, 2007; Iqbal et al., 2012),

whereas Ahmed et al. (2000) reported additive, dominance and epistatic genetic effects

forrelative water content in wheat under drought condition. Additive and dominant genetic

effects were predominant under normal condition but changed to additive effects under water

stress (Chohan, 2012). Relative water content showed the preponderance of dominant type of

gene action and drought tolerant genotypes maintained high leaf water content under drought

conditions (Aslam et al., 2012).

2.7.2.3. Leaf temperature

Hussain et al.(2009) reported that the inheritance of leaf temperature was governed

by dominance type of genetic effects in maize, while according to Iqbal (2012) additive type

of genetic effects are predominant for leaf temperature under both normal and water stress

conditions in maize. Additive and dominance type of genetic effects are important for the

inheritance of leaf temperature in maize (Wattoo et al., 2013). The gene action is additive and

dominant for leaf temperature under normal condition; whereas only additive effects

werepresent under water stress condition in maize (Chohan, 2012). For leaf temperature non-

additive effects were predominant under normal condition, while under moisture stress

showed no dominance (Aslam et al., 2012).

2.7.3. Genetics of morphological traits

2.7.3.1. Days to tasseling

Additive genetic effects are important for the inheritance of days to tasseling (Saeed

and Saleem, 2000; Nigussie and Zellke, 2001; Hai-qiu et al., 2003; Prakash and Ganguli,

2004), whereas days to tasselingwas governed by both additive and dominant type of gene

action (Kumar and Gupta, 2004; Katna et al., 2005; Muraya et al., 2006). Additive effects

were present under normal condition, while additive and dominance effects were reported

under water stress condition in maize (Chohan et al., 2012). Dominant type of genetic effects

were involved for the inheritance of days to tasseling (Yadav, 2003) and Partial dominant

type of gene action was present for the trait ( Saleem et al., 2002). Over dominant type of

genetic effects were found for days to tasseling byAkbar et al. (2008) and Wattoo et al.

(2009).
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2. 7.3.2.Days to silking

Dominant type of genetic effects were involved for the inheritance of days to silking in

maize (Yadav, 2003), whereas over dominant type of gene action was involved for the

inheritance of the trait (Dihlon et al., 1976; Wattoo et al., 2009).Days to silking was

governed by partial dominant type of gene action (Saleem et al., 2002), while non additive

genetic effects were prominent for days to silking (Akbar et al., 2008). Additive and

dominant genetic effects were reported by Katna (2005) and Muraya et al. (2006).Chohan et

al. (2012) revealed that inheritance of days to silking was controlled by both additive and

dominant anddominanttype of genetic effects respectively under normal andwater

stresscondition.Days to silking was controlled by additive type of gene action under water

stress (Choukan, 1999; Reddy, 2004; Iqbal et al., 2012).

2.7.3.3. Anthesis-silking interval

Over dominance type of genetic effects were reported by Akbar et al. (2008), whereas

additive with partial dominance gene action was present for anthesis-silking interval

(Khodarahmpour, 2011).Non additive genetic effects were involved in the inheritance of

anthesis-silking interval (Afarinesh et al., 2005), whileadditive and dominant type of genetic

effectwas significant for anthesis-silking interval(Bonaparte, 1977; Rao and Singh, 2006;

Iqbal et al., 2012). The inheritance of anthesis-silking interval was shifted from additive and

dominant type of genetic effects under normal condition to additive effects under water stress

(Chohan et al., 2012). Additive type of gene action was present for anthesis-silking interval

(Hai-qiu et al., 2003; Farooq et al., 2008; Wattoo et al., 2013).

2. 7.3.4. Plant height

Additive type of gene action was present for plant height in maize (Chen et al.,1996;

Saeed and Saleem, 2000; Nigussie and Zellke, 2001; Mendes et al., 2003; Malik et al.,

2004; Tabassum and Saleem, 2005; Rezaei et al., 2005; Wattoo et al., 2013) cotton (Tyagi,

1988) and sorghum (Bawzir, 1983) Whereas over dominance type of genetic effects were

noticed for plant height in maize under water stress(Akbar et al., 2008; Wattoo et al.,

2009).Plant height was governed by both additive and dominant effects under both normal

and water stress condition (Choukan, 1999; Kumar and Gupta, 2004; Muraya et al., 2006;

Tabassum et al., 2007). Dominance genetic effects were critical for the inheritance of plant

height (Yadav, 2003). Inheritance of plant height was controlled by additive with partial
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dominance type of gene action (Hussain et al., 2009), while the trait was under the control of

partial dominant type of genetic effects (Zia and chaudhary, 1980). Plant height was under

the control of non additive type of genetic effects (Yanping and Yushen, 1987; Sharma and

Bhalla, 1990; Prakash and Ganguli, 2004; Kanagarasu, 2010), while Chohan et al. (2012)

claimed that the inheritance of plant height was governed by both additive and dominant type

of genetic effects under normal anddominanttype of gene action under water stress condition.

2.7.3.5. Leaf area

Leaf area was governed by additive type of gene action both under normal and water

stress condition in maize (Singh et al.,2000; Malik et al.,2004),whereasadditive and

dominant type of genetic effects were noticed for the trait (Iqbal et al., 2012). Plant height

was controlled by dominant type of gene action (Yanping and Yushen, 1987; Yadav,

2003),whereas over dominant type of genetic effect was present for leaf area in maize

(Tabassum and Saleem, 2005; Akbar et al., 2008).Leaf area was controlled by additive with

partial dominance type of gene action in maize both under normal and water stress condition

(Khotyleva and Lemesh, 1994; Hussain,et al., 2009;Chohan et al., 2012), while partial

dominance was involved for the inheritance of leaf area (Aslam et al., 2012). Leaf area was

epistatically controlled and magnitude of additive effects reduced under water stress (Chen et

al., 1996).

2.7.3.6. Days to maturity

Additive type of gene action was present for days to maturity in maize (Iqbal et al.,

1991; Patil et al., 1995; Rana and Venod, 2001;Betran et al., 2003a, b;Iqbal, 2012), whereas

both additive and dominant effects were involved for the inheritance of the trait (Ahmed et

al, 2000; Barati et al., 2004).Over dominance type of genetic effects were noticed for days to

maturity (Hussain et al., 2009), while additive with partial dominance was present for the trait

(Khodarahmpour, 2011).Dominant type of genetic effect wasimportant for inheritance of the

trait (Sharma & Bhala, 1990) and dominant effect was in the direction of early maturity

(Yedeneov, 1986).For days to maturity in maizeChohan et al.(2012)reported both additive and

dominant type of gene action under normal condition and additive under water stress.

2.7.3.7. Ear length

Additive type of gene action under water stress was present for ear length (Chen et

al., 1996; Lu et al., 2006; Ojo et al., 2007), whileboth additive and dominant effects were
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significant for the inheritance of the trait (Ahmed et al., 2000). Non additive type of genetic

effect was involved in the inheritance of ear length (Yanping and Yushen, 1987; Kanagarasu,

2010). The trait is under polygenic control (Xiang Dao, 2001).

2.7.3.8. Number of kernels/ ear

Trait number of kernels /ear was controlled by additive type of gene action under

water stress (Munir et al., 1977; Chen et al., 1996), whereas additive and dominant genetic

effects were reported by Muraya et al. (2006).Over dominance type of genetic effects were

noticed for number of kernels /ear (Saleem et al., 2002; Malik et al., 2004; Hussainet al.,

2009) and non additive type of genetic effects were predominant for inheritance of the trait

(Yanping and Yushen, 1987; Srdic et al., 2007; Tabassum et al., 2007).Over dominance type

of effects were present for number of kernels /ear under normal condition, while it changed to

additive gene action under water stress condition in maize (Chohan et al., 2012).

2.7.3.9.100-Grain weight

Non additive genetic effects played a significant role for inheritance of the trait, 100-

grain weight (Yanping and Yushen, 1987; Mehmood et al., 1990; Tabussum et al., 2007;

Kanagarasu, 2010; Wattoo et al., 2013), while the trait was governed by over dominance type

of gene action (Tabassum and Saleem, 2005; Wattoo et al., 2009; Hussain et al.,

2009).Dominant genetic effect was present for 100 grain weight (Chen et al., 1996;

Afarinesh et al., 2005), whereasadditive with partial dominance was reported by

Khodarahmpour (2011) and Chohan et al. (2012).Additive and dominance type of gene

action was involved for the trait (Kumar and Gupta, 2004; Katna et al., 2005). Additive type

of gene action under water stress was present for 100-grain weight (Munir et al., 1977; Chen

et al., 1996; Barati et al., 2004; Muraya et al., 2006; Srdic et al., 2007; Farooq et al., 2008;

Aslam et al., 2012; Iqbal, 2012).Additive and dominance variances were normally involved

under non stressed condition, whereas the dominance variances were more important than

additive variances under stress (Barati et al., 2004).

2.7.3.10. Grain yield per plant

Non additive type of genetic effects were important for inheritance of grain yield per

plant (Kuriata et al., 2003; Afarinesh et al., 2005; Srdic et al., 2007; Kanagarasu, 2010),

whereas over dominance type of genetic effects were noticed for grain yield per plant

(Tabassum and Saleem, 2005; Wattoo et al., 2009) and additive with partial dominance
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(Khodarahmpour, 2011).Both additive and dominant genetic inheritance was involved in the

governance of grain yield (Malvar et al., 1996; Mendes et al., 2003; Yadav et al., 2003;

Muraya et al., 2006;Iqbal et al., 2007; Katna et al., 2005; Iqbal, 2012; Wattoo et al.,

2013).For the inheritance of grain yield additive and dominance genetic effects were

important under normal condition, while additive effects were vital under water stress

(Chohan et al., 2012). Additive type of gene action was present for the trait (Dutu, 1999;

Malik et al., 2004; Ojo et al., 2007; Farooqet al., 2008; Aslam et al., 2012).Tolerant parents

were mainly controlled by additive genes (Solomon and Labuschagne, 2003).Having a

knowledge of genetic back ground for drought tolerance is very much required for a

geneticist to evolve a superior genotype either by conventional breeding methodology or by

non conventional one (Mitra, 2001; Chen et al., 2004).

2.8. Heritability and Genetic Advance

Genetic variability and the heritability are the key factors which lead towards the

success of crop improvement programme and these criteria are responsible to determine the

rate of progress obtained through selection (Sumathi et al., 2005; Wang et al., 2011).The

significant position of heritability in studying the genetics of quantitative traits is its

forecasting role to mention the trueness of the phenotypic value, which is used as guide to

ultimate breeding value (Ahmad et al., 2011). The most significant purpose of heritability in

genetic studies of quantitative characters is its predictive function to specify the reliability of

phenotypic value as a guide to breeding value (Falconer and Mackay, 1996). Characters with

high heritability can easily be fixed with simple selection resulting in quick progress.

However, it has been accentuated that heritability alone has no practical importance without

genetic advance. Genetic advance shows the degree of gain obtained in a character under a

particular selection pressure. High genetic advance coupled with high heritability estimates

offers the most suitable condition for selection (Najeeb et al.,2009).

Moderate to high heritability estimates were reported for fresh root and shoot length

(Mehdi and Ahsan, 2000b;Ali et al., 2011b; Qayyum et al., 2012;Mustafa et al., 2013) fresh

root and shoot weight ((Mehdi and Ahsan, 2000b;Ali et al., 2011b; Qayyum et al., 2012;Ali

et al., 2013) dry root and shoot weight (Mehdi and Ahsan, 2000b;Ali et al., 2013;Mustafa et

al., 2013) and root/shoot ratio (Ali et al., 2011b; Qayyum et al., 2012; Mustafa et al., 2013),

whereas low for dry root weight (Ali et al., 2011b; Qayyum et al., 2012). Heritability for root
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length and plant height increases with seedling growth (Ruillian et al., 1997).The higher

values of heritability and genetic advance for fresh root length indicate that selection can be

made on the bases of this trait (Mustafa et al., 2013; Ali et al., 2013).High expected relative

genetic advance for fresh shoot weight and dry root weight may be used as selection criterion

at seedling stage in corn (Mehdi and Ahsan, 2000b).

Moderate to high heritability estimates in maize have been reported for plant height

(Hussain et al., 2009; Bello et al., 2012;Chohan, 2012; Wattoo et al., 2013), grain yield (Hai-

qiu et al., 2006;Chohan, 2012;Bello et al., 2012;Wattoo et al., 2013) relative water content

(Dedio, 1975;Wattoo et al., 2013), leaf temperature (Chohan, 2012;Mustafa et al.,

2013;Wattoo et al., 2013), 100 grain weight (El-Hifny et al., 2003;Chohan, 2012;Wattoo et al.,

2013), number of kernels per ear (Bello et al., 2012;Wattoo et al., 2013), cell membrane

thermo-stability (Wattoo et al., 2013), leaf area (Wattoo et al., 2013) and anthesis-silking

interval (El-Hifny et al., 2003;Magorokosho and Tongoona, 2003), while low for grain

yield(Magorokosho and Tongoona, 2003;Gong-xian, 2004).Low tomoderate narrow sense

heritability for ear length and plant height indicates the significance of selecting proper

segregating generations for the best expression of genes (Tengan et al., 2012).High value of

narrow sense heritability reveals that genetic variation is due to additive genes (Iqbal,

2012;Chohan, 2012).Narrow-sense heritability of relative water content increases as drought

stress is intensified one week prior to flag leaf senescence (Dedio, 1975).In maize heritability

values were lower under water stress than irrigated conditions for plant height and leaf area

(Chen et al., 1996) grain yield (Edmeades et al., 2006) and 100 grain weight (El-Hifny et al.,

2003), while anthesis-silking interval had stable or increase in heritability as drought stress at

flowering increased (Edmeades et al., 2006).Genetic advance ranges from 0.179 to 11.74 for

leaf temperature, fresh root and shoot length, dry root and shoot weight and root-shoot ratio

and it indicated that selection can be made on the bases of these traits (Mustafa et al.,

2013).Different researchers have reported high heritability and high genetic advance for

different yield controlling traits in maize. Therefore, availability of good knowledge of these

genetic parameters existing in different yield contributing characters and the relative

proportion of this genetic information in various quantitative traits is a pre-requisite for

effective crop improvement (Rafique et al.,2010).
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2.9. Correlation studies

Correlation is a statistical measure used to find out the degree and direction of

relationship between two variables (Singh, 2002). The magnitude of dependence of one trait

on other helps in selection of one trait on the basis of selection or rejection of a dependent

and more visible trait. In studies leading to the selection of parents in breeding program,

interdependence could be used as criteria for selection on the basis of easily measurable trait

(Singh and Narayanan, 2004).

2.9.1. Correlations among seedling traits

Fresh root length had a positive and significant association, on genotypic basis, with

fresh shoot length (Tewatia et al., 2000; Asghar and Khan, 2005; Khan et al., 2010;Ali et al.,

2011b; Mustafa et al., 2013;Ali et al., 2013) fresh shoot weight (Mehdi and Ahsan, 1999b;

Tewatia et al., 2000; Ali et al., 2013) dry shoot weight (Aslam and Tahir, 2003; Khan et al.,

2010) fresh root weight (Tewatia et al., 2000; Ali et al., 2013;Qayyum et al., 2012) dry root

weight (Aslam and Tahir, 2003; Khan et al., 2010;Qayyum et al., 2012), while negative and

significant relationship with root/shoot ratio (Ali et al., 2011b). Fresh shoot length is

positively associated with fresh shoot weight (Mehdi and Ahsan, 1999b; Asghar and Khan,

2005;Ali et al., 2011b;Ali et al., 2013) fresh root weight (Aslam and Tahir, 2003; Khan et

al., 2010) dry root weight on phenotypic basis (Ali et al., 2011b;Ali et al., 2013) and

root/shoot ratio (Ali et al., 2011b) on both phenotypic and genotypic basis, whereas

negatively and significantly correlated with dry shoot weight (Ali et al., 2013) root-shoot

ratio (Aslam and Tahir, 2003; Khan et al., 2010).

Fresh shoot weight had a close positive relationship with fresh root weight (Asghar

and Khan, 2005;Ahsan et al., 2011) dry shoot weight (Asghar and Khan, 2005;Aslam and

Tahir, 2003; Khan et al., 2010) dry root weight (Daubenmir, 1974;Mehdi and Ahsan, 2000b;

Wang et al., 2000; Ahsan et al., 2011), while negatively and significantly with root/shoot

ratio (Aslam and Tahir, 2003; Khan et al., 2010). Fresh root weight exhibited positive and

significant association both on phenotypic and genotypic basis with dry shoot weight (Ali et

al., 2013) dry root weight (Mehdi and Ahsan, 1999b; Rehman et al., 2005; Ahsan et al.,

2011; Qayyum et al., 2012). Dry shoot weight had a positive and close relationship with dry

root weight (Ali et al., 2011b;Mustafa et al., 2013) and negatively with root/shoot ratio and

leaf temperature both on phenotypic and genotypic basis (Aslam and Tahir, 2003; Khan et
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al., 2010; Mustafa et al., 2013). Dry root weight showed positive and significant association

with root/shoot ratio (Ali et al., 2011b), whereas root/shoot ratio is positively and

significantly correlated with leaf temperature (Mustafa et al., 2013).Dry root weight is an

important selection criterion in maize under water stress (Daubenmir, 1974; Mehdi and

Ahsan, 2000b; Wang et al., 2000).Genetic studies of seedling parameters will aid in

identifying and screening inbred lines that is utilized in breeding genotypes for water stress

tolerance (Mehdi et al., 2001).

2.9.2. Correlations among morpho-physiological traits

Identification and analysis of various plant characters having sound and positive

association with drought tolerance and high productivity under drought is necessary

(Richards, 2004; Rauf and Sadaqat, 2008). Grain yield per plant had a positive and

significant genotypic correlation with days to 50% tasseling and silking (Bolanos et al.,

1993c; El-Saad et al., 1994; Sujiprihati et al., 2001; Mohan et al., 2002; Oyo et al., 2006;

Saleem et al., 2007; Akbar et al., 2008), 100-grain weight (Kumar and Misra, 1995; Malik et

al., 2005;Saleem et al., 2007; Akbar et al., 2008; Ramezani et al., 2009; Uddin et al., 2010;

Golbashy, 2012; Amini et al., 2013), plant height (Mohajan et al., 1990; Bolanos et al.,

1993c; Khakim et al., 1998 ;Ahsan, 1999;Ahmed and Hassanein, 2001; Mohan et al., 2002;

Malik et al., 2005; Oyo et al., 2006; Uddin et al., 2010; Golbashy, 2012; Amini et al., 2013),

leaf area (Dudly, 1996; Bolanos et al., 1993c; Ahsan, 1999; Yadav et al., 2003;  Malik et al.,

2005; Oyo et al., 2006;Saleem et al., 2007; Ahsanet al., 2008), number of kernels/ear

(Frederick et al., 1989; Bolanos and Edmeades ,1993c; Annapurna et al., 1998; Firoza et al.,

1999; Khatun et al., 1999;Malik et al., 2005; Cattivelli et al., 2008; Golbashy.,2012),

anthesis silking interval (Magorokosho and Tongoona, 2003; Cattivelli et al., 2008), days to

maturity (Bolanos and Edmeades, 1996; Sujiprihati et al., 2001; Mohan et al., 2002), ear

length(Xiao-ling et al., 2001; Cheng et al., 2003; Yadav et al., 2003; Da-chun, 2006) and

relative water content (Mohan et al., 2002) under irrigated conditions. Days to silking and

tasseling had significant and positive correlation with 100-grain weight under irrigated

condition but both had significant and negative correlation under drought condition (Bolanos

et al., 1993c; Malik et al., 2005;Saleem et al., 2007). Genotypic correlation coefficient was

negative and significant between grain yield and days to tasseling and silking (Bolanos and

Edmeades., 1996; Ahsan, 1999; Malik et al., 2005) and relative water content (Aslam et al.,
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1999).Grain yield can be improved by increasing leaf area and plant height in maize (Ahsan,

1999). Plant height had no association with grain yield (Rather et al., 1999). Positive and

significant correlation of 100-grain weight with days to maturity was reported by Parth et al.

(1986). Close and significantassociation of number of kernels per ear with yield and

emphasizes that selection based on the characters which enhance kernel number per ear may

be more effective in improving yield under drought stress (Annapurna et al., 1998; Firoza et

al., 1999; Khatun et al., 1999; Mohan et al., 2002; Beiragi et al., 2011).Cell membrane

thermo-stability had a strong association with days to maturity, ear length, number of kernels

per ear, 100-grain weight and grain yield per plant under both normal and water stress

condition (Ning et al., 2013).Relative water contents showed negative correlation with

excised leaf water loss and no correlation with agronomic traits which suggests that genes

controlling the traits related to drought tolerance are not linked with the genes controlling

agronomic traits (Malik et al., 2006). Leaf area had positive and non significant correlation

with excised leaf water content at genotypic but highly significant at phenotypic levels

(Ahsan et al., 2008). Alleles of parental traits are recombined so, the correlations among the

traits reflect linkage relationships and this may be due to the difference in allele combinations

of the parents involved in the populations (Tollenaar et al., 1979). Leaf temperature was

positively and significantly correlated with days to silking and anthesis-silking interval

(Tollenaar et al., 1979; Ning et al., 2013; Tsimba et al., 2013) and negatively with grain yield

per plant(Aslam et al., 1999; Tsimba et al., 2013). At present no significant technological

means could be adapted to facilitate the crop production under drought conditions. Under the

circumstances the only hope is to develop crop plants which are tolerant to drought stress.

Knowledge of physiological mechanism and genetic control of the contributing traits for

development of increased drought resistant crops is required (Farooq et al., 2008).
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CHAPTER 3

MATERIALS AND METHODS

3.1. Experimental conditions

The present study was conducted in the Department of Plant Breeding and Genetics,

University of Agriculture, Faisalabadand Agronomic Research Institute, Ayub Agricultural

Research Institute, Faisalabad.Faisalabad is situated in the rolling flat plains of North East

Punjab (Pakistan) between longitude 73o-74o East and latitude 30o-31o North, with an

elevation of 184 meters above sea level. Due to its high evapo-transpiration, Faisalabad falls

into arid climate.

The average temperature and relative humidity throughout the experimental period in

the glasshouse was 25.7-34.4oC and 60.3-79.3% respectively, whereas the average

temperature and relative humidity throughout the experimental period in the field was 23.77-

33.04oC and 50.8-65.48% respectively (Appendices 6-11)

3.2. Plant material

Fifty inbred lines of maize (Table 3.1) were collected from Maize and Millet

Research Institute (MMRI), Yousafwala, Maize Research Station, Ayub Agricultural

Research Institute (AARI), Faisalabad and Department of Plant Breeding and Genetics,

University of Agriculture, Faisalabad. The inbred lines were planted in the experimental area

of Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad during

spring, 2010 to maintain uniformity and purity of each inbred line.

3.3. Screening of maize germplasm under drought condition

This experiment was conducted in glasshouse during autumn 2010.The inbred lines

were sown in the polythene bags measuring 18x 9 cm filled with pre-irrigated washed river

sand at a uniform depth of 3 cm. The experiment was laidout in a completely randomized

factorial design with three replications under both normal and water stress conditions. Single

seedling was established in each polythene bag.
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Table 3.1.List of inbred lines and their origin
Sr. No. Inbred line Origin Sr.No. Inbred line Origin
1 Y-9 MMRI 26 OH-41 UAF
2 Y-11 MMRI 27 HY7 UAF
3 Y-15 MMRI 28 A-638 UAF
4 Y-18 MMRI 29 W64SP UAF
5 Y-21 MMRI 30 OH-8 UAF
6 Y-26 MMRI 31 B-54 UAF
7 Y-36 MMRI 32 B34-2B UAF
8 Y-41 MMRI 33 OH-28 UAF
9 Y-42 MMRI 34 A-556 UAF
10 Y-52 MMRI 35 A-495 UAF
11 Y-53 MMRI 36 OH33-1 UAF
12 Y-54 MMRI 37 Q-67 UAF
13 Y-63 MMRI 38 B54 UAF
14 Y-81 MMRI 39 W-10 UAF
15 Y-83 MMRI 40 A-239 UAF
16 Y-89 MMRI 41 A-509 UAF
17 Y-101 MMRI 42 0H54-34 UAF
18 Y-91 MMRI 43 A521-1 UAF
19 Y-93 MMRI 44 USSR-150 UAF
20 Y-113 MMRI 45 Q-66 UAF
21 Y-119 MMRI 46 F-110 MRS
22 Y-126 MMRI 47 F-189 MRS
23 A-427-2 UAF 48 F-128 MRS
24 PB77-1 UAF 48 F-160 MRS
25 M-14 UAF 50 F-187 MRS

MMRI= Maize and millet research institute yousafwala, Sahiwal
MRS = Maize research station Faisalabad
UAF = University of Agriculture Faisalabad

Table 3.2.List of parents andcrosses
Sr.No. Population Parents
1 P1 Y-26
2 P2 Y-113
3 F1 (Y-26×Y-113)
4 F2 Selfing of F1

5 BC1 (Y-26×Y-113)×Y-26
6 BC2 (Y-26×Y-113)×Y-113
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Ten seedlings of each inbred line per replication was grown and after seven days of

sowing 150 ml of water were applied to both normal and water stress treatments, whereas 15

days after sowing 150 ml of water was applied to normal set only.

After 21 days of sowing water was applied to both sets of experiments prior to

uprooting. The uprooted seedlings were washed with tap water carefully so that root and

shoot would not be damaged and wrapped them in blotting paper for 10 minutes in order to

dry the moisture contents. Data were recorded on the following traits.

3.3.1. Fresh root length (cm)

Length of fresh roots obtained from ten seedlings of each entry was measured in cm

using a measuring tape and average root length was noted.

3.3.2. Fresh shoot length (cm)

Length of fresh shoots obtained from ten seedlings of each entry was measured in cm

using ameasuring tape and average length was recorded.

3.3.3. Fresh shoot weight (g)

Fresh shoot of each seedling was detached from the root for each entry with the help

of ascissors and weighed in grams by using electronic balance (CHYO-MJ- 500). Theaverage

of ten plants was used for analysis of the data.

3.3.4. Fresh root weight (g)

The roots detached from each seedling of each inbred line were weighed in grams by

using electronic balance (CHYO-MJ- 500). The average of ten plants was used for data

analysis.

3.3.5. Dry shootsweight (g)

Fresh shoots detached from the seedlings were put in a kraft paper bag and dried in an

electricoven at 65 + 5o C for 72 hrs for complete drying and shoot dry weight was recorded in

gramsby using an electronic balance (CHYO-MJ- 500). Average of ten seedlings was usedfor

data analysis.

3.3.6. Dry root weight (g)

Fresh roots from seedlings were put in kraft paper bag, oven dried at 65 +oC for 72

hrs for complete drying and then weighed in grames using an electronic balance (CHYO-MJ-

500). The average of ten seedlings was computed.
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3.3.7. Root/shoot ratio (by weight)

Root/shoot ratio was calculated by dividing dry root weight to dry shoot weight using

formula as proposed by Nour et al. (1978).

Root/shoot ratio = Dry root weight / Dry shoot weight

3.3.8. Relative water content

Relative water content was determined during stress period according to Mata and

Lamattina (2001). When water stress appeared, leaf samples were detached from selected

plants and placed in polythene bags, fresh leaf weight was recorded by using electronic

balance in the laboratory. Turgid leaf weight was recorded after keeping the leaf samples in

water for over night. After oven drying the leaf samples at 70oC for 24 hours, dry leaf weight

was calculated. By using the formula given below, the relative leaf water content was

determined as follows:

RWC % = [Fresh Weight – Dry Weight] / [Turgid Leaf Weight – Dry Leaf Weight] x100

3.4. Development of generations

One tolerant (Y-26) and one susceptible (Y-113) inbred line was selected on the basis

dry root weight, root shoot ratio and relative water content under water deficit conditions.

During spring 2011, the selected lines were sown in the field and care was taken during

hybridization in order to avoid contamination. The female parents were hand emasculated

and pollinated to produce sufficient seed of F1 generation. During autumn 2011, F1 along

with parents were grown in the field and F1 was selfed to get F2 generation. F1 was also

crossed with P1 and P2 to develop BC1 and BC2 respectively.

3.5. Evaluation of the generations

3.5.1. Evaluation in glasshouse

One seed of each generation was sown in separate polythene bags filled with pre-

irrigated washed river sand at a uniform depth of 3 cm. The experiment was laid out in a

completely randomized factorial design with three replications and two water treatments.

Each replication was consisted of 10 seedlings of P1, P2 and F1, 20 seedlings of back

crossesand 50 seedlings of F2 generation under both conditions. After seven days of sowing,

150 ml of water was applied to both sets (normal and drought condition). After 15 days

ofsowing 150 ml of water was applied to normal set only. After 21 days of sowing, water

was applied to both sets and seedlings were carefully removed and washed with tap water
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taking care that root and shoot would not be damaged. The data on seedling traits were

recorded as described in section 3.3.1 to 3.3.7.

3.5.2. Evaluation in field

All the generations i.e. P1, P2, F1, F2, BC1 and BC2 were planted in the field under

normal and moisture stress conditions in a two factor factorial randomized complete block

design with three replications.For eachreplication 2, 3 and 4 rows of five meter length were

sown for non segregating, backcrosses and F2 generations respectively. Two seeds per hill

were dibbled and later thinned to one seedling per hill. Entries were planted by maintaining

row to row and plant to plant distances of 75 and 25 cm respectively while non experimental

rows were also planted to minimize the border effects. Recommended agronomic, cultural

and plant protection measures were kept uniform for both sets of experiments except number

of irrigations. Optimum irrigations (8 irrigations) were applied to normal set, whereas 50% of

the normal irrigations were applied to drought stressed block (Khan et al, 2004a). Alternate

irrigations were skipped in the stress treatments.Ten plants were randomly selected inP1, P2

and F1generations in eachreplication under both irrigation conditions. Twenty plants were

randomly selected in backcrosses, while fifty plants in F2 generation under both conditions.

Data for the following morpho-physiological traits were recorded.

3.5.2.1. Physiological traits

3.5.2.1.1. Cell membrane thermo stability (%)

Cell membranethermo-stability (CMT) under water stress conditions was determined

according to Sullivan (1972). Completely expanded leaves (upper most) were removed and

cut 0.75 cm diameter round discs with the help of sharp punch machine. Ten leaf discs were

taken into a 50 ml glass tube in two sets and washed slowly with three changes of de-ionized

distilled water to remove surface adhered electrolytes. After washing, the leaf segments were

submerged in 10 ml of distilled water in glass tubes. One set of the tubes was put in water

bath for one hour at 45oC. Then both the sets were put in air-conditioned room at 22°C over

night. On the next day electric conductivity of each test tube sample was measured by EC

meter (LF 538) after shaking well these glass tubes. The leaf tissues were killed by

autoclaving the samples for 15 minutes at 15 Ibs pressure and 121°C temperature and then

allowed to cool down up to 22°C over night. Then electrical conductivity was measured for

the second time. Degree of membrane integrity permits a measure of membrane stability to
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electrolyte leakage under stress. The percentage injury to leaf tissue due to water stress was

calculated using first and second electrical conductivity measurements following the formula:

Percent injury = [1- (1-T1 / T2) + (l - C1 / C2)] × l00

T1= First conductivity measurement of plant sample treated at 45oC before autoclave,

T2=Second conductivity measurement of plant sample treated at 45oC after autoclave,

C1= First conductivity measurement at room temperature (22o C) before autoclave,

C2 = Second conductivity measurement at room temperature (22o C) after autoclave.

3.5.2.1.2. Relative water content

Relative water content was determined during stress period as described in section 3.3.8.

3.5.2.1.3. Leaf temperature (oC)

Leaf temperature of 10 selected plants from each non segregating generation (P1, P2

and F1), 20 selectedplants from BC1 and BC2 while 50 plantsfrom F2generation per replication

wasobserved for fully exposed leaves at 13.00 to 15.00. Data were recorded from three

leaves of each selected plant with infra-red thermometer (RAYPRM 30 CFRJ, RAYTEK,

USA).

3.5.2.2. Morphological traits

3.5.2.2.1. Days to tasseling

Days taken to tasseling were counted from date of sowing to the date when more than

50% plants of an entry showed the emergence of tassel. A plant was considered to have

anthesised if at least one extruded anther was visible.

3.5.2.2.2. Days to silking

Days to silking were recorded by counting the number of days from date of sowing to

thedate when more than 50% of plants of an entry showed the emergence of silk. A plant was

considered to be at silking if at least one silk was visible.

3.5.2.2.3. Anthesis-silking interval

The anthesis-silking interval (ASI) was calculated as the days to 50% silking minus

days to50% anthesis.

3.5.2.2.4. Days to maturity

This was done by counting the number of days from planting to the harvesting date.

Theaverage number of days to maturity was used for analysis of data.
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3.5.2.2.5. Plant height (cm)

At physiological maturity, plant height of each plant was measured (Guzman and

Lamkey, 2000) as thedistance fromground level to the apex of the tasseland it was measured

incm with the help of a measuring rodon randomly selected plants. The average was used

forthe analysis of data.

3.5.2.2.6. Ear leaf area (cm2)

Leaves of randomly selected competitive plants from each treatment were collected

and leaf area of each was measured by using leaf area meter (Model CI-203 CID, Inc. USA).

3.5.2.2.7. Ear length (cm)

Ear length of selected plants was measured in cm by using measuring tape.

3.5.2.2.8. Number of kernels/ ear

Number of kernels per ear was determined by counting the kernels obtained fromthe

ears of the selected plants and average was worked out.

3.5.2.2.9.100-grain weight (g)

Three one-hundred grain samples were collected from produce of each selected plant

andweighed in grams using an electronic balance(CHYO-MJ- 500) and average was used for

data analysis.

3.5.2.2.10. Grain yield/ plant (g)

Grain yield per plant was obtained by weighing the grains from each selected plant in

grams with the help of weighing balance (CHYO-MJ- 500) andaverage was worked out.

3.6. Biometrical approach

The data collected were subjected to analysis of variance (Steel et al., 1997) to

determine the variability among the entries. Generation means analysis was performed

according to Mather and Jinks (1982). Standard error (SE) of generation means was computed

by performing a nested analysis of variance (Snedecor and Cochran, 1989). Correlation

coefficients were calculated as described by Kwon and Torrie (1964).

3.6.1. Generation means analysis

The genetic bases of variation for the traits were studied by analyzing the data on the

six basic generations (P1, P2, F1, BC1, BC2, and F2). The generation mean analysis (Mather

and Jinks, 1982) was performed using a computer programme written by Dr. H.S. Pooni,

School of Biological Sciences, and University of Birmingham, United Kingdom. Means and
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variances of the parents, BC1, BC2, F1 and F2 generations used in the analysis were calculated

from individual plant data pooled over replications. The coefficients of genetic components

of generation means are presented in Table 3.3-4

A weighted least square analysis (Mather and Jinks, 1982) was performed on the

generation means commencing with the simplest model using parameter m only. Further

models of increasing complexity (md, mdh, etc.) were fitted if chi-square value was

significant. The best fit model was one which had significant estimates of all parameters

along with non-significant chi-square value.

3.6.2. Narrow sense heritability

Estimation of narrow sense heritability (h2
ns) was calculated (Mather and Jinks, 1982)

using the components of variance from the best fit model of the weighted least squares

analysis by using the formula:

h2
ns

1) = 0.5D/ (0.5D+E) (when a simple DE model was adequate without a significant

dominance component)

2) = [0.5D/0.5D+0.25H+E] (when DHE model had to be fitted)

Heritability in the F∞ generation was also calculated by using the formula:

h2
(F∞) = D/D+E

A scale as following was made for estimates of heritability as described by Stansfield

(1986)

High heritability > 50

Medium heritability = 20-50%

Low heritability < 20

3.6.3. Inbreeding depression

Magnitude of inbreeding depression in F2 was estimated using the formulae of Miller
and Marani (1963);

Inbreeding depression = [ ]×100

Where, F = mean value of FF = mean value of F
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Table 3.3.Coefficients of genetic effects for the weighted least squares analysis of
generation means (Mather and Jinks,1982).

Generations Components of genetic effects

m [d] [h] [i] [j] [l]
P1 1 1.0 0.0 1.0 0.0 0.0
P2 1 -1.0 0.0 1.0 0.0 0.0
F1 1 0.0 1.0 0.0 0.0 1.0
F2 1 0.0 0.5 0.0 0.0 0.25
BC1 1 0.5 0.5 0.25 0.25 0.25
BC2 1 - 0.5 0.5 0.25 - 0.25 0.25

m = means;        d= additive; j= additive× dominance
h= dominance; i= additive× additive; l=dominance×dominance

Table 3.4. Coefficients of genetic variance components D, H, F and E for the weighted
least square analysis of generation variances (Mather and Jinks, 1982).

Generations Components of variation
D H F E

P1 0.00 0.00 0.00 1
P2 0.00 0.00 0.00 1
F1 0.00 0.00 0.00 1
F2 0.50 0.25 0.00 1
BC1 0.25 0.25 -0.50 1
BC2 0.25 0.25 0.50 1

D=additive;    H= dominance; F= interaction; E= environmental
P1 & P2= Parents 1and 2 respectively F1 and F2 =Filial generations 1 and 2

respectively, BC1 & BC2 = Back cross 1 & 2 respectively
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3.6.4. Genetic advance

Expected genetic advance in the next generation was computed by the following

formula(Falconer and Mackay, 1996).

G.A = K. p. h2

Where,

G.A = Genetic advance

K = Selection differential, (2.06 at 5 % selection intensity)

p = Standard deviation of phenotypic variance of the population under selection

h2 = heritability estimates in fraction of the trait under study.

3.6.5. Correlations

Phenotypic and genotypic correlation coefficients among various plant traits were

determined (Knownand Torrie, 1964).
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Screening in glasshouse

The success of any crop improvement programme dependsnot only upon the amount

of genetic variability present in the population but also on the extent to which it is heritable,

which sets the limit of progress that can be achieved through selection (Sumathi et al., 2005;

Wang et al., 2011). Better understanding of physiological and genetic responses of

germplasm and information on the genetic architecture of traits related to drought tolerance

and their mode of inheritance is a necessary step to move forward. Presence of variability

plays an important role in the success of parent selection to explore the gene action that

controls the traits under improvement.

An economic and sustainable way of resolving agricultural problems particularly in

dry areas is the selection of drought tolerant plants (Ashraf et al., 1992). A set of reliable

parameters is required that can rapidly and relatively inexpensively screen the genotypes.

Root/shoot ratio is a useful and reliable selection parameter for development of drought

tolerant cultivars (Zekri, 1991; Misra, 1990). For efficient selection, presence of significant

variability in the available germplasm is a pre requisite (Ali et al., 2009; Chohan et al.,

2012). Pooled analysis of variance (Table 4.1) indicated that treatments, inbred lines and

treatment × inbred lines interactions were significant (P≤ 0.01) for all traits except treatment

× inbred line interaction for relative water content. Analysis of variance pertaining to the

seedling parameters evaluated under normal and drought stress treatments in glasshouse is

presented in Table 4.2. Significant variation among the inbred lines was found for all the

parameters under both conditions, which showed sufficient genetic variability in the available

maize germplasm.

Variability among maize genotypes for various seedling traits under drought

condition has also been reported by Maiti et al.(1996), Mehdi and Ahsan (1999 b), Wu and

Cosgrove (2000), Mehdi and Ahsan (2000a,b), Takele (2000), Matsui and Singh (2003),

Dhanda et al. (2004), Xian-de et al. (2004), Aslam et al. (2006), Tavako and Pakniyat

(2007), Yagmur and Kaydan (2008), Ali et al. (2009), Ali et al. (2011b), Rezaeieh and Eivazi

(2011), Bibi et al. (2010) and Qayyum et al.( 2012).
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Table 4.1. Mean square values from pooled analysis of variance of seedling traits of
maize inbred linesacross treatments

Source of variation Treatments Inbred lines Treat.× Inbred Error
Fresh root length 1196.48** 79.33** 18.09** 0.75**
Fresh shoot length 4478.45** 38.76** 18.45** 1.006**
Fresh shoot weight 2480.44** 73.78** 8.91** 0.401**
Fresh root weight 943.95** 40.80** 2.75** 0.39**
Dry shoot weight 64.48** 1.81** 0.432** 0.055**
Dry root weight 226.06** 13.90** 1.08** 0.034**
Root/shoot ratio 1.176** 2.11** 0.441** 0.016**
Relative water 0.427** 0.027** 0.001 0.003

** = significant at 0.01 probability level

Table 4.2. Mean square values and coefficients of variation for seedling traits of maize
under normal and drought condition

Traits Treatments Inbred lines
(df=49)

CV%

Fresh root length Normal 66.560** 2.86
Drought condition 41.930** 3.47

Fresh shoot length Normal 40.350** 3.41
Drought condition 18.810** 4.26

Fresh shoot weight Normal 62.740** 4.59
Drought condition 31.600** 6.47

Fresh root weight Normal 27.570** 7.10
Drought condition 19.060** 11.02

Dry shoot weight Normal 1.470** 8.03
Drought condition 0.874** 11.18

Dry root weight Normal 10.060** 5.34
Drought condition 4.652** 6.84

Root/shoot ratio Normal 1.470** 9.01
Drought condition 1.627** 9.84

Relative water content Normal 0.014** 9.53
Drought condition 0.015** 6.70

** = significant at 0.01 probability level
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4.1.1. Dry root weight

Dry root weight of inbred lines varied from 2.09 to 8.70 g under normal condition,

whereas under drought conditions it ranged from 1.09 to7.35 g (Figure 4.1, Appendix 1). The

maximum values were demonstrated by the inbred lines Y-52 and Y-18 and the minimum

values were displayed by inbred lines Q-67 and Y-36, respectively under normal condition.

On the other hand, under drought stress treatment, inbred lines Y-26 and Y-52 resulted in

maximum values of 7.35 and 6.27g. Under drought condition line Y-26 was significantly

different from all inbred lines, while Y-113 was significantly different from all lines except

OH-28, Q-67 and Y-126. The minimum values under drought stress were noted for inbred

lines Y-126 and Y-113, respectively. The maximum and minimum decrease in dry root

weight was 60.83% and 6.82% for the lines Y-113 and OH33-1 respectively. Reduction in

root growth and development in response to drought has also been reported by Shiralipour

and West (1984), Thakur and Rai (1984), Ramadan et al. (1985). Dry root weight under

water stress ranged from 0.30-6.35g (Hussain et al., 2009; Chohan, 2012; Iqbal, 2012;

Qayyum et al., 2012). Considerable decrease in dry root weight was observed under water

stress (Khan et al., 2004a; Yagmur and Kaydan, 2008; Jabeen et al., 2008).

4.1.2. Root/ shoot ratio (by weight)

Root shoot ratio under normal condition ranged from 0.62 to 3.04, while under

drought condition the mean values ranged from 0.55 to 3.43. Under normal condition, the

maximum value for root/shoot ratio was observed for inbred line Y-52. The minimum value

of 0.62 was observed for OH33-1 under normal condition (Figure 4.2, Appendix 2). Under

drought stress, the maximum values were obtained from inbred lines Y-26 and Y-41,

respectively, while the least values of root/shoot ratio were noted for Y-113 followed by F-

160. Under water stress Y-26 showed significant difference from all inbred lines except Y-41

and Y-52, while Y-113 was significantly different from 34 lines.
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The maximum and minimum decrease in root/shoot ratio was 51.52 and 0.05 % for

the lines OH54-34 and Y-15 respectively, while maximum and minimum increase was 62.56

and 1.18 % respectively. Water stress at seedling stage may lead to higher root/shoot ratios

(Zekri, 1991; Matsuura et al., 1996; Takele, 2000; Dhanda et al., 2004; Kashiwagi et al.,

2004; Yagmur and Kaydan, 2008; Jabeen et al., 2008).Roots are less sensitive than shoots to

growth retardation under drought stress. Therefore root: shoot ratio of plants increases when

water availability is limiting (Wu and Cosgrove, 2000). Root/ shoot ratio ranges from 1.33-

6.11 for maize seedlings under water stress (Aslam and Tahir, 2003; Qayyum et al., 2012)

and in wheat1.14-4.41 (Tavakol and Pakniyat, 2007). Root-shoot ratio is a useful and reliable

selection parameter for development of drought tolerant cultivars (Zekri, 1991; Misra, 1990;

Tavakol and Pakniyat, 2007).Translocation of photosynthetic assimilates towards root than

shoot is feature of several species including maize (Hsiao and Xu, 2000; Sharp et al., 2004).

4.1.3. Relative water content

Relative water content among the inbred lines varied from 0.47 to 0.76 % under

normal condition and it ranged from 0.41 to 0.70 % under drought condition (Figure 4.3,

Appendix 3). Under normal condition, maximum relative water content was recorded for the

inbred line Y-26 followed by Y-18, Y-52 and Y-53 and the minimum values were recorded

for inbred lines Y-113 and OH-28, respectively. While under drought condition, maximum

relative water content was obtained for the inbred line Y-26, whereas, the minimum values

were obtained for inbred lines Y-113 and OH33-1, respectively. Inbred line Y-26 was

significantly different from six linesunder normal condition, whereas under drought

condition the line was different from 24 lines. Inbred line Y-113 was significantly different

from 17 lines under normal condition, while it was different from 30 lines under

droughtcondition. The maximum decrease (21.47%) in relative water content was exhibited

by the line Y-113, while minimum decrease (4.76 %) was recorded for Y-101. Relative water

content is a key indicator of the degree of cell and tissue hydration and maintenance of

relatively high relative water content during mild water stress is indicative of drought

tolerance (Jamaux et al., 1997; Altinkut et al., 2001; Colom and Vazzana, 2003). Relative

water content ranges from 53.21 to 78.57% in maize seedlings (Aslam and Tahir, 2003;

Colom and Vazzana, 2003; Xian-De et al., 2004) under water stress.



43

30

35

40

45

50

55

60

65

70

75

80
A-
42
7-
2

PB
77
-1

M
-1
4

O
H-
41 Y-
9

Y-
11 HY
7

Y-
15
Y-
18
Y-
21

A-
63
8

Y-
26

W
64
SP

O
H-
8

Y-
36
Y-
41
Y-
42
Y-
52

F-
11
0

B-
54

B3
4-
2B

O
H-
28

A-
55
6

A-
49
5

Y-
53
Y-
54
Y-
63
Y-
81

O
H3
3-
1

Q
-6
7

F-
18
9

Y-
83
Y-
89

Y-
10
1

F-
12
8

F-
16
0

Y-
91
Y-
93 B5
4

F-
18
7

W
-1
0

Y-
11
3

Y-
11
9

Y-
12
6

A-
23
9

A-
50
9

0H
54
-3
4

A5
21
-1

U
SS
R-
15
0

Q
-6
6

R
el

at
iv

e 
w

at
er

 c
on

te
nt

 (
%

)

Inbred lines

Fig. 4.3 Mean relative water content of maize inbred lines under normal and drought condition

Normal Drought condition



44

Leaf relative moisture content provides useful information for germplasm screening

and improvement at seedling stage in maize (Xian-de et al., 2004). Relative water content

(RWC %) decreases with the decrease in osmotic potential and increases in drought stress

(Tavakol and Pakniyat, 2007; Jabeen et al., 2008).

Drought tolerant plants are often characterized by deep and vigorous root system

(Blum, 1989). Fresh and dry root weight and root/shoot ratio by weight are supposed to be

key marker traits for drought tolerance. Fresh and dry root weight increase in maize is an

important adaptive characteristic (Nour et al., 1978).

On the basis of performance of inbred lines for these traits one tolerant and

onesensitive inbred line was selected for further study. The inbred line Y-26 was

comparatively tolerant under water stress, having maximum values of root/shoot ratio by

weight, relative water content and dry root weight. The inbred line Y-113 was comparatively

the most sensitive, having minimum values of root/shoot ratio by weight, relative water

content and low value of dry root weight under drought condition.

4.2. Evaluation of generations

4.2.1. Genetic variability

The success or failure of any crop breeding program depends largely on the quantum

of genetic variability present in the breeding materials in hand. The present study was

conducted to observe the variability among various physiological and genetic characters

under water stress conditions. Such information is of great value to formulate future maize

breeding strategies under drought conditions.

Pooled analysis of variance for seedling traits (Table 4.3) exhibited that  treatments

and generations were significant for all the traits except root/shoot ratio for treatments,

whereas treatment × generations interaction was significant for all traits except fresh shoot

and dry root weight. Pooled analysis of variance for physiological traits is presented in Table

4.4. Treatments, generations, and treatments × generations interaction were significant for all

traits except treatments × generations interaction for leaf temperature. For morphological

traits pooled analysis of variance (Table 4.4) indicated that treatments and generations were

significant for all traits, while treatments × generations interaction was significant for all

traits except ear length and 100-grain weight.
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Table 4.3. Mean square values from pooled analysis of variance for seedling traits
across treatments

Treatments Generations Treat.×Gen. Error
df 1 5 5 22
FRL 225.65** 48.90** 1.00** 0.22
FSL 396.53** 29.07** 0.58* 0.22
FSW 75.56** 19.37** 0.12 0.09
FRW 51.97** 25.80** 0.93** 0.09
DSW 16.37** 2.64** 0.44** 0.02
DRW 30.19** 17.74** 0.02 0.07
R/S Ratio 0.09 2.78** 0.12** 0.02

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, FRL= Fresh root
length; FSL= Fresh shoot length; FSW= Fresh soot weight; FRW= Fresh root weight; DSW=
Dry shoot weight; DRW= Dry root weight; R/S Ratio= Root: shoot ratio.

Table 4.4.Mean square values from pooled analysis of variance for morphohysiological
traits across treatments

Treatments Generations Treat.×Gen. Error
df 1 5 5 22
Morphological traits
DTT 30.43** 21.01** 15.78** 0.4
DTS 125.067** 20.57** 2.09** 0.42
ASI 174.24** 0.787** 1.64** 0.172
PH 3104.72** 269.66** 62.31** 2.47
ELA 5134.9** 11845.8** 2224.1** 6.1
DTM 1072.7** 78.07** 1.47* 0.47
EL 27.236** 37.430** 0.203 0.336
K/Ear 23025.5** 13293.0** 518.5** 43
100-gwt 99.77** 13.11** 0.687 0.564
GY/p 3323.56** 1663.41** 159.59** 19.15
Physiological traits
CMT 1154.54** 64.72** 2.80* 0.90
RWC 0.03** 0.022** 0.0001* 0.002
LT 13.16** 6.53** 0.13 0.08

* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level;DTT= Days to tasseling;
DTS= Days to silking; ASI= Anthesis silking interval;PH= Plant height; ELA= Ear leaf area; DTM= Days to
maturity; EL= Ear length; K/Ear= Kernels/ear; 100-gwt= 100 grain weight; GY/P= Grain yield/plant; CMT=
Cell membrane thermo-stability; RWC= Relative water content;LT= Leaf temperature
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Analysis of variance revealed significant differences among the generations for all the

traits under both conditions except anthesis-silking interval under normal condition. The

traits showing significant differences (P≤0.01) among generation means are given in the

figures 4.4-23, appendix 4-5).

Generations were compared by least significance difference at 1% probability level

(Figure 4.4-23, Appendix 4-5). There were significant differences among generations at 1%

probability level except anthesis-silking interval under normal condition. The generation

means and variances were used to estimate genetic effects, narrow sense heritability and

genetic advance as described by Mather and Jinks (1982).

All the traits exhibited maximum values in F1 both under normal and drought stress

condition except root/shoot ratio. Generally there was a decreasing trend for all the traits

under drought stress except root/shoot ratio. Decrease was more in P2 and BC2 for fresh root

and shoot length and fresh root weight, while minimum in P1 and P2 for dry root and shoot

weight and fresh shoot weight under drought stress. Root/shoot ratio values were high in

P1and BC1 under both normal and drought stress, whereas it increased for all generations

under drought stress. Increase in root/shoot ratio was more in P1 and BC1.

Generally there was a decreasing pattern under drought stress for all the mopho-

physiological traits except days to silking, anthesis-silking interval and leaf temperature.

Grain yield were maximum in F1 and BC1 both under normal and drought stress, whereas

decrease was maximum in P2 and BC2 for plant height, days to maturity, ear length, number

of kernels per ear, 100-grain weight, cell membrane thermo-stability and relative water

content. Many researchers reported the presence of variability for morpho-physiological

traits within maize populations under different moisture conditions (Bolaños and Edmeades,

1993, 1996; Edmeades et al., 1993; Betran et al., 2003b; Vasal et al., 1997).
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P1 = Y-26 P2= Y-113
F1 and F2 = (Y-26 × Y-113) and selfing of F1 respectively
BC1              = (Y-26 × Y-113) × Y-26
BC2              = (Y-26 × Y-113) × Y-113
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Fig. 4.4  Mean fresh root length of maize generations under normal
and drought condition
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P1 = Y-26 P2= Y-113
F1 and F2 = (Y-26 × Y-113) and selfing of F1 respectively
BC1              = (Y-26 × Y-113) × Y-26
BC2              = (Y-26 × Y-113) × Y-113
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Fig. 4.6  Mean fresh shoot weight of maize generations under normal
and drought condition
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Fig. 4.7  Mean fresh root weight of maize generations  under normal
and drought condition

Normal Drought condition
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F1 and F2 = (Y-26 × Y-113) and selfing of F1 respectively
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Fig. 4.8  Mean dry shoot weight of maize generations  under normal
and drought condition
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Fig. 4.9  Mean dry root weight of maize generations under normal and
drought condition
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Fig. 4. 10  Mean  root/shoot ratio of maize generations  under normal
and drought condition
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Fig. 4.11 Mean days to tasseling of maize generations  under normal
and drought condition

Normal Drought condition
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Fig. 4.12 Mean of days to silking of maize generations under normal
and drought condition
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Fig. 4. 13  Mean  anthesis-silking interval of maize   generations  under
normal and drought condition

Normal Drought condition
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Fig. 4.14  Mean plant height of maize generations  under normal
and drought condition
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Fig. 4.15 Mean leaf area of maize generations  under normal and
drought condition

Normal Drought condition
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Fig. 4.16 Mean days to maturity of maize generations  under normal
and drought condition
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Fig. 4.17  Mean ear length of maize generations  under normal
and drought condition

Normal Drought condition
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Fig. 4.18 Mean number of kernels/ ear of maize generations  under
normal and drought condition
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Fig. 4.19  Mean 100-grain weight of maize generations  under normal
and drought condition

Normal Drought condition
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Fig. 4.20  Mean grain yield/ plant of maize generations  under normal
and drought condition
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Fig. 4.21 Mean cell membrane thermo-stability of maize generations
under normal and drought condition

Normal Drought condition
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F1 and F2 = (Y-26 × Y-113) and selfing of F1 respectively
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Fig. 4.22  Mean relative water content of maize generations  under
normal and drought condition

Normal Drought condition
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Fig. 4.23  Mean leaf temperature of maize generations  under normal
and drought condition

Normal Drought condition

LSD (0.01) = 0.04   LSD (0.01) = 0.03

LSD (0.01) = 0.81   LSD (0.01) = 0.75



57

4.2.2. Gene action

4.2.2.1. Seedling traits

The results pertaining to the gene action of seedling traits under normal and drought

conditions are presented in Table 4.5.

4.2.2.1.1. Fresh root length

The model with four parameters [mdhi] was found best fitted to the data for fresh

shoot length under normal condition suggesting the presence of both additive and dominance

genetic effects along with the additive × additive interaction, whereas the four parameters

model [mdil] was best fit to the data showing the presence of additive genetic effects for

inheritance of the trait along with the additive × additive and dominance × dominance

interaction under water stress condition. The dominance genetic effects were important than

additive genetic effects under normal condition, whereas additive effects were vital under

drought stress. Non additive genetic control was involved in the expression of root length in

maize (Zia and Chaudhary, 1980; Rahman et al., 1994) and brassica (Sharma and Singh,

1994). Additive and dominant genetic effects were important equally to the expression of all

root traits in rice (Ekanayake et al., 1985). Additive genetic effects were an important source

of variation for seedling traits (Ana et al., 1997; Akbar et al., 2008).

Positive [d] indicated that it may be used to fix the increase for fresh root length

under both conditions. However negative [i] indicated confusing results which suggested that

selection may be delayed till later generations to select the desirable traits under both

conditions. Positive [h] under normal indicated that increase may be used and [l] under water

stress suggested that increase in this trait may be used for the development of hybrids under

normal and water stress condition.

4.2.2.1.2. Fresh shoot length

For fresh shoot length the four parameters model [mdhi] was best fitted to the data

showing the presence of both additive and dominance gene action along with the additive ×

additive interaction under normal irrigation, whereas under drought condition the three

parameters model [mdh] was best fit, suggesting the presence of both additive and

dominance gene action with no interaction.
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Table 4.5. Estimates of the best fit model for generation means of seedling arameters
(±standard error) by weighted least squares analysis under normal and
drought conditions

Traits Genetic effects
m [d] [h] [i] [j] [l]

Normal

FRL 28.85±0.48 1.601±0.15 4.314±0.61 -1.844±0.51 _ _

FSL 28.79±0.59 -1.213±0.16 3.323±0.72 -2.410±0.58 _ _

FSW 11.26±0.11 -1.131±0.11 4.294±0.20 - _ -
FRW 11.63±0.22 1.790±0.12 - -1.361±0.26 1.370±0.37 2.835±0.31
DSW 3.20±0.07 -0.698±0.07 1.819±0.12 - - _
DRW 6.66±0.13 1.67±0.07 - -1.51±0.15 - 2.03±0.21
R/S Ratio 1.89±0.05 1.007±0.06 0.910±0.27 _ - -0.162±0.07

Drought condition
FRL 25.90±0.27 2.69±0.14 - -3.86±0.32 - 2.00±0.40
FSL 20.57±0.15 -1.220±0.15 4.597±0.25 - - -
FSW 9.31±0.39 -0.795±0.12 3.197±0.55 -1.075±0.41 -0.657±0.32 -
FRW 10.03±0.19 2.156±0.11 - -2.318±0.23 -0.842±0.31 1.333±0.29
DSW 4.31±0.46 - -4.302±1.16 -2.259±0.45 - 3.492±0.74
DRW 4.93±0.13 1.54±0.08 - -1.56±0.17 - 1.75±0.23
R/S Ratio 1.79±0.06 0.835±0.06 0.916±0.27 - 0.360±0.15 -0.764±0.27
All parameters were significant at 5 % probability level of significance.

FRL= Fresh root length;   FSL= Fresh shoot length;   FSW= Fresh soot weight;   FRW= Fresh root weight;
DSW= Dry shoot weight; DRW= Dry root weight;   R/S Ratio= Root: shoot ratio;
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Additive genetic effects were critical for fresh shoot length in maize (Ana et al.,

1997; Rao and Singh, 2004) and canola (Cheema and Sadaqat et al., 2004). Fresh shoot

length exhibited the importance of additive and dominance genetic effects in maize (Akbar et

al., 2008) and rice (Ekanayake et al., 1985).

Negative [d] and [i] indicated that decrease in fresh shoot length may be fixed but it

cannot be useful to fix this decrease under normal condition. However under drought

condition, negative [d] suggested that decrease may be fixed for synthetic development.

Positive [h] with no interaction suggested that it may be used to increase fresh shoot length

for hybrid development in maize under both conditions.

4.2.2.1.3. Fresh shoot weight

The three parameters model [mdh] was best fitted to the data for fresh shoot length

under normal condition depicting the presence of both additive and dominance gene action.

The five parameters model [mdhij] was best fitted to the data indicating the presence of both

additive and dominance gene action along with the additive × additive and additive ×

dominance interaction under drought condition. Dominant genetic effects were imperative

for fresh shoot weight both under normal and drought condition. The inheritance of fresh

shoot weight was under the control of additive type of gene action in maize (Setty, 1975;

Wang et al., 2000). Additive and dominance genetic effects were present for fresh shoot

weight in maize (Akbar et al., 2008) and rice (Ekanayake et al., 1985), whereas non additive

genetic control was involved in the expression fresh shoot weight in maize (Zia and

Chaudhary, 1980; Rahman et al., 1994) and brassica (Sharma and Singh, 1994). Seedling

traits were under polygenic control (Ana et al., 1997).

Negative [d] indicated that decrease may be fixed but cannot be useful to decrease

fresh shoot weight under normal condition. However decrease under drought condition may

be fixed but negative [l] indicated complex situation and suggested that selection may be

delayed for succeeding generations. Similarly positive [h] indicated that increase may be

used for hybrid development under normal condition, but under drought condition positive

[h] and negative [j] indicated complex interaction, so further selection is recommended till

later generations to select desirable combination for hybrid development in maize under

drought condition.
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4.2.2.1.4. Fresh root weight

For fresh root weight the five parameters model [mdijl] was found best fitted to the

data exhibiting predominance of additive gene action along with the additive × additive,

additive × dominance and dominance× dominance interaction under both normal and drought

condition. Additive genetic effects were more important than dominant genetic effects under

normal and drought condition (Setty, 1975; Wang et al., 2000), while additive and

dominance genetic effects were reported by Akbar et al. (2008). Fresh root weight was

governed by non additive type of genetic effects in maize (Zia and Chaudhary, 1980;

Rahman et al., 1994) and brassica (Sharma and Singh, 1994).

Positive [d] indicated that increase may be fixed for fresh root weight under both

normal and drought condition, whereas negative [i] indicated confusing interaction and

suggested that selection must be delayed for further generations to select desirable trait under

both conditions. Positive [j] under normal and negative [j] under drought condition also

indicated complex interaction therefore selection at this stage cannot be useful. It is

suggested that selection may be postponed for further generations for the selection of

desirable combination under both conditions. However positive [l] suggested that increase in

fresh shoot weight may be used for hybrid development under both conditions.

4.2.2.1.5. Dry shoot weight

For dry shoot weight the three parameters model [mdh] was best fitted to the data

showing the presence of both additive and dominance gene action with no interaction for this

trait under normal condition, while under drought condition four parameters model [mhil]

was best fitted to the data exhibiting existence of dominance gene action for the inheritance

of the trait along with the additive× additive and dominance× dominance interaction.

Dominance genetic effects had a significant role both under normal and drought condition.

The inheritance of fresh root weight was involved non additive type of genetic effects in

maize (Zia and Chaudhary, 1980; Rahman et al., 1994), while Akbar et al. (2008) reported

over dominance type of gene action for inheritance of the trait. Additive and dominant

genetic effects contributed equally to the expression of dry shoot weight in rice (Ekanayake

et al., 1985). The inheritance of dry shoot weight was under the control of additive type of

gene action (Setty, 1975).
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Negative [d] under normal condition indicated that decrease may be fixed but it

cannot be useful to fix the decrease for dry shoot weight under normal condition. However

positive [h] indicated that increase in dry shoot weight may be used for hybrid development

under normal condition. Whereas negative [h] along with positive [j] under drought condition

indicated confusing results therefore it is suggested that further progeny selection may be

continued till further generations.

4.2.2.1.6. Dry root weight

Four parameters model [mdil] was best fitted to the data for dry root weight

suggesting the existence of additive genetic effects along with the additive× additive and

dominance× dominance interaction under both normal and drought conditions. Additive

genetic effects were crucial for dry root weight under normal and drought condition. Additive

genetic effects were also reported by Setty (1975) and Akbar et al. (2008). Additive and

dominant genetic effects were significant for dry root weight in rice (Ekanayake et al., 1985),

whereaspartial dominance was involved in the expression of dry root weight in maize (Zia

and Chaudhary, 1980).Effects of dominance gene action were greater than the additive gene

action for dry root weight in maize (Rahman et al., 1994). The variation in genetic effects is

because that the studies were conducted under different conditions with different genetic

material.

Positive [d] indicated that it may be used to fix the increase for dry root weight under

both normal and drought condition but cannot be useful at this stage because negative [i]

indicated confusing results, which suggested that selection may be delayed for succeeding

generations to get required trait under both conditions. Positive [l] suggested that it may be

used to increase the dry root weight in maize hybrid development under both conditions.

4.2.2.1.7. Root/shoot ratio (by weight)

For root: shoot ratio the four parameters model [mdhl] was best fitted to the data

showing the presence of both additive and dominance genetic effects for the inheritance of

the trait under normal condition along with dominance × dominance interaction, whereas five

parameters model [mdhjl] was found best fitted to the data depicting the presence of both

additive and dominance gene action along with the additive × dominance and dominance×

dominance interaction under drought condition. Additive genetic effects were important for
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root/shoot ratio (Rao and Singh, 2004; Akbar et al., 2008).Additive and dominant genetic

effects were important equally to the expression of root/shoot ratio in rice (Ekanayake et al.,

1985). All seedling traits were under polygenic control (Ana et al., 1997).

Positive [d] indicated that increase for root: shoot ratio may be fixed for synthetic

development in maize under normal condition, whereas under drought condition, positive [d]

along with positive [j] indicated confusing situation, suggesting further progeny selection in

succeeding generations. Positive [h] along with negative [l] indicated complex interaction for

root: shoot ratio, therefore it is suggested that selection must be delayed till succeeding

generations to get desirable trait under both conditions.

4.2.2.2. Morphological traits

The genetic effects for morpho-physiological traits are presented in Table 4.6

4.2.2.2.1. Days to tasseling

Four parameters model [mdhi] was best fitted to the data for days to tasseling,

suggesting involvement of additive and dominance genetic effects for inheritance of this trait

along with the additive × additive interaction under normal condition, while under drought

condition five parameters model [mdhil] was found best fitted to the data suggesting

predominance of additive, dominance, additive × additive and dominance× dominance

genetic effects for inheritance of the trait. Dominant genetic effects had a main role under

both normal and drought condition. Additive genetic effects were important for the

inheritance of days to tasseling (Saeed and Saleem, 2000; Nigussie and Zellke, 2001; Hai-qiu

et al., 2003; Prakash and Ganguli, 2004), whereas days to tasseling was governed by both

additive and dominant type of gene action (Kumar and Gupta, 2004; Katna et al., 2005;

Muraya et al., 2006). Additive effects were present under normal condition, while additive

and dominance effects were reported under water stress condition in maize (Chohan et al.,

2012). Dominant type of genetic effects were involved for the inheritance of days to tasseling

(Yadav, 2003) and partial dominant type of gene action was present for the trait ( Saleem et

al., 2002). Over dominant type of genetic effects were found for days to tasseling by Akbar

et al. (2008) and Wattoo et al. (2009).
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Table 4.6.Estimates of the best fit model for generation means of morpho-physiological
parameters (±standard error) by weighted least squares analysis in maize
under normal and drought condition

Traits Genetic effects
m [d] [h] [i] [j] [l]

Normal

DTT 64.81±0.46 -1.62±0.15 5.30±0.59 2.25±0.50 _ -

DTS 68.44±0.25 -1.44±0.15 - 0.61±0.31 - 3.27±0.40
ASI 1.60±0.11 0.19±0.12 - 0.34±0.18 - -
PH 177.48±0.57 -8.37±0.52 - -8.16±0.82 - -
ELA 371.64±1.32 -38.73±0.93 - 44.44±1.69 75.15±2.27 148.46±2.21
DTM 105.90±0.39 2.36±0.24 - -2.61±0.49 - 5.89±0.62
EL 20.63±1.01 1.07±0.12 -15.38±2.53 -6.72±1.00 - 14.97±1.59
K/Ear 458.75±0.83 23.78±0.83 62.50±4.67 - -5.66±2.61 44.25±4.87
100-gwt 22.60±0.16 -2.40±0.19 - - _ -1.39±0.36
GY/P 102,89±0.84 7.64±0.93 22.86±1.49 - 13.90±2.33 -
CMT 78.18±2.39 2.69±0.34 -26.65±6.02 -11.36±2.36 - 21.79±3.80
RWC 0.720±0.008 0.069±.07 - -0.075±0.01 -0.032±0.04 -
LT 32.20±0.15 -1.16±0.14 2.28±0.73 - - -2.87±0.78

Drought condition
DTT 56.99±1.03 2.10±0.15 23.16±2.60 5.97±1.02 - -10.38±1.65
DTS 68.85±0.13 -1.43±0.15 - - - 2.72±0.29
ASI 5.72±0.14 -1.25±0.14 2.71±0.68 - 1.22±0.36 -2.46±0.76
PH 122.19±5.91 -2.96±0.74 69.21±14.96 27.06±5.86 - -23.67±9.49
ELA 367.17±1.08 -42.73±1.08 122.01±4.90 - 10.92±2.48 -29.07±5.18
DTM 93.80±0.39 1.63±0.20 - -1.07±0.45 3.22±0.62 7.76±0.64
EL 17.99±0.83 1.38±0.11 -11.80±2.08 -6.00±0.83 - 11.92±1.32
K/Ear 425.62±4.64 23.22±1.71 87.86±5.97 -35.40±5.03 26.56±4.42 -
100-gwt 19.13±0.15 -1.73±0.20 - - 1.15±0.46 -1.11±0.37
GY/P 88.75±1.10 17.27±0.86 - -11.87±1.47 10.68±1.93 32.48±1.97
CMT 67.68±2.09 2.91±0.27 -22.48±5.32 -13.19±2.07 - 15.61±3.45
RWC 0.61±.004 0.072±0.05 - - -0.026±0.01 0.097±0.09
LT 33.72±0.12 -1.50±0.14 - - - -0.84±0.28

All parameters were significant at 5 % probability level of significance

DTT= Days to tasseling; DTS= Days to silking; ASI= Anthesis silking interval;PH= Plant height;
ELA= Ear leaf area; DTM= Days to   maturity; EL= Ear length; K/Ear= Kernels/ear; 100-gwt=
100 grain weight; GY/P= Grain yield per plant;CMT= Cell membrane thermo-stability; RWC=
Relative water content LT= Leaf temperature
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The results were different because studies were carried out under different

environmental conditions using different genetic material.

Negative [d] indicated that decrease in days to tasseling may be fixed under normal

condition but positive [i] indicated the confusing results, therefore delay in selection till

coming generations is suggested, whereas positive [d] and [i] indicated that increase in days

to tasseling may be fixed but it may not be useful to fix this increase under drought condition.

However positive [h] suggested that increase in the trait may be used to develop late

maturing hybrids in maize under normal condition, while positive [h] and negative [l]

indicated complex interaction which suggested further progeny testing under drought

condition to select desirable trait for hybrid development in maize.

4.2.2.2.2. Days to silking

For days to silking four parameters model [mdil] was best fitted to the data suggesting

presence of additive genetic effects along with the additive × additive and dominance ×

dominance interaction under normal condition, whereas three parameter model [mdl] was

found best fitted to the data suggesting existence of additive genetic effect along with

dominance × dominance interaction under drought stress. Additive genetic effects were vital

under normal and dominant effects were important under drought condition.Dominant type

of genetic effects were reported for the inheritance of days to silking in maize (Yadav, 2003),

whereas over dominant type of gene action was involved for the inheritance of the trait

(Dihlon et al., 1976; Wattoo et al., 2009). Days to silking was governed by partial dominant

type of gene action (Saleem et al., 2002), while non additive genetic effects were prominent

for days to silking (Akbar et al., 2008). Additive and dominant genetic effects were reported

by Katna et al. (2005) and Muraya et al.(2006).Chohan et al. (2012) revealed that

inheritance of days to silking was controlled by both additive and dominant type of genetic

effects under normal and water stress condition respectively. Days to silking was controlled

by additive type of gene action under water stress (Choukan, 1999; Reddy, 2004; Iqbal et al.,

2012).

Negative [d] indicated that decrease may be fixed for days to silking under normal

condition but  the presence of positive [i] indicated complex situation, therefore further

progeny testing is recommended under normal condition, while negative [d] indicated that
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decrease may be fixed for days to silking under drought condition, similarly positive [l]

suggested that increase in days to silking may be used for developing long duration maize

hybrids under normal condition, which may not be useful under drought condition.

4.2.2.2.3. Anthesis-silking interval

For anthesis-silking interval the three parameters model [mdi] was best fitted to the

data suggesting predominance of additive genetic effects along with the additive × additive

interaction under normal condition, whereas the five parameters model [mdhjl] was found

best fitted to the data suggesting the presence of both additive and dominance genetic effects

for the inheritance of the trait along with the additive × dominance and dominance ×

dominance interaction under drought condition. Additive effects under normal and dominant

genetic effects under drought condition were important. Over dominance type of genetic

effects were reported by Akbar et al. (2008), whereas additive with partial dominance gene

action was present for anthesis-silking interval (Khodarahmpour, 2011).Non additive genetic

effects were involved in the inheritance of anthesis-silking interval (Afarinesh et al., 2005),

while additive and dominance type of genetic effects were significant for anthesis-silking

interval(Bonaparte, 1977; Rao and Singh, 2006; Iqbal et al., 2012). The inheritance of

anthesis-silking interval was shifted from additive and dominant type of genetic effects under

normal condition to additive effects under water stress (Chohan et al., 2012). Additive type

of gene action was present for anthesis-silking interval (Hai-qiu et al., 2003; Farooq et al.,

2008; Wattoo et al., 2013). The variation in results is due to variation in environmental

conditions and the genetic material used.

Positive [d] and [i] indicated that increase may be fixed but undesirable to fix this

increase for anthesis-silking interval under normal condition, whereas negative [d] and

positive [j] indicated confusing results under drought condition, which suggested that

selection may be delayed till later generations to select desirable trait. Positive [h] and [l]

suggested that increase cannot be useful for hybrid development programme under drought

condition.

4.2.2.2.4. Plant height

Three parameters model [mdi] was found best fitted to the data for plant height

suggesting presence of additive genetic effects along with additive × additive interaction for
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the inheritance of the trait under normal condition, while under drought condition five

parameters model [mdhil] was best fitted to the data suggesting the presence of additive and

dominance genetic effects along with additive × additive and dominance × dominance

interaction. Additive genetic effects were crucial for plant height under normal, while

dominant under drought condition. Additive type of gene action was present for plant height

in maize (Chen et al.,1996;  Saeed and Saleem, 2000; Nigussie and Zellke, 2001; Mendes et

al., 2003; Malik et al., 2004; Tabassum and Saleem, 2005; Rezaei et al., 2005; Wattoo et al.,

2013) cotton (Tyagi, 1988) sorghum (Bawzir, 1983) and over dominance type of genetic

effects were noticed for plant height (Akbar et al., 2008; Wattoo et al., 2009), whereas plant

height was governed by additive and dominant type of genetic effects under both normal and

water stress condition (Choukan, 1999; Kumar and Gupta, 2004; Muraya et al., 2006;

Tabassum et al., 2007). Dominance genetic effects were critical for the inheritance of plant

height (Yadav, 2003). Inheritance of plant height was controlled by additive with partial

dominance type of gene action (Hussain et al., 2009), while the trait was under the control of

partial dominant type of genetic effects (Zia and chaudhary, 1980). Plant height was under

the control of non additive type of genetic effects (Yanping and Yushen, 1987; Sharma and

Bhalla, 1990; Prakash and Ganguli, 2004; Kanagarasu, 2010), while Chohan et al. (2012)

claimed that the inheritance of plant height was governed by both additive and dominant and

dominant type of gene action respectively under normal and water stress condition. Different

genetic effects for the same trait were due to different environmental conditions and methods

used for estimation of genetic effects.

Negative [d] along with negative and positive [i] indicated that decrease in plant

height may be fixed but cannot be useful due to complexity of interaction therefore further

progeny testing is recommended for the selection of desirable trait in maize under both

normal and drought condition. Similarly positive [h] along with negative [l] indicated that

results are confusing, increase in plant height cannot be useful so delay in selection is

suggested for hybrid development in maize under drought condition.

4.2.2.2.5. Ear leaf area

For ear leaf area the model with five parameters [mdijl] was found best fitted to the

data showing additive genetic effects along with additive × additive, additive × dominance
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and dominance × dominance interaction under normal condition and five parameters model

[mdhjl] was best fitted to the data depicting additive and dominance genetic effects along

with additive × dominance and dominance × dominance interaction under drought condition.

Dominance genetic effects were critical under both conditions. Leaf area was governed by

additive type of gene action under normal and water stress condition in maize (Singh et al.,

2000; Malik et al., 2004), whereas additive and dominant type of genetic effects were

noticed for the trait (Iqbal et al., 2012). Plant height was controlled by dominant type of gene

action (Yanping and Yushen, 1987; Yadav, 2003), whereas over dominance type of genetic

effects were present for leaf area in maize (Tabassum and Saleem, 2005; Akbar et al., 2008).

Leaf area was controlled by additive with partial dominance type of gene action in maize

under normal and water stress condition (Khotyleva and Lemesh, 1994; Hussain, et al., 2009;

Chohan et al., 2012), while partial dominance was involved for the inheritance of leaf area

(Aslam et al., 2012). Leaf area was epistatically controlled and magnitude of additive effects

reduced under water stress (Chen et al., 1996). The contradiction in genetic effects is due to

different location and genetic material used by various researchers.

Negative [d] and positive [i] under normal, whereas negative [d] and [j] under

drought condition indicated complex interaction, therefore increase or decrease in ear leaf

area may not be fixed under both conditions. In such situation it is recommended that

selection may be delayed till further generations for the selection of desirable trait. Similarly

positive [h] and negative [l] also suggested that this increase in ear leaf area may not be used

for hybrid development under drought condition. However positive [l] indicated that increase

for ear leaf area under normal condition may be used for hybrid development in maize.

4.2.2.2.6. Days to maturity

Four parameters model [mdil] was best fitted to the data for days to maturity

suggesting involvement of additive genetic effects in addition to additive × additive and

dominance × dominance  genetic effects for this trait under normal condition, while under

water stress condition five parameters model [mdijl] was found best fitted to the data

suggesting predominance of additive genetic effects for the inheritance of day alto maturity

along with additive × additive, additive × dominance and dominance × dominance interaction

under drought condition. Dominance genetic effects were imperative under normal and
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drought condition. Additive type of gene action was present for days to maturity in maize

(Iqbal et al., 1991; Patil et al., 1995; Rana and Venod, 2001; Betran et al., 2003a;Iqbal, 2012),

whereas both additive and dominant effects were involved for the inheritance of the trait

(Ahmed et al, 2000; Barati et al., 2004).Over dominance type of genetic effects were noticed

for days to maturity (Hussain et al., 2009), while additive with partial dominance was present

for the trait (Khodarahmpour, 2011).Dominant type of genetic effects was important for the

inheritance of days to maturity (Sharma & Bhala, 1990) and dominant effect was in the

direction of early maturity (Yedeneov, 1986). For days to maturity in maize Chohan et al.

(2012) reported additive and dominance type of gene action under normal and additive under

water stress condition. The contradiction in genetic effects may be due to different techniques

and conditions used for estimation of genetic effects.

Positive [d and i] indicated that increase for days to maturity may be fixed and used

for late maturing synthetic development under normal condition, Whereas positive [d] and

negative [i] along with [j] indicated complex inter action. Positive [l] suggested that increase

in days to maturity may be used for developing late maturity hybrids under normal but it

cannot be useful under drought condition.

4.2.2.2.7. Ear length

For ear length the five parameters model [mdhil] was best fit to the data showing

additive and dominance genetic effects in addition to additive × additive and dominance ×

dominance interaction under normal and drought condition. Dominant genetic effects were

vital under both conditions. Additive type of gene action under water stress was present for

ear length (Chen et al., 1996; Lu et al., 2006; Ojo et al., 2007), while both additive and

dominant effects were significant for the inheritance of the trait (Ahmed et al, 2000). Non

additive type of genetic effects was involved in the inheritance of ear length (Yanping and

Yushen, 1987; Kanagarasu, 2010). The trait is under polygenic control (Xiang Dao, 2001).

Positive [d] indicated that increase in ear length may be fixed to develop high

yielding synthetics under both conditions but negative [i] indicated confusing situation,

therefore delayed selection in later generations is suggested till selection of desirable

combination. However negative [h] along with positive [l] indicated the complex interaction,
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which suggested further selection in succeeding generations to select desirable combination

for hybrid development under both conditions.

4.2.2.2.8. Number of kernels per ear

For number of kernels per ear, the five parameters model [mdhjl] was found  best

fitted to the data suggesting existence of both additive and dominance genetic effects for the

inheritance of this trait along with the additive × dominance and dominance × dominance

interaction under normal condition, whereas five parameters model [mdhij] was also best

fitted to the data showing the presence of both additive and dominance genetic effects along

with the additive × additive and additive × dominance interaction under drought condition.

Dominant genetic effects were more important under both conditions compared with additive

effects. Trait number of kernels/ear was controlled by additive type of gene action under

water stress (Munir et al., 1977; Chen et al., 1996), whereas additive and dominant genetic

effects were reported by Muraya et al. (2006). Over dominance type of genetic effects were

noticed for number of kernels /ear (Saleem et al., 2002; Malik et al., 2004; Hussain et al.,

2009) and non additive type of genetic effects were predominant for inheritance of the trait

(Yanping and Yushen, 1987; Srdic et al., 2007; Tabassum et al., 2007). Over dominance type

of effects were present for number of kernels/ear under normal condition, while it changed to

additive gene action under water stress in maize (Chohan et al., 2012).

Positive [d] indicated that increase in number of kernels per ear may be fixed to

develop high yielding synthetics under normal condition, however negative [j] and positive

[i] and [j] indicated confusing results, which suggested further progeny testing in later

generations. Positive [h] and [l] suggested that it may be used to increase number of kernels

per ear under both conditions but presence of [j] indicates confusing situation so further

progeny testing is recommended for selection of desirable combination.

4.2.2.2.9. 100-grain weight

Three parameters model [mdl] was found best fitted to the data showing the presence

of additive genetic effects in addition to dominance × dominance inheritance under normal

condition, while under drought condition four parameters model [mdjl] was best fit to the

data exhibiting presence of additive genetic effects along with the additive × dominance and

dominance× dominance interaction. Additive genetic effects were crucial under both
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conditions. Non additive genetic effects played a significant role for inheritance of the trait

(Yanping and Yushen, 1987; Tabussum et al., 2007; Kanagarasu, 2010; Wattoo et al., 2013),

while the trait was governed by over dominance type of gene action (Tabassum and Saleem,

2005; Wattoo et al., 2009; Hussain et al., 2009). Dominant genetic effect was present for 100

grain weight (Chen et al., 1996; Afarinesh et al., 2005), whereasadditive with partial

dominance was reported by Khodarahmpour (2011) and Chohan et al. (2012). Additive and

dominance type of gene action was involved for the trait (Kumar and Gupta, 2004; Katna et

al., 2005). Additive type of gene action under water stress was present (Munir et al., 1977;

Chen et al., 1996; Muraya et al., 2006; Srdic et al., 2007; Farooq et al., 2008; Aslam et al.,

2012; Iqbal, 2012).Additive and dominance effects were normally involved under non

stressed condition, whereas the dominance effects were more important than additive under

stress (Barati et al., 2004).

Negative [d] indicated that it cannot be useful to fix the decrease in 100-grain weight

for developing good synthetics under both conditions. Positive [j] suggested that further

progeny testing is required to select desirable traits under drought condition. However

negative [l] suggested that decrease in 100-grain weight cannot be useful in hybrid

development under both conditions.

4.2.2.2.10. Grain yield/plant

For grain yield per plant four parameters model [mdhj] was best fitted to the data

showing the involvement both additive and dominance type of gene action along with the

additive × dominance interaction under normal irrigation, whereas the five parameters model

[mdijl] was best fit to the data suggesting presence of additive genetic effects for the

inheritance of the trait along with the additive × additive, additive × dominance and

dominance × dominance interaction under drought condition. For grain yield per plant,

dominant genetic effects were imperative under both conditions. Non additive type of genetic

effects were important for inheritance of grain yield per plant (Kuriata et al., 2003;

Afarinesh et al., 2005;  Srdic et al., 2007; Kanagarasu, 2010), whereas over dominance type

of genetic effects were noticed for grain yield per plant (Tabassum and Saleem, 2005;

Wattoo et al., 2009) and additive with partial dominance (Khodarahmpour, 2011).Both

additive and dominant genetic inheritance was involved in the governance of grain yield
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(Malvar et al., 1996; Mendes et al., 2003; Yadav et al., 2003; Muraya et al., 2006; Iqbal

et al., 2007; Katna et al., 2005; Iqbal, 2012; Wattoo et al., 2013). For the inheritance of grain

yield additive and dominance genetic effects were important under normal condition, while

additive effects were vital under water stress (Chohan et al., 2012). Additive type of gene

action was present for the trait (Dutu, 1999; Malik et al., 2004; Ojo et al., 2007; Farooq et

al., 2008; Aslam et al., 2012).Tolerant parents were mainly controlled by additive genes

(Solomon & Labuschagne, 2003). Having a knowledge of genetic back ground for drought

tolerance is very much required for a geneticist to evolve a superior genotype either by

conventional breeding methodology or by non conventional one (Mitra, 2001; Chen et al.,

2004).

Positive [d] along with [j] indicated confusing situation so decrease may not be fixed

to develop high yielding synthetics under both conditions which suggested delayed selection

in later generations for the selection of desirable trait under normal and drought condition.

Positive [h] under normal and [l] under water stress suggested that it may be used to increase

grain yield per plant for hybrid development in maize under normal and drought condition,

respectively.

4.2.2.3 Physiological traits

The results regarding drought related traits are shown in Table 4.6

4.2.2.3.1. Cell membrane thermo-stability

In case of cell membrane thermo-stability the five parameters model [mdhil] was best

fitted to the data showing involvement of both additive and dominance gene action along

with the additive × additive and dominance × dominance interaction under both conditions.

Dominant genetic effects had a significant role in the inheritance of cell membrane thermo-

stability under normal and drought condition. Additive and dominant type of gene action was

involved in the inheritance of cell membrane thermo-stability (Iqbal et al., 2012), while

additive type of genetic effects were present for the inheritance of cell membrane thermo-

stability under normal and water stress conditions in maize (Chohan et al., 2012).

Positive [d] indicated that increase in cell membrane thermo-stability may be fixed

but negative [i] indicated confusing results, therefore it is suggested that selection must be

continued till the selection of desirable trait under normal and drought condition. However
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negative [h] suggested that decrease cannot be useful for development of hybrids, tolerant to

different abiotic stresses under both conditions. In addition positive [l] indicated confusing

situation which demands that selection must be delayed till further generations to select

desirable combination under both conditions. Presence of all type of genetic effects were due

use of different technique and genetic material for the estimation these effects.

4.2.2.3.2 Relative water content

Four parameters model [mdij] was found best fitted to the data for relative water

content exhibiting the presence of additive genetic effects along with the additive × additive

and additive × dominance interaction under normal irrigation. Four parameters model [mdjl]

was best fitted to the data suggesting presence of additive genetic effects for the inheritance

of the trait along with the additive × dominance and dominance × dominance interaction

under drought condition. Additive effects were more important under normal condition,

whereas dominance effects were critical under drought condition.Additive genetic effects

were predominant for relative water content under both rain-fed and irrigated conditions

(Dedio, 1975; Kumar and Sharma, 2007; Iqbal et al., 2012), whereas Ahmed et al. (2000)

reported additive, dominance and epistatic genetic effects for relative water content in wheat

under drought condition. Additive and dominant genetic effects were predominant under

normal condition but changed to additive effects under water stress (Chohan, 2012). Relative

water content showed the preponderance of dominant type of gene action and drought

tolerant genotypes maintained high leaf water content under drought conditions (Aslam et al.,

2012). Additive, dominance as well as additive x additive genetic effects were present for

relative water content in wheat (Schonfeld et al., 1988).

Positive [d] indicated that increase in relative water content may be fixed but negative

[i] and [j] indicated complex interaction so the selection at this stage cannot be useful for

synthetic development in maize under both conditions. The presence of interactions in the

inheritance of relative water contents shows that the trait is not simply inherited and the

plants selected in early segregating generation may not breed true. So, selection in later

segregating generations may show good results. However positive [l] suggested that increase

may be used to develop drought tolerant maize hybrids.
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4.2.2.3.3 Leaf temperature

In case of leaf temperature the four parameters model [mdhl] was best fitted to the

data exhibiting the existence of both additive and dominance gene action along with

dominance × dominance interaction under normal condition, whereas under drought

condition the three parameters model [mdl] was best fitted to the data showing the

predominance of additive genetic effects along with dominance × dominance interaction

under drought condition. Dominant effects under normal condition, while additive effects

under water stress were important. Hussain et al. (2009) reported that the inheritance of leaf

temperature is governed by over dominance type of genetic effects in maize, while according

to Iqbal (2012) additive type of genetic effects were predominant for leaf temperature under

both normal and water stress conditions in maize. Additive and dominance type of genetic

effects were important for the inheritance of leaf temperature in maize (Wattoo et al., 2013).

Additive and dominance gene action was present for leaf temperature under normal condition;

whereas only additive effects were present under water stress condition in maize (Chohan,

2012). For leaf temperature non-additive effects were predominant under normal condition,

while under moisture stress showed no dominance (Aslam et al., 2012).

Negative [d] indicated that decrease in leaf temperature may be fixed to develop heat

and drought tolerant synthetics under both normal and drought condition. Positive [h] along

with negative [l] indicated the confusing results under normal condition so it is suggested that

progeny testing may be continued till further generations  for the selection of desirable

combination, whereas under drought condition negative [l] indicated that decrease in leaf

temperature may be used for developing drought and heat tolerant hybrids in maize. For the

traits where the additive gene action without epistasis was present, selection in early

generation may be fruitful, however for the traits showing epistasis, selection may be

postponed till latter segregating generations.

4.3. Generation variance analysis

Variability of morphological and physiological traits is the result of genetic

differences and of environmental causes. Generation variance analysis has widely been used

by plant breeders for effectively partitioning the total variability into genetic and

environmental components (Ginkel et al., 1987; Azizi et al., 2006; Adeyanju et al., 2010).
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Table 4.7 Variance components D, H, F and E following weighted analysis
ofcomponents of variance and heritability (narrow sense and F∞ generation)
forseedling traits under normal and drought condition

Traits Variance Components χ2 (df) Heritability
D H F E ns F∞

Normal
FRL 13.346±1.593 1.417±0.209 0.137(4) 76.2 89.6
FSL 16.915±2.043 1.865±0.275 1.470(4) 75.1 88.9
FSW 4.239±3.670 11.738±5.669 0.806±0.121 3.153(3) 43.1 85.5
FRW 10.288±1.148 0.864±0.128 0.510(4) 78.4 91.7
DSW 1.317±0.998 2.515±1.535 0.327±0.048 1.996(3) 40.8 80.8
DRW 2.831±0.373 0.399±0.058 2.587(4) 68.0 84.9
R/S
Ratio

1.035±0.214 -
0.377±0.146

0.531±0.050 80.82(3) 75.5 85.1

Drought condition
FRL 14.998±1.731 1.422±0.210 0.494(4) 80.6 90.9
FSL 17.323±1.912 1.390±0.206 0.615(4) 80.7 92.2
FSW 6.611±0.902 1.015±0.149 3.964(4) 67.6 82.0
FRW 6.658±0.821 0.782±0.115 0.953(4) 78.3 88.9
DSW 1.495±0.236 0.315±0.046 0.766(4) 67.6 82.0
DRW 2.741±0.415 0.532±0.078 1.333(4) 66.8 82.2
R/S
Ratio

1.626±0.306 -
0.906±0.184

0.465±0.067 34.016(3) 70.5 84.2

D= Additive variance;H= Dominance variance;F= Additive × dominance variance
E= Environmental variance; df = Degree of freedom;ns = Narrow sense heritability; FRL= Fresh root length;
FSL= Fresh shoot length; FSW= Fresh soot weight;   FRW= Fresh root weight; DSW= Dry shoot
weight; DRW= Dry root weight; R/S Ratio= Root: shoot ratio;
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Table 4.8.Variance components D, H, F and E following weighted analysis of
components of variance, and heritability (narrow sense and F∞ generation) for
morpho-physiological traits under normal and drought condition

Traits Variance Components χ2 (df) Heritability
D F E ns F∞

Normal
DTT 12.23±1.54 1.53±0.23 4.851(4) 70.6 87.9
DTS 10.07±1.43 1.69±0.25 0.202(4) 66.6 83.8
ASI 5.93±0.95 1.30±0.19 8.650(4) 36.5 67.9
PH 274.88±41.64 53.40±7.80 1.111(4) 60.0 81.0
ELA 293.33±30.86 19.02±2.82 1.780(4) 78.9 92.8
DTM 27.20±3.65 3.99±0.59 2.160(4) 62.7 84.3
EL 8.93±1.08 0.99±0.15 0.892(4) 77.4 89.0
K/Ear 511.12±58.27 46.44±6.87 5.211(4) 72.0 90.0
100-gwt 155.97±57.30 162.13±18.36 4.123(4) 65.2 83.0
GY/P 300.72±42.41 49.93±7.32 1.221(4) 55.6 81.7
CMT 42.61±6.29 7.83±1.15 1.580(4) 71.0 84.8
RWC 0.008±O.002 0.003±0.000 3.390(4) 51.5 73.9
LT 8.72±1.25 1.49±0.22 2.021(4) 61.8 81.8

Drought condition
DTT 7.70±1.18 1.54±0.22 2.820(4) 62.2 81.3
DTS 6.50±1.20 1.70±0.85 1.83±0.26 5.560(3) 58.9 77.7
ASI 5.04±0.99 1.60±0.23 7.182(4) 25.7 55.9
PH 275.18±50.45 76.79±11.09 3.061(4) 56.0 75.0
ELA 284.19±37.42 39.93±5.87 0.811(4) 62.5 84.4
DTM 28.23±3.42 3.15±0.47 3.690(4) 77.6 88.4
EL 5.31±0.77 0.93±0.14 3.611(4) 69.2 84.1
K/Ear 1243.46±159.19 162.21±23.88 4.502(4) 63.3 86.0
100-gwt 9.57±1.74 2.63±0.38 0.831(4) 57.9 75.8
GY/P 160.00±29.74 45.73±6.60 0.860(4) 53.3 74.3
CMT 31.25±4.84 6.351±0.93 2.250(4) 52.3 76.2
RWC 0.006±0.001 0.001±0.000 2.721(4) 62.7 77.8
LT 14.49±1.71 1.48±0.22 2.241(4) 75.1 89.3

D= Additive variance; H= Dominance variance; F= Additive × dominance variance; E= Environmental variance
df = Degree of freedom; ns = Narrow sense heritability;PH= Plant height; ELA= Ear leaf area; DTT= Days to
tasseling; DTS= Days to silking; ASI= Anthesis silking interval; DTM= Days to   maturity; EL= Ear length;
K/EAR= Kernels/ear; 100-gwt= 100 grain weight; GY/P= Grain yield/plant; CMT= Cell membrane thermo-
stability; RWC= Relative water content;LT= Leaf temperature
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The partitioning of phenotypic variance into its genotypic and environmental

components is not enough to have deep insight into the genetic properties of a breeding

material (Pigliucci, 2001; Shen et al., 2011). The genotypic variances need to be partitioned

further into additive (D), dominance (H), environmental (E) and interaction (F).

It is possible to measure genetic and environmental variances from a suitably

designed experiment which includes some non segregating material (such as parental inbred

lines and F1 etc.) and some segregating populations (such as backcrosses and F2 etc.). The

estimates of variance may also be utilized to estimate the heritability which reflects the

amount of genetic variability relative to environmental affects (Hallauer et al., 2010). In the

present study a model incorporating additive and environmental components was sufficient

to explain the variation in the cross (Table 4.7-8). In generation variance analysis for

morpho-physiological traits the genetic model with D and E components gave the best fit for

all the traits except days to silking under drought condition, while the genetic model with D

and E components was best fit for seedling traits except fresh and dry shoot weight under

normal condition. The genetic model with D, E and F components was best fit for root/shoot

ratio under both conditions.

A best fit of the model incorporating only D and E in the generation variance analysis

for all morpho-physiological traits except days to silking under drought condition suggested

that additive variance (D), which is heritable and fixable, contributed the largest portion of

the total genetic variance in the control of all traits. Importance of additive genetic effects as

source of variation for seedling traits has been reported (Ana et al., 1997; Rao and Singh,

2004). Generally under non stressed condition both additive and dominance variances were

involved, while under stressed condition the dominance variances were more crucial than

additive variances (Baratiet al., 2004).Estimates of additive and dominance variances were

positive for plant height and ear length, while dominance variance being significant (Tengan

et al., 2012).

This discrepancy in results of generation means analysis and generation variance

analysis might arise from differences in the estimation precision of the two analyses. The

generation means analysis is more robust and reliable compare to generation variance

analysis because generation variance analysis is third degree of statistics, while generation

means analysis is second degree of statistics (Singh and Naryanan, 2004).
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4.4. Heritability

The narrow sense heritability estimates for seedling traits ranged from 40.1 to 78.4%

under normal and 66.8 to 80.7% under drought condition. Heritability estimates were

moderate to high for all seedling traits under normal and drought condition (Table 4.7). For

morpho-physiological traits (Table 4.8) the heritability estimates ranged from 36.5 to 78.9%

under normal condition, while under drought condition it ranged from 25.7 to 77.6%. The

maximum heritability was noticed for plant height (78.9%) under normal and days to

maturity (77.6%) under drought condition. The minimum heritability was observed for

anthesis-silking interval (36.5 and 25.7%) under both normal and drought condition. The

heritability estimates for morpho-physiological traits ranged between moderate to high under

both normal and drought condition. Infinity generation heritability estimates were

consistently higher than the narrow sense heritability estimates for all traits. High heritability

estimates showed that a large proportion of the genetic variance was composed of additive

genetic component. The information about heritability of traits helps to predict response to

selection in genetically segregating generation.Moderate to low narrow sense heritability

estimates were obtained for plant height (24%) and cob length (4%) that indicated the

significance of selecting proper segregating generations for the best expression of genes

(Tengan et al., 2012). Narrow sense heritability estimates were moderately high for number

of kernel rows (50.21 %) moderately low for shoot dry weight (38.83 %) and 100-grain

weight (24.89 %), while low for plant height (15.46 %) and ear length (12.11 %) and

estimates of heritability were lower under drought stress than under irrigated conditions

(Chen et al., 1996). Narrow sense heritability was moderately low for 100-grain weight (El-

Hifny et al., 2003). Anthesis-silking interval had stable or increase in heritability as drought

stress at flowering increases, whereas decline in heritability for grain yield was observed

(Edmeades et al., 2006). Narrow sense heritability for yield per plant was 59.06 to 75 %

(Hai-qiu et al., 2006; Chohan et al., 2012). Narrow-sense heritability of relative water

content increased as drought stress intensified and reached a maximum value of 64%, one

week prior to flag leaf senescence (Dedio, 1975). High narrow sense heritability estimates

indicate additive genetic association of the total genetic variation inherited (Qayyum et al.,

2012). Heritability estimates ranges from 43-91% for seedling traits at 40 % moisture level in



78

maize (Ali et al., 2011b). Heritability for root length increased with seedling growth (Ruillian

et al., 1997).

The success of any crop improvement programme not only dependent on the amount

of genetic variability present in the population but also on the extent to which it is heritable,

which sets the limit of progress that can be achieved through selection (Sumathi et al., 2005;

Wang et al., 2011). The phenotypic variability related to the genetic reasons is measured

through heritability, which may be termed as forecasting feature in plant breeding. This

phenomenon is responsible for determining the magnitude of a morphogenetic character

which is transferred from generation to generation. The heritability estimation criteria

directly affect the selection procedure which is utilized by a plant breeder to identify the most

beneficial method for improvement of a character which is prerequisite to know about the

selection procedure adapted and find out the importance of a particular genetic effect (Waqar

et al., 2008; Laghari et al., 2010).Many scientists have proved the significance of high

heritability and genetic advance in various yield contributing characters in maize. Keeping in

view the importance of the said genetic parameters, it could be safely concluded that the

information on these parameters is required for an effective crop improvement (Rafique et

al.,2010).

4.5. Inbreeding depression and genetic advance

Inbreeding depression for seedling traits (Table 4.9) was maximum for dry shoot

weight followed by dry root weight (19.38 and 17.89 %) respectively under normal

condition, whereas it was maximum for dry root weight followed by dry shoot weight (20.26

and 13.35 %) under drought condition respectively. The inbreeding depression was minimum

for root/shoot ratio under both conditions.

Genetic advance were maximum for fresh root length (4.23 and 5.09 %) under both

normal and drought conditions respectively, while it was minimum for dry shoot weight

(0.70 and 0.80 %) under both normal and drought condition respectively (Table 4.9).

Inbreeding depression for morpho-physiological traits (Table 4.11) was maximum for ear

leaf area followed by ear length (21.50 and 17.49 %) respectively under normal condition,

whereas it was maximum for yield per plant followed by ear length (19.86 and 16.76 %)

under drought condition respectively.
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Table 4.9. Inbreeding depression and genetic advance for seedling traits in maize under
normaland drought condition

Trait Inbreeding depression % Genetic advance
Normal Drought condition Normal Drought condition

Fresh root length 6.49 5.15 4.23 5.09
Fresh shoot length 5.08 7.72 3.82 3.24
Fresh shoot weight 11.52 13.15 1.34 0.81
Fresh root weight 13.22 9.15 3.51 3.30
Dry shoot weight 19.38 13.35 0.70 0.80
Dry root weight 17.89 20.26 2.48 2.29
Root/shoot ratio ratio -15.55 -5.95 1.32 1.07

Table 4.10. Inbreeding depression and genetic advance for morpho-physiological traits
in maize under normal and drought condition.

Trait Inbreeding depression % Genetic advance
Normal Drought condition Normal Drought condition

Days to  tasselling 3.75 5.44 2.39 3.96
Days to silking 3.50 4.32 2.02 2.82
Anthesis-silking interval -7.66 -8.72 0.17 0.46
Plant height 0.51 10.05 11.37 9.85
Ear leaf area 21.50 8.72 55.82 45.56
Days to maturity 3.91 5.68 4.60 5.95
Ear length 17.49 16.76 4.02 3.56
Kernels/ear 11.65 8.45 53.40 55.43
100-grain weight -4.65 -4.23 2.39 1.43
Grain yield/Plant 8.42 19.86 13.76 23.64
Cell membrane thermo-stability 4.12 0.77 4.76 3.73
Relative water content 3.38 9.62 0.07 0.08
Leaf temperature -3.07 -2.24 1.20 1.79
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Genetic advance was more for ear leaf area and kernels per ear (55.82 and 53.40 %)

under normal and drought condition (45.56 and 55.43) respectively, while it was lowest for

relative water content (0.07 and 0.08 %) under both normal and drought conditions

respectively (Table 4.10). The traits showing high inbreeding depression may be handled

through hybrid development because hybrids posses’ maximum heterozygosity compared to

synthetic (Roff, 2002). The traits with low inbreeding depression may be used for synthetic

development (Astete and Filho, 2002).Expected relative genetic advance was higher for fresh

shoot weight and dry root weight that may be a useful selection indicator at seedling stage in

corn (Mehdi and Ahsan, 2000a).Characters with high heritability can easily be fixed with

simple selection resulting in quick progress. However, it has been accentuated that

heritability alone has no practical importance without genetic advance. Genetic advance

shows the degree of gain obtained in a character under a particular selection pressure. High

genetic advance coupled with high heritability estimates offers the most suitable condition

for selection (Najeeb et al., 2009). The most significant purpose of heritability in genetic

studies of quantitative traits is its predictive role to specify the reliability of phenotypic value

as a guide to breeding value (Falconer and Mackay, 1996).

For both seedling and morphological traits fresh root and shoot length, fresh root

weight, ear leaf area, number of kernels per ear and grain yield per plant may be improved

through selection on the basis of high heritability and genetic advance under both conditions.

4.6. Correlations

The estimates of correlation coefficients among traits are useful for planning a

breeding programme to synthesize a genotype with desirable traits. Correlations were

determined among seedling and morpho-physiological traits in maize.

4.6.1. Correlations among seedling traits under normal and drought condition

Correlations among the seedling traits are given in Tables 4.11-12, respectively.

4.6.1.1. Fresh root length

Fresh root length was positively and significantly correlated, on phenotypic and

genotypic basis, with all traits under normal condition except root: shoot ratio on phenotypic

basis. Whereas correlations of root length were positive and significant with all traits on

phenotypic and genotypic basis, except shoot length and fresh shoot weight under drought

condition. Fresh root length had a positive and significant association on genotypic basis
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Table 4.11.Genetic and phenotypic correlation matrix for the seedling traits in maize under normal condition
Traits Fresh shoot length Fresh shoot weight Fresh root weight Dry root weight Dry shoot weight Root /shoot ratio

rg 0.699* 0.641* 0.926* 0.928* 0.492* 0.333*
rp 0.696** 0.630** 0.919** 0.917** 0.487* 0.330

Fresh shoot
length

rg 1.003* 0.412* 0.395* 0.943* -0.427
rp 0.988** 0.412 0.392 0.938** -0.426

Fresh shoot
weight

rg 0.345* 0.317* 0.993 -0.536
rp 0.341 0.316 0.974 -0.519*

Fresh root
weight

rg 1.001* 0.226 0.590*
rp 0.996* 0.223 0.583*

Dry root
weight

rg 0.191 0.624*
rp 0.188 0.619**

Dry shoot
weight

rg -0.647
rp -0.650**

Table-4.12. Genetic and phenotypic correlation matrix for the seedling traits in maize under drought  condition
Fresh shoot length Fresh shoot weight Fresh root weight Dry root weight Dry shoot weight Root /shoot ratio

Fresh root
length

rg 0.372* 0.429* 0.969* 0.998* 0.708* 0.765*
rp 0.368 0.422 0.963** 0.989** 0.696** 0.756**

Fresh shoot
length

rg 1.003* 0.347* 0.328* 0.868* -0.300
rp 0.988** 0.337** 0.316 0.837** -0.296

Fresh shoot
weight

rg 0.426* 0.368* 0.878* -0.239
rp 0.425 0.367 0.867** -0.235

Fresh root
weight

rg 0.958* 0.672* 0.757*
rp 0.953** 0.664** 0.753**

Dry root
weight

rg 0.679* 0.766*
rp 0.678** 0.766**

Dry shoot
weight

rg 0.065
rg 0.067
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with fresh shoot length (Tewatia et al., 2000; Asghar and Khan, 2005; Khan et al., 2010;Ali

et al., 2011b; Mustafa et al., 2013; Ali et al., 2013) fresh shoot weight (Mehdi and Ahsan,

1999b; Tewatia et al., 2000; Ali et al., 2013) dry shoot weight (Aslam and Tahir, 2003; Khan

et al., 2010) fresh root weight (Tewatia et al., 2000; Ali et al., 2013; Qayyum et al., 2012)

dry root weight (Aslam and Tahir, 2003; Khan et al., 2010; Qayyum et al., 2012), while

negative and significant relationship with root/shoot ratio (Ali et al., 2011b). Root length had

a positive and significant correlation with shoot length, while root length showed no

association with fresh root weight under normal conditions but under drought conditions both

the traits exhibited a positive and significant mutual relationship in Brassica (Cheema and

Sadaqat, 2004).

4.6.1.2. Fresh shoot length

Shoot length on genotypic basis was positively and significantly correlated with all

traits under normal and water stress condition except root-shoot ratio; while on phenotypic

basis it was positively and significantly correlated with root length, fresh and dry shoot

weight under normal condition. Under water stress on genotypic basis shoot length was

positively and significantly correlated with all traits except root-shoot ratio, whereas on

phenotypic basis it was positively and significantly correlated with fresh root weight, fresh

shoot weight and dry shoot weight. Fresh shoot length is positively associated with fresh

shoot weight (Mehdi and Ahsan, 1999b; Asghar and Khan, 2005; Ali et al., 2011b; Ali et al.,

2013) fresh root weight (Aslam and Tahir, 2003; Khan et al., 2010) dry root weight on

phenotypic basis (Ali et al., 2011b; Ali et al., 2013) and root/shoot ratio (Ali et al., 2011b) on

both phenotypic and genotypic basis, whereas negatively and significantly correlated with

dry shoot weight (Ali et al., 2013) root/shoot ratio (Aslam and Tahir, 2003; Khan et al.,

2010).

4.6.1.3. Fresh shoot weight

Fresh shoot weight was positively and significantly correlated on genotypic basis

with all traits under both normal and water stress condition except root/shoot ratio under both

normal and drought condition and dry shoot weight under normal condition. Fresh shoot

weight on phenotypic basis was positively and significantly correlated with root and shoots

length under normal condition, while it had positive and significant association with shoot

length and dry shoot weight under drought stress. It had negative and close association with
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root/shoot ratio under normal condition. Fresh shoot weight had a close positive relationship

with fresh root weight (Asghar and Khan, 2005; Ahsan et al., 2011) dry shoot weight

(Asghar and Khan, 2005; Aslam and Tahir, 2003; Khan et al., 2010) dry root weight

(Daubenmir, 1974; Mehdi and Ahsan, 2000b; Wang et al., 2000; Ahsan et al., 2011), while

negatively and significantly with root/shoot ratio (Aslam and Tahir, 2003; Khan et al., 2010).

4.6.1.4. Fresh root weight

Fresh root weight was significantly and positively correlated with all traits on

genotypic basis under both normal and water stress condition except dry shoot weight under

normal condition. Fresh root weight was positively and significantly correlated with dry root

weight, root length and root/shoot ratio on phenotypic basis under normal condition, whereas

it had positive and significant association with all traits except fresh shoot weight under

drought condition. Fresh root weight exhibited positive and significant association both on

phenotypic and genotypic basis with dry shoot weight (Ali et al., 2013) dry root weight

(Mehdi and Ahsan, 1999b; Rehman et al., 2005; Ahsan et al., 2011; Qayyum et al., 2012).

Fresh root weight exhibited positive genotypic correlation with dry shoot weight and

shoot length, whereas it had negative association with dry root weight and root length under

drought conditions and the situation was totally opposite under normal conditions (Khan et

al., 2004b). Fresh root weigh had a positive genotypic correlation with fresh root length

(Tewatia et al., 2000; Ali et al., 2013;Qayyum et al., 2012), fresh shoot length (Aslam and

Tahir, 2003; Khan et al., 2010).

4.6.1.5. Dry shoot weight

Dry shoot weight was positively and significantly correlated on genotypic basis with

root length, shoot length but negatively and non- significantly correlated with root/shoot ratio

under normal condition, while under water stress it was positively and significantly

correlated with all traits except root/shoot ratio. On phenotypic basis dry shoot weight was

positively and significantly correlated with root and shoots length but negatively and

significantly correlated with root/shoot ratio under normal condition, whereas under water

stress it was positively and significantly correlated with all traits except root/shoot ratio. Dry

shoot weight had a positive and close relationship with dry root weight (Ali et al., 2011b;

Mustafa et al., 2013), fresh root length (Aslam and Tahir, 2003; Khan et al., 2004b; Khan et
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al., 2010) and negatively with root/shoot ratio and leaf temperature both on phenotypic and

genotypic basis in maize (Aslam and Tahir, 2003; Khan et al., 2010; Mustafa et al., 2013).

4.6.1.6. Dry root weight

Dry root weight was significantly and positively correlated with all traits on

genotypic basis under both normal and water stress condition except dry shoot weight under

normal condition, whereas it has positive and strong relationship with fresh root length, fresh

root weight and root/shoot ratio on phenotypic basis under normal condition and under water

stress it has significant and positive association with all traits except shoot length and fresh

shoot weight. Dry root weight showed positive and significant association with fresh root

length (Mehdi and Ahsan, 1999b; Aslam and Tahir, 2003; Khan et al., 2010; Qayyum et al.,

2012), fresh shoot length (Ali et al., 2011b), dry shoot weight (Mehdi and Ahsan, 1999b; Ali

et al., 2011b), fresh shoot weight (Daubenmir, 1974; Mehdi and Ahsan, 1999b; Mehdi and

Ahsan, 2000b; Wang et al., 2000; Ahsan et al., 2011) and root/shoot ratio (Ali et al., 2011b).

Dry root weight developed strong negative correlation with shoot and root length under

normal conditions (Khan et al., 2004b). Dry root weight is an important selection criterion in

maize under water stress (Daubenmir, 1974; Mehdi and Ahsan, 2000b; Wang et al., 2000).

Genetic studies of seedling parameters will aid in identifying and screening inbred lines that

is utilized in breeding genotypes for water stress tolerance (Mehdi et al., 2001).

4.6.1.7. Root/shoot ratio (by weight)

For dry weight root-shoot ratio a strong and positive association was found with fresh

root length, fresh root weight and dry root weight on genotypic basis, while negative and

non-significant relationship with fresh shoot length, fresh shoot weight and dry shoot weight

under normal condition, whereas it was positively and significantly associated with fresh root

length, fresh root weight and dry root weight but negative and non-significant association

was present with shoot length and fresh shoot weight under water stress condition. On

phenotypic basis dry root/shoot ratio was positively and significantly associated with fresh

and dry root weight but negative and strong relationship with fresh and dry shoot weight

under normal condition, while it has positive and significant association with fresh root

length, fresh root weight and dry root weight. Root/shoot ratio by weight had a significant

and positive association with dry root weight (Ali et al., 2011b), fresh shoot length (Ali et al.,

2011b), negative and significant relationship with fresh root length (Ali et al., 2011b), fresh
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shoot weight (Aslam and Tahir, 2003; Khan et al., 2010), fresh shoot length (Aslam and

Tahir, 2003; Khan et al., 2010),  dry shoot weight (Aslam and Tahir, 2003; Khan et al., 2010;

Mustafa et al., 2013).

4.6.2. Correlationsamong morpho-physiological traits

Correlations among agronomic and drought related traits are shown in Tables 4.13-14.

4.6.2.1. Days to tasseling

Days to tasseling was positively and significantly correlated with all traits on

genotypic basis except anthesis-silking interval, grain yield per plant, cell membrane thermo-

stability and relative water content under normal condition, whereas under water stress it was

positively and significantly correlated with all traits except 100-grain weight, cell membrane

thermo-stability and relative water content. On phenotypic basis the trait was positively and

significantly correlated with days to silking, plant height and ear leaf area and negatively but

significantly correlated with anthesis-silking interval under normal conditions. The trait was

positively and significantly correlated with days to silking, plant height and ear leaf area on

phenotypic basis under drought condition. Days to 50% tasseling was strongly associated

ongenotypic basis with grain yield per plant under both normal and drought conditions

(Bolanos et al., 1993; El-Saad et al., 1994; Sujiprihati et al., 2001; Mohan et al., 2002; Oyo

et al., 2006; Saleem et al., 2007; Akbar et al., 2008), 100-grain weight (Bolanos et al., 1993;

Malik et al., 2005), while some researchers reported negative and significant genotypic

association with 100- grain weight (Ahsan, 1999; Malik et al., 2005) and relative water

content (Aslam et al., 1999).

4.6.2.2. Days to silking

Days to silking was positively and significantly correlated on genotypic basis with all

traits except anthesis-silking interval, grain yield per plant, cell membrane thermo-stability

and relative water content under normal condition, whereas under drought condition it was

positively and significantly correlated with all traits except grain yield per plant, cell

membrane thermo-stability and relative water content. On phenotypic basis the trait was

positively and significantly correlated with days to tasseling, plant height and ear leaf area,

while negatively and significantly correlated with anthesis-silking interval under normal

condition, whereas under drought tress the trait was positively and significantly correlated

with days to tasseling, anthesis-silking interval, plant height, ear leaf area and
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Table 4.13. Phenotypic and genetic correlation matrix for the morpho-physiological traits in maize under normal condition
DTS ASI PH ELA DTM EL K/ear 100-gwt GY CMT RWC LT

DTT rg 0.012* -0.875 0.882* 0.946* 0.235* 0.358* 0.362* 0.503* 0.024 0.072 -0.085 0.481*

rp 0.995** -0.809** 0.863** 0.928** 0.231 0.346 0.351 0.462 0.032 0.079 -0.095 0.458
DTS rg -0.874 0.859* 0.938* 0.225* 0.349* 0.350* 0.488* 0.063 0.091 -0.113 0.437*

rp -0.752** 0.829** 0.905** 0.212 0.339 0.332 0.457 0.059 0.087 -0.121 0.424
ASI rg -0.997 -0.968 -0.319 -0.371 -0.433 -0.516 -0.217 -0.028 -0.122 -0.712

rp -0.899** -0.876** -0.303 -0.316 -0.395 -0.397 -0.150 -0.012 -0.093 -0.580*
PH rg 0.887* 0.035 0.130* 0.119 0.702* -0.157 -0.166 -0.225 0.761*

rp 0.882** 0.035 0.126 0.118 0.678** -0.144 -0.159 -0.215 0.749**
ELA rg 0.459* 0.560* 0.538* 0.327* 0.251* 0.279* 0.152 0.364*

rp 0.458 0.557* 0.537* 0.314 0.242 0.275 0.152 0.357
DTM rg 0.980* 0.994* -0.731 0.942* 0.938* 0.932* -0.589

rp 0.975** 0.986** -0.688** 0.919** 0.918** 0.917** -0.578*
EL rg 0.972* -0.620 0.894* 0.942 0.839* -0.563

rp 0.966** -0.584* 0.870** 0.915** 0.827** -0.546*
K/ear rg -0.639 0.902* 0.892* 0.880* -0.511

rp -0.622** 0.871** 0.878** 0.871** -0.505*
100-
gwt

rg 0.816 0.800 0.903 -0.925*

rp 0.723** 0.783** 0.854** -0.904**
GY/P rg 0.818* 0.898* -0.704

rp 0.789** 0.872** -0.662**
CMT rg -0.671 -0.720

rp -0.650** -0.713**
RWC rg -0.671

rp -0.650**
DTT= Days to tasseling; DTS= Days to silking; ASI= Anthesis silking interval; PH= Plant height; ELA= Ear leaf area; DTM= Days to maturity; EL= Ear
length; K/ear= Kernels/ear; 100-gwt= 100 grain weight; GY/P= Grain yield; LT= Leaf temperature, CMT= Cell membrane thermo-stability; RWC=
Relative water content; rg = Genotypiccorrelation; rp = Phenotypic correlation
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Table 4.14. Phenotypic and genetic correlation matrix for the morpho-physiological traits in maize under drought condition
DTS ASI PH ELA DTM EL K/ear 100-gwt GY CMT RWC LT

DTT rg 0.943* 0.436* 0.999* 0.874* 0.402* 0.384* 0.405* 0.199 0.199* 0.041 0.101 0.353*

rp 0.938** 0.392 0.960** 0.850** 0.372 0.363 0.392 0.182 0.197 0.041 0.935 0.336
DTS rg 0.710* 0.890* 0.967* 0.247* 0.223* 0.301* 0.496* -0.022 -0.079 -0.165 0.569*

rp 0.685** 0.867** 0.942** 0.230 0.219 0.299 0.462 -0.024 -0.060 -0.163 0.555*
ASI rg 0.295* 0.741* -0.182 -0.210 -0.043 0.923* -0.362 -0.303 -0.662 0.794*

rp 0.267 0.718** -0.171 -0.182 -0.031 0.847** -0.352 -0.291 -0.634** 0.772**
PH rg 0.836* 0.607* 0.592* 0.596* -0.047 -0.436* 0.289* 0.335 0.112

rp 0.821** 0.587* 0.579* 0.590** -0.028 -0.432 0.290 0.318 0.107
ELA rg 0.380* 0.405* 0.485* 0.384* 0.185* 0.185* -0.063 0.445*

rp 0.378 0.399 0.483* 0.360 0.186 0.183 -0.061 0.440
DTM rg 1.006* 0.948* -0.628 0.977* 0.890* 0.833* -0.673

rp 0.980** 0.933** -0.612** 0.962** 0.863** 0.828** -0.658**
EL rg 0.969* -0.690 0.991* 0.949* 0.870* -0.654

rp 0.965** -0.654** 0.968** 0.927** 0.851** -0.643**
K/ear rg -0.570 0.942* 0.928* 0.802* -0.532

rp -0.543* 0.931** 0.915** 0.789** -0.528*
100-gwt rg 0.818 0.788 0.960 -0.975*

rp 0.771** 0.752* 0.926** -0.924**
GY rg 0.948* 0.945* -0.806

rp 0.936** 0.933** -0.790**
CMT rg 0.881* -0.751

rp 0.862** -0.728**
RWC rg -0.887

rp -0.873**
DTT= Days to tasseling; DTS= Days to silking; ASI= Anthesis silking interval; PH= Plant height; ELA= Ear leaf area; DTM= Days to maturity;
EL= Ear length; K/ear= Kernels/ear; 100-gwt= 100 grain weight; GY/P= Grain yield; LT= Leaf temperature, CMT= Cell membrane thermo-stability;
RWC= Relative water content; rg = Genotypiccorrelation; rp = Phenotypic correlation
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Leaf temperature. Days to 50% silking had a positive and significant relationship with grain

yield (El-Saad et al., 1994; Mohan et al., 2002; Saleem et al., 2007) and negative correlation

with grain yield (Ahsan, 1999; Betran et al., 2003a; Malik et al., 2005) and relative water

content (Aslam et al., 1999). Days to silking depicted significant and positive correlation

with 100-grain weight under irrigated condition but both had significant and negative

correlation under drought condition (Bolanos et al., 1993; Malik et al., 2005).

4.6.2.3. Anthesis-silking interval

Anthesis-silking interval was negatively correlated on genotypic basis with all traits

except plant height under normal condition, whereas it was positively and significantly

correlated with days to tasseling, days to silking, plant height, ear leaf area, 100-grain weight

and leaf temperature under water stress. On phenotypic basis the trait was negatively and

significantly correlated with days to tasseling, days to silking, plant height, ear leaf area and

leaf temperature under normal condition. Anthesis-silking interval was positively and

significantly correlated with days to silking, ear leaf area, 100-grain weight and leaf

temperature and negatively but significantly correlated with relative water content under

water stress. Anthesis silking interval was highly correlated with grain yield particularly with

ear and kernel number per plant (Magorokosho and Tongoona, 2003; Cattivelli et al., 2008),

while genetic correlation of anthesis-silking interval and grain yield was significant and

negative under both normal and drought condition (Fischer et al., 1989; Bolaños and

Edmeades, 1996; Betran et al., 2003a). Non-significantgenetic correlation between anthesis-

silking interval and grain yield under normal conditions was reported by Frederick et al.

(1989). Genetic correlations between grain yield and anthesis-silking interval was weak

under well-watered conditions (Bolanos and Edmeades., 1996). Anthesis silking interval may

be used as secondary traits for improving maize yields in drought prone environments

(Banziger et al., 2000).

4.6.2.4. Plant height

Plant height exhibited significant and positive relationship with ear leaf area, days to

tasseling, days to silking, ear length, 100-grain weight and leaf temperature on genotypic

basis, while rest of the  traits were non significantly associated under normal condition. The

trait was positively and significantly associated with all traits under water stress except 100-

grain weight, leaf temperature and relative water content on genotypic basis and negatively
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but significantly correlated with grain yield per plant. On phenotypic basis the trait showed

significant and positive association with ear leaf area, days to tasseling, days to silking, 100-

grain weight and leaf temperature, while it was negatively and significantly associated with

anthesis-silking interval under normal condition, whereas it has positive and significant

association with days to tasseling, days to silking, ear leaf area, days to maturity, ear length

and number of kernels per ear. There was a positive genetic correlation of plant height with

grain yield (Mohajan et al., 1990; Bolanos et al., 1993; Khakim et al., 1998; Ahmed and

Hassanein, 2001; Mohan et al., 2002; Malik et al., 2005; Oyo et al., 2006; Uddin et al., 2010;

Golbashy, 2012; Amini et al., 2013), relative water content (Khan et al., 1993), no

association with grain yield (Rather et al., 1999) and maximum correlation (0.95) with

number of kernels per ear under drought stress (Golbashy, 2011). Phenotypic correlation

coefficients were significant and positive between leaf area, plant height and grain yield.

However grain yield can be improved by increasing leaf area and plant height in maize

(Ahsan, 1999).

4.6.2.5. Ear leaf area

Ear leaf area was positively and significantly associated with all traits on genotypic

basis except anthesis-silking interval and relative water content under normal condition,

whereas it showed positive and significant relationship with all traits except relative water

content under water stress. On phenotypic basis it was positively and significantly correlated

with plant height, days to tasseling, days to silking, ear length and number of kernels per ear

but negatively and significantly associated with anthesis-silking interval under normal

condition, while under water stress it exhibited positive and significant association with plant

height, days to tasseling, days to silking, anthesis-silking interval and number of kernels per

ear. A positive genetic correlation of leaf area was present with grain yield in maize (Dudly,

1996; Bolanos et al., 1993; Yadav et al., 2003; Malik et al., 2005; Oyo et al., 2006;Saleem et

al., 2007; Ahsan et al., 2008). Identification and analysis of various plant characters having

sound and positive association with drought tolerance and high productivity under drought is

necessary (Richards, 2004; Rauf and Sadaqat, 2008). Phenotypic correlation coefficients

were significant and positive between leaf area, plant height and grain yield. However grain

yield can be improved by increasing leaf area and plant height in maize (Ahsan, 1999).



90

4.6.2.6. Days to maturity

Days to maturity were positively and significantly  associated on genotypic basis with

all traits except anthesis-silking interval, plant height, 100-grain weight and leaf temperature

under both normal and moisture stress condition, in addition to non significant correlation

with plant height  under normal condition, whereas on phenotypic basis the trait was

positively and significantly correlated with plant height, ear length, number of kernels per

ear, grain yield per plant, cell membrane thermo-stability and relative water content.

Negative but significant relationship with 100-grain weight and leaf temperature was present

under both conditions except plant height under normal condition. Days to 50% maturity had

a positive and significant correlation with grain yield (Bolanos and Edmeades, 1996;

Sujiprihati et al., 2001; Mohan et al., 2002) and 100-grain weight (Parth et al., 1986).

Knowledge of physiological mechanism and genetic control of the contributing traits for

development of increased drought resistant crops is required (Farooq et al., 2008).

4.6.2.7. Ear length

Ear length was positively and significantly correlated with all traits on genotypic

basis except anthesis-silking interval, 100-grain weight and leaf temperature, under both

normal and water stress condition. On phenotypic basis the trait was positively and

significantly correlated with all traits except plant height, days to tasseling, days to silking

and anthesis-silking interval and negatively but significantly with100-grain weight and leaf

temperature under normal condition. Ear length on phenotypic basis was positively and

significantly correlated with plant height, days to maturity, number of kernels per ear, grain

yield per plant, cell membrane thermo-stability and relative water content, whereas it was

negatively but significantly correlated with 100-grain weight and leaf temperature under

water stress. Grain yield was positively and significantly correlated with cob length, under

optimum and rain-fed conditions (Xiao-ling et al., 2001; Cheng et al., 2003; Yadav et al.,

2003; Da-chun, 2006).

4.6.2.8. Number of kernels per ear

Number of kernels per ear was positively and significantly associated with all traits

on genotypic basis except plant height, anthesis-silking interval, 100-grain weight and leaf

temperature under normal condition, whereas it was also positively and significantly

correlated with all traits on genotypic basis except anthesis-silking interval, 100-grain
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weight and leaf temperature under water stress. On phenotypic basis the trait was positively

and significantly correlated with all traits except plant height, days to tasseling, days to

silking and anthesis-silking interval, while it was negatively but significantly correlated with

100-grain weight and leaf temperature under normal condition. Under water stress the trait

was positively and significantly correlated with all traits except days to tasseling, days to

silking and anthesis-silking interval and negatively but significantly with 100-grain weight

and leaf temperature under water stress. There was a strong correlation between number

kernels per ear and grain yield(Frederick et al., 1989; Bolanos and Edmeades, 1993;

Rehman et al., 1995; Annapurna et al., 1998; Firoza et al., 1999; khatun et al., 1999;

Cattivelli et al., 2008; Golbashy., 2012), Kernels per row were obvious the most

contributing character towards high grain yield (Malik et al., 2005). Number of kernels/ear

is more closely and significantly related with yield and emphasized that selection based on

the characters which enhance kernel number per ear will be more effective in improving

yield under drought stress (Annapurna et al., 1998; Firoza et al., 1999; Khatun et al., 1999;

Mohan et al., 2002; Beiragi et al., 2011).

4.6.2.9. 100-grain weight

On genotypic basis 100-grain weight was positively and significantly associated with

days to tasseling and silking, plant height and ear leaf area, while leaf temperature was

negatively and significantly correlated under normal condition. Under water stress the trait

has positive and significant association with days to silking, anthesis-silking interval and ear

leaf area, whereas it has a negative but significant association with leaf temperature. On

phenotypic basis 100-grain weight had a negative and significant correlation with plant

height, grain yield per plant, cell membrane thermo-stability and relative water content and

negative but significant relationship with days to maturity, ear length, number of kernels per

ear and leaf temperature under normal condition. Under water stress the trait was positively

and significantly associated with anthesis-silking interval, grain yield per plant, cell

membrane thermo-stability and relative water content, while it was negatively but

significantly correlated with days to maturity, ear length, leaf temperature and number of

kernels per ear on phenotypic basis. Genotypic coefficients revealed that 100-grain weight

was significantly associated with grain yield (Malik et al., 2005;Saleem et al., 2007; Akbar

et al., 2008; Ramezani et al., 2009; Uddin et al., 2010; Golbashy, 2012; Amini et al.,
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2013),days to maturity (Parth et al., 1986) and days to silking and tasseling under irrigated

condition (Bolanos et al., 1993; Malik et al., 2005; Saleem et al., 2007) but both had

significant and negative correlation under drought condition (Bolanos et al., 1993; Malik et

al., 2005; Saleem et al., 2007).

4.6.2.10 Grain yield per plant

Grain yield per plant had a positive and close genotypic association with ear leaf area,

days to maturity, ear length, number of kernels per ear, cell membrane thermo-stability and

relative water content under normal condition, whereas it was positively and significantly

associated with all traits except days to silking, 100-grain weight, anthesis-silking interval

and leaf temperature under water stress, in addition plant height had a negative and

significant association. However on phenotypic basis the trait had a positive and close

relationship withdays to maturity, ear length, number of kernels per ear, 100-grain weight,

cell membrane thermo-stability and relative water content both under normal and water

stress condition, while it has negative but significant association with leaf temperature under

both conditions. Identification and analysis of various plant characters having sound and

positive association with drought tolerance and high productivity under drought is necessary

(Richards, 2004; Rauf and Sadaqat, 2008). Grain yield per plant had a positive and

significant genotypic correlation with days to 50% tasseling and silking (Bolanos et al.,

1993; El-Saad et al., 1994; Sujiprihati et al., 2001; Mohan et al., 2002; Oyo et al., 2006;

Saleem et al., 2007; Akbar et al., 2008), 100-grain weight (Malik et al., 2005;Saleem et al.,

2007; Akbar et al., 2008; Ramezani et al., 2009; Uddin et al., 2010; Golbashy, 2012; Amini

et al., 2013), plant height (Mohajan et al., 1990; Bolanos et al., 1993; Khakim et al., 1998 ;

Ahmed and Hassanein, 2001; Mohan et al., 2002; Malik et al., 2005; Oyo et al., 2006;

Uddin et al., 2010; Golbashy, 2012; Amini et al., 2013), leaf area  (Dudly, 1996; Bolanos et

al., 1993; Yadav et al., 2003;  Malik et al., 2005; Oyo et al., 2006;Saleem et al., 2007;

Ahsan et al., 2008 ), number of kernels/ear (Frederick et al., 1989; Bolanos and Edmeades

,1993; Rehman et al., 1995; Annapurna et al., 1998; Firoza et al., 1999; khatun et al., 1999;

Cattivelli et al., 2008; Golbashy.,2012), ear length (Yadav et al., 2003), anthesis silking

interval (Magorokosho and Tongoona, 2003; Cattivelli et al., 2008), days to maturity

(Bolanos and Edmeades, 1996; Sujiprihati et al., 2001; Mohan et al., 2002) and relative

water content under irrigated conditions(Mohan et al., 2002). Genotypic correlation
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coefficient was negative and significant between grain yield and days to tasseling, days to

silking (Ahsan, 1999; Malik et al., 2005) and relative water content (Aslam et al., 1999).

Phenotypic correlation coefficients were significant and positive between leaf area, plant

height and grain yield. However grain yield can be improved by increasing leaf area and

plant height in maize (Ahsan, 1999). Plant height had no association with grain yield

(Rather et al., 1999).

4.6.2.11. Cell membrane thermo stability

Cell membrane thermo stability was positively and significantly associated on

genotypic basis with ear leaf area,days to maturity, number of kernels per ear, grain yield per

plant and relative water content, while rest of the traits had a non-significant association

under normal condition.

Under water stress plant height, ear leaf area, days to maturity, ear length, number of

kernels per ear, grain yield and relative water content had a positive and significant

association on genotypic basis. On phenotypic basis, the trait has a negative but strong

association with leaf temperature under both conditions, while it has positive and strong

association with days to maturity, ear length, number of kernels per ear, 100-grain weight,

grain yield per plant and relative water content under both normal and water stress condition.

Cell membrane thermo stability had a strong association with days to maturity, ear length,

number of kernels per ear, 100-grain weight and grain yield per plant under both normal and

water stress condition (Ning et al., 2013). Cell membrane thermo stability had no relationship

with leaf area both at genotypic and phenotypic level (Ahsan et al., 2008).

4.6.2.12 Relative water content

Relative water content was positively and significantly associated on genotypic basis

with days to maturity, ear length, number of kernels per ear, grain yield per plant and cell

membrane thermo-stability both under normal and water stress condition, while on

phenotypic basis relative water content has a positive and close association with days to

maturity, ear length, number of kernels per ear, 100-grain weight, grain yield per plant and

cell membrane thermo stability under both conditions, whereas leaf temperature had negative

but significant association under normal condition. Anthesis-silking interval and leaf

temperature also had a negative but significant correlation under water stress. Relative water

content was positively and significantly associated on genotypic basis with grain yield per
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plant (Mohan, et al., 2002), but negative and significant genotypic association with grain

yield per plant (Aslam et al., 1999), and days to tasseling and silking (Ahsan, 1999; Malik et

al., 2005). Relative water contents showed negative correlation with excised leaf water loss

and no correlation with agronomic traits which suggests that genes controlling the traits

related to drought tolerance are not linked with the genes controlling agronomic traits (Malik

et al., 2006). Leaf area had positive and non significant correlation with excised leaf water

content at genotypic but highly significant at phenotypic levels (Ahsan et al., 2008).Wheat

cultivars with smallest decrease in relative water content produced higher dry weight, grain

yield per plant and increased plant height compared with other cultivars (Khan et al., 1993).

4.6.2.13 Leaf temperature

Leaf temperature exhibited positive and strong genotypic relationship with, days to

tasseling and silking, plant height and ear leaf area under normal condition, while it has

negative and significant association with 100 grain weight. The trait was positively and

significantly correlated with days to tasseling and silking, ear leaf area and anthesis silking

interval under water stress and it showed negative but significant association with 100-grain

weight. Leaf temperature had a negative and close phenotypic relationship with all traits

except days to tasseling and silking, anthesis silking interval and ear leaf area under normal

condition, whereas it had positive and significant correlation with plant height. Under water

stress days to maturity, ear length, number of kernels per ear,100-grain weight, grain yield

per plant, cell membrane thermo stability and relative water content was negatively but

significantly correlated on phenotypic basis, whereas it has positive and significant

association with days to silking and anthesis silking interval. Alleles of parental traits are

recombined so, the correlations among the traits reflect linkage relationships and this may be

due to the difference in allele combinations of the parents involved in the populations

(Tollenaar et al., 1979). Leaf temperature was positively and significantly correlated with

days to silking and anthesis-silking interval (Tollenaar et al., 1979; Ning et al., 2013; Tsimba

et al., 2013) and negatively with grain yield per plant (Aslam et al., 1999; Tsimba et al.,

2013). Genotypic correlation was higher than phenotypic correlation coefficients (Ahsan,

1999).
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SUMMARY

The present research was conducted in the Department of Plant Breeding and

Genetics, University of Agriculture, Faisalabad and Agronomic Research Institute, Ayub

Agricultural Research Institute, Faisalabad (Pakistan), to study the inheritance of morpho-

physiological traits of maize. Fifty maize inbred lines were screened for drought tolerance in

glasshouse at seedling stage. Two contrasting (one tolerant and one sensitive)inbred lines

were selected on the basis of dry root weight, root/shoot ratio and leaf relative water content

and used to developsix generations (P1, P2, F1, F2, BC1 and BC2). The generations were

evaluated in glasshouse in triplicate completely randomized factorial design andin field

following a randomized complete block factorial design with three replications under both

normal and drought conditions. Data recorded on various, seedling, yield and drought

associated characters were analyzed through generation means technique to work out gene

action controlling these traits. Means and variances for the traits were estimated and used to

calculate narrow sense heritability, inbreeding depression and genetic advance. The nature

and extent of association among these traits was also determined.

Pooled analysis of variance indicated that treatments and generations were significant

for all seedling and morpho- physiological traits except treatments for root: shoot ratio.

Treatments × generations interactions were significant for all traits except fresh shoot and dry

root weight, leaf temperature, ear length and 100- grain weight. Separate analysis of variance

for normal and drought indicated that all the generations were significant for all traits under

both conditions except anthesis-silking interval under normal condition. There was

decreasing trend for all the traits under drought condition except root/shoot ratio, days to

silking, anthesis-silking interval and leaf temperature.

Generation mean analysis exhibited the involvement of all three genetic effects

(additive, dominance and their interaction) for the inheritance of most of the traits.Additive

and dominance genetic effects were exhibited for all seedling traitsunder normal condition

except fresh and dry root weight. Under normal condition additive and dominance gene

action was involved for all seedling traits except fresh root length and fresh and dry root

weight, which was under additive genetic contol. Additive and epistatic genetic effects were

present for the inheritance of days to silking, anthtesis-silking interval, ear leaf area, plant

height, days to maturity, 100 grain weight and leaf relative water content, whereas days to
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tasseling, ear length, kernels per ear, grain yield per plant, cell membrane thermo-stability

and leaf temperature showed the presence of both additive and dominance genetic effects

along with epistasis under normal condition. However under drought condition, days to

tasseling, anthtesis-silking interval, ear leaf area, plant height, ear length, kernels per ear and

cell membrane thermo-stability exhibited the involvement of both additive and dominance

genetic effects along with interactions under droughtcondition, whereas additive genetic

effects along with epistatic genetic effects played a significant role in the inheritance of days

to silking, days to maturity, 100 grain weight, grain yield per plant, leaf relative water

content and leaf temperature. Additive genetic effects were more important for days to

silking,anthtesis-silking interval, plant height, 100 grain weight andleaf relative water

content, while dominance effects were more prominent for rest of the traits under normal

condition. However under drought condition additive effects were more crucial for 100 grain

weight and leaf temperature, whereas rest of traits exhibited the importance of dominance

genetic effects.

Increase for fresh root length, fresh shoot length, fresh and dry shoot and dry root

weight may be used for hybrid development under normal condition, whereas increase for

root/shoot ratio may be fixed for development of synthetic variety. Increase for fresh root

length and dry root weight may be used for development of drought tolerant hybrids, while

further progeny testing is recommended for remaining traits due to complex interactions.

Increase for days to tasseling and decrease for anthesis-silking interval and leaf temperature

may be fixed for synthetic development under drought condition. Increase for plant height,

leaf area and days to maturity can be used for hybrid development under normal condition,

whereas for rest of the traits, delayed selection is recommended. Decrease for leaf

temperature may be fixed for synthetic/hybrid development, whereas rest of the traits

indicates confusing results.

In generation variance analysis for morpho-physiological traits genetic model with D

and E components was the best fit for all the morpho-physilogical traits except days to

silking under drought condition, while the genetic model with D and E components was best

fit for all seedling traits except fresh and dry shoot weight and root/shoot ratio under normal

condition. D, H and E model was fit for fresh and dry shoot weight under normal condition,

whereas, genetic model with D, E and F components was best fit for root/shoot ratio under
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both conditions. A best fit of the model incorporating only D and E in the generation

variance analysis for all morpho-physiological traits under both conditions except days to

silking under drought condition suggested that additive variance (D), which is heritable and

fixable, contributed the largest portion of the total genetic variance in the control of all traits.

All the morpho-physiological traits exhibited high narrow sense heritability except

anthesis-silking interval under both conditions, which was moderate. High heritability was

also observed for seedling traits under normal as well as drought condition except fresh and

dry shoot weight under normal condition, which was moderate. High heritability estimates

for the traits showed that a large proportion of genetic variance was composed of additive

genetic component.

Ear leaf area and ear length under normal and grain yield per plant under drought

condition showed maximum inbreeding depression for morpho-physiological traits, whereas

for seedling traits dry shoot weight under normal and dry root weight under drought

condition exhibited high inbreeding depression. The traits having high inbreeding depression

may be used for hybrid development and the traits with low inbreeding depression can be

used for synthetic development in maize. High heritability in combination with high genetic

advance is the most appropriate condition for useful selection. Ear leaf area, number of

kernels per ear and grain yield per plant under both conditions, whereas seedling traits, fresh

root and shoot lengthunder both conditions may be used for this purpose.

Correlations among seedling traits demonstrated that root/shoot ratio was positively

and significantly correlated with fresh and dry root weight on phenotypic and genotypic basis

under both conditions. Grain yield had positive and significant association with days to

maturity, ear length, number of kernels per ear, cell membrane thermo-stability and relative

water content on phenotypic and genotypic basis under both normal and drought condition, in

addition positive and significant correlation with 100 grain weight on phenotypic basis. Grain

yield had a negative and significant phenotypic correlation with leaf temperature under both

conditions. Positive and significant correlations of 100 grain weight were foundon

phenotypic basis with plant height, grain yield per plant,cell membrane thermo-stability and

relative water content and negative but significant relationship with days to maturity, ear

length, kernels per ear and leaf temperature under both conditions.
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High heritability for most of the seedling and morpho physiological traits under both

conditions indicates that improvement may be achieved through selection in succeeding

generations. Improvement for fresh root and shoot length and fresh root weight in seedling

traits and for ear leaf area, number of kernels per ear and grain yield per plant can be made

through selection due to high genetic advance coupled with moderate to high heritability

under both conditions. Grain yield may be enhanced by improving days to maturity, ear

length, number of kernels per ear, cell membrane thermo-stability and relative water content

and decreasing anthesis-silking interval and leaf temperature under both conditions.

The information about inheritance pattern, heritability, inbreeding depression, genetic

advance and correlations of seedling, yield and drought related traits can be used to formulate

a breeding strategy for hybrid/synthetic development under normal and drought stressed

environments.
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Appendix 1. Means and statistical significance of seedling traits of maize inbred
Linesunder normal and drought conditions in glasshouse
S. No. Inbred lines Dry root weight (g) Increase

%ageNormal Drought condition
1 A-427-2 3.75 ± 0.043 K-O 1.98 ± 0.139 L-O -47.22
2 PB77-1 5.57 ± 0.176 DEF 2.46 ± 0.072 F-L -55.83
3 M-14 4.88 ± 0.055 G-J 2.57 ± 0.165 F-K -47.33
4 OH-41 3.75 ± 0.043 K-O 2.21 ± 0.133 G-N -41.06
5 Y-9 3.75 ± 0.087 K-O 2.62 ± 0.032 F-I -30.22
6 Y-11 3.22 ± 0.095 N-Q 1.91 ± 0.237 L-O -40.62
7 HY7 5.09 ± 0.271 E-H 2.67 ± 0.182 FGH -47.61
8 Y-15 2.66 ± 0.072 Q-T 1.89 ± 0.072 L-O -28.98
9 Y-18 8.65 ± 0.058 A 4.59 ± 0.090 C -46.97

10 Y-21 4.38 ± 0.003 IJK 2.29 ± 0.040 G-N -47.68
11 A-638 3.56 ± 0.124 NO 2.10 ± 0.009 H-N -41.01
12 Y-26 8.30 ± 0.029 AB 7.35 ± 0.081 A -11.45
13 W64SP 2.77 ± 0.058 P-S 1.79 ± 0.144 MNO -35.38
14 OH-8 2.44 ± 0.176 RST 1.73 ± 0.147 NOP -29.14
15 Y-36 2.15 ± 0.038 ST 1.95 ± 0.026 L-O -9.32
16 Y-41 8.35 ± 0.066 AB 6.21 ± 0.133 B -25.6
17 Y-42 3.52 ± 0.023 NO 2.15 ± 0.107 H-N -39.02

18 Y-52 8.70 ± 0.072 A 6.27 ± 0.061 B -27.94
19 F-110 3.60 ± 0.020 MNO 1.97 ± 0.084 L-O -45.27
20 B-54 3.65 ± 0.012 MNO 2.17 ± 0.144 H-N -40.54
21 B34-2B 5.72 ± 0.038 CDE 2.98 ± 0.075 EF -47.87
22 OH-28 2.26 ± 0.046 RST 1.16 ± 0.066 PQ -48.82
23 A-556 3.32 ± 0.058 NOP 2.32 ± 0.064 G-M -30.12
24 A-495 6.01 ± 0.023 CD 3.34 ± 0.064 DE -44.43
25 Y-53 5.88 ± 0.058 CD 3.71 ± 0.020 D -36.96
26 Y-54 7.75 ± 0.144 B 4.77 ± 0.121 C -38.45
27 Y-63 5.21 ± 0.043 EFG 2.38 ± 0.069 G-L -54.29
28 Y-81 4.59 ± 0.110 G-J 3.60 ± 0.058 D -21.57
29 OH33-1 2.20 ± 0.012 RST 2.05 ± 0.110 I-N -6.82
30 Q-67 2.09 ± 0.029 T 1.40 ± 0.127 OPQ -33.01
31 F-189 2.78 ± 0.035 P-S 2.14 ± 0.009 H-N -23.14
32 Y-83 6.24 ± 0.061 C 5.15 ± 0.032 C -17.48
33 Y-89 4.50 ± 0.090 HIJ 2.26 ± 0.069 G-N -49.74
34 Y-101 3.35 ± 0.066 NOP 2.19 ± 0.029 G-N -34.56
35 F-128 3.59 ± 0.162 NO 2.66 ± 0.092 FGH -25.91
36 F-160 3.78 ± 0.193 K-N 2.32 ± 0.020 G-M -38.66
37 Y-91 3.71 ± 0.159 L-O 2.24 ± 0.069 G-N -39.57
38 Y-93 3.56 ± 0.081 NO 2.03 ± 0.043 J-N -43.07
39 B54 4.74 ± 0.058 G-J 2.32 ± 0.058 G-M -51.05
40 F-187 3.34 ± 0.058 NOP 2.77 ± 0.318 EFG -17.07
41 W-10 4.90 ± 0.035 G-J 2.60 ± 0.029 F-J -46.94
42 Y-113 2.86 ± 0.009 PQR 1.12 ± 0.015 Q -60.83
43 Y-119 5.99 ± 0.069 CD 3.83 ± 0.029 D -36.06
44 Y-126 2.74 ± 0.162 P-T 1.09 ± 0.072 Q -60.22
45 A-239 5.53 ± 0.081 B 3.84 ± 0.026 C -37.19
46 A-509 4.36 ± 0.231 I-L 1.72 ± 0.023 NOP -60.55
47 0H54-34 4.25 ± 0.029 J-M 1.91 ± 0.026 L-O -55.05
48 A521-1 3.12 ± 0.061 OPQ 2.00 ± 0.035 K-N -35.89
49 USSR-150 4.25 ± 0.087 J-M 1.89 ± 0.064 L-O -55.53
50 Q-66 4.92 ± 0.413 F-I 1.97 ± 0.040 L-O -59.95

Note: Means sharing the same letters differ non-significantly
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Appendix 2.Means and statistical significance of seedling traits of maize inbred
linesunder normal and drought conditions in glasshouse.
S. No. Inbred lines Root :shoot Ratio Increase

%ageNormal Drought condition

1 A-427-2 1.36 ± 0.012 K-P 1.01 ± 0.118 L-Q -25.57
2 PB77-1 2.03 ± 0.009 D-G 1.40 ± 0.081 H-L -31.03
3 M-14 1.18 ± 0.119 O-U 1.11 ± 0.069 L-P -5.67
4 OH-41 0.79 ± 0.064 UV 1.03 ± 0.026 L-Q 30.37
5 Y-9 1.70 ± 0.130 G-L 2.02 ± 0.038 EFG 18.82
6 Y-11 0.94 ± 0.023 Q-V 0.78 ± 0.038 PQR -17.02
7 HY7 1.93 ± 0.139 D-H 1.42 ± 0.115 H-L -26.42
8 Y-15 1.22 ± 0.009 O-T 1.21 ± 0.118 J-P -0.05
9 Y-18 2.50 ± 0.075 BC 2.21 ± 0.058 DE -11.60

10 Y-21 1.67 ± 0.049 G-M 1.32 ± 0.003 I-M -21.95
11 A-638 1.02 ± 0.157 P-V 0.82 ± 0.035 O-R -19.60
12 Y-26 2.11 ± 0.095 AB 3.43 ± 0.012 A 62.56
13 W64SP 1.37 ± 0.015 J-P 1.12 ± 0.058 L-P -18.24
14 OH-8 1.00 ± 0.055 P-V 0.92 ± 0.000 M-R -8.01
15 Y-36 0.85 ± 0.006 R-V 0.86 ± 0.046 N-R 1.18
16 Y-41 2.53 ± 0.040 BC 3.30 ± 0.069 AB 30.43
17 Y-42 0.93 ± 0.009 Q-V 0.97 ± 0.043 M-R 4.30
18 Y-52 3.04 ± 0.012 A 3.12 ± 0.035 AB 2.63
19 F-110 1.06 ± 0.017 P-U 0.86 ± 0.043 N-R -18.86
20 B-54 1.44 ± 0.009 N-S 2.06 ± 0.003 EF 43.05
21 B34-2B 1.77 ± 0.049 E-J 1.62 ± 0.032 G-J -8.83
22 OH-28 0.97 ± 0.006 P-V 0.79 ± 0.009 PQR -18.9
23 A-556 0.93 ± 0.072 Q-V 1.27 ± 0.040 J-N 35.05
24 A-495 2.33 ± 0.015 BCD 1.82 ± 0.139 E-H -21.88
25 Y-53 1.85 ± 0.058 L-Q 2.94 ± 0.167 BC 58.91
26 Y-54 2.13 ± 0.118 C-F 1.60 ± 0.110 G-K -24.88
27 Y-63 1.93 ± 0.040 D-G 1.08 ± 0.066 L-P -44.04
28 Y-81 2.17 ± 0.032 CDE 1.12 ± 0.023 L-P -48.38
29 OH33-1 0.62 ± 0.009 V 0.97 ± 0.141 M-R 56.45
30 Q-67 0.84 ± 0.017 S-V 1.18 ± 0.113 K-P 40.47
31 F-189 1.05 ± 0.006 P-U 0.83 ± 0.038 O-R -21.27
32 Y-83 1.87 ± 0.012 E-I 2.92 ± 0.069 BC 56.15
33 Y-89 2.03 ± 0.018 D-G 1.35 ± 0.052 I-M -33.49
34 Y-101 1.52 ± 0.035 H-O 2.07 ± 0.049 EF 36.18
35 F-128 1.68 ± 0.130 G-M 1.72 ± 0.075 F-I 2.38
36 F-160 0.83 ± 0.128 TUV 0.64 ± 0.058 QR -22.58
37 Y-91 1.50 ± 0.113 I-O 1.06 ± 0.023 L-Q -29.49
38 Y-93 1.29 ± 0.012 M-Q 0.85 ± 0.035 N-R -34.11
39 B54 1.24 ± 0.026 N-S 0.94 ± 0.012 M-R -24.4

40 F-187 1.13 ± 0.009 O-U 1.27 ± 0.046 J-N 12.06
41 W-10 1.75 ± 0.017 F-K 1.24 ± 0.101 J-O -29.33
42 Y-113 0.98 ± 0.006 P-V 0.55 ± 0.029 R -43.87
43 Y-119 2.16 ± 0.043 CDE 2.64 ± 0.188 CD 22.22
44 Y-126 1.13 ± 0.052 O-U 0.84 ± 0.017 N-R -25.66
45 A-239 2.04 ± 0.055 D-G 1.60 ± 0.136 G-K -21.56

46 A-509 1.73 ± 0.052 F-K 1.07 ± 0.035 L-Q -38.15
47 0H54-34 2.29 ± 0.035 CD 1.11 ± 0.049 L-P -51.52
48 A521-1 1.25 ± 0.003 N-R 0.92 ± 0.020 M-R -26.40
49 USSR-150 1.64 ± 0.015 G-N 0.96 ± 0.029 M-R -41.46

50 Q-66 1.93 ± 0.237 D-G 1.01 ± 0.072 L-Q -47.66
Note: Means sharing the same letters differ non-significantly
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Appendix 3.Means and statistical significance of seedling traits of maize inbred
linesunder normal and drought conditions in glasshouse

S. No. Inbred lines Relative water content Increase
%ageNormal Drought condition

1 A-427-2 0.55 ± 0.057 BCD 0.47 ± 0.012 LMN -14.54
2 PB77-1 0.65 ± 0.015 A-D 0.55 ± 0.043 B-M -15.38
3 M-14 0.62 ± 0.029 A-D 0.55 ± 0.031 C-M -11.29
4 OH-41 0.62 ± 0.027 A-D 0.55 ± 0.015 C-M -11.29
5 Y-9 0.72 ± 0.015 ABC 0.66 ± 0.009 A-E -8.33
6 Y-11 0.55 ± 0.012 BCD 0.48 ± 0.035 J-N -13.33
7 HY7 0.68 ± 0.054 ABC 0.59 ± 0.009 A-L -13.23
8 Y-15 0.57 ± 0.026 A-D 0.50 ± 0.042 I-N -12.28
9 Y-18 0.74 ± 0.048 AB 0.59 ± 0.015 A-L -20.27

10 Y-21 0.61 ± 0.042 A-D 0.53 ± 0.041 E-N -13.11
11 A-638 0.62 ± 0.024 A-D 0.53 ± 0.022 E-N -14.51
12 Y-26 0.76 ± 0.055 A 0.70 ± 0.015 A -7.8
13 W64SP 0.69 ± 0.019 ABC 0.61 ± 0.015 A-J -11.59
14 OH-8 0.60 ± 0.015 A-D 0.50 ± 0.029 H-N -16.57
15 Y-36 0.60 ± 0.023 A-D 0.55 ± 0.019 D-N -8.33
16 Y-41 0.72 ± 0.019 ABC 0.67 ± 0.015 A-D -6.91
17 Y-42 0.56 ± 0.006 A-D 0.47 ± 0.003 J-N -15.48
18 Y-52 0.74 ± 0.009 AB 0.68 ± 0.018 ABC -8.10
19 F-110 0.60 ± 0.034 A-D 0.53 ± 0.012 E-N -9.12
20 B-54 0.73 ± 0.067 ABC 0.64 ± 0.035 A-G -12.33
21 B34-2B 0.68 ± 0.009 ABC 0.60 ± 0.012 A-L -11.76
22 OH-28 0.53 ± 0.021 CD 0.48 ± 0.027 J-N -9.43
23 A-556 0.67 ± 0.009 A-D 0.60 ± 0.017 A-L -10.44
24 A-495 0.67 ± 0.056 ABC 0.59 ± 0.009 A-L -11.94
25 Y-53 0.74 ± 0.027 AB 0.65 ± 0.003 A-F -12.16
26 Y-54 0.67 ± 0.020 ABC 0.61 ± 0.026 A-I -8.95
27 Y-63 0.69 ± 0.022 ABC 0.61 ± 0.012 A-I -11.58
28 Y-81 0.71 ± 0.009 ABC 0.63 ± 0.007 A-I -12.32
29 OH33-1 0.55 ± 0.019 BCD 0.44 ± 0.015 MN -20.0
30 Q-67 0.64 ± 0.080 A-D 0.52 ± 0.021 F-N -18.75
31 F-189 0.64 ± 0.030 A-D 0.54 ± 0.012 D-N -15.63
32 Y-83 0.72 ± 0.012 AB 0.66 ± 0.023 A-E -10.81
33 Y-89 0.65 ± 0.022 A-D 0.58 ± 0.023 A-L -10.76
34 Y-101 0.63 ± 0.020 A-D 0.60 ± 0.023 A-K -4.76
35 F-128 0.72 ± 0.017 ABC 0.66 ± 0.009 A-E -8.33
36 F-160 0.56 ± 0.049 A-D 0.50 ± 0.015 H-N -10.71
37 Y-91 0.64 ± 0.030 A-D 0.54 ± 0.012 D-N -15.62
38 Y-93 0.55 ± 0.072 BCD 0.47 ± 0.015 K-N -14.54
39 B54 0.64 ± 0.066 A-D 0.55 ± 0.029 B-M -13.09

40 F-187 0.60 ± 0.029 A-D 0.57 ± 0.031 A-M -5.00
41 W-10 0.64 ± 0.038 A-D 0.57 ± 0.006 A-M -11.4
42 Y-113 0.47 ± 0.009 D 0.41 ± 0.012 N -21.47
43 Y-119 0.73 ± 0.009 AB 0.69 ± 0.015 AB -7.62
44 Y-126 0.60 ± 0.034 A-D 0.53 ± 0.012 E-N -11.66
45 A-239 0.68 ± 0.020 ABC 0.63 ± 0.019 A-H -7.35

46 A-509 0.64 ± 0.022 A-D 0.57 ± 0.024 A-M -11.93
47 0H54-34 0.62 ± 0.068 A-D 0.57 ± 0.060 A-M -8.06
48 A521-1 0.60 ± 0.009 A-D 0.51 ± 0.015 G-N -15.0
49 USSR-150 0.60 ± 0.015 A-D 0.50 ± 0.029 H-N -16.57

50 Q-66 0.63 ± 0.027 A-D 0.57 ± 0.030 A-L -9.52
Note: Means sharing the same letters differ non-significantly

.
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Appendix 4.Means of generations for seedling traits in maize under normal and
drought conditionsin glasshouse

Traits Generations
P1 P2 F1 F2 BC1 BC2 Effects LSD 1%

Normal
FRL 28.55 25.47 33.17 31.02 31.53 29.53 ** 0.481
FSL 25.18 27.61 31.24 30.51 27.21 29.22 ** 1.142
FSW 10.07 12.33 15.40 13.63 13.11 14.06 ** 0.476
FRW 12.10 8.52 14.49 12.57 13.31 10.17 ** 0.908
DSW 2.48 3.96 5.06 4.08 3.87 4.24 ** 0.703
DRW 6.86 3.43 8.68 7.13 7.52 6.16 ** 0.972
DR:S Ratio 2.99 0.88 1.73 2.00 2.15 1.35 ** 0.095

Drought condition
FRL 24.69 19.41 28.25 26.47 26.92 22.83 ** 0.291
FSL 21.26 20.75 25.05 23.12 22.45 23.53 ** 1.235

FSW 7.44 9.02 12.49 10.88 9.96 11.42 ** 0.705
FRW 9.86 5.59 11.35 10.32 10.48 9.18 ** 1.452
DSW 2.07 2.04 3.50 3.03 2.40 2.48 ** 0.724
DRW 4.96 1.78 6.67 5.32 5.68 4.39 ** 0.646
R:S Ratio 2.75 0.84 1.95 2.16 2.66 1.22 ** 0.085

FSL=Fresh shoot length; FRL=Fresh root length; FSW=Fresh shoot weight; FRW=Fresh root weight;
DSW= Dry shoot weight; DRW= Dry root weight; R:S Ratio= Root: shoot ratio
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Appendix 5. Means of generations for morpho-physiological traits in maize under
normal and drought conditions in field

Traits Generations
P1 P2 F1 F2 BC1 BC2 Effects LSD

1%
Normal

DTT 66.29 67.80 70.34 68.80 67.61 68.65 ** 1.42
DTS 67.53 69.42 71.70 69.29 68.80 70.42 ** 1.82
ASI 1.24 1.62 1.36 1.21 1.19 1.77 NS 0.45
PH 161.07 172.15 178.10 169.25 166.48 174.55 ** 2.93
ELA 377.18 454.68 520 454.68 438.84 425.67 ** 7.83
DTM 105.00 103.00 111.80 107.43 107.93 105.35 ** 1.45
EL 15.01 13.13 20.22 16.69 15.46 14.57 ** 0.83
K/EAR 482.53 434.97 565.50 499.61 511.13 493.32 ** 9.65
100-gwt 20.00 25.13 21.18 22.17 21.38 23.05 ** 2.17
GYP 110.22 94.96 125.26 114.72 125.52 104.00 ** 12.83
CMT 69.83 63.84 73.32 70.30 68.13 66.74 ** 2.70
RWC 72.51 60.0 76.14 73.65 72.1 69.0 ** 0.04
LT 31.42 32.30 31.61 32.58 31.91 32.41 ** 0.81

Drought condition
DTT 65.35 67 69.96 67.12 66.69 67.65 ** 1.91

DTS 69.11 72.75 73.89 71.68 70.67 72.89 ** 1.21
ASI 3.75 5.75 3.93 4.56 3.98 5.24 ** 0.37
PH 148.08 154.67 165.45 159.63 155.67 160.49 ** 4.59
ELA 345.46 375 460.11 419.98 415.6 385.5 ** 4.81
DTM 95.97 91.10 103.57 96.79 98.83 92.98 ** 2.03
EL 13.36 10.08 18.11 15.07 14.28 11.32 ** 1.88
K/EAR 435.6 355.6 513.87 470.45 484.33 425.6 ** 22.55
100-gwt 17.67 20.74 18.91 18.69 18.85 19.43 ** 1.65
GYP 94.26 59.73 121.31 97.21 107.37 79.50 ** 10.21`
CMT 60.12 51.66 65.45 60.35 60.78 55.31 ** 2.44
RWC 68.1 53.2 71.1 66.0 67.3 61.0 ** 0.03
LT 32.43 34.60 32.76 33.49 32.70 34.81 ** 0.75

All the parameters were significant at 5% probability level of significance

DTT= Days to tasseling; DTS= Days to silking; ASI =Anthesis-silking interval;PH=Plant height; ELA=Ear
leaf area; DTM =Days to maturity; EL=Ear length; K/EAR =Kernels/ear;100-gwt= 100-Grain weight;
GYP= Grain yield/Plant; CMT=Cell membrane thermo-stability;RWC= Relative water content;
LT= Leaf temperature
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