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Abstract: Genetic association among various morpho-physiological attributes of maize under water stressed
conditions was carried out in the research area of Department of Plant Breeding and Genetics, University of
Agriculture Faisalabad, Pakistan during 2009-10. Six generations of maize cultivars were grown under two moisture
stress levels i.e., 100% and 50% of the field capacity to checkout their morphological and physiological traits under
water stressed conditions. Significant genotypic and phenotypic correlations were reported among grain yield and its
contributing traits. It was concluded from results that stomata frequency, stomata size, cell membrane
thermostability, leaf temperature, excised leaf water loss, plant height, leaf area, biomass per plant, cob girth,
100-grain weight, grain yield per plant may be helpful for the development of higher grain yield maize genotypes
under drought conditions. Grain yield per plant and its attributes may be used for the improvement of crop yield and
production under water stress conditions.
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1. Introduction stress conditions. It is a high water demanding crop and
Zea mays is an important cereal crop consumed can give high production when water and nutrients are
as livestock feed, human food and as a raw material in sufficient amount. Additionally, maize is sensitive to
in various industrial products. It ranks third after water stress (Ali ef al., 2011a,b,c; Ali et al., 2012a,b;
wheat and rice for its grain production in Pakistan. Ali et al., 2013d; Ali et al., 2013a,b,c; Ahsan et al.,
Maize is grown in almost all the provinces of the 2013 and Ali et al., 2014) and other environmental
country. In Pakistan, It was grown on an area of 1083 stresses around anthesis period (Ali et al., 2012b).
thousand hectares with the annual production of 4271 Present study was conducted to estimate genotypic and
thousand tons (Anonymous, 2012). Maize grain is phenotypic correlation for various morpho-genetic
rich source of starch 72%, protein 10%, oil 4.8%, traits of crosses and parents of maize under normal and
fiber 5.8%, sugar 3.0% and ash 1.7% (Chaudhary, water stress conditions.
1983). Maize is cultivated two times in a year in
Pakistan (autumn and spring). With the active 2. Material and methods
involvement of multinationals in Pakistan, the The present study was conducted in the research
cultivation of spring maize has been increased. area of Department of Plant Breeding and Genetics,
Although the climatic and soil conditions of Pakistan University of Agriculture Faisalabad. Two lines (one
are most responsive for maize production but there is drought tolerant and one susceptible) were selected as
still very low grain yield as compared to other maize parent P; (WFTMS) and P, (Q66) respectively. Each
producing countries of the world. As it was an entry was planted by keeping row/row and plant/plant
established fact that management inputs like distances of 75 and 25 cm respectively, in each
improved seed, irrigation, varieties, planting pattern, replication. Normal agronomic and crop husbandry
sowing time, plant population and balanced use of practices were followed to raise the crop.
fertilizers have an effective role in the improvement 2.1. Development of F, generation
of crop yield. Maize is generally grown under The P, and P, were sown in the field under
irrigated condition in Pakistan and due to shortage of optimum conditions during spring 2009. Normal
rains, water has become scarce. Limitation on water agronomic practices were followed to raise the crop.
use is being imposed in every crop (Ali et al., Tolerant and susceptible parents were crossed to
2011a,d,f; Hussain et al., 2012 and Hussain ef al., develop F;. Parent P, was used as male because it was
2013). Maize is suffers from drought stress between found good pollen producer; while parent P, was used
anthesis and grain filling (40-80% yield loss). as female.
Drought is considered to be a major factor affecting 2.2. Development of F,, F,, BC,, BC, generation
plant growth and yield. There is a need to recognize The P;, P, and F, were grown in the next cropping
suitable executive techniques in maize that can resist season autumn 2009. At maturity F, plants were selfed.
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This selfed seed was the source of F, population. The
F, plants were also crossed with the parents P, and P,
to develop BC, and BC, respectively. F; was also be
developed by crossing P, and P,.
2.3. Breeding from basic sex generations, P, P,, F;,
Fz, BC1 and BC2

The experiment was sown at the experimental
area of the Department of Plant Breeding and
Genetics, University of Agriculture, Faisalabad
during the year 2010. The experimental material was
planted in field. The seeds of all the generations such
as P, P,, Fy, F», BC, and BC, were planted in nested
block design with three replications. Two contrasting
water levels i.e., normal and water stressed were
applied to all generations in nested block design.
Each entry was planted by keeping row/row and
plant/plant distances of 75 and 25 c¢m respectively in
each replication. Normal agronomic and crop
husbandry practices were followed to raise the crop.
Data was recorded for cell membrane thermostability,
stomata conductance, stomata frequency, stomata
size, excised leaf water loss, leaf temperature, plant
height, cobs per plant, cob girth, cob length,
100-grain weight, grains per ear row and grain yield
per plant.
2.4. Statistical analysis

Data was statistically analyzed by using Kwon
and Torrie (1964) correlation analysis technique.

3. Results and discussions

The estimates of correlation among traits are
useful for planning a breeding program to synthesize
a genotype with desirable traits. Correlation was
determined among agronomic and the traits related to
normal and drought condition. One very large F,
segregating population (150 plants from population)
involving parents with contrasting traits were used in
correlation studies. In F, generation, alleles of
parental traits are recombined so, the correlation
among the traits reflects linkage relationship.
Generally the correlation from the pair of traits
among the generations was consistent. However, in a
few cases correlation was significant for a traits in
cross but was non-significant in the other. This may
be due to difference in allele combinations of the
parents involved in the generations. Correlation
matrix among the traits in various crosses is given in
tables. Correlation matrix is show only for the traits
showing significant  differences among the
generations in a cross. Cell membrane thermostability
was positively correlated with stomata conductance,
leaf water potential, excised leaf water loss, plant
height, leaf area, cob length, cob girth, rows per ear,
grain per ear row, biomass per plant, 100-grain
weight and grain yield and it had negatively
correlated with stomata size under normal condition
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at genotypic and phenotypic level (Table 1 and 2).
Under drought condition it had positively correlated
with stomata conductance, leaf water potential, Excised
leaf water loss, leaf temperature, plant height, leaf area,
cob length, cob girth, rows per ear, grain per ear row,
biomass per plant, 100-grain weight and grain yield
and it was negatively correlated with stomata
frequency and stomata size at genotypic and
phenotypic level (Table 3 and 4). Similar results were
found by Aslam ef al. 1999; Ali et al., 2011a,b,c; Ali et
al., 2012a,b; Ali et al., 2013d; Ali et al., 2013a,b,c;
Ahsan ef al., 2013 and Ali et al., 2014).

Stomata conductance had positive correlation
with leaf temperature, plant height, leaf area, cob
length, cob girth, rows per ear, grain per ear row,
biomass per plant, 100-grain weight and grain yield
while negatively correlated with stomata frequency and
stomata conductance under normal condition at
genotypic and phenotypic level (Table 1 and 2). Under
drought condition showed positively correlated with
leaf water potential, Excised leaf water loss, leaf
temperature, plant height, leaf area, cob length, cob
girth, rows per ear, biomass per plant, 100-grain weight
and grain yield per plant and it had negatively
correlation with stomata frequency and stomata size at
genotypic and phenotypic level (Table 3 and 4).
Similar results were found by Aslam et al. (1999);
Kumar et al. (2005); Ali et al., (2011a,b,c); Ahsan et
al., (2013) and Ali et al., (2014). The control of leaf
stomata conductance is a crucial mechanism for plants,
since it was essential for both CO2 acquisition and
desiccation prevention. Studies with maize have shown
that some drought tolerant genotypes reduce stomata
conductance more on the onset of drought (Ali ef al.,
2011a,b,c; Ali et al., 2012a,b; Ali et al., 2013d; Ahsan
etal., 2013 and Ali et al., 2014).

Stomata frequency had positively correlated with
stomata size and negatively correlation with Excised
leaf water loss, plant height, leaf area, cob length, cob
girth, rows per ear, grain per ear row, biomass per plant,
100-grain weight and grain yield per plant under
normal condition at genotypic and phenotypic level
(Table 1 and 2). Under drought condition it was
positively correlated with stomata size but negatively
correlated with leaf water content, excised leaf water
loss, leaf temperature, plant height, leaf area, cob
length, cob girth, rows per ear, grain rows per ear and
100-grian weight at genotypic and phenotypic level
(Table 3 and 4). Aslam et al. (1999) studied ten elite
maize inbred lines to estimate genotypic and
phenotypic correlation coefficients and concluded that
stomata frequency showed significant and positive
genotypic correlation with grain yield while it had non
significant and positive phenotypic correlation with
grain yield. Stomata size showed negatively correlation
with leaf area, cob length, cob girth, rows per ear, grain
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rows per ear, biomass per plant and 100-grian weight
under normal condition at genotypic and phenotypic
level (Table 1 and 2). It had negatively correlation
with excised leaf water loss, leaf temperature, plant
height, leaf area, cob length, cob girth, rows per ear,
grain rows per ear and 100-grian weight under
drought condition at genotypic and phenotypic level
(Table 3 and 4). The negative genotypic and
phenotypic correlations indicated that the overall
effects of stomata size on grain yield were adversely
harsh to reduce grain yield per plant. Similar results
were obtained by Aslam et al. (1999); Jabeen et al.
(2008) and Kumar ef al. (2005).

Leaf water potential was found to be positively
correlated with cell membrane thermostability,
excised leaf water loss, leaf area, plant height, cob
length, cob girth, rows per ear, grains per ear row,
leaf temperature, biomass per plant, 100-grian weight
and grain yield per plant at genotypic and phenotypic
level under normal (Table 1 and 2). Leaf water
potential had positive correlation with cell membrane
thermostability, excised leaf water loss, stomata
conductance, plant height, cob length, cob girth, rows
per ear, leaf temperature, grain per ear row, biomass
per plant, 100-grain yield and yield per plant at
genotypic and phenotypic level under drought
conditions (Table 3 and 4). Similar results were
reported by Ahmad et al. (2006). Higher leaf water
potential indicated effect of drought on plant that
caused cell plant to manage to be turgid under
drought at earlier stages. Selection on the basis of leaf
water potential may be helpful for the improvement
of grain yield under drought conditions.

Excised leaf water loss was positively correlated
with cell membrane thermostability, plant height, cob
length, cob girth, rows per ear, grains per ear row,
biomass per plant, 100-grian weight and grain yield
per plant at genotypic and phenotypic level under
normal (Table 1 and 2). Excised leaf water loss had
positive correlation with plant height, cob length, cob
girth, rows per ear, grain per ear row, biomass per
plant, 100-grain yield and yield per plant at genotypic
and phenotypic level under drought conditions (Table
3 and 4). Similar results were reported by Kumar
(2005); Ahmad et al. (2006); Ali et al., (2011f); Ali
et al., (2012a,b) and Ali et al., 2014. Higher excised
leaf water loss indicated effect of drought on plant
that caused cell damage and death of plant under
drought at ecarlier stages. Ahmed et al. (2006)
analyzed the parents, F2 and backcross generations
from two wheat crosses to determine correlation of
physio-morphic traits (excised leaf water loss,
relative water content, plant height and 100-grain
weight under drought conditions and estimated
positive correlation for traits excised leaf water loss
and plant height which indicated that selection should
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lead to a fast genetic improvement. Leaf temperature
had negative correlation with plant height, cob length,
cob girth, rows per ear, grain per ear row, biomass per
plant and yield per plant under normal condition.
Results of the study in drought conditions presented
positive correlation of leaf temperature with plant
height, leaf area, cob length, cob girth, rows per ear,
grain per ear row, biomass per plant, 100-grian weight
and grain yield per plant. Correlation analysis indicated
that leaf temperature response to water stress played an
integral role in maize biomass accumulation (Ali et al.,
2012a,b; Ali et al., 2013d; Ali et al., 2013a,b,c; Ahsan
etal., 2013 and Ali et al., 2014).

Plant height showed positive genotypic and
phenotypic  correlations  with  cell ~membrane
thermostability, stomata conductance, leaf water
potential, excised water loss, rows per ear, biomass per
plant, cob girth, grain rows per ear, 100-grain weight,
cob length, leaf area and grain yield per plant under
normal condition (Table 1 and 2). A positive genotypic
and phenotypic correlation was found for plant height
with grain yield per plant, leaf water potential, leaf
temperature, rows per ear, cob length, biomass per
plant, grain rows per ear, cob girth, leaf temperature,
leaf area and 100-grain weight under drought condition
(Table 3 and 4). Similar results were reported by Bruce
et al. (2002); Afarinesh et al. (2006); Ahmad et al.
(2006); Kumar et al. (2006) and Hussain ef al. (2013).
Higher genotypic and phenotypic correlation of plant
height with its contributing traits indicated that grain
rows per ear, grain size, cob weight, cob length,
100-grain yield, grain yield per plant, cob girth,
photosynthetic rate, stomata conductance, leaf
temperature and leaf water potential increased that
caused to increase grain yield per plant. Selection of
higher gain yielding genotypes may be helpful on the
basis of grain yield per plant under normal and drought
conditions (Bruce ef al. (2002); Afarinesh et al. (2006);
Ahmad et al. (2006) and Hussain et al. (2012)). Ahmed
et al. (2006) analyzed the parents, F, and backcross
generations from two wheat crosses and estimated that
plant height positively correlated with 100-grain
weight, which revealed that height of plant contributed
to higher yield under drought conditions. Leaf area was
found to be positively correlated with cell membrane
thermostability, plant height, cob length, cob girth,
rows per ear, grains per ear row, biomass per plant,
100-grian weight and grain yield per plant at genotypic
and phenotypic level under normal (Table 1 and 2).
Higher correlation of leaf area with plant height, cob
length, biomass per plant, and grain yield per plant
indicated the higher rate of photosynthesis and
accumulation of organic compounds in plant body to
enhance grain yield. A positive genotypic and
phenotypic correlation of leaf area was found with cell
membrane thermostability, plant height, cob length,
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cob girth, rows per ear, leaf temperature, grains per
ear row, biomass per plant, 100-grian weight and
grain yield per plant under drought conditions (Table
3 and 4). The higher positive correlations of leaf area
with various traits under normal and drought
conditions indicated that leaf area is a potential trait
for the improvement of grain yield in maize. Results
for leaf area are in contradiction with those of

Cob length showed a positive genotypic and
phenotypic  correlation with cell ~membrane
thermostability, stomata conductance, leaf water
potential, plant height, leaf area, cob girth, rows per
ear, grains per ear row, excised water loss, biomass
per plant, 100-grian weight and grain yield per plant
under normal conditions (Table 4.5 and 4.6). A
positive genotypic and phenotypic correlation of cob
length with cell membrane thermostability, stomata
conductance, leaf temperature, leaf water potential,
plant height, leaf area, cob girth, rows per ear, grains
per ear row, excised water loss, biomass per plant,
100-grian weight and grain yield per plant under
drought conditions (Table 4.7 and 4.8). The higher
correlation of cob length with morphological and
physiological traits indicated the great influence of
contributing traits on grain yield per plant. Higher
cob length indicated the large number of grain rows
per cob, higher cob weight and higher grain yield per
plant. The selection of higher yielding maize
genotypes on the basis of cob length may be helpful
to improve yield. Cob girth was positively correlated
with cell membrane thermostability, stomata
conductance, leaf water potential, excised water loss,
plant height, grain per ear row, biomass per plant, cob
length, leaf area, 100-grain weight and grain yield per
plant under normal condition at genotypic and
phenotypic levels (Table 1 and 2). Similar results
were reported by Eissa et al. (1983); Saeed et al.
(2012); Ahmad et al. (2006); Golparvar et al. (2012);
Naveed et al. (2012) and Ahsan et al. (2013). A
higher positive genotypic and phenotypic correlation
of cob girth was found with cell membrane
thermostability, stomata conductance, leaf water
potential, plant height, grain per ear row, biomass per
plant, cob length, leaf area, 100-grain weight and
grain yield per plant (Table 3 and 4). Higher
genotypic and phenotypic correlation of cob girth
with its contributing traits indicated that number of
grain rows per cob were increased, higher cob weight
and number of grains per cob were also higher that
caused to increase grain yield per plant. Selection of
higher gain yielding genotypes may be helpful on the
basis of cob girth under normal and drought
conditions. Similar results were obtained by Ahmad
et al. (2006) and Ali et al. (2011a,b,c,d).

Grain rows per ear showed positive genotypic
and phenotypic correlations with cell membrane
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thermostability, stomata conductance, leaf water
potential, excised water loss, plant height, grain per ear
row, biomass per plant, cob length, leaf area, 100-grain
weight and grain yield per plant under normal
condition (Table 1 and 2). A positive genotypic and
phenotypic correlation was found for grain rows per
ear with cell membrane thermostability, stomata
conductance, leaf water potential, excised water loss,
leaf temperature, plant height, grain per ear row,
biomass per plant, cob length, leaf area, 100-grain
weight and grain yield per plant under drought
condition (Table 3 and 4). Similar results were reported
by Saeed et al. (2012); Ahmad et al. (2006); Kumar et
al. (2006) and Hussain et al. (2013). Higher genotypic
and phenotypic correlation of grain rows per ear with
its contributing traits indicated that number of grain
rows per cob was increased, higher cob weight that
caused to increase grain yield per plant. Selection of
higher gain yielding genotypes may be helpful on the
basis of grain rows per ear under normal and drought
conditions. Leaf temperature was also significantly and
linearly related to yield reduction ratio under stress and
non-stress conditions at the ear emergence stage (Ali et
al. (2011a,b,c,d)).

Grain per ear row showed positive genotypic and
phenotypic  correlations  with  cell ~membrane
thermostability, stomata conductance, leaf water
potential, excised water loss, plant height, rows per ear,
biomass per plant, cob length, leaf area, 100-grain
weight and grain yield per plant under normal
condition (Table 1 and 2). A positive genotypic and
phenotypic correlation was found for grain rows per
row with cell membrane thermostability, stomata
conductance, leaf water potential, excised water loss,
leaf temperature, plant height, rows per ear, biomass
per plant, cob length, leaf area, 100-grain weight and
grain yield per plant under drought condition (Table 3
and 4). Similar results were reported by Ahmad et al.
(2006) and Hussain et al. (2012). Higher genotypic and
phenotypic correlation of grain per ear row with its
contributing traits indicated that grain weight per cob
was increased, higher cob girth that caused to increase
grain yield per plant. Selection of higher gain yielding
genotypes may be helpful on the basis of grain rows
per ear under normal and drought conditions (Ahmad
et al. (2006) and Hussain et al. (2013)). Biomass per
plant showed positive genotypic and phenotypic
correlations with cell membrane thermostability,
stomata conductance, leaf water potential, excised
water loss, plant height, rows per ear, cob length, leaf
area, 100-grain weight and grain yield per plant under
normal condition (Table 1 and 2). A positive genotypic
and phenotypic correlation was found for biomass per
plant with grain rows per row cell membrane
thermostability, stomata conductance, leaf water
potential, leaf temperature, plant height, rows per ear,
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cob length, leaf area, 100-grain weight and grain
yield per plant under drought condition (Table 3 and
4). Higher genotypic and phenotypic correlation of
biomass per plant with its contributing traits indicated
that photosynthetic rate, stomata conductance, leaf
temperature and leaf water potential increased that
caused to increase green fodder and grain yield per
plant. Selection of higher gain yielding genotypes
may be helpful on the basis of biomass per plant
under normal and drought conditions (Bruce et al.
(2002); Ahmad et al. (2006) and Ali et al. (2013a,b)).

100-grain yield showed positive genotypic and
phenotypic  correlations with cell membrane
thermostability, stomata conductance, leaf water
potential, excised water loss, plant height, rows per
ear, biomass per plant, cob length, leaf area and grain
yield per plant under normal condition (Table 1 and
2). A positive genotypic and phenotypic correlation
was found for 100-grain yield with cell membrane
thermostability, stomata conductance, leaf water
potential, leaf temperature, plant height, rows per ear,
biomass per plant, cob length, leaf area and grain
yield per plant under drought condition (Table 3 and
4). Higher genotypic and phenotypic correlation of
100-grain yield with its contributing traits indicated
that grain rows per ear, grain size, cob weight, cob
length, cob girth, photosynthetic rate, stomata
conductance, leaf temperature and leaf water
potential increased that caused to increase grain yield

per plant. Selection of higher gain yielding genotypes
may be helpful on the basis of 100-grain yield under
normal and drought conditions (Bruce et al. (2002);
Afarinesh et al. (2006); Ahmad et al. (20006); Ali et al.
(2011a,b,c,d); Ali et al. (2012a,b); Bibi et al. (2012)
and Ali et al. (2012a,b)). Grain yield per plant showed
positive genotypic and phenotypic correlations with
cell membrane thermostability, stomata conductance,
leaf water potential, excised water loss, plant height,
rows per ear, biomass per plant, 100-grain weight, cob
length and leaf area under normal condition (Table 1
and 2). A positive genotypic and phenotypic
correlation was found for grain yield per plant with cell
membrane thermostability, stomata conductance, leaf
water potential, leaf temperature, plant height, rows per
ear, biomass per plant, cob length, leaf area and
100-grain weight under drought condition (Table 3 and
4). Higher genotypic and phenotypic correlation of
grain yield per plant with its contributing traits
indicated that grain rows per ear, grain size, cob weight,
cob length, 100-grain yield, cob girth, photosynthetic
rate, stomata conductance, leaf temperature and leaf
water potential increased that caused to increase grain
yield per plant. Selection of higher gain yielding
genotypes may be helpful on the basis of grain yield
per plant under normal and drought conditions (Bruce
et al. (2002); Afarinesh et al. (2006); Ahmad et al.
(2006) and Ali et al. (2013a,b,c,d)).

Table 1. Correlation coefficients (rp= phenotypic) under normal condition
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CMT: Cell Membrane Thermostability PH: Plant Height
SC: Stomata Conductance LA: Leaf Area

LWP: Leaf Water Potential
LT: Leaf Temperature

RPE: Rows per Ear
GYP: Grain per Ear Row

SF: Stomata Frequency CL: Cob Length HGW: 100-grain Weight GPER: Grain Yield per Plant

SZ: Stomata Size CG: Cob Girth

Conclusion

The present study was undertaken to generate
genetic information which can help to breed maize
inbred lines with improved drought tolerance.
Phenotype is interaction of genotype and
environment. To breed a cultivar which may produce
better yield under drought stress conditions, breeder
needs the information about the gene action of the

121

BPP: Biomass per Plant EWL: Excised Leaf Water Loss

traits related to yield and quality under drought stress
environment. The information about linkage
relationships of the traits related to yield and quality as
well as the traits which help plant to tolerate drought
are also needed. Grain yield per plant and its attributes
may be used by a plant breeder for the improvement of
crop yield and production under water stress
conditions.
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