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Abstract 

An experiment was performed to determine the genetic diversity of heat tolerance contributing physiological traits in sixty 

maize genotypes at National agricultural research centre, Islamabad and research field of Plant Breeding and Genetics 

Department, Gomal University, D.I. Khan during the autumn season, 2017 in Randomized Complete Block design with three 

replications. These genotypes were evaluated for grain yield, chlorophyll contents, membrane stability index, leaf relative 

water content and proline content were recorded in five randomly selected plants in each replication. Genetic characterization 

of studied attributes revealed genotypes were containing marked variation. Higher genetic coefficient values, heritability along 

with genetic advancement were observed for grain yield. Chlorophyll contents, leaf relative water content and membrane 

stability index also showed higher values of heritability. Genotype 60, 30 and 21 performed well at both locations for studied 

attributes which can be utilized further for developing heat tolerant hybrid. 

Keywords: cell membrane thermo stability, chlorophyll contents, genetic diversity, leaf relative water content, morpho-

physiological traits, proline contents 

1. Introduction

Globally elevated thermal condition is considered as high 
threatening production limitations to maize globally. Rise in 
temperature at important stages of crop development cause 
sterility and crop yield reduction [1]. In under developed 
countries, crop yield is vulnerable to temperature deviation 
due to low adoptive strategies. Climatic unevenness is a 
major threat for Pakistan. Production capabilities can be 
deliberately affected at a greater magnitude in near future. 
Heat stress effects impact can be lessen by adapting 
optimum agronomic practices but it cannot eliminate all 
deleterious impacts [2]. Increased heat tolerance in cereal is 
very essential to enhance and stabilize crop productivity in 
the country [3]. Screening upon physiological basis and 
variability determination play vital role in future breeding 
program [4]. Plant genetic resources are vital for agricultural 
system, evaluation, maintenance and available germplasm 
improvement is necessary [5]. Efficient methods should be 
devised to improve maize yield for meeting the growing 
population requirement [6]. Potential of plants for improved 
efficiency and role in breeding can be determined through 
genetic diversity in available gene pool. Cell membrane 
thermo-stability test is a favourable test to detect tolerance. 
Cell membrane stability can be reduced due to alteration in 
secondary and tertiary membrane structure in the result of 
higher loss of electrolytes [7]. Photosynthetic system of 
maize is prone to high temperature. Photosynthesis lessens 
above 38oC and severe hindrance occurs due to abrupt rise 
in temperature [8]. Heat stress also adversely affects many 
other physiological processes of plant like decreasing the 
process of photosynthesis and variation in metabolism of 
protein [9]. It may reduce the water content of leaves due to 
decreased stomatal conductance or owing to hydraulic 
conductance reduction resulting in a decrease water 
absorption. High proline content tended to be high in the 

yield components [10, 11]. Heat stress deleteriously affect 
pollen viability due to failure in pollination [12]. The current 
research study was thus performed to assess the material for 
genetic diversity and heat tolerance by performing 
biochemical analysis. 

2. Materials and Methods

2.1 Experimental Site 
The field research trial was performed during autumn 
season at National agricultural research centre, Islamabad, 
Pakistan to evaluate the material for heat tolerance and 
genetic diversity. For this purpose sixty genotypes of maize 
were grown in randomized complete block (RCB) design in 
which plant material was replicated thrice. Plant material 
was sown by keeping 25cm plant*plant distance and 75cm 
row*row distance. Three seeds hill-1 were sown followed by 
immediate irrigation. All the recommended practices 
required for agronomic and plant protection purpose were 
performed throughout cropping season. 

2.2 Data Collection 

a. Grain yield
Grain yield was recorded by weighing the grains after cobs 
shelling of three randomly selected plants and average was 
taken.  

b. Membrane stability index (MSI)
MSI was measured as proposed by [13]. Leaves were cut in 
the form of discs and made two sets filled with 10ml of 
distilled water. One set of test tubes were kept at 40°C for 
half an hour and other at 100°C for 15 minutes. Stability of 
membrane to electrolytes can be measured by the extent of 
membrane integrity particularly under heat stress conditions. 
Electrical Conductivity (E.C1 and E.C2) measured with E.C 
meter and value was put in following formula: 
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MSI= (1-(E.C1/E.C2))×100 
 

c. Relative Leaf water content (RLWC) 

RLWC was calculated as suggested by [14] 

RWC = (FW-DW)/ (TW-DW) ×100  

Where, FW, DW and TW = fresh, dry and turgid weight 

 

d. Proline content (PC)  

As per protocol given by [15] plant sample (0.1 g) was 

crushed with 5ml 3.0% sulfosalicylic acid, 5ml distilled 

water, glacial acetic acid and acid ninhydrin. The content in 

the tubes was kept in water bath for 1hr at boiling 

temperature. Test tubes were then allowed to cool and 10 ml 

of toluene added in separating funnel. Toluene layer 

absorbance was noted at 520nm through spectrophotometer. 

 

e. Pollen viability (PV) 

Pollens were collected at early morning and glass slides 

were prepared by using 1 % acetocarmine (1 drop). 

Prepared slides were observed under fluorescent 

microscope.  

 

f. Chlorophyll Content (CC) 

Chlorophyll contents were measured using SPAD 502DL 

Plus at maturity stage at three times a day via, early 

morning, mid-day and evening from 40 days old plant and 

average result was taken.  

 

3. Statistical Analysis 

The recorded data were subjected to test the level of 

variability by means of the ANOVA approach suggested by 
[16] using statistical software Statistics 8.1. The genotypic 

and phenotypic variances were found out by the technique 

of [17]. The method of [18] was applied for the estimation of 

genotypic and phenotypic coefficients of variance. Genetic 

advance was assessed following the methodology of [19]. 

Heritability in broad sense was calculated by the procedure 

of [20].  

 

4. Results & Discussion 

4.1 Grain yield 

It was proposed that significant differences were found 

among studied accessions. Genotype*location interaction 

was also significant as shown in Table 1. The mean for 

grain yield (92.8 & 82.43g) was recorded at tasseling stage 

in Islamabad & D.I. Khan. It was recommended from fig. a. 

that the genotype 60 showed highest grain yield followed by 

46, while the lowest grain yield was genotype 45 at 

Islamabad region. In D.I. Khan, highest grain yield was 

recorded by genotype 60 followed by genotype 31, while 

lowest value observed by genotype 57. While the lowest 

grain yield was recorded as 47 in Islamabad by genotype 45 

and in D.I. Khan genotype 57 as showed in Fig 4.1a. The 

higher estimate of heritability (99%) and genetic advance 

(88.41%) were found for grain yield per plant (Table 2). The 

higher estimates of heritability and genetic advance 

designated that grain yield per plant may be useful to 

increase productivity. [21, 22] reported similar results. 

 

 
 

Fig 1a: Comparison of grain yield in 60 maize accessions 

 
Table 1: Analysis of variance for studied grain yield and physiological traits 

 

Source DF GY (g) CC MSI LRWC PC PV 

Rep 2 702.8 166.2 336.9 442.82 9.443 26.32 

Genotype 59 1731.2** 42.7* 97.7N. S 96.78* 5.637N.S 188.35** 

Location 1 1848.7 * 114* 1364.9** 825.07* 34.163** 390.62* 

Genotype*location 59 1115.1** 36.7* 80.2* 75.83* 4.081N.S 144.16** 

Error 238 536.4 36.4 96.8 85.88 4.064 68.34 

 
Table 2: Genetic parameters of studied traits 

 

Parameters Vg GCV% Ve ECV% Vp PCV% h2bs% GA% Mean 

GY 9 42.9 1.00 14.29 9.00 42.86 99.00 88.41 

CC 10.3 13.4 0.90 3.95 11.23 13.97 91.99 26.50 

MSI 15.4 20.6 4.00 10.53 19.33 23.14 79.31 37.86 

LRWC 10.11 9.35 2.00 4.16 12.11 10.24 83.49 17.63 

PC 5 24.9 6.00 27.22 11.00 36.85 45.45 34.56 

PV 3.21 29.88 2.00 23.57 5.21 38.06 61.64 48.40 

 

4.2 Chlorophyll content 

Highly significant differences were measured among 

studied accessions. Genotype*location interaction was also 

significant as shown in Table 1 The mean for chlorophyll 

contents (37.9& 37.1 mg g-1 fr. wt.) was measured in 

Islamabad and D.I.Khan, respectively. Chlorophyll contents 

showed higher values for heritability (91.9.4%) and genetic 

advance (26.5%) as shown in Table 2. It is revealed form 

previous studies that increment in photosynthetic rate higher 

values of chlorophyll contents, which is responsible for 

increase in plant biomass ultimately higher grain yield. It 

was suggested from the figure 4.2b. that the highest 

chlorophyll contents were estimated for hybrid followed by 

genotype 21 followed by hybrid in Islamabad and genotype 

49 in D.I. Khan. While the lowest chlorophyll content was 

14 and 05 in Islamabad and D.I.Khan, respectively. High 

temperature tolerant genotypes showed more chlorophyll 

contents [23]. Supported the present findings. 
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Fig 2b: Comparison of chlorophyll contents in 60 maize accessions 

 

4.3 Membrane stability index Assay 

Significant differences were found among studied 

genotypes. Genotype*location interaction was also 

significant as shown in Table 1. The mean for membrane 

stability index (41.8 & 39.4%) was recorded at tasseling 

stage in Islamabad and D.I.Khan, respectively. The higher 

values of heritability (79.31%) and genetic advance 

(37.36%) were found for membrane stability index (Table 

2). It was suggested from the figure 4.3c. That the highest 

membrane stability index was recorded for hybrid followed 

by genotype 50 in Islamabad and hybrid followed by 

genotype 21 in Islamabad & hybrid followed by genotype 

57 in D.I.Khan. While the lowest value of membrane 

stability index was 45 and 44 in Islamabad and D.I.Khan, 

respectively. Findings were found similar to [24]. 

 

 
 

Fig 3c: Comparison of membrane stability index in 60 maize accessions 

 

4.4 Leaf Relative Water Content% 

Significant differences were found among studied 

genotypes. Genotype*location interaction was also 

significant as shown in Table 1. The mean for leaf relative 

water content (46.3 & 42.9%) was recorded at tasseling 

stage in Islamabad and D.I.Khan, respectively. The higher 

estimate of heritability (83.5%) and genetic advance 

(17.6%) were found for leaf relative water content (Table 2). 

It is suggested from the figure 4.4d. that the highest leaf 

relative water content was recorded for hybrid followed by 

genotype 34 and 21 in Islamabad and D.I.Khan, 

respectively. While the lowest value of leaf relative water 

content was 47 and 05 in Islamabad and D.I.Khan, 

respectively. [25, 26] supported present findings. 

 

 
 

Fig 4d: Comparison of leaf relative water content in 60 maize accessions 

 

4.5 Proline Contents ((μmole/gFW) 

Significant differences were observed among studied 

genotypes. Genotype*location interaction was non-

significant as shown in Table 1. The mean for proline 

contents i.e. 3.48 & 3.46 (μmole/gFW) was recorded at 

tasseling stage in Islamabad and D.I.Khan, respectively. The 

moderate estimate of heritability (45.5%) and genetic 

advance (34.6%) were found for proline contents (Table 2). 

It was suggested from the figure 4.5e. that the highest 

proline contents was recorded for hybrid followed by 

genotype 12 & 30 in Islamabad and genotype 30 followed 

by hybrid and genotype 32 in D.I.Khan. While the lowest 

value of proline contents was 45 and 02 in Islamabad and 

D.I.Khan, respectively. The selection of higher grain 

yielding maize genotypes on the basis of proline contents 

may be helpful in producing heat tolerant maize genotypes. 

Present findings were in close accordance with [10, 11]. 
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Fig 4.5e. Comparison of proline contents in 60 maize accessions 

 

4.6 Pollen viability (%age) 

Significant differences were found among studied 

accessions. Genotype*location interaction was highly 

significant as shown in Table 1. The mean for pollen 

viability (71.6 & 67.9%) was recorded at tasseling stage in 

Islamabad and D.I.Khan, respectively. The higher values of 

heritability (61.6%) and genetic advance (48.4%) were 

estimated for pollen viability (Table 2). The higher pollen 

viability indicated higher seed size and volume. It was 

suggested from the figure f. that the highest pollen viability 

was recorded for genotype 18 followed by hybrid in 

Islamabad and hybrid followed genotype in 15 in D.I.Khan. 

While the lowest value of pollen viability was 13 and 39 in 

Islamabad while genotype 06 performed lowest in D.I.Khan 

as shown in Fig 4.6f. [27] reported similar findings. 

 

 
 

Fig 6f: Comparison of pollen viability percentage in 60 maize accessions 

 

5. Conclusions 

The Genotypic and phenotypic coefficient variances were 

estimated highest while ECV estimates were less, portrayed 

that the studied traits are genetically governed having very 

minute effect of environment. The higher heritability was 

estimated for grain yield, chlorophyll content, leaf water 

content and membrane stability index. Higher heritability 

and genetic advance were found for grain yield. Higher 

heritability estimates along with genetic advance designated 

the best performing parents to develop hybrids may be 

helpful to grain yield improvement. Higher genetic advance 

coupled with higher heritability might be due to the additive 

genetic effects for the studied attributes. The screened 

genotypes 60, 30 and 21 performed well at both locations 

for studied attributes that will help to develop heat tolerant 

maize hybrids in future breeding programs. 
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