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ABSTRACT 

 

Genetic diversity is considered as survival license for a population. Genetically more diverse 

populations will survive for more number of generations. The genetic variation whether it is 

inter specific or intra specific and are the product of gene and / or environment, can be 

determined through different markers. Maize is considered as miracle crop. It is leading in 

production and 3
rd

 in area under cultivation among all cereal crops throughout the world. In 

Pakistan maize is considered as fifth in importance among all crops and third in cereals after 

wheat and rice. The present study was conducted to elucidate the extent of genetic diversity 

present in maize germplasm from Pakistan, Japan and China, using agro-morphological, 

biochemical and molecular markers. A total of 153 maize genotypes were evaluated for 34 

agro-morphological traits during 2011 and 2012 in open field conditions at PGRI, NARC, 

Islamabad, Pakistan. High level of genetic variability was detected for most of the important 

agro-morphological traits. The mean values of each trait were compared with the mean value 

of traits recorded in check varieties, Agaiti-2002, Sadaf and Sahiwal-2002. Descriptive 

statistical analysis showed that maximum variance was present in grain yield per plant 

followed by plant height, 1000 kernels weight, ear height, the number days to ear leaf 

senescence, the number of days to anthesis and silking during two years field experiments. 

Among the qualitative traits, kernel type, kernel color, kernel row arrangement, husk cover and 

tassel type were impressive. According to the principal component analysis the major 

contributors to the genetic diversity during both years were anthesis-silking interval, number of 

leaves per plant, plant height, number of kernel rows, field weight per plot, ear length and ear 

diameter. Some of the functionally related characters presented significant correlation with 

each other during both field trials, like traits related to flowering (i.e. number of days to tassel, 

number of days to silk, number of days to pollen shedding, anthesis-silking interval), leaf 

related traits and traits related to yield (such as number of kernel rows, number of kernels per 

row, kernel length, kernel width, 1000 kernel weight, grain yield per plant). The cluster 

analysis separated the tested genotypes into five groups during both field trials but the number 

and distribution of most of the genotypes in these clusters was different in both years. Overall 

significant amount of genetic diversity was found in the studied germplasm particularly in 



 

xviii 
 

genotypes collected from Pakistan and Japan even the number of genotypes from Japan and 

China was low. This can be utilized for varieties and hybrid development in future, mainly 

focusing on areas that face the yield loss caused by early start of cold weather. During both 

field experiments the best performing promising genotypes were identified on the basis of vital 

agro-morphological traits, which can be focused in terms of their prominent performance for 

breeding purposes as well.   

  

Total seed storage proteins from 153 maize genotypes were separated electrophoretically using 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) technique. 

Densitometric scanning of the electrophoretically profiled proteins allowed us to estimate the 

molecular weight of 18 protein subunits, which was the base as variables to calculate the 

similarity coefficients between the tested genotypes. Over all 61% of the polypeptides showed 

polymorphism among which the minor protein subunits contributed more in comparison to 

major protein subunits. Accessions, 15215 (latest) and 15276 (heighest grain yield) were 

completely unique in protein banding profiles, which showed that these accessions may have 

some proteins that may be correlated with the longest maturity period and maximum grain 

yield. Dice coefficients of similarity ranged from 0.74 to 0.97 with mean value of 0.87. A 

similarity matrix was made through UPGMA method, which separated all genotypes into five 

main  clusters, A, B, C, D and E at 89% homology. Accessions collected from same area into 

separate clusters, which not only indicated their diverged origin and the genetic diversity in 

seed storage proteins was independent of the effect of geographical location but also there was 

very little effect of the environment on the protein expression profile. Fifteen maize accessions 

were clustered in similar fashion to their DNA based clustering which reflected some 

correlation between the products and their genetic background which can be explored further 

by the application of more advanced biochemical techniques. Overall medium level of 

variability was detected which may be due to the few limitations in applying biochemical 

markers. However the SDS-PAGE technique proved fruitful to detect seed storage protein 

polymorphism and identify genetic diversity among accessions of maize to be used in breeding 

programs in future. 
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DNA based molecular analysis of the selected 80 accessions and three commercial varieties of 

maize was performed using 40 simple sequence repeats (SSRs) marker system to estimate 

genetic diversity. A total of 110 SSR fragments were generated among which 83.6% were 

polymorphic. Their number per locus varied from 2 to 4 alleles with average number of alleles 

per locus was 2.8 alleles. The size of amplified alleles ranged from 62 to 266 bp. The size 

difference between the smallest and the largest amplified alleles at any SSR locus varied 

between 3 to 125 bp. The polymorphism information content (PIC) value ranged between 0.10 

and 0.87 with overall average of 0.50 per locus. Pair-wise Nei and Li’s coefficient of similarity 

varied from 0.48 to 0.94 with mean value of 0.69. Five rare alleles were also detected in 22 

genotypes among which one was shared by one accession (14862) from the province of 

Punjab, one (24693) from Azad Jammu and Kashmir and two (15264 and 15304) from Japan 

which can be used as DNA fingerprints in future. To find the genetic relatedness of maize 

genotypes a similarity matrix was made through UPGMA methodology, which differentiated 

the tested genotypes into five main clusters, named I, II, III, IV and V at 70% homology. The 

distribution of indigenous as well as exotic genotypes into separate clusters in the light of SSR 

markers based information verified that accessions collected from different localities have no 

common ancestors in their own location. Similarly the SSR based analysis clustered 18 of the 

maize accessions into various groups in similar fashion to their distribution during agro-

morphological characterization, which is an indication towards the correlation between allelic 

profiling and their expression profiling or genomic DNA and agro-morphological traits and 

may  prove quite beneficial for maize research. It is inferred from the present investigation that 

the DNA markers identified can be useful in maize genotypes identification. Similarly the great 

depth in genetic diversity found in the tested germplasm could be helpful not only for selecting 

diverse parents to be used in maize breeding programs in future but also for framing strategies 

for the conservation and management of maize germplasm. 

 

Overall significant level of genetic variability was detected in the tested germplasm 

particularly in genotypes collected from Pakistan and Japan. This can be multiplied for 

varieties and hybrid development in future, mainly focusing on areas that face the yield loss 

caused by early start of cold weather in Pakistan. Our findings also can helpful in framing 

strategies for the conservation and management of maize germplasm in the country. 
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1. INTRODUCTION 

 

Maize (Zea mays L.) is considered as a miracle crop. It is an annual, short day crop, 

cross-pollinated by wind and the only monoecious among cereal crops to have male 

and female inflorescences on separate branches of the same plant. It is the member of 

the tribe Andropogoneae which belongs to subfamily Panicoideae in the family 

Poaceae (USDA, 2005). Family Poaceae (Gramineae) is leading in importance in the 

order Poales (Bremer et al., 2003) which contributes to the world economy, food and 

industry through valuable crops i.e. wheat, rice and maize (Mabberley, 2008). Maize 

is leading in production and 3
rd

 in area under cultivation among all cereal crops 

throughout the world. It is cultivated in more than 130 countries among which the 

leading producers are USA, China, Brazil, EU-27, Ukraine, Argentina, India, Mexico, 

Canada and South Africa. The percentage contribution of these producers and other 

countries to the worldwide maize production are given in (Figure 1.1) (USDA, 2013). 

 

Figure 1.1: The contribution of top ten maize producers and other countries to the  

     worldwide maize production (USDA, 2013). 

 

 

1.1. Maize biochemical, nutritional and medicinal value 

Maize is utilized in different forms for various purposes. A hundred grams of fresh 

grains possess 361 calories of energy, 9.4 g of protein, 4.3 g of fat, 74.4 g of 

carbohydrate, 1.8 g of fiber, 1.3 g of ash, 10.6% water, 140 mg of vitamins, 9 mg of 
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calcium, 290 mg of phosphorus and 2.5 mg of iron. It is one of the important source of 

proteins throughout the world i.e. gives almost 42 million tons proteins per year which 

is about 15% of the proteins obtained from food-crops annually throughout the world 

(Li and Vasal, 2004). Various parts of maize can be used to address problems such as 

renal problems in children, gonorrhea, cystitis, kidney stones, prostatitis, edema, 

obesity, diabetes, pile, retained placenta and circulatory problems (Oluwole, 2012). 

  

1.2. Global perspective 

The worldwide production of maize estimated in 2012-13 is 861 million tonnes which 

exceeds the wheat with 655 million tonnes and rice with 466 million tonnes. Similarly 

their estimated worldwide consumption is 864 million tonnes, 675 million tonnes and 

459 million tonnes, respectively (GMR, 2014). The area under maize cultivation is 

162 million hectares with average yield of 5195 kg ha
-1

 (FAOSTAT, 2012). Maize is 

considered as one of the prominent crop species on the basis of its role in world’s 

economy. It contributes billions of dollars worldwide to the annual revenue 

(Mabberley, 2008). Its role in reducing hunger in economically poor and developing 

countries throughout the world cannot be denied.  In South Africa and Latin America 

maize feeds more than 1.2 billion people. Maize is mainly used as fodder and 

industrial raw material in industrialized parts of the world. Similarly in eastern and 

southern parts of Africa maize is the main source of income for 30 to 50% of the low-

income people (IITA, 2014). 

 

1.3. Maize in Pakistan 

Agriculture has key role in the economic growth and development of Pakistan. Its 

share in the gross domestic product (GDP) is 21.4%, creates 45% of the job 

opportunities and is the main occupation for 60% of the people at rural level. In 

Pakistan maize is 5th in importance among all crops and 3rd among cereals with the 

production of 4.63 million tonnes after wheat with 24.23 million tonnes and rice with 

5.54 million tonnes. In the value added crops it is 2.2% which becomes 8.73% of the 

overall major crops and the 3
rd

 highest after wheat and rice in cereals. Maize occupies 

8.98% of the total area under cereal crop and 13.46% of the total cereal production in 

the country (Farooq, 2013). 
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It is grown mainly as autumn (Kharif) crop, usually by low source farmers with 

marginal land (Chaudhry, 1994) but spring (Rabi) crop is also quite familiar in Punjab 

because of the active interest of multinationals. Maize cultivation during spring has 

initiated in KP also (PARC, 2011). Pakistan is ranked 23
rd

 in area under maize 

cultivation and 26
th

 in maize production throughout the world. In terms of maize 

productivity, Pakistan is far behind and occupies the position of 41
st
 throughout the 

world (USDA, 2013). The low maize yield may be due to improper plant to plant 

distance, insufficient fertilizer application with improper timings, inadequate water 

availability, weed interference, pests attack and lack of selection of the suitable 

varieties for appropriate environment (Tahir et al., 2008). Weed can reduce crop yield 

from 20 to 40% depending upon the species and density of weed (Ashique et al., 

1997). Some of the famous weeds interfering maize yield in Pakistan are Cyperus 

rotundus, Cynodon dactylon, Convolvulus arvensis, Echinochloa crus-galli, Digera 

muricata, Digitaria sanguinalis, Amaranthus viridis, Portulaca oleracea, Laptochloa 

sp. and Sorghum halepense (Abdullah et al., 2007). The progressive farmers get 8000 

kg/ha but is flexible up to 15000 kg/ha. In the domestic consumption of maize the 

country position is 33
rd

, in feed consumption 32
nd 

worldwide. The gap between the 

production and consumption in Pakistan needs to be addressed by educating the 

farmers, developing productive hybrids locally, minimizing the distance between the 

local farmers and improved technology based farming and providing quality seeds 

(USDA, 2013). The improvement in its production has noted, may be because of the 

development in its cultivated area, favorable weather and cultivating hybrids. 

 

The contribution of the provinces varies; Punjab is the major producer with 79.3% of 

the total production and 55.54% of the total area, followed by Khyber Pakhtunkhwa 

(KP) with 20.46% of the total production and 43.71% of the total area, while 

remaining 0.24% of the production is the part of Sindh and Baluchistan and 0.75% of 

the total area under maize cultivation. In Punjab, maximum of the maize i.e. 55% is 

utilized as feed, 25% in wet milling industry, 15% as seed and other purposes and 

only 5% as food. In Khyber Pakhtukhwa 40% is consumed as food, 30% as feed, 17% 

in wet milling industry and 13% in the form of seeds and other uses. Its area, 

production and yield in the country for the last five years are given in Figure 1.2 

(Farooq, 2013). 
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Figure 1.2: Maize area, production and yield in Pakistan during five years 

 (Farooq, 2013). 

1.4. Major maize growing areas in Pakistan  

In Pakistan maize is grown in vast range of environments for various purposes. 

Almost 70% of maize is consumed by farmers themselves, 10% is sold in local market 

and the remaining 20% in the wholesale market (Amir, 1986). The agro-ecological 

maize producing areas are divided into seven major zones. All zones are more or less 

different from each other in terms of availability of water, altitude, temperature range 

and soil conditions. Overall half of these maize producing zones are situated in warm-

season climates and half in cool-season climates (Table 1.1). Similarly 0.122 million 

ha of maize present in AJK, out of which 0.08 million ha are mid-elevation and high-

elevation areas. Rest of the areas is not clear due to the disputed position 

(PARC/CIMMYT Collaborative Maize Program, 1989). 
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Table 1.1: Maize growing areas in Pakistan with altitude, water source and  

        covered area. 

Zone Agro-ecological Areas Altitude (m) Water Source Area (000 ha) 

*1° 

Southern Punjab and 

Northern Sind less than 600 Irrigated  39 

*2° Central Punjab less than 600 Irrigated  230 

*3° KP and Northern Punjab less than 600 Irrigated  153 

*4° KP and Northern Punjab less than 900 Rain fed 92 

**5°° KP and Punjab From 900 to 1800 Irrigated  62 

**6°° KP and Punjab From 900 to 1800 Rain fed 121 

**7°°° KP more than 1800 Irrigated, rain fed 58 

 

Warm-season environments = *, Cool-season environments = **, Low land = °, Mid elevation 

= °°, High elevation = °°°.  Source: (PARC/CIMMYT Collaborative Maize Program, 

1989). 
 

1.5. Maize varieties in Pakistan 

The role of maize varieties and hybrids is very important for the increase in the maize 

production for the out stripping population of Pakistan. Almost 35 maize varieties 

have been developed by different institutions in the light of guidelines from NARS. 

The major research centers involved in maize varieties and hybrids development in 

Pakistan are National Agricultural Research Centre (NARC) situated at Islamabad; 

Maize and Millet Research Institute (MMRI), Yousafwala, Sahiwal; Cereal Crops 

Research Institute (CCRI), Pirsabak, Nowshera and Agricultural Research Station, 

(ARS) Bafa (Mansehra) (PARC, 2013). Partial research works are also in progress 

such as at Faisalabad, AJK and Bhalwa, Sargodha. Similarly more than 70 researchers 

are directly or indirectly involved in maize research throughout the country at public 

institutions. National Coordinated Maize Program (NCMP) has collected of exotic and 

local germplasm and distributed almost 9800 maize genotypes to maize growers for 

varieties and hybrids development (Pakissan, 2014).  

 

The general detail of parent institution, potential yield, percentage of covered area 

with varieties, agronomical, ecological and physiochemical properties of important 

varieties of maize are given in Table 1.2. Some of the more familiar productive 

hybrids in the country are; Monsanto-919, High corn-8288, Monsanto-6525, NK-

8001, Poineer-3335, YHD-555 X-2276 and FSH-523.  
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Table 1.2: Maize varieties with parent institution, yield, suitable area, agronomical     

       properties and covered area in Pakistan. 
 

Variety Organization 
Yield 
(tonnes/ha) 

Recommended 

areas Description 

% Area 

cultivated 

Agaiti-2002 

MMRI, 

Yousafwala 

(Sahiwal) 5 to 6 

Irrigated plains of 

Punjab 

Maturing early with 

yellow kernels 2 

Azam 

CCRI Pirsabak 

Nowshera 4 to 5 Plains of KP 

Maturing early with 

yellow kernels 4 

Baber 

(Hybrid) 

CCRI Pirsabak 

Nowshera 8 to 10 

Irrigated plains of 

KP 

High yielding with 

white kernels 2 

Commercial 

Hybrids 

Seed 

Companies 10 to 12 

Irrigated plains of 

central Punjab 

High yielding, late 

with yellow kernels 20 

Gauher 

NARC 

Islamabad 5 

Rain fed areas of 

Punjab and KP 

Maturing early, green 

with white kernels 3 

Ghori 

(Hybrid) 

CCRI Pirsabak 

Nowshera 12 

Irrigated plains of 

KP 

High yielding with 

yellow kernels 2 

Golden 

MMRI, 

Yousafwala 

(Sahiwal) 7 to 8 

Irrigated plains of 

Punjab 

Full season, high 

yielding tall 6 

Kashmir 

Gold 

NARC 

Islamabad 5 to 6 

Double cropping 

areas of AJK 

Moderate, double 

purpose, yellow  2 

Kissan 

CCRI Pirsabak 

Nowshera 5 to 6 

Low height 

mountains and 

plains of KP 

Maturing period 

moderate with white 

kernels 3 

Local 

landraces 

and mixture 

Farmers local 

seed selections 3 to 4 

Rain fed areas of 

Punjab, KP and 

AJK 

Mature early with 

low yield, susceptible 

to diseases 36 

Margala 

NARC 

Islamabad 5 

Rain fed areas of 

Punjab 

Maturing early with 

yellow kernels, rich 

in protein contents 1 

Pahari 

CCRI Pirsabak 

Nowshera 4 to 5 

High mountain 

valleys and upper 

Hazara in KP 

Mature early with 

white kernels 3 

Rakaposhi 

NARC 

Islamabad 5 

Northern areas of 

Pakistan and AJK 

Quality protein maize 

rich in  Tryptophan 

and Lysine 1 

Sahiwal-

2002 

MMRI, 

Yousafwala 

(Sahiwal) 8 to 9 

Irrigated plains of 

Punjab 

Full season, high 

yielding tall 3 

Sarhad 

White 

CCRI Pirsabak 

Nowshera 6 to 7 

Irrigated plains of 

KP 

Full season, high 

yielding tall with 

white kernels 3 

Sarhad 

Yellow 

CCRI Pirsabak 

Nowshera 6 to 7 

Irrigated plains of 

KP 

Full season, high 

yielding tall with 

yellow kernels 2 

Soan-3 

NARC 

Islamabad 4 to 5 

Rainfed areas of 

Punjab, KP, N. A 

and AJK 

Earliest with white 

kernels 1 

Sultan 

MMRI, 

Yousafwala 

(Sahiwal) 7 to 8 

Irrigated plains of 

Punjab 

Full season, high 

yielding tall 4 

Y-H. 399 

MMRI, 

Yousafwala  9 to 10 

Irrigated areas of 

central Punjab 

Full season, high 

yielding tall with 

yellow kernels 2 

 

Source: (PARC, 2013). 
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1.6. Model organism for research 

Maize is used as model organism for research activities in modern breeding programs. 

Among the cereal crops like rice, wheat, barley and sorghum, maize is the leading 

crop that has been studied in more detail. This attraction to be used in genomic and 

cytogenetic research activities is because of the accumulation of more mutations, 

heterochromatic chromosomes, tremendous variation in nucleotides, model organism 

for studying domestication of plants, studying the evolution of genomes, the 

development of physiology, studying epigenetics, estimation of plant resistance to 

pests, studying heterosis, quantitative inheritance, comparison of genomics etc. 

(Strable and Scanlon, 2009).   

     

1.7. Interesting journey of maize origin and domestication 

The generic name Zea has been taken from Greek word “Zea” which means grain or 

cereal and specific epithet “mays” from native Arawak word ‘maiz’ or ‘mahiz’ means 

plant. This was used for the first time by Spanish Columbus who visited America and 

brought the maize to Europe (Hyam and Pankhurst 1995, Desjardins and McCarthy 

2004). About the origination of maize ear from teosinte, there are two schools of 

thoughts. According to one, modification in a few major genes are responsible, i.e. tr 

locus which controls ranks of cupules, the pd locus controls number of spikelet, the Ab 

locus (or Ph and Ri) controls presence or absence of abscission layers in the ear, the 

Tu locus controls softness and hardness of fruit case (Galinat, 1983, Galinat, 1985, 

Galinat, 1988, Langham, 1940) along with several stabilizer genes (Galinat, 1985). 

According to the other model, the male inflorescence at the tip of primary lateral 

branches in teosinte sexually transmutated to female flower i.e. ear in maize (Iltis, 

1983). Many information from biosystematics particularly DNA sequence by modern 

molecular biology support the present day maize to be evolved from two wild 

Mexican teosintes, Z.mays ssp. mexicana and Z. mays ssp. parviglumis in the Balsas 

River Basin in southwestern Mexico about 9000 years back (Matsuoka et al., 2002, 

Hufford et al., 2012) in which Z. mays ssp. parviglumis is considered the most 

possible ancestor (Doebley, 1990). Remarkable phenotypic transformations like the 

number of tillers, architecture of seed and inflorescence structure have taken place in 

wild teosinte to shape the present day maize, flourished well with spreading 

communities, passing through various cultural modifications and cultivating 
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methodologies (Larik, 1994). Maize gained tremendous development in yield by 

entering the era of modern breeding programs and molecular biology (Ying, 2012). By 

the discovery of America through Europeans in the 15
th

 century, the worldwide 

spreading of maize began (Paliwal 2000d, Farnham et al., 2003). Columbus did its 

introduction from America into Spain, then from Spain into France, Italy and Turkey 

during 15
th

 century. The introduction of maize into Southeast-Asia did by Portuguese 

during 16
th

 century and into India in the 17
th

 century. Then it was introduced from 

India into China, Philippines and the East Indies.  

  

1.8. Maize genetics  

 The genus Zea has five species, Zea diploperennis, Z. luxurians, Z. mays, Z. 

nicaraguensis and Z. perennis. The Zea mays has subspecies, ssp. huehuetenangensis, 

ssp. mays, ssp. mexicana and ssp. parviglumis (USDA, 2005). Among these, Zea mays 

is the only cultivated one, the remaining species are wild grasses known as teosintes. 

Maize does not exist in wild form possibly due to its highly cross pollinated nature.  

All species are with chromosome number of 2n = 20, except Zea perennis (perennial 

Teosinte) with 2n = 40 and Zea nicaraguensis with number of chromosome not yet 

clear (Tito et al. 1991, Ellneskog-Staam et al., 2007). The size of maize genome 

varies from 2.3 to 2.7 Gbp (Arumuganathan and Earle, 1991) and total number of 

genes is 42000-56000. Maize genome has been characterized up to certain level such 

as high percentage of repetitive sequences i.e. transposons and retrotransposons (Hake 

and Walbot 1980, Liu et al., 2007). The most impressive work has been done by 

Barbara McClintock who characterized transposons, the Activator (Ac) and 

Dissociation (Ds) elements (Fedoroff, 2000). Similarly the detailed characterization of 

chloroplast and mitochondrial genes with emphasizing on cytoplasmic male sterility is 

a milestone (OECD, 2003). Maize genome sequencing has started in 2005 and a 

website (http://www.maizegenome.org) has been created to portray all the efforts in 

this regard. Among crops, maize is the first drought tolerant genetically modified crop 

throughout the world.   

 

1.9. Genetic diversity  

It is extremely vital to have enough knowledge about the important biological 

phenomena at molecular level that occur in plants to effectively conserve, manage and 

http://www.maizegenome.org/
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utilize plant genetic resources. It is especially important to know about genetic 

diversity present in crop genetic resources to improve them. For this purpose there is 

continuous study of wild relatives and traditional varieties through latest breeding 

techniques. During all these efforts the extent of genetic diversity is detected at some 

level to frame the resistant and high yielding varieties (Mondini et al., 2009). 

 

Genetic variations are any discrepancies among individuals at nucleotides, genes, 

chromosomes or whole genomes level (Williams and Humphries, 1996). It is a kind of 

license for a population to have the capability to adjust and survive in the changing 

environments. Populations having individuals with more allelic variation will cope 

with new pressures and survive for more generations. Genetic diversity is directly 

related to the basic requirements generally of all organisms including human 

especially in the context of rapid increase in human population. It has alarming 

consequences particularly on the food supply and quality globally. This is a rising 

issue in under developed and developing countries like Pakistan. To cope with these 

and many other challenges like energy crises in Pakistan, to be handled by producing 

productive maize varieties for ethanol production as alternative fuel, the development 

of new crop varieties with favorable trait(s) is needed. For this purpose the knowledge 

of genetic diversity, to elucidate the degree of genetic variability in the base material 

is extremely pivotal (Sumalini and Manjulatha, 2012). It was almost 10000 years 

back, when agriculture was started and human began to exploit intra specific genetic 

diversity to fulfill their needs. Breeders inserted desirable genes into the genome of 

plants and removed the unwanted ones to get the favorable breeds (Narain, 2000). 

     

There are different processes that affect genetic diversity i.e. selection, population 

size, mutation, migration and genetic drift (Hedrick, 2005; Ouborg et al., 2006).  The 

gene flow among the inter specific and intra specific individuals is one of the main 

causes of the genetic diversity in plants. In the structuring of successful breeding 

programs, the knowledge related to the process of evolution or occurrence of diversity 

in the genetic makeup of a plant, can be obtained by the assessment or estimation of 

duration and distribution of inter and intra-specific genetic variations (Dumolin et al., 

1997).  This genetic estimation or characterization of important traits has pivotal role 

in the improvement of crops but these approaches must be dependable with 
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reproducible results (Liu et al., 2002). The genetic variation whether it is inter specific 

or intra specific and are the product of gene and / or environment, can be determined 

through different markers. These markers were illustrated prior to the proteins and 

DNA being discovered. Six morphological makers were named as “factors” on the 

fruit fly chromosomes stated by Alfred Sturtevant in 1913 (Barcaccia et al., 2000). 

With the passage of time more advanced approaches with more reliable results were 

applied to make the genetic diversity study more interesting. Now-a-days there are 

different methodologies i.e. morphological, biochemical and molecular markers to 

investigate these results (Shengwu et al., 2003). 

 

1.10. Genetic diversity in maize 

Maize is among the most diverse crop species with great potential to grow in a wide 

range of environments (Farnham et al., 2003), from the equatorial region to the 

latitudes in north and south i.e. from 58
o 

north as in Canada and Russia and 40
o 

south 

as in Chile, from sea level up to 3800 meters. It is due to the genetic diversity of maize 

that bears different kind of stresses and adjusts itself in new challenging environment. 

Such degree of genetic variability in morphological and physiological traits is not 

possible in other crop species (Mangelsdorf, 1974). The value of broad genetic 

makeup is quite understandable because narrow genetic makeup always faces the 

threat of genetic vulnerability to different stresses. That is why the assessment of 

genetic variability of maize genotypes is very fruitful for successful breeding 

programs and conserving germplasms. 

 

1.11. Needs and scope of the present study  

Broadly there are many researchable issues to be addressed to enhance the maize 

production, such as hybrid development, quality protein maize, the development of 

high yielding varieties with early maturity, producing drought and heat tolerant 

varieties, development of disease and insect resistant varieties, dual purpose (grain 

with fodder) varieties and hybrids, special corns i.e. sweet, pop, waxy, weed 

management and adopting cost effective technology. Similarly other constraints 

include trained manpower shortage, low level of coordination among the related 

disciplines, lack or less availability of on-farm research facilities or advanced 

technology, inadequate incentives, less mobility facilities, scarcity of producing 
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quality seeds and their distribution, high prices of hybrid seeds and high input 

expenses, the farmers preference to other major crops to get more profit and because 

of the cold weather (Tahir and Habib, 2013) and increased energy crises, reduces 

water availability in electricity dependent irrigated areas. Other challenges that reduce 

maize production in Pakistan are soil degradation, decline of organic matter in soil and 

soil fertility, price wise difficulty in the availability of chemical fertilizers, ineffective 

control of weeds and insufficient supply of organic fertilizers (Farhad et al., 2009). 

Similarly to meet the food insecurity and save the employment of major population in 

agricultural sector in Pakistan, it is immensely needed to increase the crop production 

by reducing the high prices of hybrid seeds and high input expenses for the low scale 

farmers, include the representatives of progressive as well as low scale farmers in 

policy making, increase industrial utilization of maize, encourage exports and 

discourage imports. Because of the increasing interest of farmers in cultivating crops 

such as sugarcane and oil seeds, there is possibility of decreasing the cultivable land 

area under autumn maize in the country. 

 

Before the introduction of hybrids and successful growing of spring maize, Khyber 

Pakhtunkhwa was the leading producer of maize in the country. Things changed 

tremendously by the successful growth of hybrid maize by farmers and private 

multinational companies as spring as well as autumn crop in Punjab. Punjab became 

the major producer with 79.3% of the total production and 55.54% of the total area, 

followed by Khyber Pakhtunkhwa (KP) with 20.46% of the total production and 

43.71% of the total area. It is quite promising to note that for the last four years there 

is steady increase in area, production and productivity of maize in the country (Figure 

1.2). Over all maize occupies 3
rd

 position among cereals in production with 4.63 

million tons. Its contribution is 2.2% in the value added crops which is 3
rd

 highest 

after wheat and rice. Some other possibilities to increase maize production are to 

replace cotton affected by leaf curl virus recently in Punjab by autumn maize directly 

or due to the introduction of new cotton varieties which gave 1-2 extra picking tell 

January, the late plantation of wheat resulted in reduced production. The wheat can be 

replaced by spring maize hybrids which will result in at least equal income to wheat 

plus additional income from 1-2 extra pickings from cotton.   
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The maize growing area and production increases because of the growing interest of 

private companies as well as low scale farmers. So it is needed to develop resistant, 

productive crop varieties and hybrids of maize locally through successful breeding 

programs to avoid the high prices of hybrid seeds and make the availability 

convenient for local farmers. Pakistan being rich in maize germplasm or local 

accessions and maize germplasm has been collected from different parts of Pakistan. 

The genetic diversity present in this collection is still largely unknown, which is 

needed to be characterized to get not only the germplasm resistant to stem borer, shoot 

fly, leaf blights, rusts but also to get elite lines to broaden the base material for 

developing new maize varieties and make the present varieties and landraces more 

effective. Similarly the exotic maize accessions available can also be studied for this 

purpose. There are different kinds of marker techniques such as morphological, 

biochemical and DNA based markers through which the genetic diversity found in 

maize wild relatives and accessions can be exposed. The trait(s) of interest can be 

evaluated. These markers are used in the present study to assess the genetic diversity 

in Chinese, Japanese and Pakistani maize and utilize in the improvement of crops in 

future.       

 

1.12. Objectives of the present study      

The present research was carried out to: 

1. Assess the genetic diversity in maize germplasm through morphological, biochemical 

and molecular markers. 

2. Find out the genetic relationship among these genotypes. 

3. Elucidate the association among different traits in maize. 

4. Detect the unique/rare alleles among maize genotypes. 

5. Identify elite accessions with valuable traits for breeding programs. 
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2. REVIEW OF LITERATURE 

 

2.1. Genetic diversity assessment in maize germplasm based on agro-           

morphological traits 

The maize germplasm comprised of wild teosintes, Latin and North American 

landraces, landraces from different localities of the old World and inbred lines utilized 

in modern breeding programs of maize. The key place of morphological data in 

managing and conserving the plant genetic resources is quite evident (Sanchez et al., 

2000). There are certain ways to elucidate the genetic relationship and genetic 

diversity of various plant species i.e. through different kinds of protein and DNA 

based markers, but in the description of genetic characterization of plant genetic 

resources, the morphological characterization is the initial step (Smith and Smith, 

1989). The investigation of the morphological diversity is fruitful approach to 

characterize genotypes with desirable characters e.g. in maize, earliness, resistance 

against diseases etc. Morphological discrimination of genotypes and dividing them 

into groups are really helpful to breeders during population sampling. In maize the 

variation in the interval of male and female flowering makes easer the selection of 

inbred lines for varieties production.  

  

The role of genetic diversity estimation of inbred lines is the basic prerequisite for 

successful breeding of maize like other crops. To make things easy for developing 

maize hybrids through elite lines, Sharma et al., (2013) made an attempt to describe 

genetic diversity and similarity of 20 inbred lines of maize through morphological 

markers. The dissimilarity was noted between 21% and 1%. The dendrogram grouped 

the 20 lines on the basis of their similarity into five clusters, A, B, C, D and E. They 

concluded that the crosses made among the genotypes from cluster A and E will be 

more productive.  

 

Shrestha (2013) carried out the morphological characterization of 60 inbred lines. The 

data recorded was analyzed through descriptive statistics and cluster analysis which 

showed that these inbred lines have high genetic diversity. During cluster analysis, 5 

inbred lines were grouped in the same cluster because of the closer resemblance to 

each other and differences from other inbred lines in plant height, number of branches 
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of the tassel, ear height, tassel length, days to silking, days to anthesis and anthesis-

silking interval. In the light of these findings the inbred lines were considered suitable 

for hybrid and varieties development.  

 

Aliu et al., (2013) made their experiment to estimate the genetic diversity in 12 maize 

local genotypes. The variations were estimated in terms of morphological, 

physiological and chemical characters i.e. plant height, ear height, leaf area, leaf area 

index, leaf area ratio, cob diameter, number of kernel, number of kernel rows, 100 

kernel weight, grain yield, protein content, cellulose content, oil content and ash 

content. Significant variations were found among these local genotypes for all 

characters. Protein contents varied from 9.43 to 11.53%, oil content between 4.23 and 

4.87% and cellulose content from 6.03 to 6.37%. The ear height, plant height, leaf 

area, leaf area index and oil content were significantly positively correlated, while 

grain yield, leaf area, leaf area index, protein content and 100 kernel weight were 

positively correlated. Cluster analysis grouped these genotypes into 3 clusters based 

on their similarity. As a result these genotypes were considered good source for 

developing productive maize hybrids because of the presence of tremendous genetic 

diversity in traits, essential for more production.  

    

Maruthi et al., (2013) carried out the morphological characterization of 62 late 

maturing maize genotypes to elucidate their genetic relationship. Through principal 

component analysis, eight principal components contributed in total genetic diversity 

of 73.46%. Ear diameter, ear length and plant height were found to be the vital traits 

among all morphological traits. Cluster analysis discriminated the total genotypes into 

three main clusters. Each one was further consisted of smaller groups. It was inferred 

that the morphological display is the ultimate product of genetic makeup and diversity 

in the morphological traits is indication towards the genetic diversity which could be 

used to improve cultivar and conserve germplasm.  

 

Babic et al., (2012) characterized 19 maize inbred lines through morphological 

characters using UPOV (International Union for the Protection of new Varieties of 

plants) descriptor. They also applied the molecular markers i.e. random amplified 

polymorphic DNA (RAPD) to describe the reliability of information obtained from 
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morphological study for the determination of genetic relationship among maize inbred 

lines. They compared the information obtained from morphological data and 

molecular markers and found the mean value of correlation for total genotypes was 

0.64. Their cluster analysis findings were similar with pedigree data as well. It was 

found that the information obtained from morphological markers were almost similar 

to that of molecular markers. 

               

Taberlet et al., (2012) conducted their experiment to elucidate the relationship 

between richness of species and genetic diversity. They used the large scale and multi 

species method to test the co-variation of genetic and species level of biodiversity in 

the alpine plant communities. It was noted that greater number of species cannot be 

the substituted for the genetic variability. Their findings will be helpful in effective 

implementation of the convention on biological diversity. 

 

Zarei et al., (2012) studied the relationship of yield contributing traits and grain yield 

in 11 maize hybrids. Four replications in randomized complete block design were 

grown.  The direct and indirect influence of morphological characters upon grain yield 

was studied through path coefficient analysis. They found positive correlation of plant 

height, ear length, 100-grain weight, days to physiological maturity, kernel length, 

number of kernel per ear, cob percentage of ear and number of kernel rows with grain 

yield. Plant height and ear length were highly correlated with grain yield. Through 

path analysis, the highest direct effect on grain yield showed by number of kernel per 

ear, while the highest indirect effect was showed by 100-grain weight and ear length. 

It was inferred that total number per ear, 100-grain weight, ear length and kernel 

length were the possible characters through which the grain yield in maize could be 

improved. 

      

Temperature is one of the devastating limiting factors for maize quality and yield. In 

extreme case it decreases the viability of pollen and silk which results in poor setting 

of seed and eventually reduces grain yield. The tolerance of heat is a complex 

phenomenon, controlled by many genes. Because of these reasons most of the 

breeders trying to focus on the development of heat tolerant maize genotypes, for 

which the study of maize under heat stress conditions is vital. The research work of 
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Khodarahmpour (2012) is good effort in this regard, in which 28 hybrids were 

investigated through thirty morphological markers in heat stress conditions. Positive 

significance correlation of grain yield was found with grain filling period, plant 

growth period, number of kernel rows per ear, grain per ear under stress as well as 

normal conditions. But high morphological variability was found in grain yield, grain 

per ear, grain per row and anthesis-silking interval in heat stress and under normal 

conditions in grain abortion percentage and ASI. Cluster analysis divided the 

genotypes into three clusters under stress as well as normal conditions, among which a 

few hybrids were considered good to grow in conditions cited in the investigation 

because of the high grain yield, short ASI and less grain abortion percentage.  

  

Homayoun (2011) studied the capability of 10 maize lines for yield under drought 

stress, along with some quantitative traits contributing to the maize yield. The 

genotypes showed significant variations in most of the traits, which justified that these 

lines could be a good source for planning breeding programs. The 500-kernel weight, 

cob diameter, number of kernel rows per ear and number of kernels per ear were 

positively correlated with grain yield. Similarly positive significant correlation 

between cob diameter and 500-kernel weight was found.    

 

Crop yield has been drastically decreased by many pathogen of fungal origin. One of 

these is Helmintosporium  maydis (H. maydis), causes maydis leaf blight or southern 

maize leaf blight which causes much loss to maize yield. To sort out resistant maize 

genotypes, an attempt has been made by Ali et al., (2011). They carried out the 

genetic analysis of maize through morphological and maturity traits under the 

exposure to maydis leaf blight stress. Highly significant variability for both 

morphological and yield traits was found in the tested genotypes.   

 

Hussain et al., (2011) carried out the evaluation of 14 advanced lines and varieties of 

maize of commercial importance through morphological markers including days to 

50% pollen shedding, days to 50% silking, plant height and grain yield, to find out the 

varieties good for cultivation in Dera Ismail Khan. The maximum grain yield i.e. 7.35 

t ha
-1

 was detected in EV-5098 and Soan-3 took minimum days to maturity i.e. 69 

days, Sahiwal-2002 gained maximum height of 205 cm. No correlation was found 
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between plant height and grain yield. In the light of these findings, it was concluded 

that EV-5898 and Sahiwal-2002 were the most suitable maize varieties among the 

tested ones for cultivation in Dera Ismail Khan.    

 

Karanja et al., (2009) conducted the characterization of inbred lines of maize in Kenya 

through morphological and molecular markers, in which the cluster analysis through 

un-weighed pair-group method with arithmetic means (UPGMA) showed three 

clusters with clear differences in morphological traits as well as DNA banding pattern. 

Much variability was found in the height of plant, ear, days to male and female 

flowering, anthocyanin coloration and grain yield. Both types of markers grouped 

CML206, CML204 and CML 312 closer to each other. The same result was obtained 

for the CML202 and CML444, CML395 and CML442. Molecular markers described 

0.3 genetic distances, which was pointing towards the efficiency of the SSR markers 

that they can separate close relatives. 

   

As maize is a cheap source of staple food particularly in rural areas and raw material 

for different products. There is need of some immediate steps to develop more 

productive maize varieties by effective breeding programs. Genotypes with more 

genetic diversity licensing successful breeding. The genetic diversity analysis of 

maize done by Ranatunga et al., (2009) was quite fruitful in this regard. They 

characterized 45 maize inbred lines through morphological markers (including 10 

quantitative and 8 qualitative traits) and 42 simple sequence repeat loci. Among 

qualitative markers silk color at emergence, ear shape, kernel color, grain texture and 

grain shape showed variations except leaf pubescence, while high level of variation 

was found among quantitative traits. The cluster analysis of qualitative traits grouped 

the lines into two clusters, with 19 and 24 lines, detected with 78% similarity, while 

that of quantitative traits grouped into two also with 39 and 4 lines with reasonable 

similarity. The correlation analysis of the coefficient of similarity was done which 

showed no significant correlation between morphological makers and SSRs resulted 

information.  

 

Hartings et al., (2008) carried out the genetic diversity estimation of 54 maize 

landraces from Italy through morphological characters and AFLP profiling, which 
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inferred that there was high level of diversity among these genotypes in morphological 

traits as well as in the genetic makeup. During molecular study, molecular markers 

resulted in large number of polymorphic bands which showed more diversification 

and heterogeneity as compared to morphological markers and differentiated these 

accessions into four clusters that reflected the origin and climatic conditions of 

genotypes. 

 

De Carvalho et al., (2008) carried out the characterization of 43 open-pollinated maize 

from Archiphelago of Madeira through morphological markers consisted of 41 traits. 

Morphological data obtained was analyzed through multivariate analysis. On the basis 

of dissimilarity four groups were found. Significant diversity was found among the 

genotypes which could be a good source for breeding through the world.   

  

Rahman et al., (2008) performed the genetic variability estimation of forty one maize 

genotypes through morphological and maturity characters. During this the height of 

plant, ear, branches in tassel, days to 50% male and female flowering were recorded. 

All of the morphological and maturity traits showed significant variability which 

justifies tremendous genetic diversity in the population under study. It was also noted 

that a few genotypes from the tested population took less number of days to get 

maturity as compared to checks, which is an indication that they may be prove a good 

source for plant breeders to develop new varieties, with selecting some other valuable 

characters.   

  

Flooding is one of a biotic factors that has been engaged almost 6% of the earth’s 

surface and affects most of the crops except rice. Maize is the source of many raw 

materials and raising in importance with the passage of time, has tolerance against the 

herbicides applied for the elimination of barnyardgrass (Echinochloa spp.), the weed 

for rice, so can be used to grow in low waterlogged fields of rice as summer crop or in 

the same field after rice harvesting. Ferreira et al., (2007) studied the genetic 

variations and morphological changes occur in plants of maize variety BRS 4154-

Saracura during flood. They did the evaluation of variety BRS 4154 along with BR 

107 (flood sensitive) and BRS 1010 (as control) and found reduction in 100 seed 

weight along with grain yield but ear length and kernel row number had no sign of 
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influence from waterlogged soil. An increase in yield was found because of the 

selection of grain /plant.   

    

Cortes et al., (2007) studied the discrimination among the 39 genotypes growing in 

the Tarasca Mountains Chain Michoacan, Mexico and 19 genotypes from Chalqueno, 

Celaya and Conico races from Mexico’s states Puebla, Hidalgo, Queretaro and 

Oaxaca, through 17 morphological markers and 17 isozyme loci. After the analysis of 

both types of data i.e. morphological as well as molecular, more genetic diversity and 

certain alleles were found to be present in genotypes from Tarasca Mountain Chain 

but did not in the others, which inferred that landraces from Tarasca Mountain Chain 

might not be the relatives of the Chalqueno race and developed as a separate race by 

themselves.   

 

Crop improvement to produce more quantity with good quality requires focusing the 

attention of researchers on reliable strategies. The collection of maize genotypes and 

preservation in gene banks is done, to study them through different evaluation 

methodologies for sorting out elite lines to be used in successful breeding programs. 

Besides this the maintenance of the local varieties and their improvement to make 

them more resistant to biotic and abiotic stresses is vital. The research work of 

Siopongco et al. (1999) to assess the genetic variability of local maize collection at 

National Plant Genetic Resources Laboratory, through morphological markers is one 

of the efforts in this regard. During this study the qualitative traits showed 

intermediate level of genetic diversity as shown by mean value of diversity i.e. 0.54, 

while quantitative traits showed high genetic diversity i.e. mean value of variation was 

0.82. Similarly the overall genetic variation in the germplasm was of intermediate 

level i.e. 0.68. 

 

Revilla and Tracy (1995) carried out the characterization of 58 open pollinated sweet 

corn on the basis of morphological traits and classified them in the light of 

information obtained through principal component analysis and cluster analysis and 

described the relation among morphological traits as well. The main purpose was to 

screen these cultivars for the damage of the larvae. Fifty-two cultivars were put into 

single race named Northeastern Sweet, a subgroup of the Northern Flint. 5 of the 6 
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still left were belonging to north central or southwestern US. The highest 

morphological variability was found in Country Gentleman. 

 

Galarreta and Alvarez (1990) carried out the genetic diversity estimation among the 

100 populations of maize through eighteen morphological traits and correlation of 

quantitative traits. The variances analyzed of the traits reflected highly significant 

variations. It was found that the values of correlation coefficients for traits related to 

plant were significant i.e. 0.01 for all, among which the highest recorded 0.98 between 

days to anthesis and days to silking, while in ear traits it was less than that of plant 

traits i.e. 0.62 between ear length and number of kernel rows, which was the highest 

among the ear traits. The findings showed that germplasm studied can be used for 

breeding purposes.  

 

2.2. Genetic diversity assessment of maize germplasm based on biochemical         

markers 

Agro-morphological characterization is the oldest and initial step in the genetic 

characterization of plant genetic resources. It has been used to sort out the genetic 

variation in planning for breeding programs. This approach is effective to certain 

extent but do not give consistent and reliable results because of the possibility of 

affecting by different environmental factors, pleiotropism, late onset of certain 

morphological traits, low polymorphism and manmade mistakes during handling 

(Smith and Smith, 1992). It is also expensive and time consuming. To overcome these 

short comings, it is needed to look for more effective and reliable techniques. The 

credit goes to the progress in the modern molecular biology which attracted the 

attention of scientists to follow the latest biochemical and molecular markers for 

characterization of germplasm instead of using only morphological markers (Karp et 

al., 1997).  After the discovery that proteins and enzymes are actually the results of 

information stored in genes, they are used as biochemical markers in the form of 

isozymes and other proteins to analyze the genetic diversity of populations (Hamrick 

et al., 1979). The biochemical study particularly proteins (Wallace et al., 1990) is 

performed on the basis of separation of protein in to specific banding profiles. There is 

extensive use of biochemical markers to carry out the assessment of genetic diversity. 

Its preference over the agro-morphological traits is because of the almost truly coping 
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the genetic information (Perry and McIntosh, 1991). Protein markers copy the 

information stored in DNA which can be a good source for effective estimating of 

genetic plasticity in maize germplasm. In protein fingerprinting the extraction of 

proteins from different parts of plant i.e. leaves, shoots, seeds etc and their 

electrophoresis is done. Polyacrylamide gel electrophoresis played major part and 

made possible to know about variation in the physical and chemical characteristics of 

proteins (Akbar et al., 2012). To identify and characterize various cultivars, the 

electrophoresis of seed protein is effective technique as it is reproducible, rapid and 

cost effective (Laemmli, 1970). Variations between hybrids and lines can be carried 

out through sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE) (Koranyi, 1989b). Protein bands in the polyacrylamide gel translate their 

genetic background through which the wild or newly made cereals from wild parents 

can be studied (Gorinstein et al., 1999). For studying the extent of genetic variability 

in maize seed storage proteins, the SDS-PAGE has been fruitful (Paulis et al., 1975). 

It has been investigated that along with physiochemical and molecular study, SDS-

PAGE is impressive way to elucidate the genetic variability in seed storage protein 

(Zeb et al., 2006). The electrophoretic separation of proteins results in the 

characteristic banding pattern which has been used with good results to estimate the 

genetic diversity in different crops like wheat, rice, cotton etc. 

 

Chandra et al., (2013) carried out the estimation of genetic variability of twenty wheat 

cultivars through SDS-PAGE. The total number of protein subunits detected was 32, 

the number of polymorphic protein bands was 24 and monomorphic bands 8. 

Similarly the number of protein bands per genotype was from 17 to 25, with 

molecular weight from 6.5 kDa as high as 129 kDa. The similarity found was from 

32.14% as high as 100% through Jaccad’s similarity coefficient. The cluster analysis 

separated the 20 genotypes into two main clusters at 0.47 similarity. It was found that 

low level of genetic diversity was present in the studied wheat genotypes which might 

be due to the low level of genetic diversity in the base germplasm. The SDS-PAGE 

along with related reliable techniques was suggested to be applied to identify and 

register wheat genotypes with broad genetic makeup as base germplasm for 

developing new varieties.   
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Chaudhary and Chaudhary (2012) performed their experiment to estimate the genetic 

diversity among 21 maize genotypes through biochemical markers applying the SDS-

PAGE technique under acidic i.e. pH 2.8 and neutral i.e. pH 6.8 conditions. In case of 

acidic condition the protein was extracted in chilled phosphate citrate buffer, while in 

neutral it was done in SDS-PAGE sample buffer. Cluster analysis of the proteins in 

acidic conditions did not show the clustering of the genotypes because of less number 

of protein subunits extraction and eventually low polymorphic potential, while in 

neutral conditions the protein markers presented considerable polymorphism and also 

showed correlation with the pedigree data and morphological markers. It was inferred 

that the proteins extracted in neutral SDS-PAGE discriminated the genetic information 

well and considered the favorable biochemical markers alone or in combination with 

morphological markers to estimate genetic diversity of maize germplasm. 

 

Rashed et al., (2010) carried out the protein assessment of 14 maize genotypes and 

heat tolerance identification of 17 maize genotypes through SDS-PAGE. A total of 16 

bands were found in water soluble seed proteins fingerprinted, out of which 6 were 

monomorphic and 10 polymorphic. Based on 16 protein bands three genotypes were 

having similar banding pattern, while the remaining eleven genotypes with different 

protein banding pattern. In 17 genotypes that were given heat stress of 25
o
C, 35

o
C, 

detected no modification in the number of protein bands except one protein band of 

28.7 kDa was produced in two genotypes at 35
o
C. After exposing to 45

o
C, a total of 

22 protein bands were found. Several additional proteins formation was induced by 

heat stress of more than 35
o
C and showed variation between low and intermediate 

molecular weight protein subunits. It was inferred that at high temperatures maize 

genotypes metabolically responded by producing heat shock proteins which 

pinpointed their capability to withstand heat stress. As a result ten genotypes were 

declared as heat stress tolerant. 

 

Ullah et al., (2010) carried out the protein characterization of eleven rice genotypes 

through SDS-PAGE. The total number of protein sub units found was 45. Through 

UPGMA the minimum genetic diversity detected was 0% and maximum 80% but 

overall low to intermediate level genetic diversity was detected. On the basis of 

bivariate information, obtained from 45 protein bands, the 11 genotypes were 
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separated in to three main clusters. It was inferred that BAS-385 and local rice from 

Swat were found to have more genetic diversity and considered to be good source for 

broadening the genetic base for the improvement rice varieties. 

 

Biochemical markers are capable of giving indications about the effect of drying 

temperatures on seeds physiological and products potential. Maize seeds are dried 

after harvesting to store and use for different purposes. The heated air is allowed to 

dry the maize kernels and sometimes high drying temperatures are applied to get 

drying in short time. Malumba et al., (2008) studied the effect of drying temperatures 

varied between 54
o 

C and 130
o 

C upon the solubility, purity and electrophoresis of 

proteins. It was found that the high drying temperature affects the solubility of 

proteins other than Glutelin-G1 and zein. Similarly due to high drying temperature 

treatment some of the proteins soluble in water and salt were missing in the results of 

SDS-PAGE. It showed the denaturizing consequences of high drying temperatures. 

The disappearance of some proteins was because of the fact that increase in 

temperature above certain level, changed the protein structure and affected their 

functional properties such as decreased the solubility of seed storage proteins, lowered 

the germinating capability of kernels and reduced their chances for producing quality 

products in industries. It has been studied by many researchers that increase in 

temperature above 70
o 

C results in the denaturation of seed storage proteins and 

enzymes during wet grain drying in maize.  

  

Like other crops the genetic uniformity in maize increases the chances of affecting by 

a number of biotic and abiotic stresses. To gather as much information as possible 

about the genetic variability in maize germplasm is vital. Commonly three approaches 

are followed to estimate the genetic diversity i.e. pedigree records, agro-

morphological evaluation in the field and molecular characterization through 

molecular markers. Biochemical characterization especially protein markers is one of 

the molecular approaches. To get such information, Bauer et al., (2005) carried out the 

characterization of 11 hybrid genotypes through total seed storage protein study and 

RAPD markers. A total of 43 protein bands were detected, out of which 55.8% 

showed polymorphism. They found that for the estimation of genetic relationship 

among maize hybrids, their evaluation through salt-soluble protein is not sufficient 
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because of the less number of protein bands, weak discriminative capability and 

uncertain way of inheritance. Instead other molecular markers like RAPD and with 

more reproducible results, SSR may be used to estimate the genetic relationship 

among maize hybrids with more accuracy.   

 

Salt stress influences the performance of the plants in terms of growth as well as 

production throughout the world including maize. Maize is considered as moderately 

vulnerable to salinity stress. To know about the salt tolerance in plants is intricate 

phenomenon but equally important. Studying changes in proteins at molecular level is 

one of the ways to understand the salt stress tolerance in plants such as the 

identification of Osmotin (26 kDa) in potato plants under slat stress conditions. The 

research work of Mohamed, (2005) is a good step towards the understanding of salt 

tolerance concept in maize, in which the maize plants were exposed to the presence or 

absence of NaCl (150mM) for fifteen days and noted acute decrease in the growth of 

fourth leaf, induction or repression of some proteins as a result of SDS-PAGE 

analysis, while two proteins were found as a result of 2-D PAGE which were not 

present in the control plants. Similarly variations were found in isozymes as a result of 

electrophoresis which might be the changes to survive under salt stress. They 

concluded that these findings could be helpful in developing genotypes to bear salt 

stress and eventually will result in the saline soils to be cultivated and productive.   

  

Freitas et al., (2005) evaluated the genetic diversity among 44 maize genotypes based 

on zein study, through SDS-PAGE with 15% discontinuous gel and Acid-PAGE with 

10% continuous gel and made comparison of their results. Through SDS-PAGE, 16 

protein subunits with molecular weight varied between 28 kDa and 10 kDa, while 

through Acid-PAGE, 20 protein subunits were obtained. The data was analyzed 

through PCA and cluster analysis. It was found that on the basis of obtained protein 

subunits, the 44 genotypes were separated in to 6 prominent groups with 55.3% 

accumulated variability through SDS-PAGE and 58.1% through Acid-PAGE analysis.  

  

Sharief et al., (2005) attempted to determine the genetic variability among 6 maize 

inbred lines through biochemical and molecular markers in 2003 and 2004. The 

minimum number of protein subunits was 14 present in line Gm and TWC 321, and 
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maximum 20 present in SD7 and SD10. The size of these protein bands in terms of 

molecular weight ranged from 59.212 kDa to 281.646 kDa. They found high degree of 

variation among the studied genotypes and inferred that the biochemical markers 

could be fruitful in the identification of genetic variability of maize which will be 

more effective to maintain the purity and quality of maize in future.   

 

Shah et al., (2003) carried out the characterization of 6 maize varieties to know the 

genetic variations through SDS-PAGE. Total number of protein bands was eight, 

which reflected the similarities and differences among the genotypes. Kisan-90 

considered different from other genotypes because of the variation in protein profile, 

while Kotli White was similar to Sarhad White in two protein bands. They found that 

these results could be helpful in the characterization of other maize genotypes for the 

successful breeding activities of maize in the future.   

       

Alika et al., (1995) estimated the genetic variations among 27 maize genotypes from 

Bendel State, Nigeria, through the analysis of protein family prolamins or zein using 

SDS-PAGE. To classify the operational taxonomic units, they used cluster analysis 

and principal component analysis. The accessions were divided into five groups upon 

cluster analysis, while principal component analysis differentiated into two groups, 

one with accessions had yellow kernels and the other with early maturing accessions. 

Operational taxonomic units from similar geography were mostly classified into the 

same group except a few overlapped their regional boundaries. The finding showed 

that the lighter zein subunits were more polymorphic than more intensely colored 

bands. The results of the zein study deviates to certain extent from that of the agro-

morphological study in the grouping of few operational taxonomic units. It may be 

due to the heterogeneous genetic makeup or SDS-PAGE results could not fully 

separated the genes controlling morphological characters.  

 

The synthesis of polypeptides is little affected by changing environment i.e. water 

stress, nutrient stress etc in plants. The shortage of water causes the quick loss in 

polyribosome which results in the decline of protein synthesis in large number of plant 

species including corn. The osmotic stress causes change in the pattern and nutrient 

stress causes decline in the synthesis of proteins as a whole but stimulates the 
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synthesis of a new protein. These quite interesting findings were further strengthen by 

the research work of Cooper and Ho (1983), who increased the incubation temperature 

of the three days old seedlings of maize A632 X C1042 for both intact and excised 

materials from 25
o 

C to 40
o 

C and 45
o 

C. A unique style of heat shock response was 

noted in maize to two high temperatures i.e. 40
o
C and 45

o
C by producing 10 and 3 

new types of proteins called heat shock proteins, along with producing the normal 

proteins. This was different from other plants like soybean, which produces new heat 

shock proteins with decline in the production of normal proteins.    

 

2.3. Genetic diversity assessment in maize germplasm based on microsatellite 

(SSR) markers 

To get more detail and reliable information about the genetic diversity and to elucidate 

the genetic makeup of closely related genotypes as compared to morphological and 

biochemical markers, DNA markers are applied. They directly determine the variation 

at DNA level. They were applied for the first time in 1980s. A typical DNA marker 

should be polymorphic, evenly scattered in the whole genome. It must give enough 

separation of genetic variation, produce many reliable markers, simple, fast and not 

expensive. It must need tissue and DNA in small quantity and represent proper 

phenotypes. Before its application no need to study the whole genome of that 

organism, but there is no such DNA marker to possess all these characteristics. Based 

on the requirement changes have been made in these markers which has resulted in 

advanced DNA markers of second generation, e.g. RAPD, RFLP, SSRs and AFLP 

(Primmer, 2009). Similarly some other more advanced third generation markers have 

been developed which are actually positive modifications in the second generation 

markers. They are more sensitive with tremendous resolving power made possible the 

detailed detection of genetic distinctiveness. These markers also utilize the very novel 

DNA elements like retrotransposons and markers from mitochondria and chloroplast 

(Mondini et al., 2009). Single nucleotide polymorphisms (SNPs) are included in this 

category. The DNA markers are preferred over the morphological and biochemical 

markers because they can be produced in countless number, can be applied to any 

genomic part i.e. introns, exons, and regulatory parts. Their profile cannot be affected 

by environment. They can differentiate genetic variations that cannot be detected 
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phenotypically. They cannot be affected by tissue specificity and developmental stage 

specificity and few are co-dominant as well.  

 

To use which one, it is based on objectives of the concern study, fund availability, 

knowledge about the use of the technique and availability of required facilities. The 

solution to the problems related to reproduction, speciation and special-temporal 

dynamics of populations became more reliable due to the application of the modern 

molecular markers (Xu et al., 2002). The application of molecular markers has 

become a fruitful way to explore desirable characters and to carry out the assessment 

of plant genetic resources on large scale. The molecular techniques have 

revolutionized our knowledge about crop genetics and improved what we know about 

the structure and physiology of plant genomes, particularly molecular markers. 

Molecular markers have been applied to know intra and inter crop specific DNA 

sequence variability and to produce new genetic variation through the insertion of 

desired trait (s) from landraces and closer species. Through marker assessed selection 

we can isolate the desired gene without going for many generations, especially the 

marker which is linked with valuable traits is a mile stone in modern molecular 

biology. 

 

Among molecular markers the simple sequence repeats (SSRs) are preferred to assess 

the genetic diversity of maize because of the several advantages over the other 

molecular markers. Such as high level of reproducibility, require simple methodology, 

template DNA is needed in small quantity, highly polymorphic and gives more 

genetic information even among very closely related varieties, co-dominant nature, 

large in number and present throughout the genome (Wang et al., 1994; Powell et al., 

1996; Scott et al., 2000; Manen et al., 2003; Slavov et al., 2005; Varshney et al., 

2005).  

 

During 1960s simple repeats were found and were present in the whole eukaryotic 

genome (Moustacchi and Williamson, 1966), followed by the identification of satellite 

DNA with repeat motifs ranged from single to thousands basis such as centromeric 

DNA sequences consisted of 100 bp repeats (Pardue and Gall, 1970). Then satellites 

composed of 10-30 bp repeat motifs were identified in mammals (Jeffreys et al., 
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1985). After that satellites of even more shorter length were found called 

microsatellites. It was in 1982 that Hamada and coworkers reported dinucleotide 

repeats. As these sequences were ranged from 1-6 bp, so named as simple sequence 

repeats (SSRs) or short tandem repeats (STRs) (Tautz and Renz, 1984). In plants 

SSRs were identified for the first time through the hybridization of probes possessing 

poly G-T and A-G on the phage libraries of genomes from tropical tree (Condit and 

Hubbell, 1991) and became one of the efficient marker system in present day plant 

genetics.    

 

Comertpay et al., (2012) studied the characterization of 98 maize landraces from 

throughout the Turkey by using 19 agro-morphological traits and 28 SSR makers.  

The total alleles found were 172 with average 6.12 at each locus. The genetic variation 

detected was minimum 0.18 and maximum 0.63, with average value of 0.35. Various 

agronomic and morphological traits were correlated both positively and negatively. 

The data from morphological markers was analyzed on the basis of UPGMA and that 

of SSR markers through Neighbor-Net (NNET) which clustered the landraces of the 

same geographical locality into different groups, pointed that these genotypes 

basically have not originated from those regions. It was suggested that because of the 

presence of high level of genetic diversity, these genotypes can be proved a good 

source for maize breeding activities throughout the world. 

 

Kumar et al., (2012) carried out the research to investigate the genetic diversity of 91 

maize lines for characterization of drought tolerance, through six morphological and 

forty SSR markers. On the basis of morphological information, cluster analysis 

grouped the 91 genotypes into two main clusters which reflected high level of genetic 

diversity. The number of total alleles found was 124, number of alleles per locus was 

from 2 to 5, with average value of 3.1 alleles. The PIC value ranged from 0.54 to 0.82, 

with average value of 0.55. On the basis of SSRs the 91 genotypes were divided into 

two main clusters and sub-clusters which indicated high genetic variability of 0.85, 

reflected that these genotypes are highly polymorphic. The genotypes with more 

genetic diversity were found that will prove vital for breeding strategies to improve 

drought tolerant maize genotypes.  
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Reid et al., (2011) carried out the characterization of 129 maize genotypes on the basis 

of pedigree information and 105 SSR markers analysis and attempted to separate them 

into mentioned heterotic groups. Based on pedigree information they were divided in 

to 8 groups which were Lowa Stiff Stalk Synthetics, European flint, Lancaster, 

Minnesota 13, Early Butler, Iodent, Poineer 3990 and Poineer 3994. A total of 380 

allelic variants were found at 105 SSR loci. Their number per locus was from 0.07 to 

0.93, with mean value of 0.68 alleles. Genetic similarity ranged from 0.53 to 0.93 with 

mean of 0.64. Based on 0.64 genetic similarities the genotypes were separated into ten 

main clusters. When the clusters produced by SSR analysis were compared with that 

of pedigree analysis, few differences were found i.e. the genotypes of similar pedigree 

groups were placed in different clusters. The further study of the inbreds was 

suggested for breeders and researchers. 

 

Pabendon et al., (2010) conducted the experiment to study the genetic diversity of 6 

quality protein maize and 5 normal maize inbreds through 24 SSR markers, to 

describe correlation between genetic distances and grain yield of single cross hybrids 

and to point out the promising QPM hybrids. The total number of allelic variants 

found was 94, per locus minimum number was 2 and maximum 6 and mean value was 

noted as 3.9. The genetic distances varied from 0.55 to 0.91 showed high 

polymorphism. Cluster analysis indicated the two main groups, 4 QPM and one 

normal inbred were present in one cluster, while 5 normal and one QPM inbred in the 

other. This mixed allocation of inbreds was due to the reason that most of the 

Indonesian inbreds have obtained from CIMMYT, Mexico. The two promising QPM 

hybrids were found which were crossed from different clusters. The genetic distances 

indicated by SSR markers and grain yield of F1 hybrids were found to be negatively 

correlated, which was explained by the fact that environmental factors may have 

influenced the grain yield.  

 

Abdellatif and Khidr (2010) conducted the experiment to elucidate the genetic 

diversity of 4 yellow single crosses, 5 new three way crosses and 5 yellow inbred 

maize through SSRs, ISSRs, RAPD and protein markers and made their comparison. 

All markers divided the hybrids into separate group from inbred lines. By applying the 

Mantel’s test, they found positive correlation among all molecular markers and 
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between molecular markers and biochemical markers which inferred that these 

markers can be used to assess the diversity in the genetic makeup of maize with good 

results. Among these markers SSRs were considered the leading ones due to co-

dominance nature and more reliable and reproducible results. Because of the positive 

correlation with biochemical markers, they further suggested the SSRs and protein 

markers to be applied isolate or in combination for accurate genetic characterization of 

maize genotypes.  

 

Fu et al., (2010) tried to identify the network of genes involved in controlling the 

grain yield in maize, through the brief description of transcriptome with microarrays. 

They carried out the assessment of grain yield and grain dry matter content of 98 

hybrids, by assessing their gene expression during seedling stage with oligonucleotide 

arrays of the genome. They identified the grain yield and grain dry matter content 

related genes through two-step correlation method, in overlapped network form. They 

found that in hybrids during seedling the supply of energy and substrate along with 

doing the cell expansion, greatly affects the grain yield.     

 

To improve the maize through breeding, knowing about their genetic makeup to 

understand the level of diversity within and among maize inbred lines is of pivotal 

value for successful breeding programs. Shehata et al., (2009) carried out the 

estimation of genetic variability of 8 maize inbred lines through 6 SSR markers 

analysis. More than fifty alleles were obtained with average alleles per locus were 

4.35, ranged from minimum number of two to maximum ten alleles. The 

polymorphism information content value ranged from 0.42 to 0.88 with mean value 

0.58. SSRs can do the job of separation of the alleles in genotypes from similar origin 

whether these are from the homozygous or heterozygous parents such as the genotype 

A4 possesses two alleles of size 102bp and 105bp at the UMC1061 marker, describes 

its origin from one or both parents of various genetic makeup. The same is the 

situation in case of A1, A4 and A6 at UMC1152 and A, A4 and A5 at UMC1555, 

which justifies the tremendous polymorphic capability of SSR to differentiate intra 

specific genotypes. 
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Ranatunga et al., (2009) characterized 45 maize inbred lines through morphological 

markers (including 10 quantitative and 8 qualitative traits) and 42 simple sequence 

repeat loci. A total of 132 allelic variants were found for maize originated 22 SSRs, 

showed mean genetic diversity of 99.20% with mean polymorphism information 

content (PIC) value of 0.84. The 20 SSR (taken from rice genome) produced a total of 

181 allelic variants, showed mean genetic diversity of 53.04%, with mean 

polymorphism information content value of 0.38. The cluster analysis of qualitative 

traits grouped the line into two clusters, with 19 and 24 lines, detected with 78% 

similarity, while that of quantitative traits grouped into two also with 39 and 4lines 

with reasonable similarity. The cluster analysis of the data obtained from maize 

originated SSRs produced two clusters, with similarity coefficient range from 0.34 to 

0.72, while the rice originated SSRs generated two clusters as well, with similarity 

coefficient 0.88-0.97. The combined cluster analysis of both maize and rice originated 

SSRs markers i.e.313 alleles divided the 45 inbreds into two clusters, with similarity 

coefficient between 0.78 and 0.91 but combining the two markers decreased the 

capability of differentiation. The correlation analysis of the coefficient of similarity 

was done which showed no significant correlation between morphological makers and 

SSRs resulted information. 

 

Zheng et al., (2008) investigated variability estimation along with genetic relationship 

among 36 inbred lines, 18 from distinct groups in Chinese and 18 from more diverse 

American maize, using 109 SSR loci. They found overall average polymorphic 

information content of 0.66 and per locus average number of alleles six. Upon 

clustering, the inbred line from America i.e. CIMMYT population Pool 41 did not 

group together with other lines, which means that generally the  inbred lines from 

American population and particularly this line has more genetic diversity, which can 

be prove a good source for broadening the genetic diversity in Chinese maize. 

  

Vigouroux et al., (2008) studied the genetic structure of 964 maize plants, 

representatives of 350 landraces through 96 SSR loci. The cluster analysis divided 

these genotypes into four groups, representing high land of Mexico, northern US, 

tropical low land and Races from Andes. Phylogenetically southwestern US was in-

between Mexico and the northern US. Similarly southeastern US races were having 
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ancestor from northern flint and tropical low land, and Andean and tropical low land 

were the ancestor of low land middle South American races. The races from highland 

Mexico were found with more genetic diversity and that from Andes and northern US 

with lowest genetic variation.     

 

Lun et al., (2008) estimated the genetic diversity of 124 maize genotypes through 45 

SSR markers. To know the genetic diversity among 124 landraces, a total of 286 

alleles at the rate of average 6.4 alleles per locus were found, while for within 

landrace genetic variation, a total of 357 alleles at the rate of average 7.93 per locus. 

High level of genetic diversity was found within landraces as compared to genetic 

variation found among landraces in maize growing in Wuling mountain region in 

China. This high genetic diversity within the landrace was credited to the fact that 

usually seeds are renewed by farmers after each year and there is possibility to be 

affected by the genetic drift but farmers select seeds from the healthy ears, larger in 

length and diameter, means select the plants with more heterozygosity and diversity in 

their genetic makeup is maintained.  

 

Jambrovic et al., (2008) carried out the assessment of 15 maize genotypes 

representative of four pedigree groups through 98 SSR markers. The total number of 

alleles found was 205, per locus ranged from 2 to 8 with mean value of 4.18 alleles. 

The PIC value varied from 0.129 to 0.864 with mean of 0.65. Through UPGMA 

method based on Modified Rogers’ distance information, the dendrogram agreed with 

the pedigree groups, characterized the genotypes into two categories i.e. similar to the 

two population varieties of Reid Yellow Dent and Lancaster Sure Crop and sub 

divided into four groups. The inbred lines of Osijek Agricultural Institute were 

identified to have wide range of genetic diversity and will be proved as good source 

for producing maize varieties.  

 

Beyene et al., (2006) investigated the genetic diversity and association among sixty-

two maize genotypes through twenty SSR markers and fifteen phenotypic markers and 

found the correlation between phenotypic and genotypic estimates. For SSR markers 

the mean number of allelic variants per locus was 4.9. The genetic diversity detected 

was from 0.27 as high as 0.63 with average value of 0.49. The cluster analysis 
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differentiated the Northern agro-ecology from Western as well as Southern agro-

ecologies but no such difference was detected between Western and Southern Agro-

ecologies, because of gene flow between these two. Positive significant correlation (r 

= 0.43, p = 0.001) was found between the genetic diversity estimated on the basis of 

morphological and molecular markers. The reflection of such rich genetic diversity in 

Ethiopian highland maize genotypes was found to be a good source for producing new 

maize varieties. It was further suggested that this approach will be helpful to collect 

and preserve accessions from various agro-ecologies for successful breeding.  

              

Kostova et al., (2006) elucidated the genetic diversity of 41 Bulgarian maize inbreds 

and 10 US inbred though 18 simple sequence repeats, equally scattered in the maize 

genome and compared them. The total number of alleles was 163, with average 9.1 

alleles per locus. The high number of alleles per locus was considered possibly 

because of two reasons, among 18 markers 16 were di-nucleotide motif and the 

investigation of the wide range of inbreds. The genetic diversity for Bulgarian 

genotypes was detected from 0.484 to 0.895 with mean value 0.713 and for US 

inbreds varied between 0.189 and 0.915 with average of 0.693. No correlation was 

found between the diversity detected by SSR markers and some morphological 

markers. The cluster analysis divided the inbreds into two main clusters and in all 

clusters Bulgarian inbreds were present. It was concluded that Bulgarian inbreds 

possess high genetic variability and could be effective for breeding approaches.  

 

Vigouroux et al., (2005) evaluated the genetic variation in maize and teosinte through 

462 SSR loci present in the whole maize genome, their comparison and magnitude of 

genetic erosion took place during the domestication of maize. In teosinte the average 

number of alleles per locus was 11.8, with genetic diversity 0.74, while in maize 

genome the average number of alleles per locus was 9.0, with genetic diversity 0.64. 

The maize was found to possess 24% less number of alleles than teosinte and .12 or 

12% less genetic diversity. The discrepancy in allele number was significantly larger 

than the deficit in gene diversity. The SSRs consist of two nucleotides showed less 

variability as compared to SSRs with more than two nucleotides, probably due to the 

fractional recovery from domestication through high rate of mutation. The reduction 

in the genetic diversity of SSRs in maize genome as compared to that of teosinte, 
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which is possibly considered because of the domestication bottleneck or genetic drift 

that occurred during the process of domestication by selective breeding almost 9000 

years ago.   

 

Kumari et al., (2005) carried out the characterization of 10 inbred lines through forty 

simple sequence repeats, present throughout the ten chromosomes of maize. 32 SSR 

markers showed amplification in which 27 SSRs were further analyzed and 5 SSRs 

were excluded because of the monomorphic results. For these 27 SSRs a total of 82 

alleles were detected, ranged from 2 to 4 per locus and average number of alleles per 

locus was 3.03. The polymorphism information content value ranged from 0.38 to 

0.70. Only in 4 genotypes 8 unique alleles were found, which clearly differentiated 

these genotypes. The cluster analysis showed high level of genetic diversity among 

the studied genotypes and determined a fractional agreement with pedigree 

information and breeding history.  

   

Clerc et al., (2005) performed the genetic evaluation of 133 maize varieties (that had 

been grown in France for five years) through 51 SSR loci to estimate the amount of 

genetic diversity among the old and new maize, and describe the influence of maize 

varieties development on the overall genetic variability fluctuation. All maize 

genotypes were divided into 4 periods. The total number of alleles was 239; their 

richness per locus was 4.5 for period I, 3.6 for period II, 3.9 for period III and 3.6 for 

period IV. On the basis of allele frequency through Nei’s unbiased heterozygosity, the 

genetic diversity ranged between 0.56 and 0.61.The period I was found to possess 

highest genetic diversity. Among the periods, 10% variation was detected in maize 

prior to 1976 and after 1985.It was inferred from this investigation that almost 10% 

reduction occurred in the genetic variability of maize for the above mentioned period. 

It was suggested for the French maize breeders that the detection of quite reduced 

differentiation during the recent 20 years is the matter of thinking. To recover this, it 

is necessary to make broad the genetic base by utilizing the maize germplasm present 

in the gens banks.   

 

Reif et al., (2005) carried out the experiment to determine the magnitude of diversity 

in the genetic makeup of cultivars and to estimate the genetic change took place in the 
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dent and flint parents for the period of 50 years, in which disequilibrium in the linked 

paired loci occurred. They investigated 5 open pollinated varieties along with eighty 

five hybrid genotypes and dent and flint through fifty five simple sequence repeats 

and found that due to the consecutive utilization of similar parents in hybrid 

development for the last fifty years, genetic diversity erosion occurred which reduced 

the genetic diversity within and among varieties. They suggested that new variety 

must possess at least one such trait that is superior to trait present in the published 

varieties, which will not only be helpful to improve varieties in the context of disease 

resistance, yield and quality but also increase the genetic diversity.     

  

Choukan and Warburton (2005) surveyed the genetic diversity among 38 maize 

genotypes consisted of 36 inbred lines from Iran and 2 from CIMMYT and studied 

their relationship through investigating polymorphism in 43 simple sequence repeats 

loci. The total number of alleles found was 194 at these loci, with minimum 2 and 

maximum 10 alleles and average 4.5 alleles per locus. Their PIC value was minimum 

of 0.15 and maximum of 0.78 with overall average of 0.53. They found 44 unique 

alleles through 27 SSR loci that were present in one inbred line which supports that 

SSR markers are efficient tool to identify germplasm for breeding programs. The 

genetic diversity ranged from 0.16 to 0.80 with average value 0.58. The cluster 

analysis showed 5 groups, in which the two inbreds from CIMMYT were clustered 

completely separate from Iranian genotypes. The cluster A and C were having more 

genetic diversity and considered more suitable for using as a source for developing 

new inbred genotypes. 

 

Hoxha et al., (2004) studied twenty Albanian local maize genotypes through 20 SSR 

loci, spread in the whole maize genome, to estimate the genetic diversity. The average 

number of alleles per locus was found 9.1, and polymorphic information content value 

0.71, through which they successfully carried out the assessment of intra population 

and inter population genetic variability. They concluded that this high grade of 

diversity in these maize genotypes may be fruitful in future as a good source for 

devising efficient breeding strategies. They also verified that SSR loci in the maize 

genome are a robust approach towards the conservation and management of maize 

germplasm.   
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Liu et al., (2003) studied the genetic structure and diversity of 260 maize inbred lines 

through the magnitude of variation in ninety-four SSR loci present in the maize 

genome. Total number of alleles obtained was 2039 with average number of alleles 

per locus 21.7. On the basis of model-based clustering 5 groups were obtained. The 

phylogenetic tree showed results parallel to the pedigree record and cluster analysis. 

They found that tropical and subtropical genotypes showed maximum genetic 

diversity than temperate lines. It was inferred that maize possesses tremendous allelic 

variability but not present in lines on random, the magnitude of diversity is not equal 

in all groups i.e. the presence of more genetic diversity in tropical and subtropical 

maize as compared to temperate and within a large gene pool the genetic diversity 

present in one part is present in the present day inbred lines e. g. the absence of 

tropical inbred lines in the present day maize inbreds, which created the opportunity to 

be utilized in developing new maize varieties. Similarly the core sets with more 

richness of alleles were also identified to make easy the genetic diversity assessment 

of inbred lines.     

   

Li et al., (2002) studied the genetic diversity of 58 maize genotypes plus one teosinte 

through forty SSR markers and differentiated the molecular based clustering from 

conventionally made heterotic groups. A total of 259 allelic variants were detected 

with mean of 6.475 allelic variants per locus. PIC value varied between 0.14 and 0.89 

with mean value of 0.60 and genetic similarity range from 0.44 to 0.571. The cluster 

analysis conducted through UPGMA using NTSYS, separated the while genotypes 

into 8 clusters, ABCDEFGH, except four genotypes did not cluster, while the teosinte 

grouped in to cluster H. It was inferred that SSR makers were fruitful for inbred 

genetic diversity assessment and their association but in this investigation the clusters 

obtained are not fully congruent with heterotic groups based on conventional method. 

The combined use of conventional and molecular approaches was suggested for better 

results. 

 

It is inferred from the previous findings that SSR markers are fruitful to estimate 

genetic diversity and genetic association among inbred lines. These markers are also 

helpful in the collection and conservation of accessions for successful breeding 
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programs. Through molecular markers the genes of interest can be isolated with going 

for many generations such as markers linked with valuable traits. These markers can 

be applied isolatly or in combination with biochemical or agro-morphological or both 

markers for getting better results during the assessment of genetic diversity in maize 

germplasm.    

 

2.4. Comparison of different marker systems responsible for genetic diversity 

characterization in maize genotypes 

It is not surprising to have a glance of the experimentations comprised of comparative 

investigation through different marker systems, It is not only vital to elucidate the 

degree of genetic variability in the base material for framing new varieties (Sumalini 

and Manjulatha, 2012) but also to know which one marker system or combination of 

marker systems is more suitable for what type of characterization. The genetic 

variation whether it is inter specific or intra specific and are the product of gene and / 

or environment can be determined through different markers. These markers were 

illustrated prior to the proteins and DNA being discovered. Six morphological makers 

were named as “factors” on the fruit fly chromosomes stated by Alfred Sturtevant in 

1913 (Barcaccia et al., 2000). With the passage of time more advanced approaches 

with more reliable results were applied to make the genetic diversity study more 

interesting. Presently there are different methodologies i.e. morphological, 

biochemical and molecular markers etc that are applied to estimate the level of genetic 

diversity (Shengwu et al., 2003). The key place of morphological data in managing 

and conserving the plant genetic resources is quite evident (Sanchez et al., 2000). 

Although there are certain ways to elucidate the genetic relationship and genetic 

diversity of various plant species e.g. through different kinds of molecular markers, 

but in the description of genetic characterization of plant genetic resources, the 

morphological characterization is the initial step (Smith and Smith, 1989). 

Morphological markers are the oldest markers that have been used to sort out the 

genetic variation and are effective to certain extent but there are certain limitations 

such as they do not give consistent and reliable results because of the possibility of 

affecting by different environmental factors, pleiotropism, late onset of certain 

morphological traits, low polymorphism and manmade mistakes during handling 

(Smith and Smith, 1992). Some time gives such type of results that are not the 
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interpretation of their genetic background and shows a kind of flaw to solely use as a 

tool in germplasm characterization. It is also expensive and time consuming. 

 

More reliable results can be obtained by applying more effective techniques like latest 

molecular biological techniques. Biochemical and molecular markers have been 

followed and proved fruitful to characterize germplasm as compared to morphological 

characterization (Karp et al., 1997). When it came into knowledge that proteins were 

the decoded information of genes, they were applied as biological markers to estimate 

the genetic diversity (Hamrick et al., 1979). During this approach the protein sub-units 

(Wallace et al., 1990) are separated into specific banding pattern. The study of cereal 

grain proteins is more than 268 years old (Beccari, 1745). The biochemical 

characterization to measure genetic diversity has been strengthened by the efforts of 

many scientists like Osborne (1907). Currently there is extensive use of biochemical 

markers to carry out the assessment of genetic diversity but there are few limitations 

in applying biochemical markers such as less or over counting of the detectable 

protein sub-units, the whole genome doesn’t express as proteins, tissues specific 

proteins and proteins produced at specific developmental stage.  

 

To get more detail and reliable information about the genetic diversity and to elucidate 

the genetic makeup of closely related genotypes as compared to morphological and 

biochemical markers, there is another approach to apply DNA markers. They directly 

determine the variation at DNA level. DNA markers are preferred over the 

morphological and biochemical markers because they can be produced in countless 

number, can be applied to any genomic part i.e. introns, exons, regulatory parts, their 

profile cannot be affected by environment, can differentiate genetic variations that 

cannot be detected phenotypically, they cannot be affected by tissue specificity and 

developmental stage specificity and few are co-dominant.  

 

There are various kinds of DNA markers for the genetic diversity estimation of crop 

species. To use which one, it is based on objectives of the concern study, fund 

availability, knowledge about the use of technique and availability of required 

facilities. The solution to the problems related to reproduction, speciation and special-

temporal dynamics of populations became more reliable because of applying the 
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modern DNA markers (Xu et al., 2002). Among molecular markers the simple 

sequence repeats (SSRs) are preferred to assess the genetic diversity of maize because 

of the several advantages over the other molecular markers, such as high level of 

reproducibility, require simple methodology, template DNA is needed in small 

quantity, highly polymorphic and gives more genetic information even among very 

closely related varieties, co-dominant nature, large in number and present throughout 

the genome (Wang et al., 1994, Powell et al., 1996, Scott et al., 2000, Manen et al., 

2003, Slavov et al., 2005, Varshney et al., 2005).  

 

The genetic diversity of the temperate maize from United States and Europe were 

carried out by Melchinger et al. (1991) and Boppenmaier et al. (1993) respectively 

through the technique of restriction fragment length polymorphisms (RFLPs) but they 

concluded that RFLPs are expensive to use and suggested to use other types of 

molecular markers for genetic diversity studies. Then for the genetic diversity 

assessment of maize other types of markers were used among which random amplified 

polymorphic DNAs were found simple technique but their results were not proved 

reliable as compared to those of amplified fragment length polymorphisms (AFLPs) 

and SSRs (Garcia et al., 2004). Five hundred and sixty-nine (569) bands of Amplified 

fragment length polymorphisms and 50 SSRs were used to carry out the genetic 

diversity study of 85 tropical maize genotypes. The number of alleles per locus was 

ranged from 42 to 98 with average number of 63 alleles for AFLP, while 2-14 alleles 

with average number of 5.2 alleles for SSRs. They concluded that SSRs were having 

multi allelic capability and were therefore proved good choice for estimating 

distinctiveness as compared to AFLPs (Laborda et al., 2005). 

 

Beyene et al., (2005) carried out the comparative study of different markers i.e. 15 

morphological and DNA based markers (8 AFLPs and 20 SSRs) to know about the 

how the Ethiopian highland maize genotypes are genetically related to each other. 

They found the dissimilarity through morphological traits ranged between 0.1 to 0.68 

with mean value of 0.3, through AFLPs from 0.32 to 0.69 with mean value of 0.57 

and through SSRs varied from 0.27 to 0.63 with mean value of 0.49. All the three 

markers were high significantly positively correlation with each other and concluded 
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that both types of markers are suitable equally for the genetic diversity determination 

of maize genotypes. 

 

Abdellatif and Khidr, (2010) conducted the experiment to elucidate the genetic 

diversity of 4 yellow single crosses, 5 new three way crosses and 5 yellow inbred 

maize through SSRs, ISSRs, RAPD and protein markers and made their comparison. 

All markers divided the hybrids into separate group form inbred lines. By applying the 

Mantel’s test, they found positive correlation among all molecular markers and 

between molecular markers and biochemical markers which inferred that these 

markers can be used to assess the diversity in the genetic makeup of maize with good 

results. Among these markers SSRs were considered the leading ones due to co-

dominance nature and more reliable and reproducible results. Because of the positive 

correlation with biochemical markers, they further suggested the SSRs and protein 

markers to be applied isolate or combine for accurate genetic characterization of 

maize genotypes. 

 

Keeping in view the application of different marker systems by researchers to estimate 

the extent of genetic diversity in maize and other crops, it inferred that these marker 

systems have certain limitations if applied solely. Therefore the combine application 

of all three approaches i.e. agro-morphological, biochemical and molecular marker 

systems may prove more fruitful to measure the amount of genetic diversity in maize 

germplasm.   
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3. MATERIALS AND METHODS 

 

The present research work consisted of four main experiments. Out of these two were 

performed in open field conditions and two under laboratory conditions. These are 

summarized in Table 3.1. 

 

Table 3.1 : Summary of the work plan for the present research. 
Experiment 

level 

Description No. of genotypes Experimenta

l conditions 

Agro-

morphological-I 

Study of quantitative 

and qualitative traits in 

spring-2011. 

150 accessions from different 

parts of Pakistan, Japan and 

China and 3 commercial 

varieties.  

Open field at 

PGRI, 

NARC, 

Islamabad, 

Pakistan. 

Agro-

morphological-II 

Study of quantitative 

and qualitative traits in 

spring-2012. 

150 accessions from different 

parts of Pakistan, Japan and 

China and 3 commercial 

varieties. 

Open field at 

PGRI, 

NARC, 

Islamabad, 

Pakistan. 

Biochemical Evaluation based on 

SDS-PAGE of total 

seed storage proteins. 

150 accessions from different 

parts of Pakistan, Japan and 

China and 3 commercial 

varieties. 

Eva. Lab., 

PGRI, 

NARC, 

Islamabad, 

Pakistan. 

Molecular Evaluation based on 

simple sequence 

repeat (SSR) markers 

analysis. 

80 accessions selected on the 

basis of agro-morphological 

characterization and total seed 

storage proteins study and 3 

commercial varieties. 

Eva. Lab., 

PGRI, 

NARC, 

Islamabad, 

Pakistan. 

 

The detail of material and methods in each step are as follows: 

3.1. Genetic diversity Assessment in maize germplasm based on agro-

 morphological traits 

3.1.1. Plant material and location of experiment 

The maize germplasm comprised of a total of 153 genotypes of maize including 150 

accessions and three commercial varieties named Agaiti-2002, Sadaf and Sahiwal-

2002 (Annexure A). Seed material was obtained from national gene bank of Plant 

Genetic Resources Institute (PGRI), National Agricultural Research Center (NARC) 

Islamabad, Pakistan. The local accessions were collected from different parts of 

Pakistan. Collection localities ranged from high altitudinal rain fed mountainous areas 

to well irrigated plains. Exotic genotypes were collected from different parts of Japan 
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and China. For the morphological based estimation of genetic diversity, the first field 

experiment was conducted during spring-2011 and second in spring-2012 in open 

field conditions at PGRI, NARC, Islamabad, Pakistan. It is located at 33.43 
o
N and 

73.04 
o
E, about 507 meters above the main sea level. Average annual rain fall 

recorded in the area was 1716.2 mm during 2011 and 988.9 mm in 2012 (PMD, 

2014).  

 

3.1.2. Experimental design and crop management 

Depending upon the objectives of the research work, the experiment was performed 

using augmented design. It comprised 3 beds in east-west direction, each bed with 60 

rows in north-south direction and 22 plants per row. The distance from row to row 

was 75 cm and plant to plant 25 cm. The seeds were sown with the help of rotary 

dibbler with two seeds per hill. Three commercial verities Agaiti-2002, Sadaf and 

Sahiwal-2002 were repeated after each 20 rows of accessions and at the east and west 

borders of the field. During soil preparation chemical fertilizers, DAP, Urea and 

Potash were applied at the rate of 100, 50 and 50 kg per hectare, respectively. Pre-

emergence herbicide, Primaxtra Gold at the rate of 400 ml per hectare was sprayed 

just after sowing. During sowing the insecticide, Furadan was also applied at the rate 

of 8 kg per hectare along with seeds in each hill. Thinning was done at 5 to 6 leaves 

stage before the first irrigation to maintain proper distance from plant to plant. All 

other recommended cultural practices were performed from sowing to the harvesting 

of the crop to grow healthy crop. Proper irrigation and fertilizer dosage along with 

pesticides were applied when required. Five plants were selected randomly from 

central part of each row and were tagged for recording the agro-morphological data. 

The mean values of each trait for every genotype were used for statistical analysis.     

 

3.1.3. Agro-morphological Traits 

A total of 150 accessions and 3 commercial varieties of maize were evaluated for 34 

agro-morphological traits. These traits were selected and recorded according to the 

standard descriptors for maize (IBPGR, 1991). Five plants were selected randomly for 

recording the data of agro-morphological traits according to the following techniques: 
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3.1.3.1. Quantitative Traits 

 Days to field germination (FGD): The number of days was noted from the 

date of sowing till 50% seeds of each genotype germinated. 

 Days to tassel (DT): The number of days was recorded from the sowing dates 

to when 50% of the plants of each genotype emerged male flowers or tassels. 

 Days to pollen shedding (DPS): The number of days from sowing date till 

50% of the plants of each genotype shed their pollens. 

 Days to silking (DS): The number of days was noted from sowing date till 

50% plants produced female flowers or silks. 

 Anthesis-silking interval (ASI) (days): The number of days  were recorded 

between the date of tassel of 50% plants and date of silking of 50% plants in 

each accession. 

 Plant height (PH) (cm): The height of the plants was noted from the ground 

level to the base of the tassel after milk stage. 

 Number of leaves per plant (NL/P): The total number of leaves was noted in 

each of the selected plants after flowering stage. 

 Leaf length (LL) (cm): The length of the leaf subtends the uppermost ear was 

noted from ligule to the apex after flowering stage. 

 Leaf width (LW) (cm): The width of the same leaf was noted at mid-way 

along its length. 

 Ear height (EH) (cm): The height of the ear from the ground level to the node 

possessing the uppermost ear was noted after milk stage. 

 Number of ears per plant (NE/P): The total number of harvestable ears per 

plant was noted in each selected plant. 

 Days to ear leaf senescence (DELS) (No.): The number of days from sowing 

date till 50% of plants of each genotype had dry ear leaf was recorded. 

 Days to harvest (DH) (No.): The number of days was recorded from sowing 

date to when 50% of the plants of each genotype were harvested. 

 Field weight per plot (FW/Pl) (kg): The weight of the fresh harvested ear 

along with husk covers was noted in each selected plant. 

 Ear length (EL) (cm): The length of the ears was noted from the end of 

peduncle to the unfertilized apex of the cob with the help of a foot. 
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 Ear diameter (ED) (cm): The diameter of the uppermost ear was measured at 

the mid-point with the help of the vernier caliper in mm and then converted 

into centimeter. 

 Number of kernel rows (NKR):  The number of kernel rows was noted at the 

mid-point of the upper most ear. 

 Number of kernels per row (NK/R): The number of kernels was calculated 

by counting their number in rows neither too long nor short in the upper most 

ear. 

 Kernel length (KL) (mm): The kernel length was calculated by taking the 

mean of 10 consecutive kernels from each row in the mid-point of the 

uppermost ear using a vernier caliper. 

 Kernel width (KW) (mm): The width of the kernel was calculated by taking 

the mean of 10 consecutive kernels from each row in the mid-point of the 

uppermost ear using a vernier caliper. 

 Cob diameter (CD) (cm): The cob diameter was noted at the mid-point of the 

cob with the help of a vernier caliper and then converted into centimeters. 

 1000 kernels weight (1000KW) (g): The 1000 kernels weight was calculated 

by measuring the weight of 1000 kernels and adjusted to 10% moisture 

content. 

 Harvest grain moisture (HGM) (%): The moisture content of the freshly 

shelled grains was carried out at the time of harvesting with the help of the 

‘‘moisture tester’’ (made by INSTO Auburn, IL USA). 

 Grain yield per plant (GY/P) (g): The grain yield per plant was calculated by 

taking the average of grain yields of five randomly selected plants from each 

genotype. 

 

3.1.3.2. Qualitative Traits 

 Leaf orientation (LO): The orientation of the leaf was noted after flowering 

as 1 for erect and 2 for pendant. 

 Pubescence of culm (PbC): The presence or absence of pubescence on the 

main stalk was noted as 1 for presence and 2 for absence. 
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 Tassel type (TT): The type was noted as 1 for only primary branching, 2 for 

primary as well as secondary branching and 3 for primary, secondary and 

tertiary branching collectively. 

 Tassel size (TS) (cm): The tassel size was noted as 1 for small size with length 

less than 7cm, 2 for medium size with length ranging from 7 cm to 10 cm and 

3 for large size with length above 10 cm. 

 Husk cover (HC) (No.): The husk cover was recorded as 3 for poor with three 

or less husk covers, 5 for intermediate with 4 to 6 husk covers and 7 for good 

with 7 or more husk covers. 

 Ear damage (EDa):  The ear damage was recorded as 0 for no damage, 3 for 

intermediate damage and 7 for severe damage. 

 Kernel row arrangement (KRA): The arrangement of kernels was noted in 

the uppermost ear as 1 for regular arrangement, 2 for irregular arrangement, 3 

for straight arrangement and 4 for spiral arrangement of the kernels. 

 Kernel type (KT): The kernel type was noted as 1 for dent type, 2 for semi-

dent type, 3 for semi-flint type, 4 for flint type, 5 for floury type and 6 for 

other types if any. 

 Kernel color (KC): The kernel color was recorded as 1 for white, 2 for 

yellow, 3 for orange, 4 for red and 5 for others. 

 Cob color (CC): The cob color was noted as 1 for white color, 2 for red color 

and 3 for others. 

  

3.1.4. Data Analysis 

Mean of the data obtained from quantitative traits was calculated and analyzed for 

simple statistical methods such as mean, minimum, maximum, standard deviation and 

coefficient of variation to determine the extent of genetic diversity among the maize 

genotypes. Similarly the data recorded from qualitative traits divided into different 

classes and frequency percentage was noted. Simple correlation coefficients between 

all pairs of quantitative traits were obtained through the way of Steele and Torrie 

(1980) using mean values. Through numerical taxonomic approaches the data of the 

whole agro-morphological characters was analyzed by applying cluster analysis and 

principal component analysis (PCA), according to the Sneath and Sokal (1973). For 

the eradication of scaling differences, the means of each trait were standardized using 
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Z-scores before carrying out the cluster analysis and PCA. Estimates of Euclidean 

distance coefficients were carried out for all pairs of genotypes. The resulted matrices 

of Euclidean similarity coefficient were applied to assess the genetic relationships 

between maize genotypes with a cluster analysis through complete linkage way i.e. 

NTSYS-pc, version 2.1 (Applied Biostatistica Inc., USA). The same data matrices 

were utilized to carry out the PCA. Scatter plots of the first three principal 

components were made to determine the graphical display of the pattern of genetic 

diversity among the maize genotypes (Statistica, version 6.0).   

 

3.2. Genetic diversity assessment in maize germplasm based on biochemical              

 markers 

3.2.1. Plant Material 

The same set of 150 accessions and 3 commercial varieties of maize were utilized for 

biochemical study. Intact and healthy mature seeds from each genotype (Annexure A) 

were selected for molecular evaluation of total seed storage protein through sodium 

dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) technique. 

Different solutions required for SDS-PAGE technique were prepared. The 

electrophoresis was performed in discontinuous SDS-PAGE system according to the 

Laemmli (1970). The concentration of separating gel was 12% (w/v) and stacking gel 

was 4.5% (w/v) (Walter et al., 2003). The whole experiment was conducted in 

evaluation laboratory, PGRI, NARC, Islamabad.   

 

The composition, preparation and storage of different solutions for SDS-PAGE: 

Composition of Protein Extraction Buffer 

(62.5 mM) Tris-HCl pH (6.8), (2.3%) SDS, (10%) glycerol, (5%) 2-mercaptoethanol. 

Tris (hydroxymethyl) aminomethane                                                          (7.6 g) 

SDS (Sodium dodecyl sulphate) (2.3 g) 

Glycerol (10 ml) 

Concentrated HCl Adjusted to pH( 6.8) 

2-Mercaptoethanol (5 ml) 

Bromophenol blue 

Distilled Water 

0.1 g 

About 70 ml 

Added distilled water to make the 

final volume of 100 ml 
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3.2.2. Preparation and storage of protein extraction buffer 

The protein extraction buffer was prepared by taking about 70 ml distilled water in a 

beaker, dissolved 7.6 g of Tris (hydroxymethyl) aminomethane, 2.3 g of SDS (Sodium 

dodecyl sulphate), 10 ml of Glycerol and 5 ml of 2-Mercaptoethanol in it. Adjusted 

the pH to 6.8 with concentrated HCl and added 0.1 g of Bromophenol blue and stirred 

for 5 minutes to mix well. The final volume was made 100 ml by adding distilled 

water and stored in a refrigerator.  

 

3.2.3. Solutions required for the SDS-PAGE: 

Composition of solution A  

(3.0 M) Tris-HCl pH (6.8), (10%) SDS. 

Tris (hydroxymethyl) aminomethane                                                          (36.3 g) 

SDS (Sodium dodecyl sulphate) (10 g) 

Distilled water (≈ 70 ml) 

Concentrated HCl Adjusted to pH (6.8) 

 Final volume of 100 ml 

 

3.2.3.1. Preparation and storage of solution A 

The solution ‘A’ was prepared by taking about 70 ml distilled water in a beaker, 

dissolved 36.3 g of Tris (hydroxymethyl) aminomethane and 10 g of SDS (Sodium 

dodecyl sulphate) in it. Adjusted the pH to 6.8 with concentrated HCl and the final 

volume was made 100 ml. Stored in a refrigerator.  

 

Composition of solution B 

(0.493 M) Tris-HCl pH (7.0), (3.34%) SDS. 

Tris (hydroxymethyl) aminomethane (5.98 g) 

SDS (Sodium dodecyl sulphate) (3.34 g) 

Distilled water (≈ 80 ml) 

Concentrated HCl Adjusted to pH 7.0 

 Final volume of 100 ml 
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3.2.3.2. Preparation and storage of solution B 

The solution ‘B’ was made by taking about 80 ml distilled water in a beaker, dissolved 

5.98 g of Tris (hydroxymethyl) aminomethane and 3.34 g of SDS (Sodium dodecyl 

sulphate) in it. Adjusted the pH to 7 with concentrated HCl and the final volume was 

made 100 ml. Stored in a refrigerator.  

 

Composition of solution C 

(30%) Acrylamide, Bis-acrylamide (0.8%) 

Acrylamide (30 g) 

Bis-acrylamide (0.8 g) 

Distilled water Final volume of 100 ml 

 

3.2.3.3. Preparation and storage of solution C 

The solution ‘C’ was prepared by taking about 60 ml distilled water in a beaker, 

dissolved 30 g of acrylamide and 0.8 g of bis-acrylamide in it. No need to adjust the 

pH. The final volume was made 100 ml. Stored in a refrigerator in dark colored bottle 

because it is sensitive to light. Special care was taken by using gloves because 

acrylamide and bis-acrylamide are highly toxic and carcinogenic. 

 

Composition of 10% solution of APS 

APS (Ammonium per sulfate) (0.1 g) 

Distilled water Final volume of 1 ml 

 

3.2.3.4. Preparation and storage of 10% solution of APS  

The solution ’10% APS’ was made fresh before experiment for better results by taking 

about 800 µl of distilled water in a centrifuge tube and dissolved 0.1 g of APS 

(Ammonium per sulfate) in it and made the final volume of 1 ml. But can be prepared 

by taking about 80 ml of distilled water in a beaker and dissolve 10 g of APS 

(Ammonium per sulfate) in it and making the final volume of 100 ml. Stored in a 

refrigerator.  
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Composition of electrode buffer  

(0.025 M) Tris, (0.129 M) Glycine, (0.125%) SDS. 

Tris (hydroxymethyl) aminomethane (3.0 g) 

Glycine (14.4 g) 

SDS (Sodium dodecyl sulphate) (1.25 g) 

Distilled water Final volume of 1 liter 

 

3.2.4. Preparation and storage of electrode buffer 

The electrode buffer solution was prepared by taking about 800 ml of distilled water 

in a beaker, dissolved 3.0 g of Tris (hydroxymethyl) aminomethane, 14.4 g of Glycine 

and 1.25 g of SDS (Sodium dodecyl sulphate) in it. No need to adjust the pH. The 

final volume was made 1 liter by adding the distilled water. Stored at room 

temperature. 

 

Composition of staining solution 

Methanol (440 ml) 

Acetic acid (60 ml) 

+Distilled water (500 ml) 

Coomassie Brilliant Blue (CBB) R250 (2.25 g) 

 Final volume of 1 liter 

 

3.2.5. Preparation and storage of staining solution  

The staining solution was made by taking about 500 ml of distilled water in a beaker, 

mixed 440 ml of Methanol, 60 ml of Acetic acid and 2.25 g of Coomassie Brilliant 

Blue (CBB) R250 in it, stirred for 30 minutes and the final volume was made of 1 

liter. Then filtered the solution two times and stored at room temperature. CBB is a 

protein staining dye. 

 

Composition of de-staining solution 

Methanol (200 ml) 

Acetic acid (50 ml) 

Distilled water (750 ml)  

Final volume of 1 liter 
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3.2.6. Preparation and storage of de-staining solution  

The de-staining solution was prepared by taking about 750 ml of distilled water in a 

beaker, mixed 200 ml of Methanol and 50 ml of Acetic acid in it and shacked well. 

The final volume was made of 1 liter and stored at room temperature. 

 

3.2.7. Extraction of total seed storage proteins 

Two to three seeds of maize from each genotype were crushed and ground into fine 

powder using mortar and pestle. 0.05 g of fine flour put into 1.5 ml microcentrifuge 

tube and poured 950 µl of protein extraction buffer (62.5 mM tris HCl (pH 6.8)), 2.3% 

SDS, 5 %2-ME, 10% glycerol, 0.1% bromophenol blue) into each microcentrifuge 

tube and vortixed for 5 minutes to mix well. The bromophenol blue was mixed to 

trace the protein subunits in the gel during electrophoresis. Kept the mixture at room 

temperature for 1 hour and centrifuged at 3000 Xg for 5 minutes at room temperature. 

After centrifugation, the crude proteins in the form of  supernatent were transferred 

carefuly to fresh microcentrifuge tube and kept at -20ºC till electrophoretic separation.   

 

3.2.8. Preparation of electrophoretic gel 

To assess the genetic diversity among maize genotypes using SDS-PAGE, the 

extracted crude proteins were profiled through discontinuous polyacrylamide gel. The 

concentration of separating gel was 12% (w/v) according to SDS-PAGE system of 

Laemmli (1970), while that of stacking gel was 4.5% (w/v) (Walter et al., 2003). The 

two glass plates for each gel were washed with 70% Ethanol, dried with kim wipe, 

fixed the gasket on the plate with spacer in such a way that could not overlap the 

spacer. The two glass plates were fixed together through double clips and marked two 

centimeters from the top. Prior to pouring different solutions for gel formation, it was 

filled with distilled water and kept for 2-3 minutes to check the leakage. After 

arranging the plates the separating gel was prepared as follows: 
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Composition of two mini separation gels with 1mm thickness (12%)  

Solution Amount 

Solution A (5 ml) 

Solution C (8 ml) 

10% APS (500 l) 

Distilled water (7 ml) 

TEMED (100 l) 

 

3.2.8.1. Preparation of separation gel 

The separation gel was prepared by taking about 7 ml of distilled water in a beaker, 

mixed 5 ml of solution ‘A’, 8 ml of solution ‘C’, 500 l of 10% APS and 100 l of 

TEMED (N, N, N’, N'-Tetramethylethylene-diamine) at the end, shacked well and 

poured into the space between the two plates up to 2 cm from the top. Then small 

amount of distilled water was added to prevent over drying of the upper edge of the 

gel and left for 15 minutes to polymerize. 

 

Composition of two mini stacking gels with 1mm thickness (4.5%)  

Solution Amount 

Solution B (2.5 ml) 

Solution C (1.5 ml) 

10% APS (100 l) 

Distilled water (6.0 ml) 

TEMED (20 l) 

  

3.2.8.2. Preparation of stacking gel 

The stacking gel was prepared by taking about 6 ml of distilled water in a beaker, 

mixed 2.5 ml of solution ‘B’, 1.5 ml of solution ‘C’, 100 l of 10% APS and 20 l of 

TEMED (N, N, N’, N'-Tetramethylethylene-diamine) at the end, shacked well and 

poured on the separation gel after removing the distilled water from the top between 

the two plates. The combs were fixed into the stacking gel in such a way that there 

were no air bubbles at the basal part of the combs. The set up was kept for 25 minutes 

to polymerize the stacking gel to conform the formation of wells. After 

polymerization, the holding clips and gaskets were removed carefully, while combs 

were removed after fixing the gel plates in the gel tank and filling with electrode 
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buffer, to avoid the deformation of the wells. The fresh gel was used but can also be 

used for one week by wrapping in aluminum foil and keeping in refrigerator to avoid 

its dehydration. Ten micro liters of extracted proteins or seed sample from each 

genotype were loaded in to each well with the help of the micropipette along with 

protein ladder of known molecular weight (Fermentas Life Sciences) into a well lied 

to the extreme left of each gel. 

 

3.2.9. Electrophoric mobility of the proteins 

After loading, the outer compartment of the gel tank was filled with electrode buffer 

and connected to + (red) and – (black) electrodes of the power supply at 100 volts and 

remained constant till the blue line of BPB reached the bottom of the gel plates. It 

took almost 3 hours to complete.   

 

 3.2.10. Visibility of the protein sub-units  

After the completion of electrophoresis the gel plates were removed, separated with 

spatula, removed the stacking gel and made a small cut in lower corner at right side of 

the gel through surgical blade to avoid the confusion about the orientation of the gel. 

The gels were rinsed with distilled water and placed in staining solution on shaker for 

1 hour. Again the gels were rinsed with distilled water and placed in de-staining 

solution on shaker for overnight. The de-staining solution was replaced with fresh 

when needed until the background of the gel became clear and made the protein bands 

visible. Kim wipe was used for the absorbance of the CBB by placing it in de-staining 

solution during shaking.  

 

3.2.11. Gel drying  

The separation gel was placed with care on the wet filter paper already put on dryer 

plate and covered with a wrap. Dried it for almost 2 hours at 60 
o
C and took out on 

complete drying of the gel sheet. The same method was repeated for drying of all gels. 

 

3.2.12. Data analysis 

On the basis of absence or presence of protein bands, similarity index was calculated 

for all potential pairs of polypeptide types.The intensity of protein sub-units were not 

considered to avoid taxonomic weighing but only interpreted them in terms of 
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presence or absence as 0 for absence and 1 for the presence of protein bands. The data 

was compiled and binary data matrix was calculted. On the basis of outcome of 

electrophoretic band spectra, the Nei & Li’s similarity matrix was calculated for all 

conceivable sets of protein type’s electrophoregrams through the given formula 

(Sneath and Sokal, 1973):   

S = W / (A + B – W) 

Where S = similarity matrix, W = the number of bands of common mobility, A = the 

number of protein sub-units in protein A and B = the number of protein sub-units in 

protein B. 

 

The similarity matrix calculated and then converted into dissimilarity matrix 

(Dissimilarity = 1 - similarity). It was used to construct dendrogram by the un-

weighed pair group method with arithmetic averages (Sneath and Sokal, 1973). The 

whole analyses were carried out using statistical package NTSYS-pc, version 2.1 

(Applied Biostatistics Inc., USA) (Rohlf, 2005). 

 

3.3. Genetic diversity assessment in maize germplasm based on microsatellite   

 (SSR) markers 

3.3.1. Plant material 

A set of 80 accessions and three commercial varieties of maize were selected to study 

the extent of genetic diversity among them through microsatellites or simple sequence 

repeat (SSR) markers analysis. 

 

3.3.2. Materials and equipments used 

Gloves (plastic & heat resistant), kim-wipes or tissue papers, fine point and normal 

pointed permanent markers, labelling stickers, rubber bands, stands, aluminium foil, 

pair of scissors, surgical blade, mortar and pestle (kept at -20 
o
C before usage), micro-

pipettes,  micro-centrifuge tubes (1.5 ml), tips, flasks, beakers, reagent bottles, 

sintered funnel (Grade 3), ice box,  PCR tubes,  stirrer, vortex machine (Vortex-T 

Genie 2, USA), electrical balance (Mettler AE 200, Switzerland), autoclave machine 

(Yamato, SM 22, Japan), ice machine, water distillation plant (Yamato, WA 53, 

Japan), microwave oven, pH meter, refrigerated micro-centrifuge machine (Thermo 

Scientific, D 37520, Germany), shaker, controlled temperature water bath (Lab. Tech, 
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LWB-111D, Japan), Nano Drop ND-1000 Spectrophotometer (BOECO, S – 30, 

Germany), PCR machine (Veriti Thermal Cycler, 9902, Applied Biosystem  Inc. 

USA), electrophoresis system (ATTO, AE – 6132, Japan), UV trans-illuminator and 

gel documentation system (Alpha innotech Corp. Suit – 100, USA with Alpha imager 

HP software).   

  

3.3.3. Chemicals used 

Tris-HCl, Ethylenediaminetetraacetic acid (EDTA) Na2, Sodium chloride (NaCl), 

Sodium dodecyl sulphate (SDS), Hydrochloric acid (HCl), Sodium hydroxide 

(NaOH), Ethanol, Cetyltrimethylammonium bromide (CTAB), Chlorofom, Isoamyl 

alcohol, Isopropanol, Polyvinylpyrrolidone (PVP), Phenol, Boric acid, 2-

Mercaptoethanol, Agarose (standard), Agarose (high resolution), Ethidium bromide, 

Bromophenol blue, Xylene cyanol, Glycerol, Proteinase K, RNase A, PCR Buffer (10 

mM Tris-HCl (pH 8.3), 50 mM KCl), Magnesium chloride (MgCl2), Primer (Forward 

and Reverse), Deoxynucleotide triphosphate (dNTPs) mixture and  Taq DNA 

Polymerase (Invitrogen by Life Technologies, Brazil).   

 

3.3.4. Extraction of DNA 

The experiment of molecular characterization of maize germplasm was performed in 

evaluation laboratory, PGRI, NARC, Islamabad Pakistan. Prior to start the DNA 

extraction, prepared all the required stock solutions i.e. Tris-HCl (1 M), EDTA (0.5 

M), NaCl (1 M), Ethanol (70%), Chloroform : isoamyl alcohol (24:1), DNA extraction 

buffer, 2% CTAB solution, Tris-HCl-EDTA buffer (TE) and Tris-Borate-EDTA  

buffer (TBE). Except 70% ethanol all the stock solutions, tips, micro-centrifuge tubes, 

mortar and pestle and glass wares were autoclaved to make them clean and DNA, 

RNA free. The distilled water was also autoclaved to make it double distilled. 

Labelled the centrifuge tubes with permanent marker and made sure the availability of 

required micro-pipettes. Always used the plastic gloves.  

 

The extraction of genomic DNA from dry seeds of maize genotypes was carried out 

following the DNA extraction approach used by Kang et al., (1998) with little 

modifications which proved more fruitful in the context of getting pure DNA, 

avoiding more labour and cost and saving time. The DNA was extracted as follows: 
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 Seeds from five representative plants of each 80 selected accessions and 3 

check varieties were crushed and ground into fine powder with great care by 

cleaning the mortar and pestle after each grinding to avoid their mixing. 

 Took 0.01 g fine powder from each sample in separate micro-centrifuge tube 

(1.5 ml) and added 750 µl of 2% CTAB solution with 1% mercaptoethanol to 

it and vortexed for 3 minutes to mix well. 

 Placed in the water bath at 65
o
C for 30 minutes and inverted 5 times after 

every 5 minutes to make the incubation more effective. 

 Added 750 µl of chloroform: isoamyl-alcohol (24:1) with 5% phenol and 

inverted vigorously till the liquid inside the centrifuge tubes turned milky. 

 Centrifuged these at 12000 rpm for 10 minutes at 4 
o
C and transferred 600 µl 

of the clear supernatant into fresh centrifuge tubes already labelled with great 

care. 

 Added 80% of the volume present in each centrifuge tube i.e. 480 µl of ice-

chilled iso-propanol, inverted 4-5 times and placed in refrigerator at 4 
o
C for 

10 minutes to precipitate the genomic DNA. 

 Centrifuged at 12000 rpm for 10 minutes at 4 
o
C and found a small pellet at the 

bottom of each centrifuge tube. 

 Discarded the supernatant carefully, added 300 µl of 70% ethanol to each 

centrifuge tube and after 5 minutes, centrifuged again at 12000 rpm for 10 

minutes at room temperature. This step was done to wash the pellet which 

became clearer. 

 Discarded the supernatant completely with care and placed the open centrifuge 

tubes at room temperature till the pellet became dry, indicated by the visibility 

of their margin. The time period it took depended on the room temperature .i.e. 

from 15 minutes to 1 hour. 

 After drying completely, 100 µl of TE buffer was added to each tube and 

vortexed to mix well. 

 For the removal of RNA, 1 µl of RNase A (10 mg/ml) was added to each 

sample and incubated in water bath for 30 minutes at 37 
o
C.  

 The concentration and purity of each DNA sample was checked through Nano 

Drop ND-1000 Spectrophotometer at wavelength of 260 and 280 nm. Through 
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the ratio between these two the DNA purity was determined. To make 

optimum concentration for PCR reaction, dilution of each DNA sample were 

made to 20 ng /µl by adding the TE buffer and stored at -20 
o
C in refrigerator 

till used in PCR reaction. 

 

3.3.5. Specification of the primers 

Different simple sequence repeat (SSR) markers were selected for the molecular 

characterization experiment going through the literature related to the genetic diversity 

estimation of maize. Forty (40) SSR primers of them covering the whole genome of 

maize were further used in the elucidation of genetic diversity assessment. These 

primers were obtained from the Invitrogen by Life Technologies, Brazil. 

 

3.3.6. Simple sequence repeats polymerase chain reaction analysis 

The polymerase chain reaction protocol was optimized for the microsatellite analysis 

of maize genotypes by carefully bringing changes in the concentration of different 

chemicals and genomic DNA in the master mixture for PCR and their results were 

noted through agarose gels of different percentage. Similarly the duration and 

temperature of various steps occurred during polymerase chain reaction were also 

changed and noted their effects on the PCR amplification to get possibly good 

products for the genetic characterization. The volume of optimized reaction mixture 

for PCR was 20 µl containing ddH2O (12 µl), 1x PCR buffer (10 mM Tris-HCl pH 

8.3, 50 mM KCl), MgCl2 (1.5 mM), dNTPs mixture (200 µM), primer forward (.4 

µM) and primer reverse (.4 µM), Taq polymerase (1 unit) and template DNA (almost 

20 ng).   

 

For amplification process the programme of thermal cycler (V) was adjusted as initial 

1 cycle of 5 minute at 94 
o
C to get separated the strands followed by 35 cycles. Each 

one consisted of denaturation step of 1 minute at 94 
o
C, annealing step of 1minute at 

different temperatures depending upon the primers (i.e. from 55 
o
C to 62 

o
C) and 

primer extension step of 1 minute and 30 seconds at 72 
o
C. At the end, 1 cycle of 10 

minutes at 72 °C was used for final extension. The final PCR products were kept at -

20°C until further use. Each experiment repeated two times to check the 

reproducibility of the amplified products.   
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 3.3.7. Electrophoresis of amplified products 

After amplification, 3 µl of loading dye (bromo-phenol blue = 0.4%, xylene cyanole 

FF = 0.4%) and glycerol = 5 ml) was poured into each PCR tube containing 20 µl of 

the amplified products. Ten (10) µl of the products were loaded on Gene Choice High 

Resolution agarose (CLP, USA) gels with 3% concentration in 1xTBE buffer (Tris-

Borate = 10mM and EDTA = 1 mM). Ethidium bromide of 0.7 µg ml
-1

 was already 

mixed during gel preparation. A DNA ladder of 25 bp (Invitrogen, Life technologies) 

was used as marker to identify the molecular weight of the amplified SSR products. 

After the completion of the electrophoresis, the photographs of the agarose gels were 

documented by using UVI Doc Gel Documentation System (Alpha Innotech Corp., 

Suit – 100, USA with software Alpha imager HP). 

 

3.3.8. Allele scoring and data analysis 

The photographs of the agarose gels stained with ethidium bromide were used to score 

the data for SSR markers analysis. Each band considered as amplified DNA fragment 

by the relative primer pair and was counted as a unit trait. These bands were scored on 

the basis of presence or absence as 1 for presence and 0 for absence of DNA fragment. 

Scoring was done from top as band number 1 to bottom. The genotypes were counted 

from left as lane number 1 to right except the lanes in extreme left and extreme right 

which had been loaded with DNA ladder of known molecular weight as marker for 

calculating the molecular size of the amplified product. As DNA samples were 

extracted from five seeds as bulk DNA, any band with low intensity was considered as 

lesser representation of that particular band. Therefore intensity of the band was not 

considered. Bands with equal mobility were counted of equal molecular size. Only 

clear and reproducible DNA fragments were taken into account. The data obtained 

based on the presence or absence of the bands was entered into binary matrix. The 

most variant primers were identified on the basis of degree of polymorphism. The 

polymorphic information content (PIC) value was calculated for each primer pair 

following the approach of Anderson et al., (1993). The total number of alleles, 

number of polymorphic alleles, size range, difference between the smallest amplified 

allele size and largest one at any SSR locus and PIC value were calculated for each 

primer pair on the basis of maize genotypes. Pair-wise comparisons of the maize 

genotypes on the basis of presence or absence of the rare and common alleles were 
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used to calculate genetic similarity (F) coefficients by the Dice algorithm, which is 

similar to that of Nei and Li (1979) as: 

               F = Nab / (Na + Nb) 

Where  

  F = genetic similarity 

             Na = the number of bands present in a, 

                     Nb = the Number of bands present in b, 

                      Nab = the number of common bands between ‘a’ and ‘b’. 

 

The calculated similarity coefficients were used to find out the genetic relationships 

among different genotypes of maize through cluster analysis using UPGMA by 

constructing a dendrogram. All these calculations were done by using the computer 

program PAST (Paleontological Statistical Software Package for Education and Data 

Analysis) (Hammer et al., 2001).   
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4. RESULTS 

 

In the present study a total of 153 genotypes of maize including 150 accessions and 

three commercial varieties named Agaiti-2002, Sadaf and Sahiwal-2002 were 

investigated. These genotypes were provided by the gene bank, (PGRI), NARC, 

Islamabad, Pakistan. The accessions were collected from different parts of Pakistan, 

ranging from high altitudinal rain fed mountainous localities to well irrigated plains 

and different parts of Japan and China. The genetic characterization was carried out 

through agro-morphological markers in open field to elucidate the extent of genetic 

diversity at phenotypic level, through biochemical markers following the SDS-PAGE 

technique to determine the diversity in proteins at molecular level and through simple 

sequence repeat (SSR) markers to get complete and reliable portray of potential 

genetic variability at the DNA level. 

 

 

Figure 4.1: An overview of the experimental field during the present study. 

 

 

 



 

60 

 

4.1. Genetic diversity assessment in maize germplasm based on agro-      

 morphological traits 

To elucidate the genetic diversity among maize germplasm, all the accessions and 

check varieties were characterized through 34 agro-morphological traits, among which 

24 were quantitative and 10 qualitative as mentioned in materials and methods. The 

data of these traits was recorded in open field conditions mostly early in the morning 

which reflected considerable amount of variation but its display and extent was 

different in different agro-morphological markers. 

  

4.1.1. Quantitative Traits  

The basic statistical data (mean, minimum, maximum, standard deviation, coefficient 

of variation and variance) for every quantitative character noted for all the genotypes 

during 2011 and 2012, are given in the Table 4.1 and Table 4.2, respectively. Pattern 

of variability among the genotypes was different for various agro-morphological 

traits. During the present study the maximum variability was observed in grain yield 

per plant followed by plant height, 1000 kernel weight, ear height, leaf length and 

days to harvest. The variances for the cited traits were 3394.8, 1243.3, 701.9, 534.3, 

86.9 and 47.2, respectively during 2011 and 2757.3, 1149.2, 1052.8, 301.9, 272.6 and 

116.5, respectively during 2012. Similarly the minimum level of variation was noted 

in field weight per plot followed by ear diameter, number of ears per plant, cob 

diameter, kernel width, kernel length and leaf width, with a variance of 0.002, 0.3, 0.4, 

0.9, 0.9, 1.7 and 1.7, respectively in 2011 and 0.003, 0.2, 0.5, 0.1, 1.7, 1.6 and 2.9, 

respectively during 2012.   
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Table 4.1: Basic statistical analysis of quantitative characters                     

                  of maize during 2011.  

Trait Mean Minimum Maximum SD CV% Variance 

DFG 11.5 8.0 21.0 2.6 22.4 6.6 

DT 63.0 46.0 74.0 6.5 10.3 42.0 

DPS 66.9 50.0 78.0 6.5 9.7 42.0 

DS 69.7 52.0 81.0 6.3 9.1 40.1 

ASI 3.6 0.0 8.0 1.5 21.1 2.4 

PH 153.6 71.9 226.1 35.3 23.0 1243.3 

NL/P 11.1 6.4 15.2 2.1 18.9 4.4 

LL 67.2 39.4 84.6 9.3 13.9 86.9 

LW 7.4 4.4 10.3 1.3 17.5 1.7 

EH 73.1 6.5 136.7 23.1 31.6 534.3 

NE/P 2.0 1.0 5.3 0.6 30.2 0.4 

DELS 95.2 79.0 117.0 7.2 7.5 51.5 

DH 112.4 100.0 126.0 6.9 6.1 47.2 

FW/Pl 0.1 0.008 0.2 0.04 51.8 0.002 

EL 8.7 2.7 15.5 2.5 29.0 6.4 

ED 3.5 1.8 4.9 0.6 16.8 0.3 

NKR 7.8 2.0 16.0 2.6 33.6 6.9 

NK/R 8.6 1.7 25.0 4.3 50.0 18.5 

KL 7.4 4.5 12.2 1.3 17.7 1.7 

KW 7.2 4.0 9.2 0.9 12.8 0.9 

CD 2.4 1.2 1.3 0.9 38.1 0.9 

1000KW 229.3 159.0 326.0 26.5 20.5 701.9 

HGM 24.0 9.0 35.6 4.6 19.2 21.2 

GY/P 108.9 35.0 312.0 58.3 53.5 3394.8 

                                                                                                                                                                                  

Trait Mean Minimum Maximum SD CV% Variance 

DFG 12.0 9.0 19.0 1.9 15.9 3.6 

DT 67.4 48.0 89.0 6.9 10.3 47.8 

DPS 70.0 50.0 90.0 6.7 9.6 45.5 

DS 72.6 56.0 92.0 6.6 9.0 42.9 

ASI 3.3 0.0 8.0 1.5 40.8 2.2 

PH 110.3 41.7 206.8 33.9 30.7 1149.2 

NL/P 11.2 6.2 16.6 2.0 18.1 4.1 

LL 32.9 15.6 85.0 16.5 50.2 272.6 

LW 5.6 3.1 11.1 1.7 30.3 2.9 

EH 48.5 13.5 98.2 17.4 35.8 301.9 

NE/P 1.9 1.0 5.3 0.7 35.3 0.5 

DELS 96.9 77.0 119.0 8.5 8.7 71.7 

DH 115.7 93.0 135.0 10.8 9.3 116.5 

FW/Pl 0.1 0.01 0.3 0.1 73.5 0.003 

EL 11.2 6.0 21.3 2.9 25.9 8.5 

ED 3.2 2.0 4.5 0.5 15.7 0.2 

NKR 11.8 7.0 16.7 1.7 14.3 2.8 

NK/R 14.6 4.3 30.7 5.9 40.2 34.5 

KL 7.5 4.5 11.3 1.3 16.7 1.6 

KW 6.8 4.4 11.5 1.3 19.4 1.7 

CD 2.2 1.3 3.2 0.3 15.4 0.1 

1000KW 219.6 145.8 338.5 32.4 27.1 1052.8 

HGM 23.8 13.7 37.1 4.7 19.8 22.2 

GY/P 100.1 24.0 272.0 52.5 52.5 2757.3 

 

Table 4.2: Basic statistical analysis of quantitative characters of    

                  maize during 2012.  

 

DFG=Days to field germination, DT=Days to tassel, DPS=Days to pollen shedding, DS=Days to silking, ASI=Anthesis-silking interval, PH=Plant height, 

NL/P=Number of leaves per plant, LL=Leaf length, LW=Leaf width, EH=Ear height, NE/P=Number of ears per plant, DELS=Days to ear leaf senescence, 

DH=Days to harvest, FW/Pl=Field weight per plot, EL=Ear length, ED=Ear diameter, NKR=Number of kernels per row, KL=Kernel length, KW=Kernel 

width, CD=Cob diameter, 1000KW=1000 kernels weight, HGM=Harvest grain moisture, GY/P=Grain yield per plant. 
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The frequency distribution of quantitative agro-morphological traits among all genotypes 

noted during 2011 and 2012 are given in Table 4.3 and 4.4, respectively. 

Table 4.3: Frequency distribution of quantitative characters of maize during 2011. 

Character   Range Description Frequency  Percentage 

Days to field germination  ˂ 10 days Early 42  27.4 

   10-15 days Intermediate 101  66 

   ˃ 15 days Late 10  6.5 

Days to tassel   ˂ 55 days Early 20  13 

   55-65 days Intermediate 69  45 

   ˃ 65 days Late 64  42 

Days to pollen shedding  ˂ 60 days Early 19  12.4 

   60-70 days Intermediate 84  54.9 

   ˃ 70 days Late 50  32.7 

Days to silking   ˂ 65 days Early 31  20.3 

   65-75 days Intermediate 93  60.7 

   ˃ 75 days Late 29  19 

Anthesis-silking interval  ˂ 3 days Short 15  9.8 

   3-5 days Medium 122  79.7 

   ˃ 5 days Long 16  10.5 

Plant height   ˂ 100 cm Very short 16  10.5 

   100-130 cm Short 21  13.7 

   131-170 cm Medium 58  37.9 

   171-200 cm Tall 47  30.7 

   ˃ 200 cm Very tall 11  7.2 

Number of leaves per plant ˂ 10 leaves Low 40  26.1 

   10-15 leaves Medium 111  72.5 

   ˃ 15 leaves High 2  1.3 

Leaf length  ˂ 50 cm Short 6  3.9 

   50-70 cm Intermediate 83  54.2 

   ˃ 70 cm Long 64  41.8 

Leaf width   ˂ 5 cm Narrow 4  2.6 

   5-10 cm Medium 148  96.7 

   ˃ 10 cm Broad 1  0.7 

Ear height   ˂ 50 cm Short 28  18.3 

   50-100 cm Medium 106  69.3 

   ˃ 100 cm High 19  12.4 

Number of ears per plant ˂ 2 ears Low 61  39.9 

   2-5 ears Medium 91  59.5 

   ˃ 5 ears High 1  0.7 

Days to ear leaf senescence   ˂ 85 days Early 11  7.2 

   85-100 days Medium 109  71.2 

   ˃ 100 days Late 33  21.6 

Days to harvest    ≤ 100 days Early 4  2.6 

   101-110 days Medium 62  40.5 

   ˃ 110 days Late 87  56.9 

Field weight per plot  ˂ 0.05 kg Light 38  24.8 

   0.05-0.15 kg Intermediate 105  68.6 

   ˃ 0.15 kg Heavy 10  6.5 
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Ear length   ≤ 5 cm Short 21  13.7 

   6-10 cm Medium 84  54.9 

   ˃ 10 cm Long 48  31.3 

Ear diameter   ˂ 2 cm Small 1  0.7 

   2-4 cm Medium 124  81 

   ˃ 4 cm Large 28  18.3 

Number of kernel rows  ˂ 5 rows Small 20  13 

   5-10 rows Intermediate 104  68 

   ˃ 10 rows Large 29  19 

Number of kernels per row  ˂ 10 kernels Small 97  63.4 

   10-20 kernels Intermediate 42  27.5 

   ˃ 20 kernels Large 14  9.2 

Kernel length   ˂ 5 mm Short 5  3.3 

   5-10 mm Medium 144  94.1 

   ˃ 10 mm Long 4  2.6 

Kernel width   ˂ 5 mm Narrow 2  1.3 

   5-8 mm Medium 121  79.1 

   ˃ 8 mm Broad 30  19.6 

Cob diameter   ˂ 2 cm Small 123  80.4 

   2-3 cm Medium 19  12.4 

   ˃ 3 cm Large 11  7.2 

1000 kernel weight   ˂ 220 g Light 58  37.9 

   220-300 g Intermediate 90  58.8 

   ˃ 300 g Heavy 5  3.3 

Harvest grain moisture  ˂ 15% Low 3  2 

   15-20%  Medium 30  19.6 

   ˃ 20% High 120  78.4 

Grain yield per plant  ˂ 70 g Low 41  26.8 

   70-120 g Medium 62  40.5 

   121-180 g High 36  23.5 

   181-250 g Higher 7  4.6 

   ˃ 250 g Highest 7  4.6 
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Table 4.4: Frequency distribution of quantitative characters of maize during 2012. 

Character   Range Description Frequency  Percentage 

Days to field germination  ˂ 10 days Early 9 5.9 

   10-15 days Intermediate 138 90.2 

   ˃ 15 days Late 6 3.9 

Days to tassel   ˂ 55 days Early 3 2 

   55-65 days Intermediate 60 39.2 

   ˃ 65 days Late 90 58.8 

Days to pollen shedding  ˂ 60 days Early 8 5.2 

   60-70 days Intermediate 73 47.7 

   ˃ 70 days Late 72 47.1 

Days to silk   ˂ 65 days Early 16 10.5 

   65-75 days Intermediate 82 53.6 

   ˃ 75 days Late 53 34.6 

Anthesis-silking interval  ˂ 3 days Short 37 24.2 

   3-5 days Medium 106 69.3 

   ˃ 5 days Long 10 6.5 

Plant height   ˂ 100 cm Very short 67 43.8 

   100-130 cm Short 42 27.4 

   131-170 cm Medium 36 23.5 

   171-200 cm Tall 6 3.9 

   ˃ 200 cm Very tall 2 1.3 

Number of leaves per plant ˂ 10 leaves Low 41 26.8 

   10-15 leaves Medium 109 71.2 

   ˃ 15 leaves High 3 2 

Leaf length  ˂ 50 cm Short 129 84.3 

   50-70 cm Intermediate 14 9.2 

   ˃ 70 cm Long 10 6.5 

Leaf width   ˂ 5 cm Narrow 67 43.8 

   5-10 cm Medium 83 54.2 

   ˃ 10 cm Broad 3 2 

Ear height   ˂ 50 cm Short 76 49.7 

   50-100 cm Medium 64 41.8 

   ˃ 100 cm High 13 8.5 

Number of ears per plant ˂ 2 ears Low 78 51 

   2-5 ears Medium 75 49 

   ˃ 5 ears High 1 0.7 

Days to ear leaf senescence   ˂ 85 days Early 14 9.2 

   85-100 days Medium 85 55.6 

   ˃ 100 days Late 54 35.3 

Days to harvest    ≤ 100 days Early 12 7.8 

   101-110 days Medium 40 26.1 

   ˃ 110 days Late 101 66 
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Field weight per plot  ˂ 0.05 kg Light 74 48.4 

   0.05-0.15 kg Intermediate 63 41.2 

   ˃ 0.15 kg Heavy 16 10.5 

Ear length   ≤ 5 cm Short 11 7.2 

   6-10 cm Medium 59 38.6 

   ˃ 10 cm Long 83 54.2 

Ear diameter   ˂ 2 cm Small 3 2 

   2-4 cm Medium 140 91.5 

   ˃ 4 cm Large 10 6.5 

Number of kernel rows  ˂ 5 rows Low 10 6.5 

   5-10 rows Intermediate 19 12.4 

   ˃ 10 rows High 124 81 

Number of kernels per row  ˂ 10 kernels Low 38 24.8 

   10-20 kernels Intermediate 87 56.9 

   ˃ 20 kernels High 28 18.3 

Kernel length   ˂ 5 mm Short 1 0.7 

   5-10 mm Medium 149 97.4 

   ˃ 10 mm Long 3 2 

Kernel width   ˂ 5 mm Narrow 12 7.8 

   5-8 mm Medium 117 76.5 

   ˃ 8 mm Broad 24 15.7 

Cob diameter   ˂ 2 cm Small 118 77.1 

   2-3 cm Medium 32 20.9 

   ˃ 3 cm Large 3 2 

1000 kernel weight   ˂ 220 g Light 89 58.2 

   220-300 g Intermediate 61 39.7 

   ˃ 300 g Heavy 3 2 

Harvest grain moisture  ˂ 15% Low 1 0.7 

   15-20%  Medium 40 26.1 

   ˃ 20% High 112 73.2 

Grain yield per plant  ˂ 70 g Low 52 34 

   70-120 g  Medium 59 38.6 

   121-180 g High 27 17.6 

   181-250 g Higher 13 8.5 

   ˃ 250 g Highest 2 1.3 
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Figure 4.2: Variability in ear and kernel traits detected during present investigation of maize 

      germplasm. 

 

The description of the noted data is presented here: 

 

4.1.1.1. Days to field germination of 50% seeds  

The level of variation was noted among maize genotypes for days to field germination of 

seeds right after sowing. It was ranged from 8 to 21 days with mean value of 11.5 and 

coefficient of variation was 22.4% in spring 2011 (Table 4.1), while in 2012 ranged from 

9 to 19 days with mean value of 12 days and coefficient of variation was 15.9% (Table 

4.2). The maximum number of days (21) was taken by the accessions 15108 and 15262 

to germinate, while the minimum (8) by accessions 14909, 14911, 15043, 15302, 15306, 

15319 and 15343 during 2011. In 2012 the accession 15262 took more days (19) to 

germinate, while accessions 14883, 14884, 14909, 14993, 15306, 24680, 24682 and 

24692 germinated in the minimum (9 days) period. Table 4.3 and 4.4 shows the 

frequency distribution during 2011 and 2012, respectively. It was observed that 42 

(27.4%) genotypes in 2011 and 9 (5.9%) in 2012 were germinated in the minimum time 

of less than 10 days. Most of the genotypes i.e. 101 (66%) including Agaiti-2002, Sadaf 

and Sahiwal-2002 in 2011 and 138 (90.2%) including Agaiti-2002, Sadaf and Sahiwal-

2002 during 2012 took 10 to 15 days to germinate. The remaining accessions i.e. 10 

(6.5%) in 2011 and 6 (3.9%) in 2012 were late in germination with more than 15 days. 
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4.1.1.2. Days to 50% tassel  

A wide range of variation was noted in the number of days to tassel as compared to 

number of days to field germination. It ranged from 46 to 74 days with mean value of 63 

days and coefficient of variation was 10.3% in 2011 (Table 4.1). In 2012, it ranged 

between 48 and 89 days with mean value of 67.4 days and coefficient of variation was 

10.3% (Table 4.2). The accessions 14993, 15280, and 24688 were the latest with 74 days 

to produce tassel, while the accession 15258 was the earliest with 46 days to emerge 

tassel in 2011. In 2012 the accession 24690 took the maximum number of days i.e. 89 

days to emerge tassel while the accession 14959 was the earliest which produced male 

flowers after 48 days from the sowing date. The frequency distribution based on the 

number of days to tassel showed that 20 (13%) accessions in 2011 (Table 4.3) and 3 (2%) 

in 2012 (Table 4.4) were the earliest to produce tassel. They took less than 55 days.  69 

(45%) accessions in 2011 and 60 (39.2%) in 2012 were intermediate in the number of 

days to emerge male flowers. They took 55-65 days during both years. The rest of the 

genotypes including Agaiti-2002, Sadef and Sahiwal-2002 were late in producing tassel. 

They spent more than 65 days to emerge tassel. 

    

4.1.1.3. Days to 50% pollen shedding  

The number of days to pollen shedding reflected almost similar level of variation, which 

varied between 50 and 78 days with mean value of 66.9 days and coefficient of variation 

was 9.7% in 2011, while in 2012 ranged from 50 to 90 days with mean value of 70 days 

and coefficient of variation was 9.6%. In 2011, the accessions 15343 and 24688 were late 

in pollen shedding which took 78 days to shed 50% pollen grains, while the accession 

15232 was the earliest with 50 days to disperse pollen grains. In second field experiment 

the accession 24690 spent 90 days to shed 50% pollen grains, while the least number of 

days i.e. 50 was taken by accession 14959 for pollen shedding. The frequency 

distribution (Table 4.3 and Table 4.4) illustrated almost similar trend as noted in days to 

tassel. A total of 19 (12.4%) accessions during 2011 and 8 (5.2%) accessions in 2012 

were the earliest. They spent less than 60 days for the 50% pollen shedding. Most of the 

accessions i.e. 84 (54.9%) accessions in 2011 and 73 (47.1%) accessions in 2012 took 60 

to 70 days to disperse pollens. A considerable number of genotypes i.e. 50 (32.7%) in 

2011 and 72 (47.1%) in 2012 including Agaiti-2002, Sadaf and Sahiwal-2002, were late 

to shed 50% pollen grains. They took more than 70 days.  
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4.1.1.4. Days to 50% silking  

The number of days to emerge silk is an important quantitative trait. In the present 

investigation a considerable level of variability was noted for it. During morphological 

study carried out in 2011, it varied between 52 and 81 days with mean value of 69.7 days 

and coefficient of variation was 9.1%. Similarly in 2012 the number of days to 50% 

silking ranged from 56 to 92 with mean value of 72.6 days and coefficient of variation 

was 9%. In 2011 the accession 14993 was late to emerge silk. It took 81 days to expose 

silk for pollination. The minimum number of days i.e. 52 was taken by the accession 

15332 to expose silk. In 2012 the maximum number of days was taken by accession, 

24690 to emerge silk and minimum number of days by 14959. The frequency distribution 

revealed different pattern during both growing seasons. In 2011, 31 (20.3%) accessions 

were early, with less than 65 days to emerge silk. 93 (60.7%) accessions took 65 to 70 

days to expose silk and were considered intermediate between the two extremes and 29 

(19%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, were late with more 

than 70 days to produce silk. In 2012,  16 (10.5%) accessions made silk during less than 

65 days, greater number of accessions i.e. 82 (53.6%) emerged silk during 65 to 75 days 

and 53 (34.6%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, took more 

than 75 days and considered as late.  

    

4.1.1.5. Anthesis-silking interval (days) 

Anthesis-silking interval is equally important quantitative trait as anthesis and silking 

alone. The presence of considerable level of variability in the expression of this trait in 

the present maize germplasm is good for breeders. It ranged from 0 to 8 days with mean 

value of 3.6 days and coefficient of variation was 21.1% during 2011, while from 0 to 8 

days with mean value of 3.3 days and coefficient of variation was 40.8% during 2012. 

The shortest interval between anthesis and silking comprised of zero days, was found in 

accessions 15236, 15290, 15306, 15311, 15342, 24675 and 24688, where as the longest 

interval was noted in accession 14924 during both 2011 and 2012. According to the year-

wise frequency distribution (Table 4.3 and Table 4.4), a considerable number of 

genotypes i.e. 15 (9.8%) genotypes in 2011 and 37 (24.2%)  genotypes in 2012 including 

Agaiti-2002, Sadaf and Sahiwal-2002, possessed ASI less than 3 days. Most of the 

accessions i.e. 122 (79.7%) and 106 (69.3%) during 2011 and 2012 respectively were 

having ASI of 3-5 days. Rest of the accessions i.e. 16 (10.5%) and 10 (6.5%) in 2011 and 
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2012 respectively were with longest ASI of more than 5 days.   

    

4.1.1.6. Plant height (cm) 

High level of variability was detected in plant height throughout the tested germplasm. It 

varied from 71.9 to 226.1 cm with mean value of 153.6 cm and coefficient of variation 

was 23% during first field trial. During second field experiment, plant height ranged from 

41.7 to 206.8 cm with mean value of 110.3 cm and coefficient of variation was 30.7%. 

The accession 24699 and 14895 were the tallest and shortest respectively during 2011, 

while in the second field trial, the accession 14954 and 14903 were with maximum and 

minimum plant height respectively. It was clear from the frequency distribution that 

during the first field experiment the plant height of most of the accessions i.e. 58 (37.9%) 

varied from 131 to 170 cm,  47 (30.7%) genotypes ranged from 171 to 200 cm and 

only11 (7.2%) accessions were with plant height of more than 200 cm. The remaining 

accessions were considered as short and very short stature. During the second year, 

mostly the accessions were with dwarf and very dwarf plant height i.e. 67 (43.8%) 

accessions were found to be very short with a height of less than 100 cm and 42 (27.4%) 

accessions were short with height ranged from 100 to 130 cm. The remaining genotypes 

were medium, tall and only 2 accessions were very tall with plant height of more than 

200 cm.  

 

 4.1.1.7. Number of leaves per plant (No.) 

Variation for the number of leaves per plant in the present germplasm ranged between 

6.4 and 15.2 with mean value of 11.1 and coefficient of variation was 18.9% in 2011, 

while in 2012, it varied from 6.2 to 16.6 with mean value of 11.2 and coefficient of 

variation was 18.1%. The highest number of leaves in each plant i.e. 15.2 was detected in 

accessions 14993 and 19198 and lowest number i.e. 6.4 in 14895 during first year of 

agro-morphological study. During second year the largest number of leaves per plant i.e. 

16.6 was noted in accession 15336 and lowest i.e. 6.2 in accession 14907. According to 

year-wise frequency distribution larger number of genotypes was having 10 to 15 leaves 

per plant. A considerable number were with less than 10 leaves per plant but very small 

number of accessions was with number of leaves per plant more than 15. Among these 

40 (26.1%) accessions were having less than 10 leaves per plant, 111 (72.5%) accessions 

were having 10-15 leaves per plant and only 2 (1.3%) accessions were having more than 
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15 leaves per plant during first growing season, while during  second year, 41 (26.8%) 

accessions produced low number of leaves i.e. less than 10 leaves per plant, 109 (71.2%) 

accessions including Agaiti-2002, Sadaf and Sahiwal-2002, were with medium number 

of leaves per plant ranging from 10 to 15 and only 3 (2%) accessions were having more 

than 15 leaves per plant.  

   

4.1.1.8. Leaf length (cm) 

Leaf length depicted high level of variability, which ranged from 39.4 to 86.6 cm with 

mean value of 67.2 cm and coefficient of variation was 13.9% in 2011. In 2012, it varied 

between 15.6 and 85 cm with mean value of 32.9 cm and coefficient of variation was 

50.2%. The accessions 15333 and 14895 were noted with lengthy and shortest leaves 

respectively during first growing season. In the second growing season the maximum leaf 

length was found in accession 15007 and minimum in accession 15160. The frequency 

distribution revealed that in 2011 most of the genotypes were having medium to lengthy 

leaves i.e. only 6 (3.9%) accessions were having short leaves with length of less than 50 

cm, 83 (54.2%) genotypes including Agaiti-2002 were having leaves with length ranged 

from 50 to 70 cm and 64 (41.8%) genotypes including Sadaf and Sahiwal-2002 were 

having longer leaves with more than 70 cm. In 2012, the pattern was little different. Most 

of the accessions i.e. 129 (84.3%) were having shorter leaves with less than 50 cm in 

length, 14 (9.2%) including Agaiti-2002 were with leaves of medium length, ranged 

between 50 to 70 cm and only 10 (6.5%) including Sadaf and Sahiwal-2002, were 

expressed longer leaves with more than 70 cm in length.  

    

4.1.1.9. Leaf width (cm) 

Variation was noted in leaf width which varied between 4.4 cm and 10.3 cm with mean 

value of 7.4 cm and coefficient of variation was 17.5 during first field experiment. In 

second field evaluation, it ranged from 3.1 to 11cm with mean value of 5.6 cm and 

coefficient of variation was 30.3%. The broadest leaves were identified in Agaiti-2002 

during both growing seasons, while the narrowest in accession 14895 in first 

morphological evaluation and in accessions 14883, 15209 and 15232 during second 

growing season. The frequency distribution showed that during both field trials most of 

the genotypes were having leaf width varied from 5 to 10 cm i.e. 148 (96.7%) genotypes 

in 2011 and 83 (54.2%) genotypes in 2012.  The narrow leaves with less than 5cm width 
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were noted in only 4 (2.6%) and 67 (43.8%) genotypes respectively in both growing 

seasons. Few genotypes i.e. Agaiti-2002 in 2011 and 3 (2%) genotypes including Agaiti-

2002 and Sadaf in 2012 were having broader leaves with more than 10 cm width.  

 

4.1.1.10. Ear height (cm) 

Ear height is considered one of the vital traits which depicted wide range of variability 

during both growing seasons. It ranged from 6.5 to 136.7 cm with mean value of 73.1 cm 

and coefficient of variation was 31.6% during first growing season. During next growing 

year it varied from 13.5 to 98.2 cm with mean value of 48.5 cm and coefficient of 

variation was 35.8%. The accessions 24699 and 14886 in 2011 produced the highest ear 

i.e. 136.7 cm from ground level and lowest ear i.e. 6.5 cm from ground level, 

respectively. Similarly in 2012, the maximum ear height was noted in 15007 and 

minimum in 14904. The frequency distribution reflected that during the first growing 

season most of the genotypes i.e. 106 (69.3%) including Agaiti-2002, Sadaf and Sahiwal-

2002 produced ears with height ranged between 50 and 100 cm. Accessions that 

produced the top most ear at the height of less than 50 cm were 28 (18.3%). Only 19 

(12.4%) accessions were having ear height of more than 100 cm. In the next season, the 

maximum number of accessions i.e. 76 (49.7%) were having ear height in the range of 

less than 50 cm.  64 (41.8%) of the genotypes including Agaiti-2002, Sadaf and Sahiwal-

2002, were with ear height varied from 50 to 100 cm and only 13 (8.5%) accessions were 

having ear height of more than 100 cm.  

 

4.1.1.11. Number of ears per plant (No.)  

The tested genotypes showed low level of variation for the number of ears per plant 

which ranged from 1 to 5.3 with mean value of 2 ears per plant and coefficient of 

variation was 30.2% in 2011, while during 2012, varied from 1 to 5.3 with mean value of 

1.9 ears and coefficient of variation was 35.3%. The maximum number of ears per plant 

was detected in accessions 15321 (Figure 4.3) and minimum in 15149, 15310, 15350, 

24672 and 24697 in 2011, whereas during 2012 the largest number of ears per plant was 

found in accession 15321 and smallest number in accessions 14915, 15149, 15290, 

15310, 15350, 24672 and 24691. The frequency distribution of number of ears per plant 

mentioned that highest number of genotypes i.e. 91 (59.5%) including Sahiwal-2002, 

were having ears in the range of 2-5, followed by 61 (39.9%) genotypes including Agaiti-
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2002 and Sadaf, were with ear number per plant less than 2 and only 1 (0.7%) accession 

produced more than 5 ears per plant during 2011. In 2012, less than 2 ears per plant 

showed by the largest number of genotypes i.e. 78 (51%) including Agaiti-2002. A total 

of 75 (49%) genotypes including Sadaf and Sahiwal-2002, were having 2 to 5 ears per 

plant. More than 5 ears per plant produced by only 1(0.7%) accession.   

 

 

Figure 4.3: The maximum number of ears was produced by 

         accession 15321 during both field trials. 

 

4.1.1.12. Days to 50% ear leaf senescence   

Medium level of variation was reflected by the number of days taken by maize genotypes 

to senescence the ear leaf in 50% of plants in each genotype. It varied from 79 to 117 

days with mean value of 95.2 days and coefficient of variation was 7.5% in 2011. In 

2012, it ranged from 77 to 119 days with mean value of 96.9 and coefficient of variation 

was 8.7%. The senescence of ear leaf occurred in maximum number of days in accession 

15280, whereas the minimum number of days was noted in accession 14914 to 

senescence ear leaf during 2011. In 2012 the accession 24690 took more days to 

senescence the ear leaves, whereas minimum number of days was taken by the accession 

14959. The frequency distribution based on days to 50% ear leaf senescence portrayed 

that 109 (71.2%) including Agaiti-2002, Sadaf and Sahiwal-2002, made the largest group 

to take 85 to 100 days for the senescence of the ear leaf. 33 (21.6%) accessions took 
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more than 100 days. Only 11(7.2%) accessions took less than 85 days to senescence their 

50% ear leaves in 2011. During 2012, 85 (55.6%) including Agaiti-2002, Sadaf and 

Sahiwal-2002, carried out ear leaf senescence in the range of 85 to 100 days. 54 (35.3%) 

accessions took more than 100 days. Only 14 (9.2%) accessions senescence their 50% ear 

leaves in less than 85 days.   

 

4.1.1.13. Days to harvest (No.)  

The number of days from sowing date to harvest showed considerable level of variation 

during first field trial but in the next year the level of variability was comparatively high. 

It might be due to the change in the weather. It ranged between 100 and 126 days with 

mean value of 112.4 and coefficient of variation was 6.1% in 2011. In 2012, it varied 

between 93 and 135 days with mean value of 115.7 and coefficient of variation was 

9.3%. The largest number of days to harvest was noted in accessions 15117, 15278 and 

15279 and minimum number of days in accessions 14878, 14880, 14883, 14884 and 

14886 in 2011. In the next year, the maximum number of days were detected in 

accessions 19188 and 24690 and minimum number of days in accession 14900. 

Frequency distribution based on the number of days to harvest revealed that larger 

number of accessions i.e. 87 (56.9%) took more than 110 days to harvest and were 

considered as late. 62 (40.5%) accessions took from 101 to 110 days and were medium. 

Only 4 (2.6%) accessions were with less than 100 days and were considered as early 

during 2011, whereas in 2012, the maximum number of genotypes i.e. 101 (66%) took 

more than 110 days to harvest and were considered as late. 40 (26.1%) accessions took 

101 to 110 days to harvest and were medium. Only 12 (7.8%) accessions were with less 

than 100 days and were considered as early. 

  

4.1.1.14. Field weight per plot (kg) 

The tested germplasm showed the least level of variation for the field weight per plot, 

which ranged between 0.008 and 0.2 kg with mean value of 0.1 kg and coefficient of 

variation was 51.8% during 2011 and from 0.01 to 0.3 kg with mean value of 0.1 kg and 

coefficient of variation was 73.5% in 2012. The maximum field weight per plot was 

recorded in accession 15090, while minimum in accession 15168 in 2011. In 2012, the 

accession 15329 showed the highest field weight per plot, whereas the accession 14898 

presented the least weight. According to frequency distribution, 38 (24.8%) genotypes 
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possessed less than 0.05 kg field weight per plot, 105 (68.6%) genotypes including 

Agaiti-2002 were having 0.05 to 0.15 kg and only 10 (6.5%) genotypes including Sadaf 

and Sahiwal-2002 were with more than 0.15 kg. In 2012 the pattern was different. 74 

accessions were with less than 0.05 kg field weight per plot, 63 genotypes produced field 

weight per plot ranged from 0.05 to 0.15 kg and only 11 accessions were with more than 

0.15 kg field weight per plot. 

 

4.1.1.15. Ear length (cm) 

Variation was detected among maize genotypes for the ear length, which ranged from 2.7 

to 15.5 cm with mean value of 8.7 cm and coefficient of variation was noted as 29% 

during first growing season. It varied from 6 to 21.3 cm with mean value of 11.2 cm and 

coefficient of variation was 25.9% during second year. The longest ears were found in 

accession 15090 and the shortest ears in 24669 in 2011, whereas during 2012, the longest 

ears were produced by accession 15325 and the shortest ears by accession 14884. The 

frequency distribution illustrated that 84 (54.9%) genotypes including Agaiti-2002, were 

having ear length ranged from 6 to 10 cm, 48 (31.3%) genotypes including Sadaf and 

Sahiwal-2002 were possessing ear length of more than 10 cm and in only 21 (13.7%) 

accessions the ear length was 5 cm or less in 2011. In 2012, the frequency distribution 

based on ear length showed that 83 (54.2%) genotypes including Sadaf and Sahiwal-

2002, were with ear length of more than 10 cm, followed by 59 (38.6%) including 

Agaiti-2002 were having ear length varied from 6 to 10 cm. There were only 11(7.2%) 

accessions with ear length of 5 cm or less (Figure 4.4).  

 

 

 

Figure 4.4: The figure shows ear length in accession 15090.  

Ear length 
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4.1.1.16. Ear diameter (cm) 

Considerable variability was found in ear diameter, which ranged from 1.8 to 4.9 cm with 

mean value of 3.5 cm and coefficient of variation detected was 16.8% in 2011, while it 

varied from 2 to 4.5 cm with mean value of 3.2 cm and coefficient of variation was 

15.7%. The longest diameter was found in the ears of accession 15014 (Figure 4.5a) and 

accession 14907 produced the shortest ear diameter in 2011. During 2012, The genotype 

Sadaf was leading in ear diameter (Figure 4.5b) and the shortest diameter noted in 

accessions 14898 and 15000. The year-wise frequency distribution determined that 

maximum number of accessions i.e. 124 (81%) were produced ear diameter ranged from 

2 to 4 cm. 28 (18.3%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, were 

having ear diameter of more than 4 cm. Only one accession was found with ear diameter 

of less than 2 cm during 2011.  In 2012, the ear diameter was found almost in similar 

pattern. A total of 140 (91.5%) accessions were having ear diameter varied from 2 to 4 

cm. 10 (6.5%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, were noted 

with ear diameter of more than 4 cm and only 3 (2%) were with ear diameter of less than 

2 cm.  

 

 

 

                      

Figure 4.5 (a): The longest ear diameter in             (b): The longest ear diameter in                                                          

 15014 during 2011.                               Sadaf during 2012. 

 

4.1.1.17. Number of kernel rows  

The variability found in the number of rows of kernels varied between 2 and 16 rows 

     Ear diameter 
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with mean value of 7.8 rows and coefficient of variation was 33.6% in first agro-

morphological study. During second field evaluation its range was noted from 7 to 16.7 

rows with mean value of 11.8 rows and coefficient of variation was 14.3%. Accession 

15329 showed maximum number of kernel rows i.e. 16 and accession 24670 presented 

minimum number of kernel rows i.e. 2 during first growing season. In second growing 

season, the largest number of rows of kernels i.e. 16.7 was identified in accession 15333 

and least number of rows i.e. 7 produced by accession 14911. The frequency distribution 

showed that 104 (68%) accessions produced the number of kernel rows ranging from 5 to 

10 rows followed by 29 (19%) genotypes including Agaiti-2002, Sadaf and Sahiwal-

2002, with more than 10 rows and only 20 (13%) accessions were with less than 5 kernel 

rows in 2011. During growing season in 2012, the largest number of accessions i.e. 124 

(81%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, were having more than 

10 kernel rows followed by 19 (12.4%) accessions produced kernel rows varied from 5 to 

10 and only 10 (6.5%) accessions were having less than 5 kernel rows (Figure 4.6). 

 

 

 

 

Figure 4.6: The number of kernel rows and number of kernels per 

       row in accession, 15014. 

 

4.1.1.18. Number of kernels per row  

The number of kernels per row varied between 1.7 and 25 with mean value of 8.6 kernels 

and coefficient of variation was found as 50% during experiment in 2011, whereas in 

Number of kernels per row 

Number of 

kernel 

rows 
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2012 field study it ranged from 4.3 to 30.7 kernels with mean value of 14.6 and 

coefficient of variation was 40.2%. In accession 15328 the highest number of kernels was 

counted in each row and the minimum in accession 19198 in 2011. During 2012, the 

accession 15350 produced the maximum number of kernels per row while minimum 

kernels per row noted in accession 15231. It was clear from the frequency distribution 

that most of the accessions i.e. 97 (63.4%)  produced number of kernels per row with less 

than 10 kernels, followed by 42 (27.5%) accessions with kernels per row varied from 10 

to 20 and only 14 (9.2%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, 

produced more than 20 kernels per row in 2011. In 2012, the pattern was little different. 

A total of 87 (56.9%) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, 

produced from 10 to 20 kernels per row, 38 (24.8%) accessions were having less than 10 

kernels and only 28 (18.3%) accessions produced more than 20 kernels per row (Figure 

8). 

 

4.1.1.19. Kernel length (mm) 

Kernel length presented considerable variability which ranged from 4.5 to 12.2 mm with 

mean value of 7.4 mm and coefficient of variation was 17.7% in 2011, while in 2012 it 

varied from 4.5 to 11.3 mm with mean value of 7.5 mm and coefficient of variation was 

16.7%. The genotype 15014 was the leading in producing lengthy kernels (Figure 4.7a) 

and accession 15160 was found to possess the kernels with least length during 

morphological study conducted in 2011. During morphological study in 2012, the 

maximum kernel length was found in genotype 15030 (Figure 4.7b) and minimum in 

accession 15353. The frequency distribution denoted that 94% (144) genotypes including 

Agaiti-2002, Sadaf and Sahiwal-2002, were having kernel length varied from 5 to 10 

mm. A small number of genotypes 3.3% (5) and 2.6% (4) were having kernel length less 

than 5 mm and more than 10 mm respectively during 2011. In 2012, 97.4% (149) 

genotypes including Agaiti-2002, Sadaf and Sahiwal-2002, were produced kernel length 

ranged from 5 to 10 mm. 0.7% and 2% were with kernel length less than 5 mm and more 

than 10 mm respectively.  
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Figure 4.7 (a):  Longest kernels in                            (b): Longest kernels in               

            15014 during 2011.         15030 during 2012. 

  

4.1.1.20. Kernel width (mm) 

The variability in the width of kernels varied from 4 to 9.2 mm with mean value of 7.2 

mm and coefficient of variation was 12.8% in 2011. In 2012, it ranged from 4.4 to 11.5 

mm with mean value of 6.8mm and coefficient of variation was 19.4%. During field 

study conducted in spring 2011, the genotype, 15044 was found to possess broadest 

kernel width (Figure 4.8a) and narrowest found in accession 15014. During 2012, the 

largest kernel width was found in accession 15096 (Figure 4.8b) and smallest in 

accession 14878. The frequency distribution determined that 79.1% and 76.5% genotypes 

in 2011 and 2012 respectively including Agaiti-2002, Sadaf and Sahiwal-2002, were with 

kernel width varied from 5 to 8 mm, followed by 19.6% and 15.7% during 2011 and 

2012 respectively with kernel width of more than 8 mm. The remaining genotypes were 

having less than 5 mm width of kernels during both field studies. 

 

       Kernel  length 
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Figure 4.8 (a): Maximum kernel width in            (b): Maximum kernel width in       

             15044 during 2011.         15096 during 2012.    

 

4.1.1.21. Cob diameter (cm) 

The tested maize genotypes displayed variation in the diameter of cob which ranged 

between 1.2 and 3.26 cm with mean value of 2.4 cm and coefficient of variation was 

38.1% in 2011, whereas in 2012 it varied from 1.3 to 3.2 cm with mean value of 2.2 cm 

and coefficient of variation was 15.4%. The cob with lengthy diameter produced by the 

accession 15047 and with minimum diameter by accession 15330 during 2011. In 2012, 

the genotype Sadaf possessed the largest diameter whereas the minimum diameter noted 

in accession 15007. The frequency distribution based on cob diameter showed that in 

2011, 80.4% of the genotypes were having cob diameter  of less than 2 cm, followed 

12.4% genotypes including Agaiti-2002 and Sahiwal-2002 with cob diameter varied from 

2 to 3 cm. Only 7.2% genotypes were having cob diameter of more than 3 cm. During 

second field trial, 77.1% accessions were having cob diameter of less than 2 cm, 20.9% 

genotypes including Agaiti-2002 and Sahiwal-2002, were with cob diameter ranged from 

2 to 3 cm and only 2% were with cob diameter of more than 3 cm. 

 

4.1.1.22. 1000 kernels weight (g) 

 1000 kernels weight is considered among the important quantitative traits. The weight of 

1000 kernels adjusted at 10% moisture content. High level of variation showed by the 

studied germplasm which varied between 159 and 326 g with mean value of 229.3 g and 

coefficient of variation was 20.5% in the morphological study carried out in 2011. In 

2012, it ranged from 145.8 to 338.5 g with mean value of 219.6 g and coefficient of 
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variation was 27.1%. The heaviest weight of the 1000 kernels noted in genotype 15319 

and lightest in accession 14895 during 2011. In 2012, the maximum weight found in the 

kernels of accession 15319 and minimum in accession 15311. The frequency distribution 

determined that the largest number of genotypes i.e. 90 (58.8%) including Agaiti-2002, 

Sadaf and Sahiwal-2002, were having 1000 kernels weight varied between 220 and 300 

g, followed by 58 (37.9%) accessions with 1000 kernels weight of less than 220 g and 

only 5 (3.3%)  were with 1000 kernels weight of greater than 300 g in 2011.  In 2012, the 

maximum number of accessions i.e. 89 (58.2%) produced 1000 kernels weight of less 

than 220 g, 61 (39.7%) including Agaiti-2002, Sadaf and Sahiwal-2002, with weight 

ranged from 220 to 300 g and only 3 accessions were with more than 300 g. 

  

4.1.1.23. Harvest grain moisture  

The moisture content of grains at the time of harvesting varied from 9 to 35.6% with 

mean value of 24% and coefficient of variation was 19.2% during the first field 

experiment. During the second experiment, the variation in moisture content ranged from 

13.7 to 37.1% with mean value of 23.8% and coefficient of variation noted was 19.8%. 

At the time of harvesting the maximum amount of moisture content in seeds noted in the 

accession 24688 and minimum in accession 15232 in 2011, whereas in 2012, the highest 

amount of moisture detected in accession 24674 and least amount in accession 24683. 

The frequency distribution illustrated that 120 and 112 genotypes including Agaiti-2002, 

Sadaf and Sahiwal-2002, in 2011 and 2012 respectively were having grain moisture more 

than 20%. A total of 30 accessions in 2011 and 40 accessions in 2012 were having the 

percentage of moisture content ranged between 15 and 20. 

 

4.1.1.24. Grain yield per plant (g) 

Grain yield per plant is one of the important morphological traits. A tremendous level of 

variation was reflected by the grain yield per plant which ranged between 35 and 312 g 

with mean value of 108.9 g and coefficient of variation was 53.5% during the first 

morphological experiment. Almost the similar level of variability was found during 

second morphological experiment. It varied from 24 to 272 g with mean value of 100.1 g 

and coefficient of variation was 52.5%. The maximum grain yield per plant was detected 

in accession 15276 and minimum in accession 24682 during first morphological 

experiment. During second experiment the accession 15278 produced the highest grain 
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yield per plant and minimum noted in accession 24696. The frequency distribution 

revealed that maximum number of accessions 62 (40.5%) produced grain yield per plant 

ranged between 50 and 100 g. 41 (26.8%) accessions with grain yield per plant varied 

from 101 to 150 g, whereas the highest grain yield per plant noted in only 10 (6.5%) 

genotypes including Agaiti-2002 during 2011. In 2012, the largest number of accessions 

i.e. 66 (43.1%) were having grain yield per plant ranged from 50 to 100 g. 37 (24.2%) 

accessions were with grain yield per plant varied between 101 and 150 g but only 9 

accessions produced the highest grain yield per plant with more than 200 g.  

   

4.1.2.  Qualitative Traits  

The frequency distribution of qualitative morphological characters of maize given in the 

Table 4.5 and 4.6. Maximum genotypes 65.4% (100) including Agaiti-2002, Sadaf and 

Sahiwal-2002 were having erect leaves while, 34.6% (53) accessions were with pendent 

leaves. The pubescence of culm was found in 100% (153) genotypes including the check 

varieties. A large number of genotypes i.e. 86.3% (132) including the check varieties 

were having primary type, 13.7% (21) were with primary as well as secondary type but 

no one was present with primary, secondary and tertiary type. Large tassel size was noted 

in 83% (128) genotypes including the check varieties, medium size in 12.4% (19) and 

only 3.9% (6) accessions were with small sized tassels. 

 

Good husk cover was noted in 92.1% (141) genotypes including Agaiti-2002, Sadaf and 

Sahiwal-2002, 7.2% (11) accessions were having intermediate type but only 0.7% (1) 

was found with poor type husk cover. The sever ear damage was noted in only 1.9% (3) 

and medium ear damage in only 0.7% (1) accession, whereas no ear damage was found 

in 97.4% (149) genotypes including Agaiti-2002, Sadaf and Sahiwal-2002. 

 

Regular type of kernel row arrangement was found in 69% (106) genotypes including 

Agaiti-2002, Sadaf and Sahiwal-2002, 26.8% (41) had irregular type, 3.2% (5) had spiral 

type and only 0.7% (1) accession with straight type. Flint type of kernels were produced 

by 49% (74)  genotypes including the check varieties, floury type by 17% (26) 

accessions, dent type by 15% (23) accessions,  semi flint type by 10.5% (16) accessions, 

while semi dent type in only 8.5% (13) accessions. The kernel color showed that 42.5% 

(65) including Sadaf, produced white colored kernels, 29.4% (45) genotypes including 



 

82 

 

Agaiti-2002, were having kernels with orange color, 21.7% (33) including Sahiwl-2002, 

were having kernels with yellow color, 3.2% (5) accessions with red colored kernels and 

only 3.2% (5) accessions were having color of other types. The cob color revealed that 

cobs of white color were found in 88.2% (135) genotypes including Agaiti-2002 and 

Sadaf, red colored cobs noted in 11.8% (18) genotypes including Sahiwal-2002 but none 

of the accession was found to possess cob with other type of colors. 
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Table 4.5: Frequency distribution of qualitative characters of maize during 2011. 

Character Description Code  Frequency Percentage 

Leaf Orientation Erect 

 

1 

 

100 

 

65.4 

  

Pendent 

 

2 

 

53 

 

34.6 

Pubiscence of culm Present 

 

1 

 

153 

 

100 

  

Absent 

 

2 

 

0 

 

0 

Tassel Type Primary 

 

1 

 

21 

 

13.7 

  

Secondary     2 

 

132 

 

86.3 

  

Tertiary 

 

3 

 

0 

 

0 

Tassel Size Small 

 

1 

 

6 

 

3.9 

  

Medium 

 

2 

 

19 

 

12.4 

  

Large 

 

3 

 

128 

 

83.7 

Husk cover 

 

Poor 

 

1 

 

1 

 

0.7 

  

Intermediate 2 

 

11 

 

7.2 

  

Good 

 

3 

 

141 

 

92.1 

Ear damage Nil 

 

0 

 

149 

 

97.4 

  

Intermediate 3 

 

1 

 

0.7 

  

Sever 

 

7 

 

3 

 

1.9 

Kernel row arrangement     Regular 

 

1 

 

106 

 

69.3 

  

Irregular 

 

2 

 

41 

 

26.8 

  

Straight 

 

3 

 

1 

 

0.7 

  

Spiral 

 

4 

 

5 

 

3.2 

Kernel type Dent 

 

1 

 

23 

 

15 

  

Semi dent 

 

2 

 

13 

 

8.5 

  

Semi flint 

 

3 

 

16 

 

10.5 

  

Flint 

 

4 

 

75 

 

49 

  

Floury 

 

5 

 

26 

 

17 

Kernel color White 

 

1 

 

65 

 

42.5 

  

Yellow 

 

2 

 

33 

 

21.7 

  

Orange 

 

3 

 

45 

 

29.4 

  

Red 

 

4 

 

5 

 

3.2 

  

Other 

 

5 

 

5 

 

3.2 

Cob color 

 

White 

 

1 

 

135 

 

88.2 

  

Red 

 

2 

 

18 

 

11.8 

  

Other 

 

3 

 

0 

 

0 
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Table 4.6: Frequency distribution of qualitative characters of maize during 2012. 

Character   Description Code    Frequency Percentage 

 Leaf orientation Erect 

 

1 98 

 

64.1 

 

  

Pendent 

 

2 55 

 

35.9 

 Pubiscence of culm Present 

 

1 153 

 

100 

 

  

Absent 

 

2 0 

 

0 

 Tassel type Primary 

 

1 36 

 

23.5 

 

  

Secondary 2 117 

 

76.5 

 

  

Tertiary 

 

3 0 

 

0 

 Tassel size Small 

 

1 12 

 

7.8 

 

  

Medium 

 

2 31 

 

20.3 

 

  

Large 

 

3 110 

 

71.9 

 Husk cover Poor 

 

1 2 

 

1.3 

 

  

Intermediate 2 19 

 

12.4 

 

  

Good 

 

3 132 

 

86.3 

 Ear damage Nil 

 

0 145 

 

94.8 

 

  

Intermediate 3 6 

 

3.9 

 

  

Sever 

 

7 2 

 

1.3 

 Kernel row arrangement Regular 

 

1 100 

 

65.4 

 

  

Irregular 

 

2 47 

 

30.7 

 

  

Straight 

 

3 1 

 

0.7 

 

  

Spiral 

 

4 5 

 

3.2 

 Kernel type Dent 

 

1 21 

 

13.7 

 

  

Semi dent 

 

2 14 

 

9.2 

 

  

Semi flint 

 

3 15 

 

9.8 

 

  

Flint 

 

4 76 

 

49.7 

 

  

Floury 

 

5 27 

 

17.6 

 Kernel color White 

 

1 64 

 

41.8 

 

  

Yellow 

 

2 34 

 

22.2 

 

  

Orange 

 

3 45 

 

29.4 

 

  

Red 

 

4 5 

 

3.2 

 

  

Other 

 

5 5 

 

3.2 

 Cob color White 

 

1 131 

 

85.6 

 

  

Red 

 

2 22 

 

14.4 

 

  

Other 

 

3 0 

 

0 
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4.1.3.  Correlation Studies 

The means of 24 quantitative agro-morphological traits in 150 accessions and 3 check 

varieties (Agaiti-2002, Sadaf and Sahiwal-2002) of maize were analyzed for 

elucidating the simple correlation coefficient between them during 2011 and 2012, 

given in the Table 4.7 and 4.8, respectively. 

   

Both positive and negative correlation was found between these agro-morphological 

characters. However, among the total 276 combinations of agro-morphological 

characters, measurements of some functionally related characters presented significant 

correlation with each other during morphological study of maize germplasm in 2011 

and 2012, through agro-morphological traits like morphology of the leaf (such as 

number of leaves, leaf length, leaf width), trait related to flowering (i.e. number of 

days to tassel, number of days to silk, number of days to pollen shedding, anthesis-

silking interval), traits related to yield (such as number of kernel rows, number of 

kernels per row, kernel length, kernel width, 1000 kernels weight, grain yield per 

plant). Number of days to tassel showed highly significant positive correlation with 

number of days to pollen shedding as r = 0.98** both in 2011 and 2012 and number of 

days to silking as r = 0.97** and 0.95** during both seasons, respectively. Similarly 

number of leaves per plant was highly significantly positively correlated with plant 

height as r = 0.82** and 0.39** in both years, respectively and ear height as r = 

0.80** and 0.64** during both growing seasons, respectively. Days to harvest had 

highly significant positive correlation with several traits such as with number of days 

to tassel as r = 0.53** and 0.74**, with days to pollen shedding as r = 0.55** and 

0.74**, with days to silking as r = 0.52** and 0.74**, with number of leaves per plant 

as r = 0.68** and 0.33**, with ear height as r = 0.53** and 0.25**, with days to ear 

leaf senescence as r = 0.68** and 0.91**, with field weight per plot as r = 0.42** and 

0.24** and with grain yield per plant as r = 0.29** and 0.22** during 2011 and 2012, 

respectively. The anthesis-silking interval which is one of the important traits in maize 

crop from the production point of view was found to be highly significantly negatively 

correlated with grain yield per plant as r = -0.53** and -0.25** during both growing 

seasons. The field weight per plot showed highly significant correlation with several 

traits like, ear length, ear diameter, number of kernel rows, number of kernel per row, 

kernel length and grain yield per plant. The plant height showed highly significant 
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positive correlation with field weight per plot as r = 0.52** and 0.24**, with number 

of leaves per plant as r = 0.64** and 0.41** and with leaf width as r = 0.73** and 

0.29** during both years, respectively. It was found that the most vital trait grain yield 

per plant was highly significant positively correlated with several characters such as 

plant height as r = 0.31** and 0.23**, number of days to tassel as r = 0.26** and 

0.30**, number of leaves per plant as r = 0.32** and 0.23**, ear diameter as r = 

0.35** and 0.23**, kernel length as r = 0.30** and 0.27**, as shown in the Table 4.7 

and 4.8.    
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Table 4.7: Correlation among quantitative agro-morphological traits of maize from  

       Pakistan, China and Japan during 2011. 
Trait FGD DT DPS DS ASI PH NL/P LL LW 

FGD 1.00 
        

DT 0.08 1.00 
       

DPS 0.10 0.98** 1.00 
      

DS 0.11 0.97** 0.98** 1.00 
     

ASI 0.12 -0.20* -0.10 0.02 1.00 
    

PH 0.13 0.54** 0.56** 0.53** -0.06 1.00 
   

NL/P 0.25** 0.48** 0.51** 0.49** -0.03 0.82** 1.00 
  

LL 0.27** 0.34** 0.35** 0.34** -0.05 0.78** 0.70** 1.00 
 

LW 0.21** 0.35** 0.38** 0.35** -0.06 0.64** 0.79** 0.71** 1.00 

EH 0.18* 0.48** 0.49** 0.48** 0.00 0.92** 0.80** 0.73** 0.62** 

NE/P -0.04 0.08 0.08 0.08 -0.02 0.25** 0.21** 0.16* 0.16* 

DELS 0.11 0.64** 0.66** 0.63** -0.09 0.71** 0.65** 0.59** 0.52** 

DH 0.20* 0.53** 0.55** 0.52** -0.08 0.70** 0.68** 0.56** 0.47** 

FW/Pl 0.23** 0.32** 0.33** 0.30** -0.12 0.52** 0.64** 0.59** 0.73** 

EL 0.14 0.19* 0.19* 0.18* -0.07 0.37** 0.41** 0.43** 0.49** 

ED 0.20* 0.29** 0.30** 0.28** -0.08 0.57** 0.66** 0.62** 0.76** 

NKR 0.03 -0.02 -0.02 -0.02 -0.01 0.06 0.17* 0.15 0.25** 

NK/R 0.11 0.05 0.08 0.05 -0.05 0.18* 0.22** 0.29** 0.33** 

KL 0.13 0.23** 0.25** 0.21** -0.12 0.48** 0.59** 0.54** 0.66** 

KW 0.11 0.17* 0.17* 0.18* 0.00 0.24** 0.16* 0.16* 0.09 

CD 0.09 -0.09 -0.09 -0.12 -0.11 0.11 0.11 0.11 0.14 

1000KW 0.01 0.07 0.09 0.07 -0.05 0.23** 0.22** 0.12 0.27** 

HGM 0.19* 0.38** 0.39** 0.36** -0.11 0.39** 0.43** 0.42** 0.43** 

GY/P 0.12 0.26** 0.23** 0.15 -0.53** 0.31** 0.32** 0.25** 0.33** 

Trait EH NE/P DELS DH FW/Pl EL ED NKR NK/R 

EH 1.00 
        

NE/P 0.25** 1.00 
       

DELS 0.61** 0.10 1.00 
      

DH 0.63** -0.01 0.68** 1.00 
     

FW/Pl 0.53** 0.00 0.48** 0.42** 1.00 
    

EL 0.38** -0.01 0.32** 0.19* 0.73** 1.00 
   

ED 0.53** 0.03 0.51** 0.38** 0.84** 0.61** 1.00 
  

NKR 0.10 -0.18* 0.07 -0.05 0.57** 0.61** 0.53** 1.00 
 

NK/R 0.17* -0.01 0.11 0.12 0.32** 0.31** 0.28** 0.22** 1.00 

KL 0.44** 0.06 0.39** 0.39** 0.78** 0.59** 0.77** 0.57** 0.37** 

KW 0.20* 0.17* 0.16* 0.14 -0.11 -0.09 -0.05 -0.36** -0.20* 

CD 0.11 0.02 0.12 0.05 0.19* 0.10 0.24** 0.16* 0.09 

1000KW 0.22** 0.20* 0.24** 0.03 0.22** 0.15 0.29** 0.03 0.04 

HGM 0.34** -0.01 0.30** 0.41** 0.53** 0.37** 0.43** 0.18* 0.22** 

GY/P 0.26** 0.07 0.28** 0.29** 0.32** 0.29** 0.35** 0.41** 0.43** 

Trait KL KW CD 1000KW HGM GY/P 

   KL 1.00 
     

   KW -0.19* 1.00 
    

   CD 0.14 -0.07 1.00 
   

   1000KW 0.21** 0.09 0.41** 1.00 
  

   HGM 0.49** 0.19* -0.14 -0.23** 1.00 
 

   GY/P 0.30** 0.07 0.13 0.31** 0.21** 1.00 

      * Significant at 0.05 (5%) probability level.  

   ** Highly significant at 0.01(1%) probability level. 

DFG=Days to field germination, DT=days to tassel, DPS=days to pollen shedding, DS=days to silk, 

ASI=anthesis-silking interval, PH=plant height, NL/P=number of leaves per plant, LL=leaf length, 

LW=leaf width, EH=ear height, NE/P=number of ears per plant, DELS=days to ear leaf senescence, 

DH=days to harvest, FW/Pl=field weight per plot, EL=ear length, ED=ear diameter, NKR=number of 

kernel rows, NK/R=number of kernels per row, KL=kernel length, KW=kernel width, CD=cob diameter,  

1000KW=1000 kernel weight, HGM=harvest grain moisture, GY/P=grain yield per plant. 
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Table  4.8: Correlation among quantitative agro-morphological traits of maize from  

        Pakistan, China and Japan during 2012. 
Trait FGD       DT DPS DS ASI PH NL/P LL LW 

FGD 1.00 
       

 DT 0.28** 1.00 
      

 DPS 0.26** 0.98** 1.00 
     

 DS 0.23** 0.95** 0.98** 1.00 
    

 ASI -0.18* -0.29** -0.13 0.01 1.00 
   

 PH 0.09 0.25** 0.25** 0.26** 0.07 1.00 
  

 NL/P 0.19* 0.34** 0.34** 0.35** 0.01 0.39** 1.00 
 

 LL 0.08 0.03 0.06 0.08 0.17* 0.16* 0.03 1.00 

 LW 0.23** 0.24** 0.22** 0.21** -0.11 0.18* 0.25** 0.42** 1.00 

EH 0.21** 0.34** 0.34** 0.35** 0.01 0.54** 0.64** 0.20* 0.30** 

NE/P 0.02 0.11 0.11 0.09 -0.08 0.01 0.07 -0.18* 0.14 

DELS 0.27** 0.79** 0.79** 0.77** -0.19* 0.15 0.28** -0.11 0.08 

DH 0.25** 0.74** 0.74** 0.74** -0.10 0.19* 0.33** -0.17* 0.04 

FW/Pl 0.18* 0.31** 0.29** 0.28** -0.12 0.24** 0.41** 0.21** 0.29** 

EL 0.23** 0.36** 0.34** 0.32** -0.16* 0.20* 0.42** 0.08 0.25** 

ED 0.17* 0.20* 0.17* 0.14 -0.20* 0.15 0.40** 0.04 0.39** 

NKR 0.12 0.15 0.10 0.07 -.28** 0.11 0.28** -0.25** 0.04 

NK/R 0.11 -0.06 -0.10 -0.10 -0.09 -0.19* 0.02 -0.03 0.18* 

KL 0.12 0.18* 0.15 0.13 -0.20* 0.11 0.22** 0.11 0.29** 

KW 0.05 0.06 0.03 0.02 -0.10 0.04 0.29** -0.06 0.04 

CD 0.20* 0.15 0.12 0.10 -0.18* 0.26** 0.33** -0.08 0.20* 

1000KW -0.02 0.09 0.09 0.12 0.06 0.09 0.16* -0.09 0.05 

HGM -0.01 0.15 0.12 0.09 -0.17* 0.14 0.20* -0.02 0.06 

GY/P 0.13 0.30** 0.27** 0.24** -.25** 0.23** 0.23** -0.06 0.20* 

Trait EH NE/P DELS DH FW/Pl EL ED NKR NK/R 

EH 1.00 
      

  NE/P 0.10 1.00 
     

  DELS 0.21** 0.08 1.00 
    

  DH 0.25** 0.10 0.91** 1.00 
   

  FW/Pl 0.41** 0.04 0.25** 0.24** 1.00 
  

  EL 0.40** 0.03 0.34** 0.29** 0.63** 1.00 
 

  ED 0.30** 0.13 0.12 0.19* 0.64** 0.47** 1.00 

  NKR 0.17* 0.07 0.19* 0.21** 0.35** 0.34** 0.43** 1.00 

 NK/R 0.03 0.05 0.00 -0.05 0.40** 0.37** 0.39** 0.11 1.00 

KL 0.28** 0.17* 0.08 0.07 0.40** 0.28** 0.47** 0.17* 0.25** 

KW 0.13 -0.08 0.01 -0.01 0.12 0.26** 0.04 0.17* -0.15 

CD 0.33** 0.17* 0.11 0.19* 0.53** 0.38** 0.66** 0.49** 0.18* 

1000KW 0.14 0.15 0.04 0.06 0.13 0.07 0.00 0.08 0.00 

HGM 0.18* 0.01 0.16* 0.23** 0.14 0.06 0.18* 0.15 0.02 

GY/P 0.19* 0.20* 0.15 0.22** 0.39** 0.24** 0.23** 0.27** 0.54** 

Trait KL KW CD 1000KW HGM GY/P 

   KL 1.00 
     

   KW -.24** 1.00 
    

   CD 0.30** 0.08 1.00 
   

   1000KW 0.12 0.07 0.15 1.00 
  

   HGM 0.18* 0.01 0.05 -0.31** 1.00 
 

   GY/P 0.27** -0.01 0.26** 0.28** 0.46** 1.00 

   * Significant at 0.05 (5%) probability level.  

** Highly significant at 0.01(1%) probability level. 

DFG=Days to field germination, DT=days to tassel, DPS=days to pollen shedding, DS=days to silk, 

ASI=anthesis-silking interval, PH=plant height, NL/P=number of leaves per plant, LL=leaf length, LW=leaf 

width, EH=ear height, NE/P=number of ears per plant, DELS=days to ear leaf senescence, DH=days to 

harvest, FW/Pl=field weight per plot, EL=ear length, ED=ear diameter, NKR=number of kernel rows, 

NK/R=number of kernels per row, KL=kernel length, KW=kernel width, CD=cob diameter,  

1000KW=1000 kernel weight, HGM=harvest grain moisture, GY/P=grain yield per plant. 
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4.1.4.  Multivariate analysis of maize germplasm from China, Japan and 

 Pakistan on the basis of 34 agro-morphological traits 

The multivariate analyses of 34 agro-morphological traits were carried out through 

two complementary approaches as cluster and principal component analysis (Sneath 

and Sokal, 1973). For the removal of effects of scaling differences, averages of every 

trait were standardized before the analysis to be done. Euclidean dissimilarity 

coefficient matrices were used to portray the relationship between maize accessions 

and cultivars. For this purpose the cluster analyses was carried out through NTSYS 

PC, version 2.1 package (Rohlf, 2005). The results are mentioned in the form of 

dendrogram to display and evaluate the level of phenotypic similarity and to find out 

the relatedness among maize genotypes.  

 

It was not needed to mention here all the 11628 pairs-wise comparisons of 153 maize 

genotypes for the determination of their Euclidean distance matrix. However, a wide 

range of genetic distance was detected among the maize genotypes during agro-

morphological study. The maximum Euclidean genetic distance of 17.8 was observed 

between the accession 15232 and 15014, indicating their diverse nature. Accession 

24670 and 24669 were the most similar accessions having least genetic distance of 

2.7. The maximum Euclidean genetic distance of 17.8 was followed by 17.7 (between 

15329 and 15232), 17.6 (between 15232 and 14993) and (between 15280 and 15232), 

17.5 (between 15279 and 15232), 17.4 (between 15342 and 15232) and (between 

24697 and 15232), 17.3 (between 15338 and 15232), 17.2 (between 15277 and 15232) 

and (between 15321 and 15232), 17.1 (between 24688 and 15232), 17.0 (between 

15332 and 15232) and (between 15346 and 15232), 16.8 (between 15330 and 15323) 

and 16.7 (between 15232 and 15007) and (between 15336 and 15232), respectively 

with over all mean genetic distance between all pairs of genotypes was noted as 7.3 

during the first growing season in 2011. Similarly the Euclidean genetic distance 

detected among clusters varied from minimum value of 4.5 between cluster ‘A’ and 

‘B’ to maximum value of 9.73 between cluster ‘A’ and ‘D’ during 2011 (Table 4.9).  
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Table  4.9: Genetic distance among five clusters during 2011. 

Cluster Cluster-A Cluster-B Cluster-C Cluster-D Cluster-E 

Cluster-A 0.00     

Cluster-B 4.5 0.00    

Cluster-C 7.84 5.41 0.00   

Cluster-D 9.73 6.87 4.8 0.00  

Cluster-E 9.55 7.15 5.74 5.35 0.00 

 

During the second growing season in 2012, the minimum genetic distance of 3.1 was 

found between (15346 and 15258) and (24670 and 24669), whereas the maximum 

Euclidean genetic distance of 13.9 noted (between 15329 and 14909), (between 15329 

and 14959) and (between 24690 and 14959). The maximum level of genetic distance  

was followed by 13.8 (between 15329 and 14907) and (between Sadaf and 14909) and 

(24690 and 15228), 13.7 between (15321 and 14911) and (Sadaf and 15149), 13.6 

(between Sahiwal-2002 and 14909), 13.5 (between 15329 and 14898) and (between 

15329 and 14954), 13.4 (between 15325 and 14907), (between 15321 and 14909) and 

(between Sahiwal-2002 and 14909), 13.3 (between Sadaf and 14911), (between 15321 

and 14959), (between 15321 and 15149) and (between 24690 and 15280), 13.2 

(between 15329 and 14903), (between 15321 and 14907), (between 24690 and 14907) 

and (between 15329 and 15149), 13.1 (between 15329 and 14880), (between Sadaf 

and 14907), (between Sahiwal-2002 and 14907), (between 15325 and 14911), 

(between Sahiwal-2002 and 14911) and (between Sahiwal-2002 and 15149), 13.0 

(between 15009 and 14909), (between 15149 and 15007) and (between 15149 and 

15009) and 12.9 (between Sadaf and 14898), (between Sadaf and 14903), (between 

15336 and 14903), (between Sahiwal-2002 and 14903) and (between 15329 and 

15250), respectively with over all mean genetic distance between all pairs of 

genotypes was detected as 7.7 during 2012. Similarly the Euclidean genetic distance 

detected among clusters ranged from minimum value of 4.93 between cluster ‘A’ and 

‘E’ to maximum value of 8.87 between cluster ‘A’ and ‘D’ during 2012 (Table 4.10). 
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Table 4.10: Genetic distance among five genotypic clusters during 2012. 

Cluster Cluster-A Cluster-B Cluster-C Cluster-D Cluster-E 

Cluster-A 0.00     

Cluster-B 6.07 0.00    

Cluster-C 8.84 6.59 0.00   

Cluster-D 8.87 7.13 5.68 0.00  

Cluster-E 4.93 5.00 7.21 7.64 0.00 

 

 

4.1.4.1. Cluster analysis 

A total of 153 maize genotypes were distributed into 5 main clusters, A, B, C, D and E 

through the cluster analysis based on 34 agro-morphological traits using complete 

linkage method at dissimilarity coefficient value of 12.6 during 2011 (Figure 4.9). The 

mean and standard deviation calculated for each agro-morphological trait. This 

resulted in five clusters presented in Table 4.11, while prominent features of the 

genotypes are portrayed in Table 4.12. 

 

Cluster–A comprised 64 genotypes that were grouped separated from other genotypes 

(Figure 11) because of the presence of maximum plant height (174.63±20.19), 

maximum ear height (86.27±15.51), the longest leaf length (73.05±5.82), the broadest 

leaf width (8.30±0.85) and ear diameter (3.91±0.35), the largest number of days to 

tassel (65.94±5.11) and silking (72.47±5.00), the highest number of leaves per plant 

(12.46±1.35), maximum number of kernel rows (8.96±2.45), number of kernels per 

row (10.07±4.75) and number of days to harvest (116.14±5.18) and the highest grain 

yield per plant (130.94±69.19) (Table 4.11 and 4.12).  

  

Cluster-B consisted of 63 genotypes differentiated from other clusters (Figure 11) due 

to having the largest number of ears per plant (2.23±0.72), the broadest kernel width 

(7.49±0.69), maximum 1000 kernels weight (235.43±26.26), taller plant height 

(155.04±27.44), medium leaf length (66.31±6.97) and number of leaves per plant 

(10.97±1.49), lower grain yield per plant (98.32±39.88) (Table 4.11 and 4.12). 
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Cluster-C was having 24 genotypes (Figure 11) with distinguishing characters of the 

longest anthesis-silking interval (6.96±1.71), medium number of days to tassel 

(58.00±6.58) and silking (65.08±6.38), the lowest plant height (97.54±18.64), ear 

height (39.44±14.43), the shortest leaf length (54.55±8.89), the least number of days 

to ear leaf senescence (85.17±3.51) and the lowest grain yield per plant (78.00±48.64) 

(Table 4.11 and 4.12). 

                                                  

Cluster-D comprised only one accession which was separated from other genotypes 

(Figure 11) due to the presence of characteristic features such as the shortest anthesis-

silking interval (5.00), the least number of ears per plant (2.00), the shortest ear 

diameter (2.21), the lowest number of kernel rows (4.80) and number of kernel per 

row (4.80), the shortest kernel length (5.30), the smallest kernel width (6.18) and 

medium grain yield per plant (104.00) (Table 4.11 and 4.12). 

 

Cluster-E also consisted of a single accession, isolated from other genotypes (Figure 

11) because of having the least number of days to tassel (47.00) and silking (52.00), 

minimum number of leaves per plant (7.20), tall plant height (112.24), the narrowest 

leaf width (4.98) and cob diameter (1.30), the lowest harvest grain moisture (12.00) 

and minimum grain yield per plant (109.00) (Table 4.11 and 4.12).  

 

Among the total accessions, 17.3% were collected from different parts of the province 

of Khyber Pakhtunkhwa, 27.3% from the province of Punjab, 14.7% from 

Baluchistan, 10% from Northern Areas, 16.7% from Azad Jammu and Kashmir, while 

12% of accessions were acquired from Japan and only 2% from China (Table 4.13). 

Upon cluster analysis the maximum genetic diversity was shown by the accessions 

collected from the province of Khyber Pakhtunkhwa, who shared four clusters A, B, C 

and E, followed by the accessions from the Punjab, Baluchistan and Northern Areas, 

who scattered in to three clusters. Accessions from AJK and Japan diverged into only 

two clusters, while the least diversity was detected in Chinese accessions during 2011 

(Table 4.13). 
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Figure 4.9: Dendrogram portraying the genetic relationship among Chinese,  

       Japanese and Pakistani maize genotypes on the basis of 34 agro- 

       morphological traits during 2011. 
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Table 4.11: Mean and standard deviation of five main clusters based on agro- 

      morphological traits during 2011. 

 Trait Cluster-A Cluster-B  Cluster-C Cluster-D Cluster-E   

DFG 11.84±2.42 11.44±2.76 10.58±2.28 8.00 12.00 

  DT 65.94±5.11 62.37±5.90 58.00±6.58 51.00 47.00 

  DPS 69.84±5.09 66.40±5.77 61.54±6.41 53.00 50.00 

  DS 72.47±5.00 69.20±5.79 65.08±6.38 56.00 52.00 

  ASI 6.50±1.35 6.78±1.34 6.96±1.71 5.00 5.00 

  PH 174.63±20.19 155.04±27.44 97.54±18.64 97.92 112.24 

  NL/P 12.46±1.35 10.97±1.49 7.98±1.10 7.20 7.20 

  LL 73.05±5.82 66.31±6.97 54.55±8.89 59.56 55.52 

  LW 8.30±0.85 7.14±0.94 5.63±0.69 5.64 4.98 

  EH 86.27±15.51 73.52±18.64 39.44±14.43 46.20 44.52 

  NE/P 1.93±0.51 2.23±0.72 1.76±0.38 2.00 2.00 

  DELS 98.89±6.00 95.48±5.57 85.17±3.51 87.00 89.00 

  DH 116.14±5.18 111.54±6.31 105.17±5.55 103.00 105.00 

  FW/Pl 0.12±0.03 0.06±0.02 0.03±0.02 0.02 0.02 

  EL 10.34±2.02 7.75±2.16 7.01±2.10 4.90 5.62 

  ED 3.91±0.35 3.33±0.39 2.73±0.45 2.21 2.60 

  NKR 8.96±2.45 6.76±2.41 7.87±2.45 4.80 6.33 

  NK/R 10.07±4.75 7.64±3.98 7.30±2.78 4.80 9.00 

  KL 8.39±1.01 6.94±0.71 6.24±1.41 5.30 5.40 

  KW 7.17±1.03 7.49±0.69 6.73±0.97 6.18 6.30 

  CD 2.63±0.33 2.37±0.32 1.98±0.35 1.62 1.30 

  1000KW 229.73±19.22 235.43±26.26 210.15±29.03 184.00 320.80 

  HGM 27.07±3.63 22.12±3.54 21.35±4.08 20.00 9.00 

  GY/P 130.94±69.19 98.32±39.88 78.00±48.64 104.00 109.00     
 

DFG=Days to field germination, DT=days to tassel, DPS=days to pollen shedding, DS=days to silk, 

ASI=anthesis-silking interval, PH=plant height, NL/P=number of leaves per plant, LL=leaf length, 

LW=leaf width, EH=ear height, NE/P=number of ears per plant, DELS=days to ear leaf senescence, 

DH=days to harvest, FW/Pl=field weight per plot, EL=ear length, ED=ear diameter, NKR=number of 

kernel rows, NK/R=number of kernels per row, KL=kernel length, KW=kernel width, CD=cob 

diameter,  1000KW=1000 kernel weight, HGM=harvest grain moisture, GY/P=grain yield per plant. 
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Table 4.12: Total number of genotypes per cluster, percentage and prominent 

          features of maize germplasm separated into five main clusters      

          during 2011. 

Cluster Total Genotypes   Percentage Prominent Features 

A           64                41.8            Maximum plant height, ear height, leaf length, 

         leaf width and ear diameter, largest number of 

         days to tassel and silking, highest number of 

         leaves per plant, number of kernel rows,  

         number of kernels per row, number of days 

                  to harvest and grain yield per plant.   

B           63                 41.1            Largest number of ears per plant and kernel 

         width, Highest 1000 kernels weight, taller 

         plant height, medium leaf length and number 

         of leaves per plant, lower grain yield per plant. 

C           24                 15.7         Longest anthesis-silking interval, medium 

         number of days to tassel and silking, lowest 

         plant height, ear height, leaf length, number of 

         days to ear leaf senescence and grain yield per 

         plant.                                                  

D           01                 0.7      Shortest anthesis-silking interval, number of 

         ears per plant, ear diameter, lowest number of 

         kernel rows and number of kernel per row, 

         shortest kernel length, smallest kernel width 

         and medium grain yield per plant. 

E            01                 0.7              Least number of days to tassel and silking, 

         number of leaves per plant, tall plant height, 

         narrowest leaf width, cob diameter, harvest 

         grain moisture, medium plant height and  

         minimum grain yield per plant. 

Table 4.13: Maize germplasm collected from different places distributed into  

         various clusters in 2011. 

Place of  

Collection 

Total 

 No. Percentage 

Cluster 

     A 

Cluster 

     B 

Cluster 

     C 

Cluster 

     D 

Cluster 

      E 

KP 26 17.30% 2 20 3 0 1 

Punjab 41 27.30% 24 16 1 0 0 

Baluchistan 22 14.70% 0 3 18 1 0 

NA 15 10% 3 10 2 0 0 

AJK 25 16.70% 15 10 0 0 0 

Japan 18 12% 17 1 0 0 0 

China 3 2% 0 3 0 0 0 
  KP= Khyber Pakhtunkhwa, NA= Northern Areas, AJK= Azad Jammu and Kashmir 
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All 153 maize genotypes were separated into 5 main clusters, A, B, C, D and E 

through the cluster analysis of 34 agro-morphological traits using complete linkage 

method at dissimilarity coefficient value of 12.6 during 2012 (Figure 4.10). The mean 

and standard deviation calculated for each agro-morphological trait. This resulted in 

five clusters is presented in Table 4.14, while prominent features of the genotypes are 

portrayed in Table 4.15.     

   

Cluster-A comprised 27 genotypes grouped together (Figure 4.10) due to having the 

highest number of days to tassel (72.52±5.04) and silking (77.22±4.96), maximum 

plant height (124.44±30.06), the highest number of leaves per plant (12.60±1.59), the 

longest leaves (46.41±22.57), the longest ears (14.78±3.05), the broadest ear diameter 

(3.59±0.49), maximum ear height (59.71±17.59) and medium grain yield per plant 

(92.33±40.81) (Table 4.14 and 4.15). 

 

Cluster-B consisted of 43 genotypes grouped together (Figure 12) due to the presence 

of maximum number of ears per plant (2.26±0.99), the largest number of days to ear 

leaf senescence (102.14±6.11) and number of days to harvest (123.30±7.46) and 

medium grain yield per plant (118.16±53.21) (Table 4.14 and 4.15).  

 

Cluster-C was having 51 genotypes converged (Figure 12) due to distinguishing 

features such as the lowest number of days to tassel (60.96±4.13) and silking 

(66.76±3.93), the longest anthesis-silking interval (5.69±2.45), the least number of 

leaves per plant (9.85±2.00) and number of days to ear leaf senescence (89.37±6.05), 

minimum number of days to harvest (105.80±7.07), the smallest ear length 

(9.63±2.30), kernel length (7.16±1.32) and kernel width (6.62±1.39) and the lowest 

grain yield per plant (68.22±29.00) (Table 4.14 and 4.15).   

 

Cluster-D comprised two accessions (Figure 12) with prominent features of the 

shortest anthesis-silking interval (4.00±1.41), the highest 1000 kernels weight 

(265.20±44.97), the broadest kernel width (8.45±2.19), minimum plant height 

(91.69±21.91) and ear height (31.75±16.16), the smallest leaf length (22.30±8.06), 

least number of ears per plant (1.33±0.47), the narrowest ear diameter (2.70±0.28) and 
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cob diameter (2.08±0.04), the lowest number of kernel rows (11.00±0.01) and number 

of kernels per row (11.67±0.94) (Table 4.14 and 4.15). 

 

Cluster-E consisted of 30 genotypes which separated from other genotypes (Figure 

12) because of the presence of the highest number of kernel rows (13.39±1.56) and 

number of days to field germination (12.60±2.03), the broadest cob diameter 

(2.46±0.27), the highest level of harvest grain moisture (26.05±6.15), maximum grain 

yield per plant (137.43±59.77), short anthesis-silking interval (4.33±1.54), medium 

plant height (105.49±24.96) and number of days to anthesis (67.73±5.71) and silking 

(72.03±5.50) (Table 4.14 and 4.15). 

 

During 2012 the genotypes collected from the province of Khyber Pakhtunkhwa, 

Punjab, Northern Areas and Japan divided into four clusters, followed by lines from 

Baluchistan and AJK that distributed into three groups, while Chinese genotypes 

showed minimum divergence i.e. only into two groups (Table 4.16). 
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Figure 4.10: Dendrogram portraying the genetic relationship among Chinese, 

           Japanese and Pakistani maize genotypes on the basis of 34 agro- 

           morphological traits during 2012. 
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Table 4.14: Mean and standard deviation of five main clusters based on  

         agro-morphological traits during 2012. 

 Trait Cluster-A Cluster-B  Cluster-C Cluster-D Cluster-E   

DFG 12.41±1.76 12.02±2.01 11.25±1.66 12.50±0.71 12.60±2.03 

 DT 72.52±5.04 71.53±5.43 60.96±4.13 66.50±2.12 67.73±5.71 

 DPS 74.93±4.84 74.44±5.17 63.90±4.19 68.00±2.83 69.90±5.52 

 DS 77.22±4.96 76.95±5.06 66.76±3.93 70.50±3.54 72.03±5.50 

 ASI 4.74±1.79 5.47±2.04 5.69±2.45 4.00±1.41 4.33±1.54 

 PH 124.44±30.06 120.88±38.72 97.46±31.52 91.69±21.91 105.49±24.96 

 NL/P 12.60±1.59 11.41±1.54 9.85±2.00 10.00±1.41 11.77±1.80 

 LL 46.41±22.57 27.29±11.73 34.15±16.72 22.30±8.06 27.29±5.37 

 LW 7.03±1.95 5.49±1.36 4.84±1.13 5.22±2.76 5.71±1.87 

 EH 59.71±17.59 51.76±13.50 39.40±17.51 31.75±16.16 50.52±14.18 

 NE/P 1.72±0.35 2.26±0.99 1.76±0.44 1.33±0.47 1.96±0.51 

 DELS 100.78±7.57 102.14±6.11 89.37±6.05 94.00±1.41 98.97±6.94 

 DH 119.37±9.04 123.30±7.46 105.80±7.07 108.50±3.54 118.93±9.23 

 FW/Pl 0.13±0.05 0.05±0.03 0.047±0.03 0.03±0.01 0.09±0.05 

 EL 14.78±3.05 10.43±1.93 9.63±2.30 10.17±0.71 11.92±1.94 

 ED 3.59±0.49 3.02±0.36 2.94±0.41 2.70±0.28 3.53±0.43 

 NKR 12.25±1.89 11.36±1.09 11.07±1.41 11.00±0.01 13.39±1.56 

 NK/R 17.28±5.99 11.88±4.78 14.08±5.60 11.67±0.94 17.16±5.99 

 KL 8.33±1.12 7.314±1.04 7.16±1.32 7.25±1.77 7.85±1.23 

 KW 7.03±1.28 6.78±1.08 6.62±1.39 8.45±2.19 6.93±1.47 

 CD 2.40±0.38 2.16±0.31 2.09±0.30 2.08±0.04 2.46±0.27 

 1000KW 229.53±32.80 221.92±33.35 215.76±31.02 265.20±44.97 210.68±29.37 

 HGM 22.52±2.96 25.29±4.60 22.01±3.64 19.50±2.12 26.05±6.15 

 GY/P 92.33±40.81 118.16±53.21 68.22±29.00 69.50±6.36 137.43±59.77   
 

DFG=Days to field germination, DT=days to tassel, DPS=days to pollen shedding, DS=days to silk, 

ASI=anthesis-silking interval, PH=plant height, NL/P=number of leaves per plant, LL=leaf length, 

LW=leaf width, EH=ear height, NE/P=number of ears per plant, DELS=days to ear leaf senescence, 

DH=days to harvest, FW/Pl=field weight per plot, EL=ear length, ED=ear diameter, NKR=number of 

kernel rows, NK/R=number of kernels per row, KL=kernel length, KW=kernel width, CD=cob 

diameter,  1000KW=1000 kernel weight, HGM=harvest grain moisture, GY/P=grain yield per plant. 
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Table 4.15: Total number of genotypes per cluster, percentage and prominent features of 

         maize germplasm separated in to five main clusters during 2012. 

Cluster   Total Genotypes  Percentage  Prominent Features 

A                 27                         17.66     Highest number of days to tassel and silking, 

        maximum plant height and ear height, largest 

        number of leaves, longest leaves, broadest ear 

        diameter, longest ears and medium grain yield.       

B                 43                    28.10    Maximum number of ears per plant, number of 

        days to ear leaf senescence and number of days 

        to harvest, high grain yield per plant. 

C                  51                      33.34   Lowest number of days to tassel and silking,      

        longest anthesis-silking interval, least number 

        of leaves, number of days to ear leaf  

        senescence and days to harvest, shortest ear 

        length, kernel length and kernel width, lowest 

        grain yield per plant. 

 D          02        1.30    Shortest anthesis-silking interval, highest 1000 

        kernels weight, broadest kernel width, smallest 

        leaf length, number of ears per plant, number 

        of kernel rows, number of kernels per row, 

        narrowest ear diameter and cob diameter,  

        minimum ear height, plant height and leaf  

        length. 

 E                 30                         19.60     Maximum number of kernel rows and number 

        of days to field germination, largest cob  

        diameter, highest harvest grain moisture and 

        grain yield per plant, short anthesis-silking 

        interval, medium plant height, number of days 

        to tassel and silking. 

Table 4.16: Maize germplasm collected from different places distributed into various 

          clusters in 2012. 
Place of 

 Collection 

Total 

 No. Percentage 

Cluster 

     A 

Cluster 

     B 

Cluster 

      C 

Cluster 

      D 

Cluster 

      E 

K P 26 17.30% 2 7 14 0 3 

Punjab 41 27.30% 11 10 9 0 11 

Baluchistan 22 14.70% 2 0 19 0 1 

N A 15 10% 0 7 3 2 5 

A JK 25 16.70% 2 18 4 0 0 

Japan 18 12% 5 1 1 0 11 

China 3 2% 2 1 0 0 0 

  KP= Khyber Pakhtunkhwa, NA= Northern Areas, AJK= Azad Jammu and Kashmir 
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During both field experiments the best performing promising genotypes were detected 

(Table 4.17). 

Table 4.17: Promising genotypes identified during both field experiments. 

Trait Characteristic Accessions 

Days to tassel Minimum 15258, 14959. 

Days to silking Minimum 15332, 14959. 

Anthesis-

silking interval 

Shortest 14909, 15236, 15276, 15290, 15306, 15311, 15331, 15342, 

15343,15348,19188,24669, 24675, 24687, 24688. 

Plant height Tallest 24699, 14954. 

Number of 

leaves per plant 

Maximum 14993, 19198, 15336. 

Ear height Maximum 24699, 15007. 

Number of ears 

per plant 

Maximum 15321. 

Days to harvest Minimum  14878, 14880, 14883, 14884, 14886. 

Ear diameter Widest 15014. 

Grain yield per 

plant 

Maximum 15276, 15278. 
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4.1.4.2. Principal component analysis on the basis of agro-morphological traits in 

  maize genotypes 

To elucidate the patterns of genetic variability, principal component analysis was 

carried out on the basis of quantitative agro-morphological traits for 150 accessions 

and 3 check varieties of maize by taking into account simultaneously all the variables 

recorded during 2011 and 2012. It was detected that 6 of the principal components 

with an eigenvalue of more than 1.0, accounted for 73.89% of the overall variations 

detected during 2011. Table 4.18 shows the coefficients that determining the 6 

principal components of the data. Contributions of the quantitative traits to the overall 

genetic diversity in PC1, PC2 and PC3 are given in figures 4.11 and 4.12. The 

distance of each trait from the center or mean in the graph shows it’s extant of 

contribution to the genetic diversity. These coefficients were scaled in such a way that 

they determined the correlation between the studied variables and derived 

components. The detail is given bellow: 

 

The first principal component accounted for 36.97% of the total variations found in 

agro-morphological traits which determined primarily the genetic variability in the 

number of leaves per plant (-0.876), plant height (-0.859), leaf width (-0.818), ear 

height (-0.812), leaf length (-0.791), field weight per plot (-0.797), ear diameter (-

0.793), days to ear leaf senescence (-0.773), kernel length (-0.720) were negative to 

add to the PC1, while the anthesis-silking interval (0.137) was the only positive load 

on this principal component. 

 

The second principal component explained 12.89% of the total variation found in 

agro-morphological traits which portrayed the variations in number of kernel rows 

(0.698), ear length (0.495), kernel length (0.488), field weight per plot (0.449), ear 

diameter (0.423), number of kernel per row (0.353), cob diameter (0.313), leaf width 

(0.108), 1000 kernel weight (0.117). Leaf length, days to field germination of seeds, 

grain yield per plant and harvest grain moisture were also having positive weights but 

with relatively lower magnitude. In contrary number of days to silk (-0.582), number 

of days to tassel (-0.565), number of days to pollen shedding (-0564), kernel width (-

0.479) and number of days to harvest (-0.295) were having negative weights. 
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The third principal component illustrated 7.56% of the total variations found in 

quantitative agro-morphological characters in maize which determined the pattern of 

genetic divergence in harvest grain moisture (0.407), number of kernel rows (0.336), 

number of days to silk (0.319), number of days to tassel (0.311), number of days to 

pollen shedding (0.303), ear length (0.185), number of kernel per row (0.128), kernel 

length (0.103). Anthesis-silking interval and number of days to harvest were also 

positive but with low grade load to this component. 1000 kernel weight (-0.608), cob 

diameter (-0.499), number of ear per plant (-0.486), kernel width (-0.306) and ear 

height (-0.249) contributed negatively to this component.  

 

The forth principal component comprised of 6.38% of the total variations in agro-

morphological characters that enlightened the variability in anthesis-silking interval 

(0.799), number of days to field germination of seeds (0.313), leaf length (0.242), ear 

height (0.193), kernel width (0.176), number of leaves per plant (0.153), harvest grain 

moisture (0.130) and plant height (0.122). In contrast grain yield per plant (-0.598), 

cob diameter (-0.265), number of days to tassel (-0.254), 1000 kernel weight (-0.240) 

and number days to pollen shedding (-0.172) contributed negatively to this principal 

component. 

 

The principal component 5 accounted for 5.62% of the total genetic divergence 

present in the quantitative agro-morphological traits which explained the variations in 

grain yield per plant (0.444), harvest grain moisture (0.416), kernel width (0.328), 

number of days to field germination of seeds (0.211), leaf length (0.180) and number 

of days to harvest (0.103). The leaf width, number of leaves per plant, number of ears 

per plant, number of kernels per row, plant height, kernel length and ear height were 

positively added to this component but with mild load. Conversely 1000 kernel weight 

(-0.457), anthesis-silking interval (-0.405), number of days to silk (-0.316), cob 

diameter (-0.280) and number of days to pollen shedding (-0.261) were with negative 

weights. 

 

The principal component 6 accounted for 4.47% of the total variations existed in 

maize agro-morphological traits which illuminated the divergence in days to field 

germination of seeds (0.663), cob diameter (0.392), number of days to harvest (0.194) 
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and grain yield per plant (0.114). The contribution of number of days to ear leaf 

senescence, kernel width, 1000 kernel weight, anthesis-silking interval, ear diameter, 

number of days to silk, number of days to pollen shedding, field weight per plant and 

number of days to tassel was positive but with low magnitude, while number of ears 

per plant (-0.597), kernel length (-0.122), plant height (-0.095) and ear height (-0.086) 

were negative contributors to this principal component.  

 

The figures 4.13 and 4.14 display the graphic illustration of maize genotypes based on 

quantitative agro-morphological traits in PC1, PC2 and PC3 during 2011. The distance of 

each genotype from the center in the graph shows it’s extent of genetic diversity.    

  

Table 4.18: Principal component analysis for quantitative agro-morphological 

         traits in maize during 2011. 

     PC1    PC2    PC3  PC4   PC5      PC6 

Eigenvalue 8.87 3.09 1.82 1.53 1.35 1.07 

Cumulative Eigenvalue 8.87 11.97 13.78 15.31 16.66 17.73 

Total Variance (%) 36.97 12.89 7.56 6.38 5.62 4.47 

Comulative Variance (%) 36.97 49.86 57.42 63.81 69.42 73.89 

Trait   Eigenvectors   

Days to field germination  (FGD) -0.254 0.048 -0.037 0.313 0.211 0.663 

Day to tassel  (DT) -0.657 -0.565 0.311 -0.254 -0.219 0.005 

Days to polle shedding  (DPS) -0.673 -0.564 0.303 -0.172 -0.261 0.017 

Days to silk  (DS) -0.640 -0.582 0.319 -0.084 -0.316 0.019 

Anthesis-silk interval  (ASI) 0.137 -0.021 0.020 0.799 -0.405 0.056 

Plant height  (PH) -0.859 -0.199 -0.240 0.122 0.036 -0.095 

Number of leaves per plant (NL/P) -0.876 -0.044 -0.170 0.153 0.054 -0.022 

Leaf length  (LL) -0.791 0.052 -0.179 0.242 0.180 -0.011 

Leaf width  (LW) -0.818 0.198 -0.147 0.097 0.078 -0.070 

Ear height  (EH) -0.812 -0.147 -0.249 0.193 0.010 -0.086 

Number of ears per plant  (NE/P) -0.151 -0.174 -0.486 0.057 0.051 -0.597 

Days to ear leaf senescence  (DELS) -0.773 -0.275 -0.054 -0.067 -0.176 0.073 

Days to harvest  (DH) -0.711 -0.295 0.013 0.060 0.103 0.194 

Field weight per plot  (FW/P) -0.797 0.449 0.121 -0.022 -0.012 0.011 

Ear length  (EL) -0.587 0.495 0.185 0.009 -0.065 -0.090 

Ear diameter  (ED) -0.793 0.423 -0.025 -0.022 -0.043 0.020 

Number of kernel rows  (NKR) -0.301 0.698 0.336 -0.045 -0.253 -0.046 

Number of kernels per row  (NK/R) -0.312 0.353 0.128 0.053 0.042 -0.074 

Kernel length  (KL) -0.720 0.488 0.103 -0.037 0.013 -0.122 

Kernel width  (KW) -0.126 -0.479 -0.306 0.176 0.328 0.070 

Cob diameter  (CD) -0.139 0.313 -0.499 -0.265 -0.280 0.392 

1000 kernel weight  (1000KW) -0.246 0.117 -0.608 -0.240 -0.457 0.057 

Harvest grain moisture  (HGM) -0.571 0.010 0.407 0.130 0.416 -0.046 

Grain yield per plant  (GY/P) -0.413 0.020 -0.122 -0.598 0.444 0.114 
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Figure 4.11: Contribution of quantitative agro-morphological traits in 1
st
 and 2

nd
 

           principal components in maize during 2011. 

 

 

Figure 4.12: Contribution of quantitative agro-morphological traits in 2
nd

 and 3
rd

 

           principal components in maize during 2011. 
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Figure 4.13: Graphic illustration of maize genotypes based on quantitative agro- 

            morphological traits in PC1 and PC2 during 2011. 

 

 

Figure 4.14: Graphic illustration of maize genotypes based on quantitative agro- 

            morphological traits in PC2 and PC3 during 2011. 
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During spring-2012 it was detected that 7 of the principal components with an 

eigenvalue more than 1.0, accounted for 70.56% of the overall variations amongst the 

150 accessions and 3 check varieties of maize studied. Table 4.19 shows the 

coefficients that determining the 7 principal components of the data. Contributions of 

the quantitative traits to the overall genetic diversity in PC1, PC2 and PC3 are given in 

figures 4.15 and 4.16. The distance of each trait from the center or mean in the graph 

shows it’s extant of contribution to the genetic diversity. The figures 19 and 20 

display the graphic illustration of maize genotypes based on quantitative agro-morphological 

traits in PC1, PC2 and PC3 during 2012. The distance of each genotype from the center 

in the graph shows it’s extant of genetic diversity. The detail is given bellow:  

 

The first principal component accounted for 26.39% of the total variations found in 

agro-morphological traits which determined primarily the genetic variability in 

anthesis-silking interval (0.257), while the contribution of number of days to tassel (-

0.819), number of days to pollen shedding (-0.794), number of days to silk (-0.770), 

number of days to ear leaf senescence (-0.714), number of days to harvest (-0.714), 

field weight per plant (-0.648), ear length (-0.637), number of leaves per plant (-

0.626), ear diameter (-0.572) and cob diameter (-0.510) was negative to add to this 

component. 

 

The second principal component explained 12.59% of the total variations found in 

agro-morphological traits which portrayed the variations in ear diameter (0.602), cob 

diameter (0.523), number of kernels per row (0.488), field weight per plot (0.469), 

kernel length (0.412), number of kernel rows (0.346), ear length (0.312), leaf width 

(0.277), ear height (0.186) and number of leaves per plant (0.179). The traits grain 

yield per plant, number of ear per plant, kernel width, harvest grain moisture, plant 

height and 1000 kernel weight also loaded positively but with low intensity. In 

contrary number of days to silk (-0.550), number of days to pollen shedding (-0.536), 

number of days to ear leaf senescence (-0.528), number of days to harvest (-0.492) 

and number of days to tassel (-0.487) were having negative weights. 

 

The third principal component illustrated 7.96% of the total variations found 

quantitative agro-morphological characters in maize which determined the pattern of 
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variation in number of kernel rows (0.439), grain yield per plant (0.241), harvest grain 

moisture (0.219), number of ears per plant (0.219), number of days to harvest (0.207), 

number of days to ear leaf senescence (0.197), number of kernels per row (0.181), cob 

diameter (0.162) and ear diameter (0.114). The traits number of days to tassel and 

kernel length were also added positively to this component but with low magnitude. 

On the other hand leaf length (-0.725), anthesis-silking interval (-0.526), ear height 

(0.435), plant height (-0.424) and leaf width (-0.365) contributed negatively to this 

component.  

 

The fourth principal component comprised of 6.78% of the total variations in agro-

morphological characters that enlightened the variability in number of kernels per row 

(0.432), leaf length (0.383), kernel length (0.381), leaf width (0.339), number of days 

to field germination of seeds (0.140), number of days to tassel (0.122), number of days 

to pollen shedding (0.116) and ear diameter (0.110). Number of days to silk and 

harvest grain moisture also contributed positively but with low weights. In contrast 

kernel width (-0.612), number of leaves per plant (-0.392), number of kernel rows (-

0.339), plant height (-0.321) and 1000 kernel weight (-0.302) contributed negatively 

to this principal component. 

 

The principal component 5 accounted for 6.53% of the total variations present in the 

quantitative agro-morphological traits which explained the variations in harvest grain 

moisture (0.722), grain yield per plant (0.587), plant height (0.328), ear height (0.155), 

kernel length (0.118) and leaf length (0.106). The traits such as number of leaves per 

plant, leaf width and number of ears per plant also contributed positively with low 

load. Conversely 1000 kernel weight (-0.418), number of kernels per row (-0.373), ear 

length (-0.296), field weight per plot (-0.198) and number of days to ear leaf 

senescence (-0.148) were with negative weights. 

 

The principal component 6 accounted for 5.67% of the total variations existed in 

maize agro-morphological traits which illuminated the divergence in kernel weight 

(0.442), ear length (0.269), harvest grain moisture (0.228), number of days to field 

germination of seeds (0.188), leaf length (0.182) and field weight per plot (0.130). The 

traits, number of days to ear leaf senescence, number of kernel rows, ear diameter and 
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number of leaves per plant also positively added but with low magnitude. Number of 

ear per plant (-0.629), 1000 kernel weight (-0.572), kernel length (-0.309), grain yield 

per plant (-0.182) and anthesis-silk interval (-0.168) were the negative contributors to 

this principal component.  

 

The seventh principal component illustrated 4.63% of the total variations which 

determined the pattern of variation in anthesis-silking interval (0.509), harvest grain 

moisture (0.239), number of kernels per row (0.224), number of days to harvest 

(0.195), field weight per plot (0.181), plant height (0.121) and number of days to ear 

leaf senescence (0.102). The traits, ear diameter, number of leaves per plant, ear 

length, ear height and kernel length also contributed to this component but with low 

magnitude. On the other hand the trait, leaf width (-0.433), number of days to field 

germination of seeds (-0.427), kernel width (-0.361), number of ears per plant (-0.210) 

and 1000 kernel weight (-0.151) contributed negatively to this component.  

The figures 4.17 and 4.18 display the graphic illustration of maize genotypes based on 

quantitative agro-morphological traits in PC1, PC2 and PC3 during 2012. The distance of 

each genotype from the center in the graph shows it’s extant of genetic diversity.    
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Table 4.19: Principal component analysis for quantitative agro-morphological 

       traits in maize in 2012. 
 PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigenvalue 6.33 3.02 1.91 1.63 1.57 1.36 1.11 

Cumulative Eigenvalue 6.33 9.36 11.27 12.89 14.46 15.82 16.93 

Total Variance (%) 26.39 12.59 7.96 6.78 6.53 5.67 4.63 

Comulative Variance (%) 26.39 38.99 46.95 53.73 60.26 65.93 70.56 

Trait   Eigenvectors    

Days to field germination (DFG) -0.383 0.011 -0.011 0.140 -0.104 0.188 -0.427 

Day to tassel  (DT) -0.819 -0.487 0.033 0.122 -0.042 0.011 -0.107 

Days to polle shedding  (DPS) -0.794 -0.536 -0.044 0.116 -0.061 -0.026 -0.025 

Days to silk  (DS) -0.770 -0.550 -0.123 0.095 -0.089 -0.048 0.045 

Anthesis-silk interval  (ASI) 0.257 -0.114 -0.526 -0.108 -0.125 -0.168 0.509 

Plant height  (PH) -0.419 0.047 -0.424 -0.321 0.328 -0.155 0.121 

Number of leaves per plant(NL/P)  -0.626 0.179 -0.246 -0.392 0.087 0.024 0.083 

Leaf length  (LL) -0.059 0.109 -0.725 0.383 0.106 0.182 -0.135 

Leaf width  (LW) -0.404 0.277 -0.365 0.339 0.087 -0.031 -0.433 

Ear height  (EH) -0.605 0.186 -0.435 -0.239 0.155 -0.076 0.071 

Number of ears per plant (NE/P) -0.184 0.073 0.219 0.031 0.039 -0.629 -0.210 

Days to ear leaf senescence(DELS) -0.714 -0.528 0.197 0.078 -0.148 0.082 0.102 

Days to harvest  (DH) -0.714 -0.492 0.207 -0.008 -0.069 0.012 0.195 

Field weight per plot  (FW/P) -0.648 0.469 -0.089 0.071 -0.198 0.130 0.181 

Ear length  (EL) -0.637 0.312 -0.034 -0.033 -0.296 0.269 0.073 

Ear diameter  (ED) -0.572 0.602 0.114 0.110 -0.051 0.030 0.098 

Number of kernel rows(NKR)   -0.415 0.346 0.439 -0.339 -0.021 0.067 0.017 

Number of kernels per row(NK/R)   -0.148 0.488 0.181 0.432 -0.373 0.113 0.224 

Kernel length  (KL) -0.410 0.412 0.029 0.381 0.118 -0.309 0.057 

Kernel width  (KW) -0.128 0.063 -0.057 -0.612 -0.103 0.442 -0.361 

Cob diameter  (CD) -0.510 0.523 0.162 -0.199 -0.077 -0.133 0.023 

1000 kernel weight  (1000KW) -0.145 0.039 -0.121 -0.302 -0.418 -0.572 -0.151 

Harvest grain moisture  (HGM) -0.277 0.054 0.219 0.073 0.722 0.228 0.239 

Grain yield per plant  (GY/P) -0.433 0.094 0.241 0.000 0.587 -0.182 -0.142 
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Figure 4.15: Contribution of quantitative agro-morphological traits in 1
st
 and 2

nd
 

           principal components in maize during 2012. 

 

 

Figure 4.16: Contribution of quantitative agro-morphological traits in 2
nd

 and 3
rd

 

           principal components in maize during 2012. 
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Figure 4.17: Graphic illustration of maize genotypes based on quantitative agro- 

            morphological traits in PC1 and PC2 during 2012. 

 

 

Figure 4.18: Graphic illustration of maize genotypes based on quantitative agro- 

            morphological traits in PC2 and PC3 during 2012. 
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4.2.  Genetic diversity assessment in maize germplasm based on biochemical 

 markers 

The total seed storage protein polymorphism estimation of 150 accessions and 3 check 

varieties of Chinese, Japanese and Pakistani maize (Annexure A) was carried out 

through the compression of the total seed storage protein profiling using SDS-PAGE 

technique (Figures 4.19a, 4.19b, 4.19c and Table 4.20). The protein sub-units that 

were not cosistent in reproducibility or showed occasional variation in sharpness, 

intensity and fast migration were not considered but they were scored on the basis of 

presence or absence only. The total number of scorable protein bands was eighteen out 

of which, 7 (39%) were conserved sub-units, commonly present in all accessions and 

considered as monomorphic, while 11 (61%) showed variations and considered as 

polymorphic. Among the total protein sub-units, 5 (27.8%) were major bands, each 

with molecular weight of 52 kDa, 27 kDa, 22 kDa, 21 kDa and 19 kDa, while 13 

(72.2%) were minor bands, each with molecular weight of 122 kDa, 108 kDa, 98 kDa, 

78 kDa, 70 kDa, 64 kDa, 62 kDa, 40 kDa, 38 kDa, 16 kDa, 14 kDa, 12 kDa and 10 

kDa. It was detected that minor protein sub-units showed more polymorphism than 

major protein sub-units, as 69.2% among minor bands as compared to 60% among 

major protein sub-units. The size of the protein bands obtained through SDS-PAGE 

ranged from 10 to 122 kDa. A pre-stained protein marker with molecular weight 

ranging from 10 to 170 kDa (Fermentas Life Sciences) was used for reference to 

calculate the molecular weight of the polypeptide bands.The protein sub-units that 

were expressed in all maize genotypes were 2,3,8,9,11,12 and 15 with molecular 

weight of 108 kDa, 98 kDa, 52 kDa, 40 kDa, 27 kDa, 22 kDa, and 16 kDa, 

respectvely. A mong the polymorphic protein sub-units , the protein band number 13 

with molecular weight of 21 kDa was present in least number of accessions i.e. only in 

15 genotypes including 14911, 15117, 15215, 15227, 15258, 15262, 15263, 15265, 

15332, 24670, 24683,  24690,  24695, 24699 and Sahiwal-2002, while band number 

10 with molecular weight of 38 kDa was absent only in three accessions i.e. 15007, 

15279 and 24689. 

 

On the basis of banding profiles of proteins of different kDa, gel was divided into four 

zones A, B, C and D (Figures 4.19a, 4.19b, 4.19c and Table 4.20). The major protein 

bands were present in zone A and C, while minor bands in zones B and D. It was 
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noted that different accessions of maize showed more diversity in seed storage 

proteins in minor bands  in comparison to major bands. In zone A  (>51kDa, MW)  

out of 8 protein bands, 3 were  monomorphic and 5 polymorphic, in zone B (28-

51kDa, MW) out of 2 protein bands, 1 was monomorphic and 1polymorphic, in zone 

C (17-27kDa, MW) out of 4 protein bands, 2 were monomorphic and 2 polymorphic 

and in zone D(10-16kDa, MW) out of 4 protein bands, 1 was monomorphic and 3 

polymorphic. The maximum level of polmorphism was displayed by zone A with 

27.8% among all protein subunits and 45.45% among polymorphic protein bands, 

while minimum level by zone B with 5.6% among all bands and 9.09% among 

polymorphic protein sub-units (Table 4.20). By considering these facts zone A and D 

were more polymorphic and could be more suitable areas for the assessment of 

genetic diversity of maize germplasm. 

 

 

Figure 4.19(a): Protein profile showing total seed storage proteins in maize             

            genotypes as a result of SDS-PAGE. M= Protein Ladder, 1=24685,             

            2=24686, 3=24688, 4=24689, 5=24690, 6=24691, 7=24692, 8=24693,  
            9=24694. The arrows show missing protein subunits. 
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Figure 4.19 (b): Protein profile showing total seed storage proteins in maize genotypes                  

             as a result of SDS-PAGE. M= Protein Ladder, 1=15340, 2=19195,  

             3=19198, 4=24674, 5=24678, 6=24680, 7=24682, 8=24683, 9=24684.  

 

Figure 4.19 (c): Protein profile showing total seed storage proteins in maize genotypes                       

             as a result of SDS-PAGE. M= Protein Ladder, 1=15172, 2=15209,  

             3=15232, 4=15258, 5=15262, 6=15263, 7=15264, 8=15265, 9=15277,  

             10=15278. The arrows show missing protein subunits. 
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Table 4.20: The range, number, types and polymorphism of the  seed     

         storage protein sub-units of maize in different zones of the gel. 

 Zone Range 

(MW in 

kDa) 

No of 

Bands 

Polymor

phic 

Bands 

Monomor

phic 

Bands 

% 

Polymorphism 

Contribution 

to the total 

polymorphism  

Percentage in  

total  

polymorphism 

A 52- 22 8 5 3 62.5 27.8 45.5 

B 28-51 2 1 1 50 5.5 9 

C 17-27 4 2 2 50 11.1 18.2 

D 10-16 4 3 1 75 16.7 27.3 

Total 10- 122 18 11 7 

 

61.1 

  

4.2.1.  Grouping of genotypes with similar protein banding pattern and their                                  

 cluster analysis 

Maize genotypes were distributed into five main groups i.e. group A, B, C, D and E 

on the basis of their protein banding pattern. In side each cluster several genotypes 

were having 100% similarity (Figure 4.20) may be due the expression of tissue 

specific proteins. These genotypes were grouped togather into 29 smaller groups, 

named as G-I to G-XXIX (Table 4.21) and 16 individual genotypes. Dice coefficients 

of similarity were calculated between all pairs of 29 groups and 16 genotypes on the 

basis of protein profiles (Annexure B) which ranged from 0.74 to 0.97 with mean 

value among the whole genotypes was 0.87. The maximum level of similarity of 97% 

was noted between 60 pairs of genotypes which was 5.8% of the total 1035 pairs 

followed by 96% similarity detected between 13 pairs of genotypes, which was 1.3% 

of the total pairs, while the minimum level of genetic similarity of  74% was detected 

between  G-XI (02) and G-XXVI (02), G-XI (02) and  14911, G-XXVI (02) and  

15107,  G-XXVI (02) and 15279, 14911 and 15279, followed by 76% found between 

16 pairs of genotypes which was 1.5% of the total pairs.    

  

The dendogram was consructed on the basis of  the coefficients of similarity as a 

result of SDS-PAGE, which separated all genotypes into five main  clusters, A, B, C, 

D and E at 89% homology (Figure 4.20). Cluster ʻBʼ was the smallest division with a 

total of 9 accessions in the form of two smaller groups and three individual genotypes, 

while cluster ʻAʼ was the largest one with a total of 48 accessions comprising eight 

smaller groups and three individual genotypes. Cluster ʻAʼ was further sub-divided 

into sub-clusters A1 with six smaller groups and one separated genotype and sub-

cluster A2 with two groups and two separated genotypes. Cluster ‘Cʼ comprised 47 
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genotypes  including the check variety Sadaf containing nine smaller groups and three 

individual genotypes. Cluster ʻCʼ was further separated into sub-cluster C1 with three 

smaller groupes and one separated genotype and sub-cluster C2 with six groups and 

two independent genotypes. Cluster ‘Dʼ with a total of 33 genotypes  including the 

check variety Agaiti-2002 in the form of eight smaller groups. Cluster ʻDʼ was further 

sub-divided into sub-cluster D1 with five smaller groups and sub-cluster D2 with three 

groups. Cluster ‘Eʼ with a total of 16 genotypes  including the check variety Sahiwal-

2002 consisted of two smaller groups and seven  individual genotypes. Cluster ʻEʼ 

was further comprised sub-clusters E1 with two smaller groups and five separated 

genotypes and sub-cluster E2 with two independent genotypes. The accessions 14911, 

15107, 15118, 15215, 15227, 15244, 15276, 15279, 15280, 15311, 15321, 15346, 

24669, 24674, 24690 and 24695 distributed into different clusters but remained 

distinct because of their chatacteristic behaviour (Figure 4.21). 
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Figure 4.20: Dendrogram reflecting the relationship between maize genotypes as a          

            result of total seed storage protein study through SDS-PAGE. 
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Table 4.21: Convergence of maize genotypes into delimited groups according to 

         similar protein banding pattern. 

Group Total number 

 

Accessions/check varieties 

  G-I 5 

 

14862, 14954, 15290, 15349, 24675. 

 G-II 7 

 

14894, 14903, 14904, 15096, 15350, 24687, 24692. 

G-III 4 

 

14878, 15228, 15351, 24688. 

  G-IV 12 

 

14895, 15026, 15145, 15149, 15160, 15236, 15250,  

   

15302, 15319, 15327, 15330, 15340. 

 G-V 9 

 

14884, 14924, 14979, 14993, 15011, 15013, 15044,  

   

15338, 15347. 

   G-VI 5 

 

14959, 15277, 15334, 19195, 24672. 

 G-VII 5 

 

15172, 15232, 15296, 24676, 24696. 

 G-VIII 4 

 

14912, 15020, 15310, 15336. 

  G-IX 7 

 

14898, 14915, 15329, 15341, 15348, 24693, 24694. 

G-X 3 

 

15024, 15331, 15353. 

   G-XI 2 

 

15030, 15090. 

   G-XII 4+Sadaf 

 

14900, 15043, 15209, 24678, Sadaf. 

 G-XIII 3 

 

14987, 15318, 24684. 

   G-XIV 5 

 

14907, 15027, 15092, 15263, 15342. 

 G-XV 2 

 

15108, 15328. 

   G-XVI 4 

 

15000, 15009, 15012, 15047. 

  G-XVII 4 

 

14883, 15278, 24698, 24700. 

  G-XVIII 4 

 

15265, 15304, 24671, 24685. 

  G-XIX 4 

 

15306, 15325, 24682, 24701. 

  G-XX 6 

 

14886, 15074, 15231, 15317, 24679, 24686. 

 G-XXI 7 

 

14909, 15050, 15097, 15106, 15352, 19198, 24680. 

G-XXII 2 

 

15007, 24689. 

   G-XXIII 5 

 

14899, 14906, 15308, 15326, 15343. 

 G-XXIV 2 

 

14913, 15345. 

   G-XXV 5+Agaiti-2002 

 

15014, 15168, 15333, 15339, 24691, Agaiti-2002. 

G-XXVI 2 

 

14880, 24697. 

   G-XXVII 4 

 

14914, 15162, 19188, 24677. 

  G-XXVIII 4 

 

15117, 15262, 15332, 24683. 

  G-XXIX 4+Sahiwal-2002 15258, 15264, 24670, 24699, Sahiwal-2002. 
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Figure 4.21:Dendrogram reflecting the relationship between different groups along with 

          isolatly clustered individuals of  maize genotypes as a result of total seed 

          storage protein study through SDS-PAGE. Number inside the brackets 

          indicate the number of genotypes included in the relevent group. 
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4.3.  Genetic diversity assessment in maize germplasm based on microsatellite 

 (SSR) markers 

The assessment of genetic diversity of 80 accessions and 3 check varieties Agaiti-

2002, Sadaf and Sahiwal-2002 of maize was carried out through a total of 40 simple 

sequence repeats (SSRs) markers represented all 10 chromosomes (Annexure C, Table 

4.22). These genotypes were selected for study through DNA based markers, as 

representatives of different smaller groups made on the basis of morphological 

characterization and total seed storage proteins study. The amplified profile through 

3% agarose gel reflected considerable amount of variations among maize genotypes 

(Figure 4.22a and 4.22b).  

      

4.3.1.  Allele number and size 

Different primer pairs produced different number of allelic markers (Table 4.22). 

Among the 40 SSR markers, 13 primer pairs amplified two alleles each, 24 primer 

pairs resulted in the generation of three alleles each and only 3 primer pairs generated 

four alleles each. The total number of alleles found was 110 for all 40 primer pairs by 

studying 83 maize genotypes. Their number per locus ranged from minimum 2 alleles, 

generated by nc013, phi002, phi022, phi037, phi058, phi062, phi064, phi069, phi084, 

phi102, phi121, phi127 and phi128 to maximum of 4 alleles amplified by phi077, 

umc1354 and umc2050. Average number of alleles per locus was 2.8 alleles. The size 

of amplified alleles ranged from 62 bp produced by phi046 to 266 bp generated by 

phi090. Similarly the minimum difference between the smallest amplified allele size 

and largest one at any SSR locus was 3 bp, noted at phi058 and phi121 while 

maximum was 125 bp, detected at phi090. The total number of polymorphic alleles 

was 92 which were 83.6% of the total alleles and monomorphic alleles were 18 which 

were 16.4% of the total alleles. Similarly the highest number of polymorphic alleles at 

any single locus was 4 alleles, detected at phi077, umc1354 and umc2050, while the 

lowest number was 1 allele, noted at loci nc013, phi002, phi062, phi064, phi069, 

phi081 and phi128 with average number of polymorphic alleles per marker was 2.3. 
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    Table 4.22: List of SSR markers, bin number, repeated unit, total number of alleles,  

                      polymorphic alleles, size range, difference and polymorphism information 

                      content, applied for the DNA based characterization of maize.  
SSR 

Marker 

Bin 

No. 

Repeat Unit Total 

Alleles 

Polymorphic 

Alleles 

Size Range 

(bp) 

Difference PIC 

Value 

nc013 6.05 AG 2 1 102-132 30 0.36 

phi002 1.08 AACG 2 1 73-200 123 0.45 

phi015 8.08 AAAC 3 2 78-102 24 0.75 

phi021 4.03 AG 3 2 90-128 38 0.8 

phi022 9.03 GTGC 2 2 143-169 26 0.39 

phi026 4.05 AG 3 2 76-126 50 0.55 

phi032 9.04 AAAG 3 3 231-240 7 0.41 

phi034 7.02 CCT 3 3 120-141 21 0.62 

phi036 3.02 AG 3 3 63-119 66 0.82 

phi037 1.08 AG 2 2 130-230 100 0.65 

phi041 10.00 AGCC 3 2 195-213 18 0.66 

phi046 3.08 ACGC 3 3 62-66 4 0.35 

phi047 3.09 ATC 3 3 140-152 12 0.65 

phi050 10.03 AAGC 3 3 80-93 13 0.59 

phi051 7.05 AGG 3 3 151-160 9 0.39 

phi053 3.05 ATAC 3 2 170-210 40 0.42 

phi058 5.07 GCC 2 2 148-151 3 0.48 

phi062 10.04 ACG 2 1 156-163 7 0.36 

phi064 1.11 ATCC 2 1 84-108 24 0.64 

phi068 9.01 AT 3 3 66-76 10 0.58 

phi069 7.05 GAC 2 1 197-206 9 0.51 

phi074 4.04 CAA 3 2 89-95 6 0.36 

phi077 6.01 AG 4 3 122-154 32 0.54 

phi079 4.05 AGATG 3 3 180-195 15 0.44 

phi081 6.05 GAT-TAC 3 1 160-171 11 0.64 

phi084 10.04 GAA 2 2 148-157 9 0.6 

phi087 5.06 ACC 3 3 150-177 27 0.31 

phi090 2.08 ATATC 3 2 141-266 125 0.5 

phi099 3.04 AC 3 3 145-153 8 0.51 

Phi101 5.06 TAC 3 3 92-98 6 0.35 

Phi102 6.05 AT 2 2 90-110 20 0.5 

Phi116 7.06 ACTG/ACG 3 3 154-173 19 0.73 

Phi120 1.11 AAG 3 3 63-88 25 0.65 

Phi121 8.03 CCG 2 2 99-102 3 0.19 

Phi127 2.08 AGAC(GTCT) 2 2 112-138 26 0.11 

Phi128 5.07 AAGCG 2 1 100-120 20 0.36 

Umc1014 6.04 GA 3 2 120-151 31 0.87 

Umc1152 10.02 ATAG 3 3 159-201 42 0.35 

Umc1354 1.00 CCG 4 3 100-220 120 0.66 

Umc2050 3.07 CGC 4 3 143-185 42 0.1 
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Figure 4.22 (a): Simple sequence repeats allelic profile among the maize genotypes  

              generated by primer pair phi053. The lanes represent M= marker of  

  25bp molecular weight, 1=14862, 2=14878 , 3=14880, 4=14886,  

  5=14894, 6=14895, 7=14898, 8=14899, 9=14903, 10=14906, 11=14907, 

  12=14909, 13=14911, 14=14912, 15=14913, 16=14959, 17=14993,  

  18=15007, 19=15013,  20=15014, 21=15020, 22=15024, 23=15026,  

  24=15027, 25=15044, 26=15047, 27=15071, 28=15074, 29=15090,  

  30=15092, 31=15097, 32=15107, 33=15118,  34=15172, 35=15209,  

  36=15215, 37=15231, 38=15232, 39=15244, 40=15250,  41=15258,  

  42=15262, 43=15264, 44=15276, 45=15278, 46=15279, 47=15290,  

  48=15296, 49=15304, 50=15306, 51=15308, 52=15319, 53=15321,  

  54=15327, 55=15329, 56=15330, 57=15332, 58=15333,  59=15334,  

  60=15338, 61=15339,  62=15342, 63=15345, 64=15348, 65=15350,  

  66=15352, 67=19198, 68=24671, 69=24677, 70=24678, 71=24680,  

  72=24682, 73=24684, 74=24688, 75=24690,  76=24693 77=24694,  

  78=24696, 79=24699, 80=24700, 81=Agaiti-2002, 82=Sadaf,   

  83=Sahiwal-2002. The arrows show missing alleles. 
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Figure 4.22 (b): Simple sequence repeats allelic profile among the maize genotypes  

    generated by primer pair phi074. The lanes represent M= marker  of 

  25bp molecular weight, 1=14862, 2=14878 , 3=14880, 4=14886,    

  5=14894 , 6=14895, 7=14898, 8=14899, 9=14903, 10=14906,  11=14907, 

  12=14909, 13=14911, 14=14912, 15=14913, 16=14959,  17=14993,  

  18=15007, 19=15013, 20=15014, 21=15020, 22=15024,  23=15026,  

  24=15027, 25=15044, 26=15047, 27=15071, 28=15074,  29=15090,  

  30=15092, 31=15097, 32=15107, 33=15118, 34=15172,  35=15209,  

  36=15215, 37=15231, 38=15232, 39=15244, 40=15250,  41=15258,  

  42=15262, 43=15264, 44=15276, 45=15278, 46=15279,  47=15290,  

  48=15296, 49=15304, 50=15306, 51=15308, 52=15319,  53=15321,  

  54=15327, 55=15329, 56=15330, 57=15332, 58=15333,  59=15334,  

  60=15338, 61=15339, 62=15342, 63=15345, 64=15348,  65=15350,  

  66=15352, 67=19198, 68=24671, 69=24677, 70=24678,  71=24680,  

  72=24682, 73=24684, 74=24688, 75=24690, 76=24693,  77=24694,  

  78=24696, 79=24699, 80=24700, 81=Agaiti-2002, 82=Sadaf, 83=Sahiwal-

  2002. The arrows show missing alleles. 
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4.3.2.  Unique alleles 

Some of the simple sequence repeat markers showed tremendous discriminative 

performance during the estimation of the genetic diversity among maize genotypes 

and resulted in the identification of several unique alleles. Alleles that present with 

frequency of less than 10% were considered as unique alleles (Kumari et al., 2005), 

which becomes less than 8.3 out of total 83 genotypes, possessing that allele). A total 

of five rare alleles were identified in 22 genotypes (Table 4.23). The rare allele 

generated by primer pair phi046 which was shared by one accession (15097) from the 

province of Khyber Pakhtunkhwa, two (15329 and 15330) from Punjab, one (15020) 

from Northern Areas and two (15264, 15290) from Japan but this allele was 

completely absent from the accessions of Baluchistan, Azad Jammu and Kashmir and 

China. The rare allele generated by primer pair phi074 was shared by two accessions 

(15097 and 15215) from the province of Khyber Pakhtunkhwa, two (15330 and 

15334) from Punjab and three (15024, 24677 and 24678) from Northern Areas but this 

allele was completely absent from the accessions of Baluchistan, Azad Jammu and 

Kashmir, Japan and China. The rare allele generated by primer pair phi121 was shared 

by one accession (14862) from the province of Punjab, one (24693) from Azad 

Jammu and Kashmir and two (15264 and 15304) from Japan but this allele was 

completely absent from the accessions of Khyber Pakhtunkhwa, Baluchistan, 

Northern Areas and China. The rare allele generated by primer pair umc1152was 

shared by one accession (15074) from the province of Khyber Pakhtunkhwa, four 

(15327, 15330, 15331 and 15333) from Punjab and two (15244 and 24684) from 

Northern Areas but this allele was completely absent from the accessions of 

Baluchistan, Azad Jammu and Kashmir, Japan and China. The rare allele generated by 

primer pair umc2050 was present only in one accession (14886) of Baluchistan but 

was completely absent from the accessions collected from the province of Khyber 

Pakhtunkhwa, Punjab,  Northern Areas, Azad Jammu and Kashmir, Japan and China. 
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Table 4.23: Unique alleles detected as a result of SSR study in maize accessions. 
SSR 

Marker 

Bin 

No. 

Repeat 

Unit 

Size 

(bp) 

Accession  

No. 

phi046 3.08 ACGC 66 15097, 15229, 15230, 15020, 15264, 15290  

phi074 4.04 CAA 95 15097, 15215, 15330, 15334, 15024, 24677, 24678 

phi121 8.03 CCG 99 14862, 24693, 15264, 15304 

umc1152 10.00 ATAG 159 15074, 15327, 15330, 15331, 15333, 15244, 24684 

umc2050 3.07 CGC 185 14886 

 

4.3.3.  Polymorphism information content (PIC) value 

The polymorphism information content value was calculated for each of the 40 simple 

sequence repeats covering all 10 chromosomes, to estimate the extent of genetic 

diversity among 83 maize genotypes, selected as representatives of the smaller groups 

on the basis of two years field trials and total seed storage proteins study through 

SDS-PAGE technique. There was a wide variation in the power of polymorphism 

among these primer pairs, which ranged from minimum level of 0.10 displayed by 

primer pair ‘umc2050’ at SSR ‘CGC’ located on chromosome number 3 to maximum 

level of 0.87 reflected by primer pair ‘umc1014’ at SSR ‘GA’ located on chromosome 

number 6 with overall average of 0.50 per locus (Table 4.22). The maximum number 

of alleles was 74 produced by accession 15007, followed by 72 detected in 15013, 

while minimum number of alleles was 53 noted in genotypes 15092, 15097, 15209 

and check variety Sahiwal-2002, followed by 54 alleles detected in accessions 15118, 

15304, 15339 and 15352. 

 

4.3.4.  Genetic similarity 

The genetic similarity was calculated on the basis of data obtained from studying the 

SSR markers throughout 83 maize genotypes (Annexure C). The similarity matrix 

showed the extinct of relatedness among the maize genotypes tested. Pair wise 

investigation of similarity ranged from 0.48 to 0.94 (Annexure D), with mean level of 

similarity among the whole genotypes was 0.69. The maximum genetic similarity of 

94% was found between genotypes 15027 and Agaiti-2002, and between Agaiti-2002 

and Sadaf, followed by 93% between accessions 24688 and 24690, 91% between 

15027 and Sadaf, and 15090 and Sahiwal-2002, 90% between accessions 15090 and 

24680, while accessions 14862 and 14860 were found with lowest genetic similarity 

of 48%, followed by 50% between genotypes 14862 and 15352, 52% between 
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genotypes 14862 and Sahiwal-2002, and 15024 and 24680, 53% between 14864 and 

15306, 15024 and 15258, 15333 and 24680 and 15348 and Sahiwal-2002. 

 

4.3.5.  Cluster analysis 

To explore the genetic relatedness of maize genotypes, they were analyzed on the 

basis of coefficient of similarity matrix as a result of SSR markers investigation. The 

UPGMA methodology was applied, utilizing NTSYS-PC, version 2.1. As a result the 

tested genotypes differentiated into five main clusters, named I, II, III, IV and V at 

70% homology (Figure 4.23). Cluster ʻIIʼ was the largest aggregation with a total 

number of 34 accessions while clusters ʻIʼ and ‘V’ both were the smallest groups with 

a total of 10 genotypes each. Cluster ‘IIʼ was further sub-divided into sub-cluster II1  

and sub-cluster II2, with 17 accessions in each sub-cluster. Cluster ‘IIIʼ was with a 

total of 17 accessions. Cluster ‘IV’consisted of 12 genotypes  including the check 

varieties Agaiti-2002 and Sadaf. Cluster ʻVʼ comprised of a total of 10 genotypes  

including Sahiwal-2002.  
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Figure 4.23: Cluster analysis reflecting the genetic diversity and genetic relationship 

           among maize germplasm on the basis of 110 alleles resulted by 40 SSR  

           markers. 
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5. DISCUSSION 

 

The exploitation of genetic diversity for crops improvement is vital which depends 

upon the study of all parameters related to the exploration of genetic diversity 

(Iannetta et al., 2007). For this purpose there is continuous study of wild relatives and 

traditional varieties through latest breeding techniques. During all these efforts the 

extent of genetic diversity is detected at some level to frame resistant and high 

yielding varieties (Mondini et al., 2009). To conserve the genetic diversity of crops is 

one of the mile stones to be achieved especially due to post green revolution 

consequences. It is obvious that the elucidation of genetic diversity is extremely 

necessary for the effective maintenance, evaluation and utilization of germplasm 

because germplsm is the only source to be exploited for the development of new 

varieties during breeding programs (Baranger et al, 2004).  Breeders inserted desirable 

genes into the genome of plants and removed the unwanted ones to get the favorable 

breeds (Narain, 2000). In the present study maize germplasm from China, Japan and 

different localities of Pakistan was evaluated using agro-morphological, biochemical 

and molecular markers. The biochemical markers consisted of the estimation of total 

protein profiling stored in their seeds and DNA based molecular markers consisted of 

simple sequence repeats, for the estimation of potential genetic diversity.  

 

The results obtained during present investigation of genetic diversity in maize 

germplasm are discussed here in detail and compared with already work done. 

 

5.1: Genetic diversity assessment in maize germplasm based on agro-

 morphological traits 

Collection of germplasm is done for the conservation of genetic variability in cultivars 

as well as wild relatives (Williams et al., 1990). It is important to collect, manage and 

utilize the germplasm in effective way for the development of new varieties. The 

assessment of genetic diversity and similarities among the collected genotypes makes 

all these efforts more fruitful and reliable. This kind of estimation of genetic diversity 

and resemblance is extremely pivotal in genetically characterizing the genotypes to 

identify the cultivars, eliminate the duplicated genotypes present in collected 
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germplasm and more commonly to select the genotypes with desired character(s) for 

the purpose of hybridization. It is the stored germplasm that is utilized by plant 

breeders to shape new varieties with desired characters. Finally these varieties are 

supplied to farmers which results in the economic return that has been invested during 

the process of collection of genotypes, preservation and evaluation through different 

techniques (Vaughan and Jackson, 1995). During the present investigation high level 

of genetic variability was detected which is congruent with the findings of Aliu et al., 

(2013), Maruthi et al., (2013) and Shrestha, (2013), who reported considerable amount 

of genetic diversity in maize. The findings of the present investigation will be fruitful 

for identifying the genetic relatedness among maize varieties, evaluation of genetic 

diversity, agro-morphological characterization and finding the association between 

trait and gene(s). Similar findings were reported by Pervaiz et al., (2010). During the 

present investigation of 153 maize genotypes, 10 qualitative traits were recorded 

during two years field trials. Most of the studied genotypes were having secondary 

type of tassels with large size. Ear damage was almost nil i.e. most of the genotypes 

were having intact ears with good husk covers which are valuable for breeding 

purposes in future. Flint type white colored kernels were found in maximum of the 

genotypes, arranged in regular type of rows, while irregular types were also noted in 

considerable number of maize genotypes. The cob color was noted white in most of 

the genotypes. The leaf orientation was noted erect in maximum but pendent leaves 

were also found. All genotypes were having pubescence of culm, which is supported 

by the findings of Ranatunga et al., (2009). Qualitative traits face very minute or no 

environmental effects such as kernel type, kernel color, leaf orientation, cob color etc. 

Therefore no reasonable modifications were detected in qualitative traits recoded 

during second field trial. The allelic diversity detected among the qualitative traits of 

maize during the present germplasm evaluation could be proved vital for the maize 

breeding in future because genotypes with more genetic heterogeneity are more 

successful and highly stable. 

 

The economic importance of quantitative traits is quite evident particularly those that 

are highly variable. It is because their expression is under the control of more than one 

gene and possibly could be a good source for the improvement of crops (Amurrio et 

al., 1995). In the present study 24 quantitative and 10 qualitative traits were studied in 
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153 genotypes of maize. Descriptive statistics of the data recorded both in 2011 and 

2012, reflected high level of variation for the quantitative characters. All the traits 

were more or less, directly or indirectly, positively or negatively added to the yield 

and possessed key genetic status during the identification of productive genotypes. 

The number of days to tassel ranged from 46 to 74 days with mean value of 63 days in 

2011, while in 2012 ranged from 48 to 89 days with mean value of 67.4. During the 

present study 13% of the total genotypes took less number of days than check varieties 

to tassel which may prove valuable for producing varieties with early maturity. The 

similar findings were reported by Rahman et al., (2008) who found the number of 

days to anthesis ranging from 60 to 75 and noted that new populations were earlier 

than check variety. Ihsan et al., (2005) have already detected significant variation for 

the number of days to anthesis during their maize study. Our findings are also in 

conformity with the results found by Shrestha (2013), who reported the mean number 

of days to tassel 60.33, while studying the maize inbred lines using agro-

morphological markers. Our results are also congruent with the results of Ali et al., 

(2011), who have found the number of days to tassel from 48 to 54 with average value 

of 51.5 days during the investigation of morphological characters. Ranatunga et al., 

(2009) reported the number of days to tassel in the range of 43 to 70 with mean value 

of 57.28 days, while studying genetic diversity in maize inbreds. Number of days to 

tassel ranged from 51.5 to 76 days with mean value of 65.1 days during the 

investigation of genetic diversity in maize from Ethiopia (Beyene et al., 2005). The 

number of days to silking ranged from 52 to 81 days with mean value of 69.71 days 

during first field trial, while in second field trial the number of days to 50% silking 

was ranged between 56 and 92 days with mean value of 72.6 days. During present 

study 20.3% of the accessions were identified to emerge silk earlier than the check 

varieties which may be a source for the development of new maize varieties with short 

life cycle. These findings are in line with the results of Shah et al., (2000). Our 

observations are also closer to the findings of Rahman et al., (2008), who found the 

number of days to silking from 59 to 78 and noted new populations were earlier than 

check variety. Our results are also in conformity with the results found by Shrestha 

(2013) who reported the mean number of days to silking 63.83 during the study of 

maize inbred lines through agro-morphological markers. Our results are also 

congruent with the results of Ali et al., (2011), who have reported 50 to 59 days to 
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silking with mean value of 54.3 days during the investigation of morphological 

characters. Ranatunga et al., (2009) reported the number of days to silking varying 

from 47 to 74 with mean value of 63.04 days, while studying genetic diversity in 

maize inbreds. Beyene et al., (2005) have found the number of days to silking in the 

range of 58 to 80.5 days with mean value of 71.5 days during the investigation of 

genetic diversity in maize from Ethiopia. The little difference from the previous 

findings may be attributed to the difference in the genetic diversity of the 

experimental material used and climatic conditions. Considerable amount of variation 

was found in anthesis-silking interval among maize genotypes. It ranged from 0 to 8 

days with mean value of 3.6 days in 2011 and 0 to 8 days with mean value of 3.3 days 

during 2012 field trial. These results are in conformity with the findings of Shrestha 

(2013), who reported the mean number of days between anthesis and silking 3.5 

during the study of maize inbred lines using agro-morphological traits. There was 

highly significant negative relationship between the anthesis-silking interval with days 

to anthesis and days to silking but was positive relationship with kernel width and 

number of ears per plant (Nagugi et al., 2013). The presence of shorter anthesis-

silking interval is quite promising, particularly the identification of accessions with 

anthesis-silking interval consisting of less than three days. Some of the accessions i.e. 

15236, 15290, 15306, 15311, 15342, 24675 and 24688 were with anthesis-silking 

interval of very ideal length of zero which is not only encouraging for the future of 

maize in Pakistan but also helpful for the maize breeding programs globally. During 

the present investigation, accessions with early maturity and long anthesis-silking 

interval and vice versa were found which may be used to develop drought tolerant 

maize. Such kind of study might be a step towards the development of drought 

tolerant maize by crossing the two accessions after polishing them to inbred lines. One 

with early maturity and long anthesis-silking interval and the other with late maturity 

and short anthesis-silking interval. After crossing, the F2 progenies may be grown 

under drought stress conditions, some of which can attain the early maturity with short 

anthesis-silking interval. This is an amazing importance of anthesis-silking interval 

along with other traits in planning programs for maize breeding (Nagugi et al., 2013). 

 

High level of variation was found in plant height. It ranged from 71.9 to 226.1 cm 

with mean value of 153.6 cm and from 41.7 to 206.8 cm with mean value of 110.3 cm 
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during both field trials, respectively. The variation noted during the present study may 

be due to the difference in the genotypes used, their genetic origin and diverse 

environments. These finding were closer to the findings of Galarreta and Alvarez 

(1990) who reported the plant height of 110.76 to 178.68 cm with mean value of 

147.45 cm and Aliu et al., (2013) who found plant height from 79.16 to 129.83 cm 

with mean value of 96.38 cm. Ihsan et al., (2005) also found significant level of 

variation in the morphological traits of maize genotypes. Significant level of genetic 

diversity was identified in inbred maize genotypes morphological characterization by 

Sokolove and Guzha (1997). Our results are also in conformity with the findings of 

Shrestha (2013), who reported the mean value of plant height was 143.94 cm. Our 

results are also congruent with the results of Ali et al., (2011), who reported the plant 

height from 115 to 157 cm with mean value of 135.1 cm during the investigation of 

morphological characters. Plant height ranged from 96.5 to 171.1 cm with mean value 

of 135.60 cm, while studying genetic diversity in maize inbreds (Ranatunga et al., 

2009). Miguel et al., (2008) observed the mean value of plant height 212.7 cm during 

the study of 43 maize populations. Beyene et al., (2005) have detected the plant height 

of 161 to 288 cm with mean value of 217.8 cm during the investigation of genetic 

diversity in maize from Ethiopia. The number of leaves varied from 6.4 to 15.2 with 

mean value of 11.1 and from 6.2 to 16.6 with mean value of 11.2 among the tested 

maize germplasm during both growing seasons, respectively. These results are in 

conformity with the results of Shrestha, (2013), who reported the mean number of 

leaves per plant 11.00 during agro-morphological characterization of maize inbred 

lines. Beyene et al., (2005) found the number of leaves per plant ranged from 5.2 to 

6.6 with mean value of 6.1 during the investigation of genetic diversity in maize from 

Ethiopia. A wide range of variation was noted among maize germplasm based on leaf 

length, which ranged from 39.4 to 86.6 cm with mean value of 67.2 cm and 15.6 to 85 

cm with mean value of 32.9 cm in both agro-morphological trials, respectively. These 

results are in conformity with the findings of Beyene et al., (2005) who detected the 

leaf length of 51.8 to 100.8 cm with mean value of 71.3 cm during an investigation of 

genetic diversity in maize from Ethiopia. Variation was noted in leaf width which 

ranged from 4.4 cm to 10.3 cm with mean value of 7.4 cm and 3.1 to 11 cm with mean 

value of 5.6 cm during both field trials. These results are in line with the results 

explored by Beyene et al., (2005) who found the leaf width range from 6.4 to 12.7 cm 
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with mean value of 9.1 cm during an investigation of genetic diversity in Ethiopian 

maize.   

 

High level of variation was found in ear height during the present study. It ranged 

from 6.5 to 136.7 cm with mean value of 73.1 cm and 13.5 to 98.2 cm with mean 

value of 48.5 cm in both field trials, respectively. Significant amount of variation 

found among different accessions in each trial, may be due to their diverged origin 

and between the mean values recorded during the two years, might be due to variation 

in seasonal effects. The plant height and ear height are the important morphological 

traits. Therefore the detection of significant level of diversity in these traits in the 

present maize germplasm could be used for breeding purposes in future. These results 

are congruent to the findings of Dijak et al., (1999) who found significant variation in 

maize genotypes particularly for height of the ear and plant. Galarreta and Alvarez 

(1990) previously reported 37.41 to 96.40 cm height with mean value of 64.92 cm 

which is nearer to the variation level found in the present study. The breeders mostly 

consider the medium ear height for developing new verities. Our findings are also in 

conformity with the results of Shrestha, (2013), who reported the mean value of ear 

height 66.07 cm during the study of maize inbred lines based on agro-morphological 

markers. Our results are also congruent with the results of Ali et al., (2011), who 

reported 42 to 67 cm ear height with mean value of 52.3 cm during the investigation 

of morphological characters. Ranatunga et al., (2009) reported the ear height of 28.4 

to 134.6 cm with mean height of 70.68 cm, while studying genetic diversity in maize 

inbreds. Beyene et al., (2005) found the ear height range from 74 to 227.5 cm with 

mean value of 125.9 cm during the investigation of genetic diversity in maize from 

Ethiopia. The ear length ranged from 2.7 to 15.5 cm with mean value of 8.7 cm and 6 

- 21.3 cm with mean value of 11.2 cm during both open field experiments. The 

variation found in the tested genotypes for ear length may be attributed to the variation 

in material used and different environment. Almost the similar findings about the level 

of variation in ear length were reported by Galarreta and Alvarez (1990). Ranatunga et 

al., (2009) reported the ear length ranged from 6.6 to 24.4 cm with mean value of 

13.28 cm, while studying genetic diversity in maize inbreds. Miguel et al., (2008) 

have found the mean value of ear length 16.1 cm during the study of 43 maize 

populations. Ear length ranged from 14.5 to 22.7 cm with mean value of 18.1 cm 
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during the investigation of genetic diversity in maize from Ethiopia (Beyene et al., 

2005). Ear diameter and cob diameter are also important traits in terms of selecting 

accessitions for the development of inbred lines. The tested germplasm reflected 

considerable amount of variation in both ear diameter and cob diameter. The ear 

diameter ranged from 1.8 to 4.9 cm (18 mm – 49 mm) with mean value of 3.5 cm (35 

mm) and 2 to 4.5 cm (20 mm – 45 mm) with mean value of 3.2 cm (32 mm) during 

two field tests. Genetic broadness of the base material is considered for the noted 

variation. These findings agree with the results of Galarreta and Alvarez (1990) who 

reported the ear diameter of 36.60 to 50.36 mm with mean value of 43.21 mm. 

Ranatunga et al., (2009) reported the ear width ranged from 2.8 to 4.8 cm with mean 

value of 3.58 cm, while studying genetic diversity in maize inbreds. Miguel et al., 

(2008) observed the mean value of ear diameter 4 cm during the study of 43 maize 

populations. Beyene et al., (2005) found the ear diameter range of 3.3 to 4.6 cm with 

mean value of 3.9 cm during the investigation of genetic diversity in maize from 

Ethiopia. Cob diameter ranged from 3.74 to 463 cm with mean value of 4.17 cm 

during studying maize morpho-physiology and mineral composition by Aliu et al., 

(2013). The slight variation from the previously reported findings may be attributed to 

the difference in material used in the experiments and possible variation in climatic 

conditions. 

 

High level of diversity was also detected for the traits contributing directly to grain 

yield i.e. the number of rows of kernels per ear which varied from 2 to 16 rows with 

mean value of 7.8 rows and 7 to 16.7 rows with mean value of 11.8 rows in both trials 

and medium level of diversity was showed by the number of kernels per row, which 

ranged from 1.7 to 25 with mean value of 8.6 kernels and 4.3 to 30.7 kernels with 

mean value of 14.6 kernels during both trials, respectively. The variation was noted 

for these traits among the accessions in each trial as well as between the two crops 

which confirmed the diversity the tested germplasm had but this diversity might be 

partially due to the environment-genome interaction and the potential genetic diversity 

present in these accessions. These results were closer to the findings of Galarreta and 

Alvarez (1990);  Beyene et al., (2005); Miguel et al., (2008) and Ranatunga et al., 

(2009) who reported the mean value of 11.75 rows and 27.39 kernels, 12.21 rows and 

25.37 kernels, 10.7 rows and 27.42 kernels and 26.8 kernels per row, respectively. The 
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slight variation from the previously reported findings may be attributed to the 

difference in the material used in experiment and possible variation in climatic 

conditions. 

 

Considerable level of variation was found in kernel length and kernel width during 

both years, kernel length with mean value of 7.4 mm and 7.5 mm and kernel width 

with mean value of 7.2 mm and 6.8 mm during both seasons, respectively. These traits 

are also included in the yield contributing traits and the presence of variation in them 

among the maize accessions is good for breeding activities. These results are 

concordant with the findings of Miguel et al., (2008) who found the kernel length and 

kernel width with mean value of 9.6 mm and 11.7 mm, respectively. The mean values 

for both traits during the present results were slightly lower than the previous findings 

which may be attributed partially to the environment-interactions and genetic 

differences in the experimental material. 

 

The 1000 kernel weight is significantly correlated with grain yield. A wide level of 

variation was shown by weight of 1000 kernels adjusted at 10% moisture content. The 

variation was from 159 to 326 g with mean value of 229.3 g and 145.8 to 338.5 g with 

mean value of 219.6 g during two growing seasons. The variation found may be due 

to the vast origin of the parent material but has vital place in the selection process of 

lines for maize breeding and may be useful for the utilization of the investigated 

germplasm in future breeding programs. Our results are witnessed by the findings of 

Ranatunga et al., (2009) who reported 100 seed weight from 11.1 to 36.8 g (which is = 

111 to 368 g for 1000 kernels weight) with mean value of 21.83 g (which is = 218.3 g 

for 1000 kernel weight), while studying genetic diversity in maize inbreds. Galarreta 

and Alvarez (1990) reported 286.82 to 452.47 g with mean value of 351.52 g for 1000 

kernels weight. Miguel et al., (2008) found the mean value of 1000 kernels dry weight 

373 g during the study of 43 maize populations. Beyene et al., (2005) detected 1000 

kernels weight range of 229 to 410 g with mean value of 295.8 g during the 

investigation of genetic diversity in maize from Ethiopia. The slight variation from the 

previously reported findings may be because of the genetic variations in the 

experimental material and possible variation in climatic conditions. During calculation 

of the 1000 kernel weight, the moisture content was adjusted to 10% but sometimes 
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researchers adjust it to 13%, which may also be the cause of slight change in the range 

of 1000 kernel weight between the two findings. Grain yield per plant is one of the 

most important morphological traits in any crop. A tremendous level of variation was 

observed in the grain yield per plant which ranged from 35 to 312 g with mean value 

of 108.9 g and 24 to 272 g with mean value of 100.1 g during both field trials, 

respectively. Our findings are congruent with the results of Aliu et al., (2013) who 

found the grain yield of 78.33 to 120.41 with mean value of 102.96 g. The slight 

variation from the previously reported findings may be due to difference in plant 

material used in experiment and possible variation in climatic conditions. 

 

The presence of maximum Euclidean distance of 17.8 was observed between the 

accession 15232 and 15014 during 2011 while during the second growing season in 

2012, the maximum Euclidean genetic distance of 13.9 noted (between 15329 and 

14909), (between 15329 and 14959) and (between 24690 and 14959).The accessions 

showed the maximum genetic distance during first year but did not express during 

second year. It may be due to climatic changes or changes in the availability of 

nutrients. 

 

Correlation plays pivotal role in the selection of right traits for breeding purposes. The 

correlation between various traits is because of the presence of linked genes. 

Environment-gene interaction is considered in the outcome of this association between 

any two correlated traits. Sometimes the role of environment for both the traits is 

direct and synchronized in the same direction, while in other cases is in opposite or 

different directions (Yucel et al., 2009). It is therefore extremely vital to select the 

right trait. To improve the yield contributing traits, it is vital to elucidate the 

relationship between different traits, particularly morphological traits which are 

mostly the decoded information stored in their DNA. Studying the correlation between 

these traits, the secret of evolutionary journey can also be determined. The 

relationship between phenotypic traits at the level of genetic, function, physiology or 

development may be the ultimate causes of their correlation (Wagner and Schwenk, 

2000). The fitness of an organism can be affected by a single trait. These kinds of 

relationships result in the co-variation of many morphological traits (Stearn et al., 

1991).  
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The means of 24 agro-morphological traits in 153 accessions/check varieties (Agaiti-

2002, Sadaf and Sahiwal-2002) of maize were analyzed for elucidating the simple 

correlation coefficient between them during both field trials. It was found that these 

agro-morphological characters had generally a low level of correlation with each 

other. However, among the total 276 combinations of agro-morphological characters, 

measurements of some functionally related characters presented significant correlation 

with each other during both field trials, like traits related to flowering (i.e. number of 

days to tassel, number of days to silk, number of days to pollen shedding, anthesis-

silking interval), morphology of the leaf (such as number of leaves, leaf length, leaf 

width), traits related to yield (such as number of kernel rows, number of kernels per 

row, kernel length, kernel width, 1000 kernel weight, grain yield per plant). The 

number of days to tassel was highly significantly positively correlated with number of 

days to pollen shedding (0.98), ear height (0.48) in both seasons and number of days 

to silk (0.97) and (0.95) in spring 2011 and spring 2012, respectively, which is 

supported by the findings of Galarreta and Alvarez (1990), who reported highly 

significant positive correlation between the number of days to anthesis and number of 

days to silking. Similarly the number of leaves per plant was highly significantly and 

positively correlated with plant height (0.82) and (0.39) and ear height (0.80) and 

(0.64) during two growing seasons, respectively. Similar findings were also reported 

by Cortes et al., (2007), who identified highly significant positive correlation between 

plant height and ear height, ear height and number of leaves per plant, and ear 

diameter and kernel length. Days to harvest had highly significant positive correlation 

with several traits such as number of days to tassel (0.53) and (0.74), days to pollen 

shedding (0.55) and (0.74), days to silking (0.52) and (0.74), number of leaves per 

plant (0.68) and (0.33), ear height (0.53) and (0.25), days to ear leaf senescence (0.68) 

and (0.91), field weight per plot (0.42) and (0.24) and  grain yield per plant (0.29) and 

(0.22) during 2011 and 2012, respectively. The anthesis-silking interval which is one 

of the important traits in maize crop breeding programs had highly significant 

negative correlation with grain yield per plant (-0.53) and (-0.25), number of days to 

anthesis, and number of days to silking during both growing seasons. In the present 

investigation long anthesis to silking interval was found in 10.5% genotypes during 

first year field trial and 6.5% genotypes during second year field trial which was 
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promising from the point of view that drought conditions trigger the anthesis-silking 

interval to be increased and possibly  can be used as the indicator for drought 

tolerance and along with number of ears per plant can be proved a valuable selection 

criteria for the drought tolerant maize which is supported by the findings of Bolanos 

and Edmeades (1996), Banziger et al., (2002) and Betran et al., (2003). Similarly it 

was noted in the present evaluation that all check varieties Agaiti-2002, Sadaf and 

Sahiwal-2002 along with 12 accessions during first year trial and 34 accessions during 

the second field trial had short anthesis-silking intervals and interestingly were having 

comparatively more grain yield per plant than rest of the accessions, which is 

congruent with the findings of Betran et al., (2003). The field weight per plot had 

highly significant correlation with several traits like ear length, ear diameter, number 

of kernel rows, number of kernels per row, kernel length and grain yield per plant. It 

was found during both field trials that the most vital trait grain yield per plant had 

highly significant positive correlation with several component characters such as ear 

length, number of kernel rows, number of kernels per row, 1000 kernel weight, field 

weight per plot, ear length, ear height, kernel length, plant height, number of days to 

tassel, number of leaves per plant and ear diameter. Over all the plant traits expressed 

higher values of correlation as compared to that of ear traits which is congruent to the 

findings of Galarreta and Alvarez, (1990). These results are also in line with the 

findings of Homayoun (2011), who reported highly significant positive correlation 

between ear length and number of kernels per row, cob diameter and number of kernel 

rows, cob diameter and plant height, grain yield with number of kernel rows, number 

of kernels per row, ear length, ear diameter, 1000 kernels weight, plant height. Highly 

significant negative correlation between 1000 kernels weight and number of kernels 

per row, ear length, between cob diameter and number of kernels per row, between 

number of kernel rows and number kernels per row. Zirehzadeh et al., (2011) found 

highly significant positive correlation between different traits such as yield with plant 

height, ear height, number of leaves per plant, ear diameter, ear length, number of 

kernels per row, number of rows per ear and 1000 kernel weight, while highly 

significant negative correlation with number of days to anthesis, number of days to 

silking and anthesis-silking interval. Similarly the number of days to anthesis and the 

number of days to silking have highly significantly positive correlation with each 

other but have highly significant negative correlation with anthesis-silking interval. 
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Aliu et al., (2013) found highly significant positive correlation of grain yield with cob 

diameter and 100 kernels weight and significant positive correlation with plant height. 

Plant height has significant negative correlation with cob diameter. Nagugi et al., 

(2013) found that grain yield has highly significant positive correlation with number 

of leaves per plant and kernel width, while highly significant negative correlation with 

the number of days to anthesis, number of days to silking and anthesis-silking interval. 

During the present investigation the detection of correlations with different strength 

and directions and then witnessed by the previously reported findings might be quite 

effective in devising strategies to cash the genetic diversity present in the germplasm 

studied and may not only strengthen the diversity level of the presently used maize 

varieties but also develop new varieties in future.    

 

It is clear from the cluster and principal component analysis value that the maize 

germplasm investigated has tremendous genetic diversity which may be of a great 

potential source for the future maize breeding strategies. Different quantitative traits 

preferably number of kernel rows, number of kernels per row, 1000 kernels weight, 

ear length, ear height, ear diameter, number of ears per plant, number of days to tassel 

and silking and anthesis-silking interval, in the combination of few or more can be 

useful for breeding programs. The dendrogram grouped all genotypes on the basis of 

their similarity into five clusters, A, B, C, D and E. The crosses made among the 

genotypes from cluster A and E will be more fruitful which agrees with the findings of 

Sharma et al., (2013). Among the total accessions, 17.3% were collected from 

different parts of the province of Khyber Pakhtunkhwa, 27.3% from the province of 

Punjab, 14.7% from Baluchistan, 10% from Northern Areas, 16.7% from Azad 

Jammu and Kashmir, while 12% of accessions were acquired from Japan and only 2% 

from China. Upon cluster analysis the maximum genetic diversity was shown by the 

accessions collected from the province of Khyber Pakhtunkhwa, Punjab, Northern 

Areas and Japan. Based on these facts it is obvious that the distribution of the studied 

accessions is independent of their geographical background. So these two 

complementary analyses portrayed that there is no geographical relationship among 

the studied genotypes because genotypes collected from same place were distributed 

into different clusters, which is supported by the findings of Gupta et al., (1991) 

during studying the genetic diversity of mustard, who found that the genetic diversity 
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present in mustard germplasm was not because of their geographical background. 

Amurrio et al., (1995) reported that geographical origin of the pea landraces had no 

role in their clustering into groups. Similarly, PCA grouped together the maize 

accessions with similar morphology but not because of their geographical background. 

PCs displayed that the total genetic diversity was clearly distributed throughout the 

agro-morphological traits. It is important to point out that Pakistan possesses a variety 

of environmental and ecological conditions which effectively contribute to the genetic 

diversity of different organisms. Along with other crops, the genetic diversity of maize 

is also greatly benefited from this. The genetic diversity in an area has a direct 

relationship with the ecological and environmental conditions instead of affected by 

the geographical distribution (Li and Rutger, 2000). The overall distribution of the 

studied germplasm on the basis of agro-morphological traits, it can be concluded that 

landraces of maize in Pakistan and from Japan possess significant amount of genetic 

variability, which have the potential to be used for the development of productive 

varieties. It is needed to cash this tremendous level of genetic variation by developing 

varieties with early maturity, as some of the accessions tested, were having shorter life 

cycles than check varieties. The accessions collected from the areas of harsh 

environmental conditions such as drought, poor soils, more radiations and possessing 

the adaptation traits like short stature, early flowering and narrow leaves, provide the 

base and opportunity to develop drought resistant varieties for those parts of the 

country that receive little rain. During the present investigation various agro-

morphological traits displayed significant level of variation which can be used directly 

for the development of high yielding cultivars. The selection process promotes the 

development of cultivars on one hand but on the hand results in the decrease of the 

genetic diversity of the gene pool, which is immensely necessary to conserve and 

utilize in future (Rabbani et al., 1998). The little fluctuation noted between the results 

of the two field trials may be because of the change in the environmental conditions. 

Overall significant amount of genetic diversity was found in the studied germplasm 

particularly in genotypes collected from Pakistan and Japan even the number of 

genotypes from Japan and China was low. This can be utilized for varieties and hybrid 

development in future, mainly focusing on areas that face the yield loss caused by 

early start of cold weather. During both field experiments the best performing 

promising genotypes were identified on the basis of vital agro-morphological traits, 
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which can be focused in terms of their prominent performance for breeding purposes 

as well.   

 

5.2:  Genetic diversity assessment in maize germplasm based on biochemical 

 markers 

Protein  markers have the decoded instructions of their genetic background i.e. DNA 

(Motto et al., 1989) which can be used to estimate genetic veriability in maize (Nucca 

et al.,1978). These have been used to discriminate the germplasm diversity in many 

crops (Nagy et al., 2009). Total seed proteins show high level of polymorphism, their 

function is the product of gene and there is very little effect of the environment on 

their electrophoretic banding pattern (Gepts et al., 1986). Seed storage proteins  

became an efficient tool to study genetic plasticity and have  been succesfully adapted 

to identify varieties in many crop species. There is multiple usage of seed storage 

protein banding pattern e.g. identify varieties, characterize plant germplasm, study 

phylogeny of  various species and biosystematics analysis (Sammour, 1991).There is 

extensive study of seed storage proteins in maize through out the world in which 

mostly the SDS-PAGE technique has been followed (Koranyi 1989b; Gorinstein et 

al., 1999;  Wang et al., 1994; Shah et al., 2003; Anjali and Sanjay, 2012). The SDS-

PAGE  technique is cheap and easy method to estimate germplasm variability.  

 

In the present study an attempt has been made to give a blue print of the whole 

experiment  in the context of genetic diversity assessment  of  153 genotypes of maize 

including both indigenous and exotic  germplasm through SDS-PAGE technique. A 

total of 18 scorable protein bands were counted, out of which 7 (39%) were 

monomorphic and 11 (61%) were polymorphic. The level of observed bands agrees 

with the findings of Rashed et al., (2010) who reported a total of 16 protein bands, out 

of  which  6 (38%) were monomorphic and 10 (62%) polymorphic. The protein 

banding pattern showed variations in the gel pictures which is in agreement with the 

method followed by Shah,  (1999). The variation was noted both in major and minor 

protein bands which is supported by the results of Gorinstein et al., (2004) who noted 

variation in major bands, minor bands and in fine structure as well. Genetic diversity 

assessment was done on the basis of presence and absence of protein bands and found  

that there was no such genotype to possess all the 18 protein bands collectively which 
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resulted in the identification of  all 153 genotypes into distinct protein banding 

patterns. This  is supported by the results of Ladizinsky and Hymowitz (1979) who 

stated that seed protein electrophoresis has been made a powerful tool by the protein 

profile stability and additiveness to study the origin and evolution of crops. This 

degree of variation is less in major protein bands as compared to minor bands.   

  

 Among the total protein sub-units, 5 (27.8%) were major bands, with molecular 

weight of 52, 27, 22, 21 and 19 kDa, while 13 (72.2%) were minor bands, with 

molecular weight of 122, 108, 98, 78, 70, 64, 62, 40, 38, 16, 14, 12 and 10 kDa. It was 

detected that minor protein sub-units showed more polymorphism than major protein 

sub-units, as 69.2% of minor bands were polymorphic as compared to 60% among 

major protein sub-units, displyed that 60% of the major proteins in maize might be the 

product of more conserved DNA sequence and is also an indication towards the minor 

protein sub-units to be focused during proteomic characterization of genetic diversity 

in maize germplasm. Only in 3 out of  5 major protein bands, the variability was found 

in a few genotypes such as protein subunit of molecular weight (MW) 21kDa (band 

13) was shared by only  15 genotypes (14911, 15117, 15215, 15227, 15258, 15262, 

15263, 15265, 15332, 24670, 24683,  24690,  24695, 24699 and Sahiwal-2002) out of 

153 genotypes which means that these genotypes  are similar in having gene for 

coding this protein subunit. Similarly the band number 10 with molecular weight of 38 

kDa was absent only in three accessions i.e. 15007, 15279 and 24689 which means 

that all the studied genotypes except three having gene for this protein which is 

supported by the findings of Shah et al., (2003) who stated that maize genotypes 

having similarities or differences because of the presence or absence of gene(s). While 

in 9 out of 13 minor peptide bands the variation was noted among many genotypes. 

The slight variation was noted in the present investigation in comparison with the 

findings already reported, which might be due to the variability in the genetic 

background of the material used, percentage and size of the gel used to separate the 

protein sub-units and considering the protein bands with more reproducibility and 

consistancy.  

 

There was no significant correlation between the variability detected during total 

protein study and the geographical distribution of the studied maize germplasm 
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because the accessions collected from the same locality, were distributed into separate 

clusters. These results are supported by the findings reported during the investigation 

of maize and other crops as well (Sanni et al., 2009). The lowest level of genetic 

diversity (97% similarity) detected,  may be because of the similarity in the genetic 

makeup of the these accessions, traditional method of farming and the preference 

given by consumers to certain genotypes (Javaid et al., 2004). 

 

During the present invistigation the division of whole germplasm into five clusters and 

the convergence of most of the accessions e.g. 49 accessions into a single group i.e. A, 

reflected considerable level of genetic veriability. Similarly protein profile based data 

analysis clustered 15 maize genotypes, 14862, 14878, 14898, 14899, 15007, 15026, 

15047, 15215, 15279, 15329, 15334, 24677, 24682, 24690 and Sahiwal-2002 into 

various groups that were similar to their distribution during DNA based clustering 

which reflected some correlation between the products and their genetic background 

or genomic DNA and protein profile. This intermediate  degree of heterogeneity may 

be  attributed to their narrow genetic background and due to the few limitations in 

applying biochemical markers such as less or over counting of the detectable protein 

sub-units, the whole genome doesn’t express as proteins, tissues specific proteins and 

proteins produced at specific developmental stage. However it was  found that SDS-

PAGE technique had proved fruitful to identify genetic diversity among accessions of 

maize. 

 

Due to the presence of different banding profiles from rest of the genotypes, the 

accessions 14911, 15107, 15118, 15215, 15227, 15244, 15276, 15279, 15280, 15311, 

15321, 15346, 24669, 24674, 24690 and 24695 clustered isolatly. The genetic 

diversity these accessions possess are required to explore further, to use as base lines 

for the development of productive varieties. Among these accessions, 15215 and 

15276 were completely unique in banding profiles. The accession 15215 (from 

Pakistan) possessed the longest life cycle and accession 15276 (from Japan) produced 

the heighest grain yield. So it can be infered that these accessions may have some 

proteins that may be correlated with the longest maturity period and maximum grain 

yield, respectively but further investigation is needed to link the protein markers with 

agro-morphological traits. This is also possible to hybridize the genotypes of 



 

145 

 

maxinmum protein subunits with those missing protein bands which can be result in 

the linkage of missing or extra protein sub-unit(s) with agro-morphological traits. 

Similarly protein profile based data analysis clustered 15 maize accessions into 

various groups that were similar to their distribution during DNA based clustering 

which reflected some correlation between the products and their genetic background.   

      

It is infered from the present investigation that through seed storage proteins 

electrophoresis, the identification of more diverse genotypes within a species could be 

possible which is not only important for quality control and maintaining purity but 

also for the enhancement of opportunities for effective breeding program within no 

time, less effort and less money wasted. The intermediate degree of variation was 

found in maize which is needed to be studied by using more advanced biochemical or 

molecular markers. 

 

5.3:  Genetic diversity assessment in maize germplasm based on microsatellite 

 (SSR) markers 

It is extremely vital to have enough knowledge at molecular level about the important 

biological phenomena that occur in plants to effectively conserve, manage and utilize 

the plant genetic resources. It is especially important to know about genetic diversity 

present in crop genetic resources to improve them. For this purpose there is 

continuous study of wild relatives and traditional varieties through latest breeding 

techniques. During all these efforts the extent of genetic diversity is detected at some 

level to frame resistant and high yielding varieties (Mondini et al., 2009). Genetic 

variations are any discrepancies among individuals at nucleotides, genes, 

chromosomes or whole genome level (Williams and Humphries, 1996). The 

characterization of genome has successfully achieved due to the magical PCR based 

technology since the mid 1980s. A number of protocols have been formulated which 

need DNA in small quantity. One of the widely used of these PCR based marker 

systems is simple sequence repeats (SSRs) system or microsatellites (Tautz, 1989), 

which are highly polymorphic (Karp et al., 1997), co-dominant due to which are able 

to identify homozygosity and heterozygosity of an individual at the genome level and 

another plus point is the generation of large number of alleles. But to design specific 

primers for these, information about the genomic sequence is needed and that is why 
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mostly applied in studies related to species of economic importance. As single SSR 

may not be able to give authentic knowledge, therefore 40 pairs of SSRs were used in 

the present investigation of maize germplasm, as used previously by Warburton et al., 

(2002).       

The cultivation of advanced varieties including maize with narrow base lines may be a 

real threat, to decline the level of genetic diversity in plant genetic resources. That is 

why the presence of enough genetic diversity in landraces is vital (Frankel and Soule, 

1981). Along with other crop species, maize in Pakistan is also facing the same. To 

coup with this and many other challenges, the continuous exploration of genetic 

diversity in maize accessions and cultivars is needed to develop high yielding varieties 

with broad genetic base. Very little work has been reported related to the genetic 

diversity assessment of maize germplasm, especially at molecular level on the basis of 

DNA markers i.e. simple sequence repeats (SSRs) marker system. A total of 80 

accessions were selected on the basis of two field trials during 2011 and 2012 and 

total seed proteins study of 150 accessions of maize and three check varieties. These 

genotypes have been investigated at 40 simple sequence repeats, scattered throughout 

the 10 chromosomes in maize. The amplified profile through agarose gel reflected 

considerable amount of variations among maize genotypes which is supported by the 

findings of Senior et al., (1998) and Liu et al., (2003). Some of the SSR markers were 

brilliant in reflecting the potential genetic diversity throughout, few were fully 

polymorphic in certain genotypes and others were of medium polymorphism. The 

overall attempt of fingerprinting the maize genotypes in this experiment resulted in the 

documentation of enough information to be used to identify their potential genetic 

distinctiveness and cash for the successful breeding of maize in future. The similar 

findings related to the high level of polymorphism showed by SSR markers were 

reported by Chine et al., (1996) and Taramino and Tingey (1996).  

 

SSR markers resulted in the display of different number of alleles with various sizes 

among which some were considered as unique or rare, few were shared by several 

genotypes and the remaining were present in most/all of the genotypes. Some of the 

SSR markers were brilliant in reflecting the potential genetic diversity throughout, few 

were fully polymorphic in certain genotypes and others were of medium 

polymorphism. The overall attempt of fingerprinting the maize genotypes in this 
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experiment resulted in the documentation of enough information to be used to identify 

their potential genetic distinctiveness and cash that for successful breeding of maize in 

future.   

  

The extent of polymorphism among maize genotypes was found through calculating 

the number of alleles and polymorphic information value for each of the 40 simple 

sequence repeats. Every allele pair was capable of detecting the genetic variability 

among the tested maize genotypes in different way. The total number of alleles 

generated by all 40 primers pairs was 110 by studying 83 maize genotypes. Their 

number per locus ranged from 2 to 4 alleles with an average number per locus was 2.8 

alleles, which are closer to the findings of Kumari et al., (2005), who reported 2 to 4 

alleles with average number of 3 alleles per locus, Jambrovic et al., (2008) who 

reported 2 to 8 alleles with average number of alleles per locus was 4.2, Shehata et al., 

(2009), reported 2 to 10 alleles with average number of 4.35 alleles per locus, 

Pabendon et al., (2010), who detected 2 to 6 alleles with average of 3.9 alleles per 

locus, Reid et al., (2011), who observed 2 to 7 alleles with average of 3.62 alleles per 

locus and  Kumar et al., (2012), who reported 2 to 5 alleles with average of 3.1 alleles 

per locus. It was noted that the average number of alleles detected during the present 

study was slightly lower than the previous investigations of maize using SSRs marker 

system, which may be due to comparatively more genetic diversity in the genetic 

material studied, the selection of SSRs with different capability of generating 

reproducible alleles, selection of the SSRs consisted of more dinucleotide motifs and 

possibly alleles miscounting (Kostova et al., 2006). The similarity matrix showed the 

extinct of relatedness among the maize genotypes tested. Pair wise investigation of 

similarity ranged from 48 to 94%, with mean level of similarity among the whole 

genotypes was 69%. Level of similarity detected is in agreement with the previous 

work done related to maize genetic diversity assessment i.e. with the findings of Reid 

et al., (2011) who reported genetic similarity from 53 to 93% with mean value of 

64%. Li et al., (2002), reported from 4 to 57%, Kumar et al., (2012) reported the 

genetic similarity range of 25 to 85%.  

 

Different primer pairs produced different number of allelic markers. Out of 40 SSR 

markers, 13 primer pairs amplified two alleles each, 24 primer pairs resulted in the 
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generation of three alleles each and only 3 primer pairs generated four alleles each 

which are in conformity with the findings of Kumari et al., (2005), who reported that 

8 SSR markers generated 4 alleles each, 12 markers generated 3 alleles each and rest 

of the markers produced 2 alleles each. Slight fluctuation in the number of alleles may 

be due to the selection of different SSR markers and the difference in the genetic 

diversity level of the experimental material.  

 

The size of amplified alleles ranged from 62 to 266 bp which is comparable with the 

findings of Li et al., (2002), who reported the size range of 49 to 286 bp, but the 

highest size in both these were quite less than reported by Kumar et al., (2012), who 

found the size range from 58bp to 410bp. The difference in the highest value might be 

due to the selection of different experimental material and gel composition and 

concentration. Similarly the minimum difference between the smallest amplified allele 

size and largest one at any SSR locus was 3 bp, while maximum was 125 bp. These 

results were closer to the findings of Comertpay et al., (2012), who detected minimum 

difference of 3bp and maximum of 60bp, Choukan and Waeburton, (2005) who 

reported minimum of 3bp and maximum of 48bp and Kostova et al., (2006) reported 

minimum difference of 4bp and maximum difference of 159bp. The total number of 

polymorphic alleles was 92 which were 83.6% of the total alleles and monomorphic 

alleles were 18 which were 16.4% of the total alleles. Similarly the highest number of 

polymorphic alleles at any single locus was 4 alleles, while the lowest number was 1 

allele with average number of polymorphic alleles per marker was 2.3. 

 

The polymorphism information content value showed a wide variation, which ranged 

from 0.10 to maximum level of 0.87, with overall average of 0.50 per locus. These 

results were closer to the findings of Li et al., (2002) who reported the polymorphic 

information content value of 0.14 to 0.89 with an average of 0.60, Choukan and 

Warburton, (2005), found this range from 0.15 to 0.78 with average value of 0.53, 

Kumar et al., (2012), observed 0.05 to 0.82 with average value of 0.55, Shehata et al., 

(2009), reported from 0.42 to 0.88 with average value of 0.58, Reid et al., (2011) 

reported from 0.07 to 0.93 with average value of 0.68 and Comertpay et al., (2012) 

found PIC value of 0.32 to 0.88 with an average value of 0.7. The slight difference of 

the results obtained in present study from the previous work done might be due to the 
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application of the different SSRs and genotypes studied with different amount of 

genetic diversity.  

  

Some of the simple sequence repeat markers showed tremendous discriminative 

performance during the estimation of genetic diversity among maize genotypes and 

resulted in the identification of several unique alleles (with frequency of less than 10% 

(Kumari et al., 2005), which becomes less than 8.3 out of total 83 genotypes, 

possessing that allele). A total of five rare alleles were identified in 22 genotypes. The 

rare allele generated by primer pair phi046 was shared by one accession (15097) from 

the province of Khyber Pakhtunkhwa, two (15329 and 15330) from Punjab, one 

(15020) from Northern Areas and two (15264, 15290) from Japan but this allele was 

completely absent from the accessions of Baluchistan, Azad Jammu and Kashmir and 

China. The rare allele generated by primer pair phi074 was shared by two accessions 

(15097 and 15215) from the province of Khyber Pakhtunkhwa, two (15330 and 

15334) from Punjab and three (15024, 24677 and 24678) from Northern Areas but this 

allele was completely absent from the accessions of Baluchistan, Azad Jammu and 

Kashmir, Japan and China. The rare allele generated by primer pair phi121was shared 

by one accession (14862) from the province of Punjab, one (24693) from Azad 

Jammu and Kashmir and two (15264 and 15304) from Japan but this allele was 

completely absent from the accessions of Khyber Pakhtunkhwa, Baluchistan, 

Northern Areas and China. The rare allele generated by primer pair umc1152 was 

shared by one accession (15074) from the province of Khyber Pakhtunkhwa, four 

(15327, 15330, 15331 and 15333) from Punjab and two (15244 and 24684) from 

Northern Areas but this allele was completely absent from the accessions of 

Baluchistan, Azad Jammu and Kashmir, Japan and China. The rare allele generated by 

primer pair umc2050 was present only in one accession (14886) of Baluchistan but 

was completely absent from the accessions collected from the province of Khyber 

Pakhtukhwa, Punjab,  Northern Areas, Azad Jammu and Kashmir, Japan and China. 

The sharing of unique alleles detected during the present study through SSR markers 

showed that mostly the accessions from the Khyber Pakhtukhwa, Northern Areas and 

Punjab and some accessions from Japanese germplasm might be shared ancestors 

similar in genetic diversity. The sharing of these accessions by farmers may also be 

possible. Whatever the reason may be but the credit goes to the genetic diversity 
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present in these accessions that have been distributed and adapted successfully to such 

a diverse range of ecological conditions, from the rainfed high altitudinal mountainous 

areas to the well irrigated plains. The primers that were brilliant in generating unique 

alleles, created the effective approach towards the characterization of maize 

accessions. The rare alleles can be used separately or in combination to characterize 

maize accessions. Kumari et al., (2005), also reported the presence of four rare alleles 

in the similar pattern during the molecular characterization of maize inbred lines 

through SSR markers. The slight difference from the previous findings might be due 

to the use of inbred lines which have selection drift and their less number during 

previous work, while in the present work accessions from different places were 

investigated.      

                                                                                

During cluster analysis on the basis of coefficient of similarity matrix as a result of 

SSR markers investigation, the 83 genotypes were differentiated into five main 

clusters; named I, II, III, IV and V at 70% homology. Cluster ʻIIʼ was the largest 

aggregation with a total number of 34 accessions, while clusters ʻIʼ and ‘V’ both were 

the smallest groups with a total of 10 genotypes each. Cluster ‘IIʼ was further sub-

divided into two sub-clusters II1  and sub-cluster II2, with the number of accessions, 17 

in each sub-cluster. Cluster ‘IIIʼ was with a total of 17 accessions. Cluster 

‘IV’consisted of 12 genotypes  including the check variety Agaiti-2002 and Sadaf. 

Cluster ʻVʼ possessed a total of 10 genotypes  including the check variety Sahiwal-

2002. The distribution of indigenous as well as exotic genotypes into separate clusters 

in the light of SSR markers based information verified that accessions collected from 

different localities have no common ancestors in their own location. It may also be 

inferred that these genotypes have evolved in environments with slightly different 

climatic conditions. Such distribution also indicated that gene flow among these 

accessions might have occurred (Hoxha et al., (2004). The SSR based analysis 

clustered 18 of the maize accessions i.e. 14862, 14899, 14903, 15014, 15074, 15172, 

15231, 15244, 15304, 15306, 15319, 15321, 15334, 15350, 19198, 24671, 24699 and 

24700 into various groups that were similar to their distribution during agro-

morphological characterization. This was an indication towards correlation between 

the agro-morphological traits and genomic DNA. 
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The genetic diversity found both in local and exotic germplasm could be helpful for 

future breeding programs. The cluster analysis of the data obtained by studying the 

maize germplasm using the SSR markers again supported that the genetic diversity 

detected in the present genotypes is independent of the effect of geographical 

distribution because genotypes from the same place were distributed almost 

throughout the clusters, which showed that the studied maize germplasm possesses 

enough genetic diversity to be worked upon for the breeding purposes in future. These 

results are congruent with the findings of Zheng et al., (2008) and Choukan and 

Warburton, (2005). 

  

In the past the genetic diversity mostly estimated through the extent of variation found 

among the agro-morphological traits but today different kinds of molecular techniques 

are applied for the exploration of genetic diversity. The most commonly used are 

RFLP, AFLP, RAPD and SSR. All these are applied to estimate polymorphism 

through the assessment of variation in the genomic DNA sequence. However all are 

different from each other in terms of principles, application, polymorphism type, 

polymorphism power, expenditure and required time (Karp et al., 1997). That is why 

their comparative study has been carried out through various types of plant species 

previously to judge their discriminative power and efficiency. During the present 

investigation of genetic diversity in maize germplasm, three different types of marker 

systems have been applied. The agro-morphological markers showed considerable 

amount of variation in the phenotypic expression of maize genomes during both year 

field trials. DNA based markers reflected clearer picture of genetic diversity present in 

the maize germplasm as compared to protein-based markers. During biochemical 

study the accessions were distributed into various clusters at 0.89 coefficient of 

similarity value, while the SSR markers based data analysis resulted in the divergence 

of the genotypes at less similarity level i.e. 0.69 coefficient of similarity value. There 

are several reports in which the efficiency of agro-morphological, biochemical and 

DNA based markers have been compared during the estimation of genetic diversity in 

different crop species such as Laborda et al., (2005) investigated the genetic diversity 

of 85 tropical maize genotypes through AFLPs and SSRs and concluded that SSRs 

were having multi allelic capability and were therefore proved good choice for 

estimating distinctiveness as compared to AFLPs.  John et al., (1997) classified the 
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Chilean common bean landraces into two gene pools i.e. Andean and Mesoamerican, 

and stated that molecular markers (RAPD) were more efficient than morphological 

traits. Beyene et al., (2005) carried out the comparative study of different markers i.e. 

15 morphological markers and DNA based markers (8 AFLPs and 20 SSRs) to know, 

how the Ethiopian highland maize genotypes are genetically related to each other? 

They found the dissimilarity through morphological markers with mean value of 0.3, 

through AFLPs with mean value of 0.57 and through SSRs with mean value of 0.49. 

They inferred that both the morphological and DNA based markers were suitable 

equally for the genetic diversity determination of maize genotypes. Similarly Bahrman 

et al., (1999) reported more genetic diversity among barley varieties as result of DNA 

based markers study in comparison with that of morphological and biochemical 

markers. Zur Lage et al., (2003) carried out the estimation of genetic diversity among 

hexaploid wheat parents through morphological and molecular markers (AFLP) and 

found that the genetic diversity obtained through these markers were non-significantly 

correlated. Uptmoor et al., (2003) studied the genetic relationship among the sorghum 

landraces through AFLP, RAPD and SSR markers. They made the comparison of their 

results and found highly significant correlation between the RAPD and AFLP 

similarity indices, while the correlations of the SSRs were comparatively low with 

AFLP and RAPD.  Abdellatif and Khidr (2010) conducted experiment to elucidate the 

genetic diversity of 4 yellow single crosses, 5 new three way crosses and 5 yellow 

inbred maize through SSRs, ISSRs, RAPD and protein markers and made their 

comparison. All markers divided the hybrids into separate groups from inbred lines. 

By applying the Mantel’s test, they found positive correlation among all molecular 

markers and between molecular markers and biochemical markers which inferred that 

these markers can be used to assess the diversity in the genetic makeup of maize with 

good results. Among these markers SSRs were considered the leading ones due to co-

dominance nature and more reliable and reproducible results. Because of the positive 

correlation with biochemical markers, they further suggested the SSRs and protein 

markers may be applied individually or in combinations for accurate genetic 

characterization of maize genotypes.  
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CONCLUSIONS AND FUTURE RECOMMENDATIONS 

 

The present investigation of maize germplasm may prove efficient initiator for 

studying the genetic diversity in maize germplasm, to identify promising traits like 

less number of days to anthesis and silking, short or zero anthesis-silking interval, 

high 1000 kernels weight and grain yield, drought and heat tolerance. It has been 

inferred from the present effort that: 

 

1. Considerable level of genetic diversity was found in quantitative as well as qualitative 

traits during two years field trials. Among the quantitative traits, grain yield per plant, 

plant height, 1000 kernels weight, ear height, the number days to ear leaf senescence, 

the number of days to anthesis and silking were the prominent traits to contribute to 

the overall genetic diversity present in the studied maize germplasm, while among the 

qualitative traits, kernel type, kernel color, kernel row arrangement, husk cover and 

tassel type were impressive. These traits can be used in future to assess the genetic 

diversity in maize germplasm and broaden the base for varieties development which 

has been narrowed by the introduction of commercial hybrids and less attention given 

by farmers unlike other cash crops. 

 

2. During both field experiments the best performing promising genotypes were 

identified on the basis of vital agro-morphological traits (Table 20), which can be 

focused in terms of their prominent performance for breeding purposes in future.   

 

3. The seed storage proteins profile based data distributed the maize accessions collected 

from same area into separate clusters, which not only indicated that the scattered 

genotypes had diverged parents and the genetic diversity detected in seed storage 

proteins was independent of the effect of geographical location but also there was very 

little effect of the environment on the protein expression profile which has been 

reported by several investigators in other crops. Similarly protein profile based data 

analysis clustered 15 maize accessions into various groups that were similar to their 

distribution during DNA based clustering which reflected some correlation between 

the products and their genetic background. Our findings also inferred that seed protein 

polymorphism can be used for the exploration of genetic diversity in greater number 
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of maize genotypes. The correlation between biochemical products and genomic DNA 

can be explored further by the application of more advanced biochemical techniques 

like two dimensional gel electrophoresis and serial analysis of gene expression. 

 

4. DNA based data or microsatellite based analysis clustered 18 maize accessions into 

various groups that were similar to their distribution during agro-morphological based 

converged groups, which was an indication towards some extent of correlation 

between the agro-morphological traits and genomic DNA. This reflection of the 

correlation between phenotype and genotype can be cashed for the maximum by 

further exploration, mainly focusing on the association of vital yield contributing traits 

with the diversity in allelic profile. Such types of investigations have been carried out 

in different cereal crops by researchers. 

 

5. Some of the simple sequence repeats assay resulted in the identification of unique or 

rare alleles in several maize accessions during DNA based characterization, which 

may be used in future to identify those genotypes as DNA fingerprints.  

 

6. Highly significant positive and negative level of correlation was found between 

several yield contributing traits such as anthesis-silking interval and grain yield per 

plant were highly significantly negatively correlated, the number of days to anthesis 

was highly significantly positively correlated with the number of days to silking, plant 

height, number of leaves per plant, ear length, number of days to ear leaf senescence, 

number of days to harvest, ear diameter, grain yield per plant etc. The correlation 

between various traits is because of the presence of linked genes and plays important 

role in the selection of right trait for breeding purposes. Our findings can be helpful in 

the selection of accurate trait(s) for the improvement of yield contributing traits in 

maize in future.          
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ANNEXURES 

 

  Annexure A: List of maize (Zea mays L.) germplasm and their passport data  

             used in the present study. 

No. Accession Collecting 

Organization  

Year Province 

Name 

Altitude Origin 

01 14862 MSM/NARC 1.12.81 Punjab 1880 Pakistan  

02 14878 PARC/SVP 1.05.81 Baluchistan 1880 Pakistan  

03 14880 PARC/SVP 1.06.81 Baluchistan 2100 Pakistan 

04 14883 PARC/SVP 1.06.81 Baluchistan 2100 Pakistan 

05 14884 PARC/SVP 1.06.81 Baluchistan 2100 Pakistan 

06 14886 PARC/SVP 1.06.81 Baluchistan 1600 Pakistan 

07 14894 PARC/SVP 1.05.81 Baluchistan 1550 Pakistan  

08 14895 PARC/SVP 1.05.81 Baluchistan 1940 Pakistan  

09 14898 PARC/SVP 1.05.81 Baluchistan 1650 Pakistan 

10 14899 PARC/SVP 1.05.81 Baluchistan 1730 Pakistan 

11 14900 PARC/SVP 1.05.81 Baluchistan 1730 Pakistan 

12 14903 PARC/SVP 1.05.81 Baluchistan 1840 Pakistan 

13 14904 PARC/SVP 1.05.81 Baluchistan 1970 Pakistan  

14 14906 PARC/SVP 1.05.81 Baluchistan 2200 Pakistan  

15 14907 PARC/SVP 1.05.81 Baluchistan 2320 Pakistan 

16 14909 PARC/SVP 1.05.81 Baluchistan 1850 Pakistan 

17 14911 PARC/SVP 1.06.81 Baluchistan 2000 Pakistan 

18 14912 PARC/SVP 1.06.81 Baluchistan 2370 Pakistan 

19 14913 PARC/SVP 1.06.81 Baluchistan 2370 Pakistan  

20 14914 PARC/SVP 1.06.81 Baluchistan 2050 Pakistan  

21 14915 PARC/SVP 1.06.81 Baluchistan 2050 Pakistan 

22 14924 PARC/SVP 1.06.81 Baluchistan 2280 Pakistan 

23 14954 PARC/IBPGR 1.06.82 AJK 1050 Pakistan 

24 14959 PARC/IBPGR 1.06.82 AJK 1550 Pakistan 

25 14979 PARC/IBPGR 1.06.82 AJK 1400 Pakistan  

26 14987 PARC/IBPGR 1.06.82 AJK 1500 Pakistan  

27 14993 PARC/IBPGR 1.06.82 AJK 1360 Pakistan 

28 15000 PARC/IBPGR 1.06.82 AJK 1700 Pakistan 

29 15007 PARC/IBPGR 1.06.82 AJK 1125 Pakistan 

30 15009 PARC/IBPGR 1.06.82 AJK 1650 Pakistan 
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31 15011 PARC/IBPGR 1.10.82 Punjab 0290 Pakistan  

32 15012 PARC/IBPGR 1.10.82 Punjab 0300 Pakistan  

33 15013 PARC/IBPGR 1.10.82 Punjab 0225 Pakistan 

34 15014 PARC/IBPGR 1.10.82 Punjab 0130 Pakistan 

35 15020 PARC/IBPGR 1.01.83 N.A. 1470 Pakistan 

36 15024 PARC/IBPGR 1.01.83 N.A. 1550 Pakistan 

37 15026 PARC/IBPGR 1.04.83 Punjab 0300 Pakistan 

38 15027 PARC/IBPGR 1.04.83 Punjab 0280 Pakistan 

39 15030 CHINA 1.09.83 Unknown Unknown China 

40 15043 CHINA 1.09.83 Unknown Unknown China 

41 15044 CHINA 1.09.83 Unknown Unknown China 

42 15047 PARC/CHINA 1.09.83 Punjab 0350 Pakistan  

43 15071 PARC/CHINA 1.09.83 Punjab 1180 Pakistan  

44 15074 PARC/IBPGR 1.10.84 KP 1480 Pakistan 

45 15090 PARC/IBPGR 1.10.84 KP 1980 Pakistan 

46 15092 PARC/IBPGR 1.10.84 KP 1950 Pakistan 

47 15096 PARC/IBPGR 1.10.84 KP 1550 Pakistan 

48 15097 PARC/IBPGR 1.10.84 KP 1560 Pakistan  

49 15106 PARC/IBPGR 1.10.84 KP 1300 Pakistan  

50 15107 PARC/IBPGR 1.10.84 KP 0890 Pakistan 

51 15108 PARC/IBPGR 1.10.84 KP 0680 Pakistan 

52 15117 PARC/IBPGR 1.10.84 KP 2350 Pakistan 

53 15118 PARC/IBPGR 1.10.84 KP 2350 Pakistan 

54 15145 PARC/KUJ 1.09.87 KP 1480 Pakistan  

55 15149 PARC/KUJ 1.09.87 N.A. 2070 Pakistan  

56 15160 UAF/FAISALABAD 1.11.89 Punjab Unknown Pakistan 

57 15162 UAF/FAISALABAD 1.11.89 Punjab Unknown Pakistan 

58 15168 PARC/NIAR 1.10.89 KP 1920 Pakistan 

59 15172 PARC/NIAR 1.10.89 KP Unknown Pakistan 

60 15209 PARC/NIAR 1.11.89 Baluchistan 1650 Pakistan  

61 15215 PARC/NIAR 1.10.91 KP 1380 Pakistan  

62 15227 PARC/JICA 1.07.96 KP 2830 Pakistan 

63 15228 PARC/JICA 1.07.96 KP 1725 Pakistan 

64 15231 PARC/JICA 1.07.96 KP 1990 Pakistan 

65 15232 PARC/JICA 1.07.96 KP 2175 Pakistan 
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66 15236 PARC/JICA 1.06.96 KP 1855 Pakistan  

67 15244 PARC/JICA 1.07.96 N.A. 2275 Pakistan  

68 15250 PARC/JICA 1.07.96 N.A. 2245 Pakistan 

69 15258 KAES-MAFF  1.12.96 Unknown Unknown Japan 

70 15262 KAES-MAFF  1.12.96 Unknown Unknown Japan 

71 15263 KAES-MAFF  1.12.96 Unknown Unknown Japan 

72 15264 KAES-MAFF  1.12.96 Unknown Unknown Japan 

73 15265 KAES-MAFF  1.12.96 Unknown Unknown Japan 

74 15276 KAES-MAFF  1.12.96 Unknown Unknown Japan 

75 15277 KAES-MAFF  1.12.96 Unknown Unknown Japan 

76 15278 KAES-MAFF  1.12.96 Unknown Unknown Japan 

77 15279 KAES-MAFF  1.12.96 Unknown Unknown Japan 

78 15280 KAES-MAFF  1.12.96 Unknown Unknown Japan 

79 15290 KAES-MAFF  1.12.96 Unknown Unknown Japan 

80 15296 KAES-MAFF  1.12.96 Unknown Unknown Japan 

81 15302 KAES-MAFF  1.12.96 Unknown Unknown Japan 

82 15304 KAES-MAFF 1.12.96 Unknown Unknown Japan 

83 15306 KAES-MAFF  1.12.96 Unknown Unknown Japan 

84 15308 KAES-MAFF  1.12.96 Unknown Unknown Japan 

85 15310 KAES-MAFF  1.12.96 Unknown Unknown Japan 

86 15311 KAES-MAFF  1.12.96 Unknown Unknown Japan 

87 15317 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

88 15318 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

89 15319 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

90 15321 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

91 15325 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

92 15326 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

93 15327 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

94 15328 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

95 15329 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

96 15330 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

97 15331 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

98 15332 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

99 15333 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

100 15334 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  
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101 15336 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

102 15338 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

103 15339 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

104 15340 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

105 15341 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

106 15342 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

107 15343 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

108 15345 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

109 15346 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

110 15347 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

111 15348 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

112 15349 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

113 15350 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

114 15351 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

115 15352 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

116 15353 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

117 19188 PARC/JICA 12.10.97 KP 1490 Pakistan  

118 19195 PARC/JICA 13.10.97 KP 2200 Pakistan  

119 19198 PARC/JICA 14.10.97 KP 2750 Pakistan 

120 24669 PGRI/NARC 5.11.07 KP 0520 Pakistan  

121 24670 PGRI/NARC 5.11.07 KP 0630 Pakistan  

122 24671 PGRI/NARC 5.11.07 KP 0600 Pakistan 

123 24672 PGRI/NARC 5.11.07 KP 0600 Pakistan 

124 24674 PGRI/NARC 6.11.07 N.A. 1180 Pakistan 

125 24675 PGRI/NARC 6.11.07 N.A. 1140 Pakistan 

126 24676 PGRI/NARC 6.11.07 N.A. 1140 Pakistan  

127 24677 PGRI/NARC 7.1107 N.A. 1560 Pakistan  

128 24678 PGRI/NARC 7.1107 N.A. 1500 Pakistan 

129 24679 PGRI/NARC 7.11.07 N.A. 1500 Pakistan 

130 24680 PGRI/NARC 8.11.07 N.A. 1540 Pakistan 

131 24682 PGRI/NARC 8.11.07 N.A. 1950 Pakistan 

132 24683 PGRI/NARC 9.1107 N.A. 2433 Pakistan  

133 24684 PGRI/NARC 9.11.07 N.A. 2433 Pakistan  

134 24685 PGRI/NARC 20.11.07 AJK 0550 Pakistan 

135 24686 PGRI/NARC 20.11.07 AJK 0550 Pakistan 
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136 24687 PGRI/NARC 20.11.07 AJK 0570 Pakistan 

137 24688 PGRI/NARC 20.11.07 AJK 0610 Pakistan 

138 24689 PGRI/NARC 20.11.07 AJK 0600 Pakistan 

139 24690 PGRI/NARC 21.11.07 AJK 0520 Pakistan 

140 24691 PGRI/NARC 21.11.07 AJK 0396 Pakistan 

141 24692 PGRI/NARC 21.11.07 AJK 0680 Pakistan  

142 24693 PGRI/NARC 21.11.07 AJK 0735 Pakistan  

143 24694 PGRI/NARC 21.11.07 AJK 0735 Pakistan 

144 24695 PGRI/NARC 22.11.07 AJK 0675 Pakistan 

145 24696 PGRI/NARC 22.11.07 AJK 0710 Pakistan 

146 24697 PGRI/NARC 22.11.07 AJK 0710 Pakistan 

147 24698 PGRI/NARC 22.11.07 AJK 0770 Pakistan  

148 24699 PGRI/NARC 22.11.07 AJK 1065 Pakistan  

149 24700 PGRI/NARC 23.11.07 AJK 1670 Pakistan 

150 24701 PGRI/NARC 23.11.07 AJK 1670 Pakistan 

     

Check varieties used as standard for reference: 

1. Agaiti - 2002 (MMRI, Yousafwala, Sahiwal). 

2. Sadaf (MMRI, Yousafwala, Sahiwal).     

3. Sahiwal - 2002 (MMRI, Yousafwala, Sahiwal). 
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Annexure B: Dice coefficients of similarity calculated between all pairs of 29  

            groups and 14 genotypes based on protein profiles in maize  

            germplasm. Inside the brackets the number of genotypes       

            included in the relevent group has given. 

Accession/ Group 

G-I 

(05) 

G-II 

(07) 

G-III 

(04) 

G-IV 

(12) 

G-V 

(09) 

G-VI 

(05) 

G-VII 

(05) 

G-VIII 

(04) 

G-I(05) 1.00 

       G-II(07) 0.97 1.00 

      G-III(04) 0.90 0.94 1.00 

     G-IV(12) 0.94 0.97 0.97 1.00 

    G-V(09) 0.93 0.90 0.90 0.94 1.00 

   G-VI(05) 0.97 0.94 0.94 0.97 0.97 1.00 

  G-VII(05) 0.93 0.90 0.90 0.94 0.93 0.97 1.00 

 G-VIII(04) 0.93 0.90 0.97 0.94 0.93 0.97 0.93 1.00 

G-IX(07) 0.87 0.90 0.90 0.94 0.87 0.90 0.93 0.87 

G-X(03) 0.90 0.94 0.94 0.97 0.90 0.94 0.97 0.90 

G-XI(02) 0.83 0.87 0.87 0.90 0.90 0.87 0.90 0.83 

G-XII(04+Sadaf) 0.93 0.90 0.90 0.94 0.93 0.97 0.93 0.93 

G-XIII(03) 0.90 0.87 0.87 0.90 0.90 0.93 0.97 0.90 

G-XIV(05) 0.87 0.90 0.90 0.94 0.93 0.90 0.87 0.87 

G-XV(02) 0.90 0.94 0.94 0.97 0.97 0.94 0.90 0.90 

G-XVI(04) 0.90 0.87 0.87 0.90 0.97 0.93 0.90 0.90 

G-XVII(04) 0.93 0.90 0.83 0.87 0.86 0.90 0.86 0.86 

G-XVIII(04) 0.90 0.87 0.87 0.90 0.90 0.93 0.90 0.90 

G-XIX(04) 0.97 0.93 0.87 0.90 0.90 0.93 0.90 0.90 

G-XX(06) 0.87 0.90 0.90 0.94 0.87 0.90 0.87 0.87 

G-XXI(07) 0.90 0.94 0.94 0.97 0.90 0.94 0.90 0.90 

G-XXII(02) 0.83 0.87 0.87 0.90 0.83 0.87 0.83 0.83 

G-XXIII(05) 0.93 0.97 0.90 0.94 0.87 0.90 0.87 0.87 

G-XXIV(02) 0.97 0.93 0.87 0.90 0.90 0.93 0.90 0.90 

G-XXV(05+Agaiti) 0.90 0.93 0.87 0.90 0.83 0.87 0.83 0.83 

G-XXVI(02) 0.93 0.90 0.83 0.87 0.86 0.90 0.86 0.86 

G-XXVII(04) 0.97 0.93 0.87 0.90 0.90 0.93 0.90 0.90 

G-XXVIII(04) 0.90 0.87 0.80 0.84 0.83 0.87 0.83 0.83 

G-XXIX(04+Sahiwal) 0.93 0.90 0.84 0.88 0.87 0.90 0.87 0.87 

14911 0.86 0.83 0.76 0.80 0.79 0.83 0.79 0.79 

15107 0.83 0.87 0.87 0.90 0.83 0.87 0.90 0.83 

15118 0.93 0.97 0.97 0.94 0.87 0.90 0.87 0.93 

15215 0.88 0.91 0.91 0.94 0.88 0.91 0.88 0.88 

15227 0.83 0.87 0.80 0.84 0.76 0.80 0.76 0.76 

15244 0.90 0.94 0.94 0.97 0.90 0.94 0.90 0.90 

15276 0.90 0.88 0.88 0.91 0.90 0.94 0.90 0.90 

15279 0.83 0.87 0.87 0.90 0.90 0.87 0.83 0.83 

15280 0.97 0.93 0.93 0.90 0.90 0.93 0.90 0.97 

15311 0.93 0.90 0.90 0.94 0.93 0.97 0.93 0.93 

15321 0.90 0.87 0.87 0.90 0.90 0.93 0.90 0.90 

15346 0.93 0.97 0.90 0.94 0.87 0.90 0.93 0.87 
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24669 0.93 0.90 0.83 0.87 0.86 0.90 0.86 0.86 

24674 0.93 0.90 0.83 0.87 0.86 0.90 0.93 0.86 

24690 0.87 0.90 0.84 0.88 0.80 0.84 0.80 0.80 

24695 0.87 0.90 0.84 0.88 0.80 0.84 0.80 0.80 

Accession/ 

Group 

G-IX 

(07) 

G-X 

(03) 

G-XI 

(02) 

G-XII 

(04 

+Sadaf) 

G-XIII 

(03) 

G-XIV 

(05) 

G-XV 

(02) 

G-XVI 

(04) 

G-IX(07) 1.00 

       G-X(03) 0.97 1.00 

      G-XI(02) 0.97 0.93 1.00 

     G-XII(04+Sadaf) 0.93 0.90 0.90 1.00 

    G-XIII(03) 0.97 0.93 0.93 0.97 1.00 

   G-XIV(05) 0.93 0.90 0.97 0.93 0.90 1.00 

  G-XV(02) 0.90 0.94 0.93 0.90 0.87 0.97 1.00 

 G-XVI(04) 0.90 0.87 0.93 0.97 0.93 0.97 0.93 1.00 

G-XVII(04) 0.86 0.83 0.81 0.93 0.89 0.86 0.83 0.89 

G-XVIII(04) 0.90 0.87 0.86 0.97 0.93 0.90 0.87 0.93 

G-XIX(04) 0.83 0.87 0.79 0.90 0.86 0.83 0.87 0.86 

G-XX(06) 0.93 0.90 0.90 0.93 0.90 0.93 0.90 0.90 

G-XXI(07) 0.97 0.94 0.93 0.97 0.93 0.97 0.94 0.93 

G-XXII(02) 0.90 0.87 0.86 0.90 0.86 0.90 0.87 0.86 

G-XXIII(05) 0.93 0.90 0.90 0.93 0.90 0.93 0.90 0.90 

G-XXIV(02) 0.90 0.87 0.86 0.97 0.93 0.90 0.87 0.93 

G-XXV(05+Agaiti) 0.90 0.87 0.86 0.90 0.86 0.90 0.87 0.86 

G-XXVI(02) 0.79 0.83 0.74 0.86 0.81 0.79 0.83 0.81 

G-XXVII(04) 0.83 0.87 0.79 0.90 0.86 0.83 0.87 0.86 

G-XXVIII(04) 0.83 0.80 0.79 0.90 0.86 0.83 0.80 0.86 

G-XXIX(04+Sahiwal) 0.80 0.84 0.76 0.87 0.83 0.80 0.84 0.83 

14911 0.79 0.76 0.74 0.86 0.81 0.79 0.76 0.81 

15107 0.97 0.93 0.93 0.90 0.93 0.90 0.87 0.86 

15118 0.87 0.90 0.83 0.87 0.83 0.87 0.90 0.83 

15215 0.88 0.91 0.84 0.88 0.84 0.88 0.91 0.84 

15227 0.83 0.80 0.79 0.83 0.79 0.83 0.80 0.79 

15244 0.90 0.94 0.87 0.90 0.87 0.90 0.94 0.87 

15276 0.84 0.88 0.80 0.90 0.87 0.84 0.88 0.87 

15279 0.90 0.87 0.93 0.90 0.86 0.97 0.93 0.93 

15280 0.83 0.87 0.79 0.90 0.86 0.83 0.87 0.86 

15311 0.87 0.90 0.83 0.93 0.90 0.87 0.90 0.90 

15321 0.83 0.87 0.79 0.90 0.86 0.83 0.87 0.86 

15346 0.93 0.97 0.90 0.87 0.90 0.87 0.90 0.83 

24669 0.86 0.83 0.81 0.93 0.89 0.86 0.83 0.89 

24674 0.93 0.90 0.89 0.93 0.96 0.86 0.83 0.89 

24690 0.87 0.84 0.83 0.87 0.83 0.87 0.84 0.83 

24695 0.80 0.84 0.76 0.80 0.76 0.80 0.84 0.76 
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Accession/ 

Group 

G-XVII 

(04) 

G-

XVIII 

(04) 

G-XIX 

(04) 

G-XX 

(06) 

G-XXI 

(07) 

G-XXII 

(02) 

G-

XXIII 

(05) 

G-

XXIV 

(02) 

G-XVII(04) 1.00 

       G-XVIII(04) 0.96 1.00 

      G-XIX(04) 0.96 0.93 1.00 

     G-XX(06) 0.93 0.97 0.90 1.00 

    G-XXI(07) 0.90 0.93 0.87 0.97 1.00 

   G-XXII(02) 0.89 0.93 0.86 0.97 0.93 1.00 

  G-XXIII(05) 0.93 0.90 0.90 0.93 0.97 0.90 1.00 

 G-XXIV(02) 0.96 0.93 0.93 0.90 0.93 0.86 0.97 1.00 

G-XXV(05+Agaiti) 0.96 0.93 0.93 0.97 0.93 0.93 0.97 0.93 

G-XXVI(02) 0.92 0.89 0.96 0.86 0.83 0.81 0.86 0.89 

G-XXVII(04) 0.89 0.86 0.93 0.83 0.87 0.79 0.90 0.93 

G-XXVIII(04) 0.89 0.86 0.86 0.83 0.87 0.79 0.90 0.93 

G-XXIX(04+Sahiwal) 0.86 0.83 0.90 0.80 0.84 0.76 0.87 0.90 

14911 0.92 0.89 0.89 0.86 0.83 0.81 0.86 0.89 

15107 0.81 0.86 0.79 0.90 0.93 0.86 0.90 0.86 

15118 0.86 0.83 0.90 0.87 0.90 0.83 0.93 0.90 

15215 0.80 0.84 0.84 0.88 0.91 0.84 0.88 0.84 

15227 0.89 0.86 0.86 0.90 0.87 0.86 0.90 0.86 

15244 0.83 0.87 0.87 0.90 0.94 0.87 0.90 0.87 

15276 0.83 0.87 0.87 0.84 0.88 0.80 0.84 0.87 

15279 0.81 0.86 0.79 0.90 0.93 0.93 0.90 0.86 

15280 0.89 0.86 0.93 0.83 0.87 0.79 0.90 0.93 

15311 0.86 0.90 0.90 0.87 0.90 0.83 0.87 0.90 

15321 0.89 0.93 0.93 0.90 0.87 0.86 0.83 0.86 

15346 0.86 0.83 0.90 0.87 0.90 0.83 0.93 0.90 

24669 0.92 0.89 0.89 0.86 0.90 0.81 0.93 0.96 

24674 0.92 0.89 0.89 0.86 0.90 0.81 0.93 0.96 

24690 0.86 0.83 0.83 0.87 0.90 0.83 0.93 0.90 

24695 0.86 0.83 0.90 0.87 0.84 0.83 0.87 0.83 

Accession/ 

Group 

G-

XXV(05 

+Agaiti) 

G- 

XXVI 

(02) 

G-

XXVII 

(04) 

G- 

XXVIII 

(04) 

G-XXIX 

(04+ 

Sahiwal) 14911 15107 15118 

G-XXV(05+Agaiti) 1.00 

       G-XXVI(02) 0.89 1.00 

      G-XXVII(04) 0.86 0.96 1.00 

     G-XXVIII(04) 0.86 0.81 0.86 1.00 

    G-XXIX(04+Sahiwal) 0.83 0.86 0.90 0.97 1.00 

   14911 0.89 0.85 0.81 0.96 0.93 1.00 

  15107 0.86 0.74 0.79 0.86 0.83 0.81 1.00 

 15118 0.90 0.86 0.90 0.83 0.87 0.79 0.83 1.00 

15215 0.84 0.80 0.84 0.90 0.94 0.87 0.90 0.88 
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15227 0.93 0.81 0.79 0.93 0.90 0.96 0.86 0.83 

15244 0.87 0.90 0.93 0.80 0.84 0.76 0.87 0.90 

15276 0.80 0.83 0.87 0.93 0.97 0.90 0.87 0.84 

15279 0.86 0.74 0.79 0.79 0.76 0.74 0.86 0.83 

15280 0.86 0.89 0.93 0.86 0.90 0.81 0.79 0.97 

15311 0.83 0.93 0.97 0.83 0.87 0.79 0.83 0.87 

15321 0.86 0.96 0.93 0.79 0.83 0.81 0.79 0.83 

15346 0.90 0.86 0.90 0.83 0.87 0.79 0.90 0.93 

24669 0.89 0.85 0.89 0.96 0.93 0.92 0.89 0.86 

24674 0.89 0.85 0.89 0.89 0.86 0.85 0.89 0.86 

24690 0.90 0.79 0.83 0.97 0.93 0.93 0.90 0.87 

24695 0.90 0.86 0.83 0.90 0.93 0.93 0.83 0.87 

Accession 15215 15227 15244 15276 15279 15280 15311 15321 

15215 1.00 

       15227 0.90 1.00 

      15244 0.91 0.80 1.00 

     15276 0.97 0.87 0.88 1.00 

    15279 0.84 0.79 0.87 0.80 1.00 

   15280 0.84 0.79 0.87 0.87 0.79 1.00 

  15311 0.88 0.76 0.97 0.90 0.83 0.90 1.00 

 15321 0.84 0.79 0.93 0.87 0.79 0.86 0.97 1.00 

15346 0.88 0.83 0.90 0.84 0.83 0.90 0.87 0.83 

24669 0.87 0.89 0.83 0.90 0.81 0.89 0.86 0.81 

24674 0.80 0.81 0.83 0.83 0.81 0.89 0.86 0.81 

24690 0.94 0.97 0.84 0.90 0.83 0.83 0.80 0.76 

24695 0.94 0.97 0.84 0.90 0.76 0.83 0.80 0.83 

Accession 15346 24669 24674 24690 24695 

15346 1.00 

    24669 0.86 1.00 

   24674 0.93 0.92 1.00 

  24690 0.87 0.93 0.86 1.00 

 24695 0.87 0.86 0.79 0.93 1.00 
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Annexure C: List of maize (Zea mays L.) germplasm and their passport data used 

            in the microsatellite (SSR) markers based study. 

No. Accession Collecting 

Organization  

Year Province 

Name 

Altitude Origin 

01 14862 MSM/NARC 1.12.81 Punjab 1880 Pakistan  

02 14878 PARC/SVP 1.05.81 Baluchistan 1880 Pakistan  

03 14880 PARC/SVP 1.06.81 Baluchistan 2100 Pakistan 

04 14886 PARC/SVP 1.06.81 Baluchistan 1600 Pakistan 

05 14894 PARC/SVP 1.05.81 Baluchistan 1550 Pakistan  

06 14895 PARC/SVP 1.05.81 Baluchistan 1940 Pakistan  

07 14898 PARC/SVP 1.05.81 Baluchistan 1650 Pakistan 

08 14899 PARC/SVP 1.05.81 Baluchistan 1730 Pakistan 

09 14903 PARC/SVP 1.05.81 Baluchistan 1840 Pakistan 

10 14906 PARC/SVP 1.05.81 Baluchistan 2200 Pakistan  

11 14907 PARC/SVP 1.05.81 Baluchistan 2320 Pakistan 

12 14909 PARC/SVP 1.05.81 Baluchistan 1850 Pakistan 

13 14911 PARC/SVP 1.06.81 Baluchistan 2000 Pakistan 

14 14912 PARC/SVP 1.06.81 Baluchistan 2370 Pakistan 

15 14913 PARC/SVP 1.06.81 Baluchistan 2370 Pakistan  

16 14959 PARC/IBPGR 1.06.82 AJK 1550 Pakistan 

17 14993 PARC/IBPGR 1.06.82 AJK 1360 Pakistan 

18 15007 PARC/IBPGR 1.06.82 AJK 1125 Pakistan 

19 15013 PARC/IBPGR 1.10.82 Punjab 0225 Pakistan 

20 15014 PARC/IBPGR 1.10.82 Punjab 0130 Pakistan 

21 15020 PARC/IBPGR 1.01.83 N.A. 1470 Pakistan 

22 15024 PARC/IBPGR 1.01.83 N.A. 1550 Pakistan 

23 15026 PARC/IBPGR 1.04.83 Punjab 0300 Pakistan 

24 15027 PARC/IBPGR 1.04.83 Punjab 0280 Pakistan 

25 15044 CHINA 1.09.83 Unknown Unknown China 

26 15047 PARC/CHINA 1.09.83 Punjab 0350 Pakistan  

27 15071 PARC/CHINA 1.09.83 Punjab 1180 Pakistan  

28 15074 PARC/IBPGR 1.10.84 KP 1480 Pakistan 

29 15090 PARC/IBPGR 1.10.84 KP 1980 Pakistan 

30 15092 PARC/IBPGR 1.10.84 KP 1950 Pakistan 

31 15097 PARC/IBPGR 1.10.84 KP 1560 Pakistan  
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32 15107 PARC/IBPGR 1.10.84 KP 0890 Pakistan 

33 15118 PARC/IBPGR 1.10.84 KP 2350 Pakistan 

34 15172 PARC/NIAR 1.10.89 KP Unknown Pakistan 

35 15209 PARC/NIAR 1.11.89 Baluchistan 1650 Pakistan  

36 15215 PARC/NIAR 1.10.91 KP 1380 Pakistan  

37 15231 PARC/JICA 1.07.96 KP 1990 Pakistan 

38 15232 PARC/JICA 1.07.96 KP 2175 Pakistan 

39 15244 PARC/JICA 1.07.96 N.A. 2275 Pakistan  

40 15250 PARC/JICA 1.07.96 N.A. 2245 Pakistan 

41 15258 KAES-MAFF  1.12.96 Unknown Unknown Japan 

42 15262 KAES-MAFF  1.12.96 Unknown Unknown Japan 

43 15264 KAES-MAFF  1.12.96 Unknown Unknown Japan 

44 15276 KAES-MAFF  1.12.96 Unknown Unknown Japan 

45 15278 KAES-MAFF  1.12.96 Unknown Unknown Japan 

46 15279 KAES-MAFF  1.12.96 Unknown Unknown Japan 

47 15290 KAES-MAFF  1.12.96 Unknown Unknown Japan 

48 15296 KAES-MAFF  1.12.96 Unknown Unknown Japan 

49 15304 KAES-MAFF 1.12.96 Unknown Unknown Japan 

50 15306 KAES-MAFF  1.12.96 Unknown Unknown Japan 

51 15308 KAES-MAFF  1.12.96 Unknown Unknown Japan 

52 15319 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

53 15321 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

54 15327 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

55 15329 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

56 15330 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

57 15332 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

58 15333 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

59 15334 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

60 15338 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

61 15339 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

62 15342 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

63 15345 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

64 15348 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan  

65 15350 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 

66 15352 CRP-F/NARC 1.05.97 Punjab Unknown Pakistan 
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67 19198 PARC/JICA 14.10.97 KP 2750 Pakistan 

68 24671 PGRI/NARC 5.11.07 KP 0600 Pakistan 

69 24677 PGRI/NARC 7.1107 N.A. 1560 Pakistan  

70 24678 PGRI/NARC 7.1107 N.A. 1500 Pakistan 

71 24680 PGRI/NARC 8.11.07 N.A. 1540 Pakistan 

72 24682 PGRI/NARC 8.11.07 N.A. 1950 Pakistan 

73 24684 PGRI/NARC 9.11.07 N.A. 2433 Pakistan  

74 24688 PGRI/NARC 20.11.07 AJK 0610 Pakistan 

75 24690 PGRI/NARC 21.11.07 AJK 0520 Pakistan 

76 24693 PGRI/NARC 21.11.07 AJK 0735 Pakistan  

77 24694 PGRI/NARC 21.11.07 AJK 0735 Pakistan 

78 24696 PGRI/NARC 22.11.07 AJK 0710 Pakistan 

79 24699 PGRI/NARC 22.11.07 AJK 1065 Pakistan  

80 24700 PGRI/NARC 23.11.07 AJK 1670 Pakistan 

       

Check varieties used as standard for reference: 

1. Agaiti - 2002 (MMRI, Yousafwala, Sahiwal). 

2. Sadaf (MMRI, Yousafwala, Sahiwal).     

3. Sahiwal- 2002 (MMRI, Yousafwala, Sahiwal). 
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Annexure D. Dice coefficient of similarity among 83 maize genotypes on the basis of   

            simple sequence repeats analysis 

Acc./Var. 14862 14878 14880 14886 14894 14895 14898 14899 14903 14906 14907 14909 14911 14912 

14862 1.00 
             

14878 0.71 1.00 
            

14880 0.60 0.78 1.00 
   

                                                                                                                                                                                  
       

14886 0.62 0.75 0.76 1.00 
          

14894 0.62 0.72 0.67 0.73 1.00 
         

14895 0.64 0.72 0.79 0.70 0.78 1.00 
        

14898 0.66 0.67 0.76 0.71 0.66 0.70 1.00 
       

14899 0.58 0.73 0.66 0.72 0.73 0.70 0.67 1.00 

      
14903 0.69 0.73 0.73 0.76 0.71 0.77 0.74 0.70 1.00 

     
14906 0.64 0.68 0.76 0.71 0.69 0.73 0.77 0.70 0.80 1.00 

    
14907 0.68 0.74 0.68 0.66 0.67 0.66 0.67 0.73 0.66 0.72 1.00 

   
14909 0.62 0.75 0.75 0.79 0.73 0.74 0.71 0.72 0.71 0.71 0.70 1.00 

  
14911 0.60 0.72 0.70 0.66 0.79 0.72 0.70 0.69 0.73 0.68 0.64 0.66 1.00 

 
14912 0.61 0.68 0.74 0.76 0.66 0.75 0.69 0.72 0.80 0.78 0.69 0.76 0.66 1.00 

14913 0.62 0.76 0.77 0.69 0.66 0.75 0.69 0.68 0.77 0.73 0.76 0.70 0.67 0.78 

14959 0.61 0.68 0.69 0.76 0.67 0.66 0.72 0.70 0.70 0.69 0.68 0.72 0.64 0.69 

14993 0.59 0.72 0.72 0.71 0.71 0.70 0.68 0.72 0.77 0.73 0.69 0.68 0.80 0.71 

15007 0.63 0.74 0.72 0.72 0.71 0.71 0.70 0.78 0.76 0.70 0.68 0.74 0.72 0.76 

15013 0.64 0.73 0.71 0.71 0.78 0.73 0.68 0.75 0.74 0.68 0.69 0.72 0.73 0.77 

15014 0.79 0.73 0.69 0.68 0.67 0.72 0.68 0.68 0.74 0.68 0.75 0.65 0.67 0.67 

15020 0.57 0.69 0.74 0.75 0.69 0.68 0.66 0.73 0.72 0.70 0.76 0.70 0.62 0.73 

15024 0.63 0.66 0.67 0.72 0.69 0.75 0.67 0.68 0.75 0.63 0.59 0.63 0.63 0.65 

15026 0.66 0.81 0.73 0.69 0.68 0.74 0.73 0.69 0.65 0.73 0.77 0.75 0.71 0.69 

15027 0.66 0.72 0.69 0.70 0.67 0.64 0.62 0.68 0.71 0.65 0.69 0.67 0.62 0.68 

15044 0.66 0.72 0.70 0.71 0.75 0.75 0.66 0.67 0.81 0.71 0.64 0.69 0.73 0.68 

15047 0.68 0.74 0.77 0.67 0.66 0.80 0.72 0.68 0.78 0.72 0.70 0.70 0.74 0.72 

15071 0.66 0.77 0.70 0.73 0.75 0.69 0.70 0.71 0.76 0.64 0.66 0.75 0.79 0.73 

15074 0.62 0.69 0.77 0.70 0.66 0.71 0.78 0.71 0.78 0.76 0.70 0.72 0.69 0.78 

15090 0.55 0.68 0.66 0.69 0.69 0.69 0.62 0.68 0.66 0.69 0.67 0.67 0.69 0.72 

15092 0.59 0.63 0.72 0.76 0.64 0.70 0.69 0.66 0.69 0.68 0.72 0.64 0.61 0.66 

15097 0.60 0.63 0.60 0.66 0.65 0.66 0.64 0.67 0.66 0.67 0.70 0.62 0.62 0.66 

15107 0.62 0.75 0.77 0.71 0.72 0.77 0.71 0.69 0.73 0.74 0.67 0.73 0.77 0.69 

15118 0.64 0.70 0.63 0.73 0.72 0.67 0.68 0.66 0.68 0.68 0.72 0.66 0.68 0.68 

15172 0.66 0.70 0.75 0.73 0.66 0.70 0.73 0.70 0.83 0.72 0.62 0.69 0.66 0.72 

15209 0.60 0.76 0.67 0.70 0.72 0.73 0.62 0.67 0.66 0.68 0.67 0.72 0.70 0.63 

15215 0.54 0.71 0.75 0.76 0.64 0.68 0.73 0.69 0.66 0.69 0.69 0.71 0.63 0.69 

Acc./Var. 14913 14959 14993 15007 15013 15014 15020 15024 15026 15027 15044 15047 15071 15074 

14913 1.00 

             
14959 0.68 1.00 

            
14993 0.70 0.71 1.00 

           
15007 0.67 0.70 0.78 1.00 

          
15013 0.78 0.70 0.71 0.73 1.00 
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15014 0.66 0.65 0.70 0.72 0.74 1.00 

        
15020 0.76 0.73 0.72 0.70 0.73 0.68 1.00 

       
15024 0.68 0.66 0.70 0.68 0.68 0.70 0.65 1.00 

      
15026 0.72 0.69 0.71 0.74 0.71 0.71 0.67 0.60 1.00 

     
15027 0.65 0.76 0.70 0.71 0.74 0.75 0.74 0.64 0.68 1.00 

    
15044 0.70 0.64 0.76 0.70 0.69 0.68 0.67 0.68 0.66 0.68 1.00 

   
15047 0.75 0.68 0.75 0.71 0.76 0.75 0.74 0.68 0.72 0.69 0.79 1.00 

  
15071 0.72 0.73 0.75 0.74 0.80 0.72 0.71 0.66 0.72 0.70 0.75 0.77 1.00 

 
15074 0.76 0.68 0.66 0.76 0.77 0.71 0.71 0.65 0.70 0.72 0.72 0.79 0.75 1.00 

15090 0.68 0.70 0.64 0.62 0.75 0.62 0.70 0.59 0.69 0.69 0.62 0.67 0.66 0.68 

15092 0.69 0.71 0.64 0.62 0.63 0.65 0.78 0.67 0.66 0.73 0.64 0.72 0.57 0.67 

15097 0.62 0.63 0.64 0.62 0.69 0.68 0.68 0.64 0.62 0.63 0.64 0.62 0.60 0.60 

15107 0.72 0.71 0.75 0.72 0.68 0.67 0.67 0.65 0.75 0.68 0.71 0.72 0.70 0.72 

15118 0.66 0.76 0.77 0.64 0.63 0.65 0.74 0.67 0.71 0.72 0.66 0.67 0.70 0.62 

15172 0.67 0.72 0.79 0.77 0.74 0.74 0.70 0.74 0.63 0.70 0.73 0.75 0.75 0.72 

15209 0.60 0.69 0.70 0.71 0.68 0.63 0.59 0.61 0.75 0.63 0.68 0.65 0.67 0.59 

15215 0.70 0.72 0.69 0.66 0.66 0.62 0.76 0.67 0.69 0.71 0.66 0.70 0.65 0.69 

Acc./Var. 15090 15092 15097 15107 15118 15172 15209 15215 

15090 1.00 
       

15092 0.74 1.00 
      

15097 0.75 0.71 1.00 

     
15107 0.69 0.66 0.62 1.00 

    
15118 0.69 0.73 0.69 0.75 1.00 

   
15172 0.64 0.64 0.61 0.68 0.61 1.00 

  
15209 0.69 0.55 0.62 0.74 0.64 0.64 1.00 

 
15215 0.83 0.83 0.71 0.75 0.76 0.68 0.64 1.00 

Acc./Var. 14862 14878 14880 14886 14894 14895 14898 14899 14903 14906 14907 14909 14911 14912 

15231 0.66 0.74 0.76 0.77 0.64 0.65 0.71 0.70 0.66 0.69 0.70 0.77 0.64 0.72 

15232 0.58 0.69 0.79 0.67 0.67 0.76 0.75 0.68 0.73 0.70 0.71 0.66 0.72 0.75 

15244 0.67 0.70 0.75 0.76 0.70 0.72 0.73 0.66 0.69 0.71 0.77 0.80 0.64 0.71 

15250 0.67 0.73 0.76 0.76 0.78 0.79 0.81 0.74 0.76 0.74 0.70 0.71 0.77 0.72 

15258 0.66 0.67 0.62 0.70 0.67 0.62 0.58 0.59 0.65 0.65 0.63 0.70 0.56 0.70 

15262 0.73 0.77 0.75 0.83 0.72 0.69 0.78 0.69 0.79 0.78 0.69 0.80 0.74 0.74 

15264 0.71 0.72 0.72 0.71 0.63 0.69 0.76 0.65 0.70 0.73 0.68 0.72 0.65 0.71 

15276 0.58 0.73 0.73 0.76 0.74 0.69 0.65 0.73 0.73 0.74 0.60 0.78 0.72 0.76 

15278 0.66 0.72 0.66 0.72 0.65 0.62 0.65 0.64 0.70 0.65 0.69 0.72 0.63 0.68 

15279 0.66 0.71 0.68 0.74 0.68 0.72 0.65 0.62 0.77 0.69 0.64 0.69 0.66 0.76 

15290 0.71 0.72 0.72 0.76 0.65 0.67 0.70 0.66 0.76 0.79 0.68 0.68 0.63 0.79 

15296 0.67 0.74 0.77 0.80 0.69 0.75 0.71 0.72 0.77 0.74 0.69 0.76 0.68 0.83 

15304 0.74 0.76 0.68 0.72 0.67 0.70 0.69 0.61 0.71 0.66 0.63 0.69 0.73 0.71 

15306 0.68 0.74 0.60 0.65 0.53 0.65 0.63 0.63 0.65 0.65 0.64 0.65 0.59 0.68 

15308 0.76 0.79 0.73 0.73 0.73 0.74 0.73 0.69 0.80 0.70 0.71 0.73 0.70 0.73 

15319 0.67 0.71 0.70 0.76 0.63 0.72 0.74 0.69 0.78 0.74 0.67 0.76 0.61 0.80 

15321 0.74 0.79 0.75 0.66 0.68 0.77 0.71 0.64 0.74 0.77 0.74 0.69 0.66 0.68 

15327 0.72 0.74 0.69 0.75 0.69 0.71 0.70 0.65 0.75 0.70 0.68 0.69 0.65 0.70 
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15329 0.66 0.70 0.71 0.68 0.64 0.65 0.68 0.66 0.71 0.72 0.69 0.71 0.63 0.71 

15330 0.62 0.71 0.76 0.70 0.62 0.69 0.66 0.70 0.77 0.75 0.63 0.74 0.64 0.78 

15332 0.61 0.77 0.77 0.83 0.67 0.71 0.70 0.73 0.71 0.65 0.69 0.78 0.65 0.74 

15333 0.63 0.75 0.78 0.65 0.68 0.72 0.78 0.71 0.71 0.70 0.68 0.68 0.72 0.68 

15334 0.75 0.83 0.72 0.67 0.65 0.72 0.68 0.68 0.71 0.68 0.77 0.68 0.68 0.67 

15338 0.58 0.72 0.67 0.73 0.81 0.71 0.67 0.74 0.68 0.67 0.69 0.72 0.72 0.70 

15339 0.58 0.65 0.56 0.66 0.58 0.63 0.63 0.67 0.61 0.61 0.67 0.64 0.55 0.66 

15342 0.66 0.62 0.68 0.68 0.63 0.63 0.66 0.64 0.69 0.74 0.67 0.65 0.61 0.68 

15345 0.60 0.66 0.66 0.70 0.66 0.66 0.66 0.71 0.66 0.69 0.68 0.70 0.62 0.70 

15348 0.63 0.71 0.71 0.67 0.62 0.70 0.64 0.73 0.74 0.72 0.70 0.72 0.62 0.70 

15350 0.63 0.69 0.70 0.73 0.67 0.67 0.70 0.73 0.71 0.65 0.71 0.73 0.65 0.71 

15352 0.50 0.62 0.67 0.70 0.59 0.65 0.61 0.61 0.63 0.65 0.64 0.59 0.55 0.65 

19198 0.60 0.72 0.76 0.66 0.72 0.69 0.77 0.73 0.70 0.77 0.73 0.67 0.72 0.72 

24671 0.61 0.74 0.72 0.75 0.65 0.62 0.68 0.68 0.70 0.73 0.66 0.74 0.68 0.70 

24677 0.63 0.73 0.69 0.63 0.63 0.67 0.67 0.68 0.67 0.65 0.71 0.67 0.65 0.65 

24678 0.58 0.73 0.71 0.68 0.68 0.67 0.65 0.77 0.69 0.66 0.67 0.69 0.69 0.68 

24680 0.48 0.67 0.62 0.67 0.67 0.64 0.58 0.68 0.62 0.65 0.61 0.68 0.65 0.65 

24682 0.66 0.75 0.74 0.72 0.67 0.73 0.65 0.64 0.76 0.68 0.63 0.67 0.70 0.65 

24684 0.55 0.71 0.73 0.70 0.71 0.66 0.69 0.68 0.64 0.67 0.75 0.76 0.69 0.66 

24688 0.57 0.67 0.70 0.69 0.64 0.68 0.69 0.64 0.71 0.71 0.72 0.65 0.63 0.68 

24690 0.60 0.64 0.64 0.71 0.62 0.66 0.70 0.65 0.67 0.68 0.72 0.63 0.58 0.67 

24693 0.67 0.69 0.74 0.69 0.71 0.83 0.72 0.68 0.75 0.73 0.63 0.75 0.64 0.70 

Acc./Var. 14913 14959 14993 15007 15013 15014 15020 15024 15026 15027 15044 15047 15071 15074 

15231 0.69 0.77 0.71 0.72 0.71 0.65 0.75 0.63 0.74 0.73 0.71 0.72 0.73 0.70 

15232 0.78 0.73 0.70 0.70 0.76 0.68 0.70 0.63 0.74 0.66 0.66 0.75 0.76 0.74 

15244 0.75 0.71 0.68 0.66 0.68 0.65 0.75 0.63 0.69 0.67 0.68 0.74 0.75 0.75 

15250 0.80 0.74 0.76 0.70 0.78 0.71 0.69 0.72 0.74 0.70 0.76 0.77 0.76 0.75 

15258 0.63 0.75 0.62 0.66 0.71 0.67 0.69 0.53 0.63 0.74 0.67 0.61 0.70 0.63 

15262 0.68 0.76 0.73 0.74 0.70 0.75 0.74 0.69 0.73 0.69 0.73 0.74 0.81 0.77 

15264 0.68 0.71 0.65 0.69 0.67 0.73 0.72 0.62 0.72 0.72 0.63 0.72 0.77 0.75 

15276 0.68 0.69 0.72 0.71 0.70 0.61 0.72 0.62 0.65 0.67 0.67 0.68 0.75 0.68 

15278 0.66 0.75 0.73 0.63 0.65 0.67 0.69 0.64 0.68 0.69 0.67 0.68 0.72 0.65 

15279 0.69 0.69 0.66 0.69 0.72 0.68 0.70 0.68 0.64 0.67 0.69 0.74 0.73 0.70 

15290 0.76 0.76 0.67 0.71 0.74 0.70 0.75 0.66 0.70 0.72 0.65 0.72 0.67 0.75 

15296 0.75 0.74 0.71 0.76 0.76 0.74 0.76 0.68 0.68 0.76 0.72 0.78 0.70 0.74 

15304 0.67 0.68 0.67 0.67 0.69 0.69 0.62 0.62 0.69 0.63 0.67 0.70 0.75 0.67 

15306 0.70 0.68 0.59 0.68 0.60 0.69 0.60 0.60 0.72 0.59 0.59 0.63 0.67 0.64 

15308 0.72 0.71 0.73 0.75 0.77 0.80 0.66 0.74 0.73 0.74 0.76 0.74 0.75 0.71 

15319 0.73 0.72 0.65 0.70 0.71 0.71 0.70 0.68 0.68 0.73 0.66 0.75 0.71 0.76 

15321 0.74 0.71 0.66 0.69 0.68 0.71 0.67 0.63 0.74 0.65 0.73 0.82 0.67 0.72 

15327 0.68 0.70 0.67 0.70 0.72 0.74 0.64 0.70 0.72 0.69 0.71 0.73 0.68 0.70 

15329 0.69 0.67 0.66 0.70 0.66 0.65 0.70 0.62 0.68 0.65 0.66 0.70 0.67 0.73 

15330 0.67 0.65 0.66 0.71 0.69 0.68 0.71 0.63 0.67 0.69 0.66 0.70 0.61 0.77 

15332 0.72 0.83 0.72 0.75 0.74 0.67 0.77 0.66 0.75 0.70 0.67 0.69 0.73 0.71 

15333 0.71 0.71 0.75 0.77 0.71 0.70 0.69 0.64 0.73 0.67 0.70 0.77 0.73 0.72 



 

194 

 

15334 0.69 0.68 0.63 0.74 0.65 0.72 0.65 0.60 0.78 0.69 0.67 0.73 0.67 0.71 

15338 0.68 0.75 0.82 0.76 0.74 0.69 0.75 0.67 0.70 0.73 0.70 0.69 0.77 0.66 

15339 0.60 0.69 0.59 0.61 0.63 0.62 0.69 0.56 0.66 0.70 0.54 0.62 0.62 0.62 

15342 0.59 0.74 0.71 0.69 0.68 0.67 0.72 0.57 0.66 0.77 0.68 0.73 0.68 0.69 

15345 0.65 0.78 0.74 0.71 0.70 0.68 0.76 0.63 0.67 0.80 0.70 0.73 0.71 0.71 

15348 0.70 0.68 0.72 0.70 0.70 0.72 0.74 0.66 0.62 0.72 0.71 0.75 0.69 0.71 

15350 0.71 0.78 0.68 0.74 0.74 0.70 0.80 0.67 0.68 0.75 0.67 0.69 0.70 0.71 

15352 0.68 0.68 0.63 0.58 0.57 0.55 0.73 0.62 0.61 0.69 0.63 0.66 0.55 0.61 

19198 0.71 0.70 0.67 0.71 0.78 0.69 0.70 0.59 0.72 0.69 0.69 0.73 0.72 0.82 

24671 0.66 0.77 0.70 0.65 0.70 0.70 0.72 0.58 0.68 0.74 0.63 0.71 0.74 0.74 

24677 0.69 0.73 0.72 0.66 0.68 0.69 0.71 0.61 0.72 0.72 0.68 0.71 0.69 0.72 

24678 0.63 0.70 0.74 0.76 0.74 0.68 0.69 0.65 0.66 0.81 0.68 0.70 0.71 0.67 

24680 0.63 0.64 0.63 0.59 0.70 0.55 0.64 0.52 0.67 0.64 0.56 0.61 0.62 0.61 

24682 0.68 0.63 0.72 0.71 0.67 0.74 0.65 0.69 0.68 0.67 0.75 0.74 0.69 0.71 

24684 0.65 0.77 0.69 0.68 0.66 0.63 0.71 0.56 0.72 0.68 0.64 0.70 0.73 0.68 

24688 0.72 0.69 0.68 0.61 0.65 0.67 0.78 0.60 0.65 0.70 0.68 0.73 0.64 0.66 

24690 0.69 0.71 0.67 0.60 0.64 0.67 0.77 0.66 0.65 0.70 0.65 0.71 0.61 0.65 

24693 0.68 0.67 0.70 0.70 0.66 0.71 0.64 0.75 0.69 0.62 0.72 0.73 0.65 0.70 

Acc./Var. 15090 15092 15097 15107 15118 15172 15209 15215 15231 15232 15244 15250 15258 15262 

15231 0.67 0.68 0.62 0.73 0.71 0.71 0.64 0.74 1.00 
     

15232 0.70 0.66 0.63 0.74 0.64 0.72 0.65 0.66 0.69 1.00 

    
15244 0.66 0.68 0.59 0.73 0.66 0.68 0.66 0.68 0.74 0.75 1.00 

   
15250 0.69 0.71 0.67 0.78 0.75 0.71 0.70 0.71 0.72 0.83 0.79 1.00 

  
15258 0.68 0.62 0.61 0.60 0.63 0.70 0.63 0.65 0.70 0.68 0.68 0.65 1.00 

 
15262 0.65 0.67 0.66 0.73 0.77 0.71 0.70 0.71 0.79 0.66 0.76 0.75 0.72 1.00 

15264 0.63 0.65 0.63 0.65 0.62 0.71 0.63 0.63 0.71 0.72 0.78 0.70 0.74 0.80 

15276 0.69 0.65 0.61 0.72 0.70 0.70 0.65 0.70 0.70 0.69 0.70 0.71 0.67 0.78 

15278 0.65 0.67 0.68 0.65 0.80 0.67 0.61 0.72 0.70 0.68 0.65 0.68 0.69 0.78 

15279 0.70 0.66 0.64 0.64 0.64 0.71 0.66 0.68 0.69 0.70 0.69 0.68 0.77 0.76 

15290 0.66 0.68 0.68 0.68 0.68 0.68 0.63 0.67 0.78 0.72 0.72 0.75 0.75 0.80 

15296 0.69 0.71 0.67 0.76 0.73 0.72 0.66 0.72 0.75 0.73 0.71 0.77 0.71 0.74 

15304 0.67 0.57 0.65 0.71 0.64 0.66 0.73 0.66 0.69 0.63 0.69 0.69 0.64 0.80 

15306 0.57 0.54 0.59 0.67 0.65 0.58 0.67 0.60 0.68 0.59 0.59 0.63 0.62 0.72 

15308 0.66 0.68 0.69 0.71 0.70 0.76 0.68 0.71 0.74 0.68 0.67 0.76 0.69 0.78 

15319 0.67 0.69 0.64 0.66 0.69 0.76 0.63 0.69 0.68 0.66 0.71 0.71 0.67 0.74 

15321 0.67 0.66 0.61 0.71 0.66 0.68 0.73 0.68 0.66 0.69 0.74 0.73 0.65 0.73 

15327 0.70 0.69 0.67 0.66 0.66 0.70 0.75 0.67 0.72 0.67 0.71 0.72 0.69 0.76 

15329 0.59 0.63 0.66 0.71 0.71 0.65 0.59 0.61 0.68 0.69 0.69 0.73 0.65 0.73 

15330 0.63 0.67 0.65 0.71 0.61 0.69 0.64 0.66 0.69 0.70 0.66 0.66 0.64 0.76 

15332 0.69 0.70 0.63 0.72 0.70 0.73 0.70 0.73 0.82 0.72 0.73 0.71 0.72 0.78 

15333 0.58 0.62 0.56 0.70 0.68 0.67 0.67 0.62 0.73 0.76 0.70 0.79 0.61 0.75 

15334 0.65 0.68 0.66 0.68 0.67 0.67 0.72 0.62 0.68 0.69 0.68 0.70 0.64 0.72 

15338 0.65 0.65 0.66 0.68 0.74 0.72 0.67 0.68 0.75 0.71 0.68 0.75 0.71 0.74 

15339 0.72 0.70 0.69 0.61 0.68 0.57 0.62 0.70 0.63 0.62 0.63 0.59 0.67 0.63 

15342 0.63 0.68 0.62 0.61 0.69 0.68 0.59 0.65 0.72 0.67 0.63 0.65 0.73 0.70 
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15345 0.68 0.72 0.67 0.69 0.74 0.64 0.62 0.75 0.78 0.68 0.66 0.70 0.73 0.71 

15348 0.62 0.64 0.63 0.69 0.64 0.77 0.62 0.69 0.72 0.68 0.69 0.67 0.66 0.69 

15350 0.68 0.70 0.64 0.70 0.70 0.70 0.67 0.75 0.75 0.66 0.70 0.73 0.66 0.74 

15352 0.77 0.88 0.70 0.65 0.70 0.60 0.59 0.86 0.65 0.61 0.61 0.65 0.58 0.60 

19198 0.75 0.67 0.70 0.71 0.69 0.66 0.67 0.72 0.72 0.75 0.64 0.75 0.63 0.74 

24671 0.66 0.65 0.61 0.68 0.68 0.68 0.65 0.72 0.72 0.66 0.72 0.72 0.76 0.84 

24677 0.71 0.68 0.64 0.63 0.68 0.65 0.65 0.71 0.70 0.71 0.67 0.68 0.70 0.72 

24678 0.69 0.66 0.66 0.73 0.69 0.69 0.66 0.72 0.77 0.70 0.61 0.68 0.63 0.71 

24680 0.90 0.67 0.70 0.69 0.67 0.60 0.69 0.79 0.65 0.63 0.63 0.67 0.64 0.62 

24682 0.60 0.63 0.64 0.77 0.65 0.75 0.67 0.67 0.73 0.64 0.63 0.70 0.60 0.75 

24684 0.65 0.72 0.63 0.67 0.72 0.62 0.65 0.70 0.69 0.73 0.72 0.67 0.69 0.74 

24688 0.73 0.85 0.72 0.66 0.68 0.66 0.59 0.79 0.66 0.67 0.68 0.71 0.60 0.65 

24690 0.74 0.86 0.71 0.67 0.70 0.65 0.59 0.83 0.70 0.65 0.68 0.70 0.61 0.67 

24693 0.63 0.66 0.58 0.72 0.66 0.75 0.62 0.69 0.64 0.68 0.67 0.70 0.60 0.69 

Acc./Var. 15264 15276 15278 15279 15290 15296 15304 15306 15308 15319 15321 15327 15329 15330 

15264 1.00 
             

15276 0.69 1.00 
            

15278 0.66 0.77 1.00 
           

15279 0.73 0.71 0.68 1.00 
          

15290 0.77 0.70 0.67 0.81 1.00 
         

15296 0.68 0.79 0.73 0.77 0.80 1.00 

        
15304 0.73 0.69 0.64 0.76 0.71 0.70 1.00 

       
15306 0.67 0.60 0.64 0.68 0.71 0.68 0.77 1.00 

      
15308 0.67 0.72 0.73 0.76 0.76 0.77 0.76 0.69 1.00 

     
15319 0.71 0.76 0.71 0.71 0.71 0.80 0.69 0.65 0.76 1.00 

    
15321 0.71 0.68 0.65 0.73 0.73 0.74 0.72 0.65 0.73 0.74 1.00 

   
15327 0.73 0.66 0.66 0.80 0.77 0.73 0.75 0.70 0.77 0.74 0.80 1.00 

  
15329 0.68 0.70 0.70 0.69 0.78 0.75 0.60 0.65 0.70 0.72 0.69 0.67 1.00 

 
15330 0.72 0.77 0.68 0.72 0.79 0.76 0.63 0.63 0.71 0.70 0.69 0.73 0.78 1.00 

15332 0.72 0.73 0.77 0.75 0.78 0.77 0.69 0.71 0.75 0.71 0.71 0.74 0.70 0.72 

15333 0.72 0.69 0.66 0.68 0.73 0.74 0.64 0.66 0.72 0.64 0.79 0.73 0.76 0.69 

15334 0.75 0.64 0.67 0.70 0.72 0.70 0.68 0.74 0.75 0.68 0.78 0.76 0.70 0.71 

15338 0.69 0.70 0.72 0.70 0.70 0.73 0.64 0.57 0.73 0.67 0.65 0.66 0.65 0.63 

15339 0.68 0.62 0.61 0.64 0.65 0.66 0.64 0.59 0.62 0.69 0.61 0.62 0.63 0.64 

15342 0.67 0.68 0.73 0.71 0.73 0.74 0.57 0.56 0.68 0.68 0.69 0.64 0.69 0.67 

15345 0.68 0.74 0.77 0.69 0.72 0.75 0.63 0.63 0.69 0.69 0.67 0.63 0.67 0.68 

15348 0.69 0.73 0.69 0.62 0.66 0.73 0.63 0.64 0.69 0.69 0.67 0.65 0.62 0.72 

15350 0.66 0.67 0.69 0.68 0.70 0.74 0.70 0.69 0.70 0.70 0.67 0.68 0.67 0.66 

15352 0.60 0.64 0.67 0.63 0.62 0.68 0.58 0.56 0.61 0.65 0.61 0.63 0.56 0.63 

19198 0.68 0.69 0.66 0.66 0.71 0.72 0.67 0.59 0.71 0.70 0.72 0.70 0.74 0.71 

24671 0.77 0.72 0.72 0.68 0.75 0.68 0.71 0.67 0.66 0.68 0.68 0.68 0.68 0.73 

24677 0.70 0.69 0.77 0.75 0.72 0.65 0.66 0.69 0.75 0.62 0.70 0.69 0.63 0.68 

24678 0.64 0.77 0.71 0.66 0.64 0.74 0.66 0.62 0.72 0.68 0.65 0.70 0.65 0.70 

24680 0.60 0.67 0.62 0.65 0.60 0.62 0.60 0.54 0.62 0.63 0.61 0.66 0.54 0.61 

24682 0.64 0.66 0.66 0.65 0.69 0.68 0.71 0.65 0.75 0.68 0.68 0.64 0.68 0.66 
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24684 0.71 0.73 0.74 0.67 0.65 0.67 0.61 0.61 0.66 0.66 0.69 0.68 0.69 0.68 

24688 0.67 0.68 0.68 0.65 0.65 0.71 0.62 0.58 0.71 0.71 0.68 0.64 0.63 0.64 

24690 0.66 0.63 0.70 0.67 0.66 0.68 0.64 0.60 0.70 0.71 0.65 0.68 0.60 0.61 

24693 0.68 0.72 0.69 0.67 0.61 0.75 0.65 0.59 0.75 0.70 0.75 0.63 0.64 0.71 

Acc./Var. 15332 15333 15334 15338 15339 15342 15345 15348 15350 15352 19198 24671 24677 24678 

15332 1.00 
             

15333 0.75 1.00 
            

15334 0.72 0.72 1.00 
           

15338 0.75 0.74 0.66 1.00 
          

15339 0.62 0.58 0.63 0.65 1.00 
         

15342 0.70 0.70 0.67 0.71 0.66 1.00 

        
15345 0.74 0.69 0.61 0.77 0.71 0.85 1.00 

       
15348 0.66 0.65 0.66 0.69 0.65 0.70 0.78 1.00 

      
15350 0.82 0.70 0.64 0.69 0.63 0.67 0.76 0.71 1.00 

     
15352 0.66 0.55 0.60 0.62 0.70 0.63 0.73 0.64 0.69 1.00 

    
19198 0.68 0.74 0.71 0.74 0.67 0.70 0.71 0.67 0.69 0.64 1.00 

   
24671 0.74 0.67 0.69 0.69 0.63 0.70 0.73 0.69 0.72 0.62 0.71 1.00 

  
24677 0.77 0.75 0.75 0.70 0.65 0.74 0.77 0.69 0.72 0.66 0.69 0.74 1.00 

 
24678 0.73 0.73 0.67 0.73 0.61 0.72 0.78 0.72 0.74 0.63 0.73 0.70 0.73 1.00 

24680 0.66 0.53 0.62 0.62 0.69 0.56 0.64 0.61 0.64 0.71 0.68 0.64 0.64 0.65 

24682 0.69 0.67 0.69 0.67 0.61 0.67 0.69 0.73 0.67 0.62 0.71 0.69 0.66 0.70 

24684 0.76 0.74 0.71 0.73 0.65 0.72 0.71 0.63 0.71 0.64 0.68 0.75 0.76 0.77 

24688 0.68 0.65 0.65 0.68 0.71 0.66 0.73 0.69 0.70 0.87 0.67 0.67 0.71 0.65 

24690 0.69 0.59 0.62 0.69 0.72 0.67 0.77 0.68 0.72 0.88 0.66 0.66 0.70 0.65 

24693 0.69 0.68 0.66 0.68 0.59 0.67 0.67 0.70 0.65 0.63 0.67 0.61 0.68 0.66 

Acc./Var. 

 

24680 

 

24682 

 

24684 

 

24688 

 

24690 

 

24693 

24680 1.00 

     
24682 0.56 1.00 

    
24684 0.63 0.61 1.00 

   
24688 0.68 0.67 0.69 1.00 

  
24690 0.69 0.66 0.65 0.93 1.00 

 
24693 0.57 0.69 0.65 0.64 0.63 1.00 

Acc./Var. 14862 14878 14880 14886 14894 14895 14898 14899 14903 14906 14907 14909 14911 14912 

24694 0.68 0.72 0.62 0.68 0.67 0.73 0.63 0.71 0.72 0.65 0.73 0.68 0.65 0.65 

24696 0.66 0.77 0.66 0.67 0.67 0.62 0.65 0.69 0.70 0.70 0.72 0.63 0.72 0.67 

24699 0.64 0.70 0.72 0.75 0.65 0.64 0.70 0.63 0.67 0.65 0.63 0.70 0.63 0.68 

24700 0.60 0.72 0.72 0.84 0.70 0.66 0.70 0.72 0.70 0.67 0.71 0.73 0.67 0.76 

Agaiti2002 0.64 0.71 0.65 0.69 0.66 0.63 0.60 0.64 0.69 0.62 0.64 0.69 0.61 0.69 

Sadaf 0.65 0.76 0.66 0.70 0.67 0.64 0.58 0.62 0.70 0.61 0.67 0.69 0.66 0.67 

Sahiwal2002 0.52 0.64 0.61 0.66 0.64 0.62 0.62 0.63 0.59 0.62 0.62 0.64 0.67 0.64 

Acc./Var. 14913 14959 14993 15007 15013 15014 15020 15024 15026 15027 15044 15047 15071 15074 

24694 0.64 0.75 0.72 0.68 0.65 0.70 0.68 0.69 0.67 0.66 0.67 0.74 0.66 0.63 

24696 0.65 0.66 0.70 0.69 0.68 0.66 0.69 0.59 0.67 0.63 0.62 0.69 0.73 0.63 

24699 0.65 0.78 0.65 0.68 0.70 0.63 0.75 0.59 0.68 0.75 0.67 0.71 0.72 0.72 

24700 0.72 0.71 0.63 0.74 0.76 0.69 0.76 0.64 0.68 0.72 0.63 0.66 0.75 0.78 
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Agaiti2002 0.64 0.72 0.69 0.69 0.71 0.71 0.67 0.65 0.68 0.94 0.68 0.66 0.71 0.70 

Sadaf 0.65 0.70 0.74 0.68 0.72 0.71 0.70 0.66 0.70 0.91 0.70 0.68 0.72 0.67 

Sahiwal2002 0.63 0.65 0.60 0.58 0.69 0.55 0.62 0.55 0.67 0.63 0.58 0.60 0.64 0.60 

Acc./Var. 15090 15092 15097 15107 15118 15172 15209 15215 15231 15232 15244 15250 15258 15262 

24694 0.69 0.70 0.66 0.65 0.79 0.67 0.69 0.68 0.65 0.64 0.65 0.67 0.62 0.70 

24696 0.72 0.65 0.68 0.63 0.68 0.68 0.68 0.68 0.65 0.69 0.65 0.67 0.69 0.73 

24699 0.69 0.72 0.61 0.63 0.68 0.70 0.63 0.72 0.78 0.73 0.72 0.72 0.81 0.77 

24700 0.71 0.75 0.61 0.67 0.67 0.67 0.61 0.73 0.76 0.69 0.71 0.73 0.69 0.75 

Agaiti2002 0.66 0.66 0.59 0.71 0.74 0.66 0.63 0.69 0.71 0.64 0.65 0.69 0.72 0.68 

Sadaf 0.65 0.64 0.60 0.71 0.77 0.66 0.65 0.69 0.70 0.63 0.64 0.67 0.71 0.71 

Sahiwal2002 0.91 0.65 0.72 0.65 0.64 0.59 0.65 0.76 0.64 0.65 0.62 0.66 0.61 0.61 

Acc./Var. 15264 15276 15278 15279 15290 15296 15304 15306 15308 15319 15321 15327 15329 15330 

24694 0.62 0.67 0.77 0.72 0.67 0.71 0.66 0.69 0.69 0.70 0.72 0.75 0.70 0.64 

24696 0.70 0.69 0.70 0.73 0.67 0.65 0.71 0.66 0.66 0.62 0.71 0.69 0.65 0.63 

24699 0.78 0.72 0.75 0.72 0.75 0.70 0.64 0.60 0.69 0.67 0.68 0.68 0.63 0.68 

24700 0.73 0.70 0.66 0.70 0.73 0.71 0.66 0.62 0.69 0.74 0.64 0.68 0.60 0.69 

Agaiti2002 0.68 0.67 0.71 0.66 0.68 0.74 0.62 0.62 0.73 0.72 0.61 0.67 0.66 0.67 

Sadaf 0.68 0.68 0.76 0.67 0.68 0.73 0.63 0.61 0.74 0.69 0.62 0.68 0.66 0.68 

Sahiwal2002 0.58 0.64 0.59 0.66 0.61 0.62 0.65 0.55 0.63 0.62 0.60 0.65 0.55 0.55 

Acc./Var. 15332 15333 15334 15338 15339 15342 15345 15348 15350 15352 19198 24671 24677 24678 

24694 0.72 0.67 0.76 0.69 0.68 0.70 0.73 0.69 0.71 0.69 0.69 0.66 0.74 0.70 

24696 0.69 0.69 0.72 0.70 0.68 0.68 0.68 0.66 0.70 0.62 0.71 0.70 0.70 0.70 

24699 0.77 0.70 0.72 0.72 0.67 0.78 0.79 0.71 0.69 0.65 0.69 0.81 0.77 0.68 

24700 0.79 0.66 0.66 0.72 0.68 0.67 0.72 0.66 0.73 0.69 0.71 0.72 0.66 0.65 

Agaiti2002 0.68 0.64 0.67 0.73 0.68 0.72 0.79 0.70 0.73 0.63 0.66 0.72 0.68 0.80 

Sadaf 0.71 0.65 0.69 0.73 0.64 0.72 0.74 0.70 0.71 0.63 0.63 0.74 0.69 0.79 

Sahiwal2002 0.64 0.54 0.63 0.59 0.67 0.59 0.65 0.53 0.63 0.68 0.67 0.59 0.64 0.66 

Acc./Var. 24680 24682 24684 24688 24690 24693 24694 24696 24699 24700 Agaiti2002 Sadaf Sahiwal2002 

24694 0.64 0.67 0.71 0.67 0.72 0.71 1.00 
      

24696 0.67 0.66 0.74 0.67 0.66 0.63 0.75 1.00 
     

24699 0.65 0.69 0.73 0.70 0.69 0.61 0.62 0.70 1.00 
    

24700 0.69 0.66 0.68 0.71 0.73 0.62 0.62 0.69 0.77 1.00 
   

Agaiti2002 0.63 0.68 0.66 0.63 0.67 0.63 0.65 0.60 0.71 0.70 1.00 
  

Sadaf 0.63 0.66 0.68 0.63 0.63 0.63 0.66 0.61 0.73 0.68 0.94 1.00 
 

Sahiwal2002 0.83 0.55 0.60 0.67 0.68 0.55 0.61 0.66 0.64 0.61 0.61 0.60 1.00 
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Abstract  

Agro-morphological characterization of germplasm is equally vital for the accurate conservation and 

successful breeding programs. During the present investigation the magnitude of genetic divergence 

was elucidated among 150 collections of maize of Chinese, Japanese and Pakistani origin. Three 

commercial varieties named Agaiti-2002, Sadaf and Sahiwal-2002 were used as check for comparison. 

All genotypes were evaluated for 24 quantitative and 10 qualitative agro-morphological traits under 

open field conditions at Plant Genetic Resources Institute (PGRI), National Agricultural Research 

Center (NARC) Islamabad, Pakistan during spring-2011. Basic statistical analysis showed maximum 

variability in grain yield per plant, plant height, 1000 kernel weight, ear height, leaf length and days to 

harvest among the tested genotypes. Simple correlation coefficient portrayed that some functionally 

related variables were significantly correlated. Cluster analysis of the data reflected high level of 

genetic divergence for most of the agro-morphological traits among the studied accessions such as 

maximum Euclidean genetic distance of 17.8 was observed between the accession 15232 and 15014 

followed by 17.7 between 15329 and 15232. Accessions collected from the province of Khyber 

Pakhtunkhwa were noted with the highest genetic diversity followed by the accessions from Punjab, 

Baluchistan and Northern Areas. Principal component analysis based on quantitative agro-

morphological traits further strengthened these findings. The present investigation revealed valuable 

amount of genetic variability among the tested maize genotypes which could be cashed for the 

maximum by further utilization in maize breeding strategies as a source of broad genetic base. 

(Accepted for publication in Pakistan Journal of Botany) 
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Abstract 

Broad genetic makeup is always less vulnerable to various biotic and abiotic stresses. To identify and 

maintain diverse genetic base, the screening of collections is carried out through different marker 

systems. In the current investigation a total of 153 maize genotypes including 150 accessions from 

China, Japan and Pakistan, and 3 check varieties were characterized for 34 agronomic and 

morphological traits. These traits were comprised of ten qualitative and twenty-four quantitative 

variables which were recorded using augmented design at Plant Genetic Resources Institute (PGRI), 

National Agricultural Research Center (NARC) Islamabad, Pakistan during spring-2012. Descriptive 

statistical analysis of the data reflected that maximum variance of 3394.8 was detected in grain yield 

per plant followed by 1243.3 noted in plant height. The multivariate analyses showed the maximum 

Euclidean distance of 13.9 was noted between 15329 and 14909, 15329 and 14959 and 24690 and 

14959. Cluster analysis distributed the whole genotypes into 5 clusters indicating their broad genetic 

base. Principal component analysis revealed that 7 of the principal components with an Eigenvalue of 

more than 1 accounted for 70.56 percent of the overall variations. The identification of high level of 

genetic diversity during the current study could be implied for maize germplasm characterization, 

conservation and further improvement in maize breeding. 

 (Accepted for publication in Pakistan Journal of Botany) 
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