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ABSTRACT 
 

A study was initiated to determine the potential of a collection of 100 wheat (Triticum aestivum L.) genotypes for breeding 

improved varieties in terms of traits like number of spikes per plant, plant height, spike length, peduncle length, extrusion 

length, number of spikelets per spike, 1000-grain weight, grain yield per plant, coleoptile length, root length, shoot length and 

number of seminal roots. The correlation coefficient analysis was performed to determine the inter-relationship of different 

yield traits. Grain yield per plant had positive and highly significant association with number of spikes per plant, plant height, 

peduncle length, extrusion length and 1000-grain weight. Principal component analysis was performed to assess genetic 

diversity. Out of eleven, four PCs were significant exhibiting more than one eigenvalues. The first four PCs had 58.06% 

variation. The PC1, PC2, PC3 and PC4 had 21.27, 15.99, 10.73 and 10.07% variability respectively, among the genotypes for 

the traits under study. The outcome of this research was the selection of diverse parents to plan the crosses with significant 

transgressive segregation for yield and seedling vigor. © 2012 Friends Science Publishers 
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INTRODUCTION 
 

Wheat (Triticum aestivum L.) has been bred for high 

yield, better protein quality, biotic and abiotic stresses 

resulting in the development of many cultivars (Al-Maskri 

et al., 2012). Such an extensive breeding for a limited 

number of economic traits has narrowed the genetic 

diversity in wheat and has rendered improved varieties less 

tolerant to biotic and a biotic stresses (Maqbool et al., 2010). 

Early farmers grew genetically blended cultivar on a very 

large scale, and hence extended genotypes with broad 

genetic makeup were tolerant against various plant diseases. 

Understanding of genetic diversity in a crop species is a key 

to its improvement under changing environments (Sajjad et 

al., 2011). Evaluation of genetic diversity among adapted, 

elite germplasm can provide predictive estimates of genetic 

variation among segregating progeny for pure-line cultivar 

development. Knowledge about germplasm diversity and 

genetic relationships among breeding materials could be an 

invaluable aid in crop improvement strategies (Mohammadi 

& Prasanna, 2003). 

Correlation of particular character with other 

characters contributing to grain yield is important for 

indirect selection of genotypes for higher seed yield. 

Genotypic and phenotypic correlations provide the degree to 

which various morph-physiological characters are 

associated with economic productivity. Assessment of 

correlation coefficients between various yield traits helps to 

develop wheat cultivars with best combinations yield 

attributes in wheat for obtaining higher yield (Tahir et al., 

2002). Early establishment of seedling is extremely 

important in determining the yield of crop in short period of 

time (Misra et al., 2002). Early seedling vigor is also 

considered an important component of plant development 

under most of environmental conditions (Khan et al., 2002). 

Crop varieties having genetic potential for early seedling 

vigor use available soil water efficiently, resulting into 

better dry matter accumulation and higher grain yield 

(Awan et al., 2005). Successful varieties of future must 

possess characters enabling them to produce higher yield 

under drought, salinity and extreme temperature. The 

breeding of wheat varieties with better genetic potential of 

early seedling vigor is a potential strategy to cope with 

drought and salinity stresses. 

The present study was designed to assess the potential 

of Pakistani and CIMMYT wheat germplasm, in terms of 

diversity in morphological traits and association between 

each pair of these characters. The information generated 

from this study would be exploited in devising future 

breeding strategies and selection criteria to develop varieties 

of wheat capable of higher yield and improved seedling 

vigor. 
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MATERIALS AND METHODS 
 

The present research was conducted at the Department 

of Plant Breeding and Genetics, University of Agriculture 

Faisalabad (Latitude = 31
o
- 26' N, Longitude = 73

o
 - 06' E, 

Altitude = 184.4 m). The experimental material comprised 

of 100 old and new varieties grown in different ecological 

regions of Pakistan as well as some lines collected from 

CIMMYT. The experiment was laid out according to 

randomized complete block design with three replications. 

Plant to plant and row to row distance was 12 cm and 30 

cm, respectively. For data recording, 10 randomly selected 

plants from each plot were tagged. Quantitative traits as 

number of spikes per plant (S/P), plant height (PH), spike 

length (SL), peduncle length (PL), extrusion length (EL), 

number of spikelets per spike (NSpt/S), 1000-grain weight 

(TGW) and grain yield per plant (GY) were analyzed in 

field under normal conditions. The same set of genotypes 

was sown in sand blocks to measure four seedling traits as 

coleoptile length (CL), root length (RL), shoot length (SHL) 

and number of seminal roots (NR). The shoot length of ten 

seedlings was measured from ground level to tip of seedling 

after ten days of sowing. The same seedlings were uprooted 

carefully avoiding breakage of roots and their root length 

was measured and the seminal roots were counted. 

Coleoptile’s length was also measured of the same seedlings 

of each genotype. 

The data were subjected to analysis of variance 

following Steel et al. (1997) and Principal Component 

Analysis (Ogunbayo et al., 2005) to determine the 

contribution of yield and seedling vigor traits to total 

diversity in germplasm and selection of diverse genotypes. 

Genotypic correlations were worked out according to Kwon 

and Torrie (1964). Broad sense heritability was calculated as 

a ratio of genotypic to phenotypic variance. The expected 

genetic advances for l0% selection intensity (k = 1.75) were 

estimated from the formula described by Allard (1960). 

Standard Error (S.E.) for heritability was computed for each 

trait. Genotypic and phenotypic coefficients of variation 

were calculated for the estimation of variability. 

 

RESULTS AND DISCUSSION 
 

The genotypes included in the study had significant 

variation for number of spikes per plant, plant height, spike 

length, peduncle length, extrusion length, number of 

spikelets per spike, 1000-grain weight, grain yield per plant, 

coleoptile length, root length, shoot length and number of 

roots (Table II). HARTOG=HTG. (PAVON) had the 

highest mean spike length (16.12 cm), while lowest (5.84 

cm) was observed for HP 1744. Among all the genotypes 

TRAP#1 (323) had the highest plant height (110.67 cm), 

whereas OASIS AGA/3*YR (73.87 cm) had the lowest 

mean plant height. CHENAB 70 had the highest number of 

spikes per plant (21.67) and SHAFAQ-6 had the lowest 

(6.33). IMURIS 79=IMU BY recorded 44.54 cm peduncle 

length while NL 623 ONPL=NEPOL had the lowest length 

of 18.59 cm. FALKE = V-91183 had extrusion length of 

23.17 cm while genotype GENARO- 81 had minimum 

extrusion length (8.50 cm). The genotype BYRSA-87 = 

SUNBIRD had maximum (28.33) number of spikelets per 

spike while genotype CHAM-4 had minimum (17.33) 

number of spikelets per spike. Among all the genotypes 

CHANAB-2000 had the highest mean value (58.82 g) for 

1000-grain weight. Genotype HD 2179 had the lowest mean 

grain weight (25.04 g). It was found that FALKE = V-

91183 had the highest mean yield (60.90 g) per plant while 

lowest mean value (21.43 g) was observed for KENTANA. 

The line CHILERO = CHIL'S' had the highest mean (3.98 

cm) coleoptile length while lowest mean value (2.52 cm) 

was observed for BAYA'S'. Among all the genotypes GA-

2002 had the highest mean value (17.43 cm) for root length 

whereas genotype SA 42 had the lowest mean value (5.97 

cm). The commercial variety FAREED-6 had maximum 

shoot length (10.60 cm), and genotype SA 75 had minimum 

shoot length (4.67 cm). From the  value of means it was 

found that genotype MILAN/HD 832 had the highest mean 

value (6.00) for number of roots per plant and genotype 

WATAN/2*ERA had the lowest mean value (3.33; Table I). 

Results pertaining to phenotypic and genotypic 

variance, broad sense heritability and genetic advance are 

presented in Table III. Phenotypic coefficient of variance 

(PCV) was higher than genotypic coefficient of variance 

(GCV) implying that expression of these traits is highly 

influenced by the environment. The data (Table III) showed 

wide range of all the twelve characters, but the estimates of 

PCV and GCV were high only for number of spikes per 

plant (27.54, 23.34), root length (26.89,18.33), grain yield 

per plant (24.06,21.88), shoot length (19.33,12.15), number 

of roots (17.06,5.79), spike length (15.05,10.96) and 1000-

grain weight (15.04,13.59) respectively, whereas other 

characters showed relatively low variability. Heritability 

estimates (Table III) were high for grain yield per plant 

(82%), 1000-grain weight (81%), plant height (74%), 

extrusion length (73%) and number of spikes per plant 

(72%). Moderate heritability was observed for peduncle 

length (59%), spike length (53%), number of spikelets per 

spike (49%), root length (46%) and shoot length (39%). 

Heritability estimates are often supported further with 

a high genetic advance for their reliability. High genetic 

advance was obtained by 10% selection intensity, 12.74 for 

grain yield per plant, 11.46 for plant height, 9.14 for 1000-

grain weight, 5.21 for number of spikes per plant, 5.07 for 

peduncle length and 4.52 for extrusion length (Table III). 

The positive correlation between the number of spikes 

per plant, plant height is in agreement with the findings of 

(Sajjad et al., 2012; Mohibulla, 2009; Ajmal et al., 2009). 

This association indicates wheat breeders to have a balance 

in selection for the number of spikes per plant and plant 

height. The significant and positive association of number of 

spikes per plant with grain yield have also been reported by 

Bhatt (1973), Tiwari and Rawat (1993), Kumar et al. 
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(2007), Munir et al. (2007), Nofouzi et al. (2008), Ali et al. 

(2008), Anwar et al. (2009), Sajjad et al. (2012). 

The positive correlation between plant height and 

1000 grain weight was also reported by Hadjichristodoulov 

(1990). Positive and highly significant correlation between 

plant height and grain yield per plant is in agreement with 

the findings of Sinha and Sharma (1980), Akhtar (1992), 

Tiwari and Rawat (1993), Kashif and Khaliq (2004), Kumar 

et al. (2007), Nofouzi et al. (2008), Akram et al. (2008) and 

Murphy et al. (2008). 

A negative and non-significant association was 

observed between plant height and coleoptile length (Table 

6). Such observation was also given by Awan et al. (2007), 

Gulnaz et al. (2011). The significantly positive association 

between1000-grain weight and grain yield per plant have 

been found by Sarkar et al. (2002) and Mohibullah (2009), 

Sajjad et al. (2012). The negative and non-significant 

correlation of spike length and grain yield per plant 

Table I: Descriptive statistics for studied traits 
 

Traits Mean Maximum Minimum S.D Standard error of mean 

Number of spikes 13.51 21.67 6.33 3.35 +0.34 
Plant height 96.29 110.67 73.87 8.06 +0.81 

Spike length 12.86 16.21 5.84 1.19 +0.16 

Peduncle length 34.17 44.54 18.59 4.19 +0.42 
Extrusion length 15.17 23.17 8.50 3.20 +0.32 

Number of spikelets 22.82 28.33 17.33 1.92 +0.19 

1000-grain wt 42.88 58.82 25.04 6.04 +0.60 
Yield/Pl. 36.89 60.90 21.43 8.35 +0.84 

Col. length 3.28 3.98 2.52 0.33 +0.03 

Root length 10.84 17.43 5.97 2.32 +0.23 
Shoot length 7.22 10.60 4.97 1.08 +0.11 

No. of roots 4.60 6.00 3.33 0.52 +0.05 

 

Table II: Mean squares for 12 characters in analysis of variance 
 

Sov df S/P PH SL PL EL NSpt/S TGW GY CL RL SHL NR 

Rep 2 19.1ns 5.4ns 1.9ns 3.9ns 2.2ns 11.1ns 2.8ns 1.7ns 0.06ns 0.2ns 3.9ns 0.01ns 

Genotype 99 33.8** 195.1** 7.7** 52.6** 30.73** 11.07** 109.5** 209.2** 0.4** 16.39** 3.5** 0.76** 

Error 198 3.91 20 1.76 10 3.43 2.87 7.63 13.6 0.193 4.55 1.19 0.5 

**Highly significant (P <0.05 and P <0.02);*Significant (P <0.05 and P <0.02); S/P-number of spikes per plant; PH-plant height; SL-spike length; PL-
peduncle length; EL -extrusion length; Nspt/S- number of spikelets per spike; TGW-1000-grain weight; GY-grain yield per plant; CL-coleoptile length; 

RL-root length; SHL-shoot length; NR-number of roots per plant 
 

Table III: Some genetic parameters of the studied characters 
 

Traits Broad sense heritability Genetic advance PCV GCV 

Number of spikes 72 5.21 27.54 23.34 
Plant height  74 11.46 9.19 7.93 

Spike length 53 1.80 15.05 10.96 

Peduncle length  59 5.07 14.39 11.02 
Extrusion length  73 4.52 23.33 19.88 

Number of spikelets 49 2.02 10.36 7.24 

1000 grain weight 81 9.14 15.04 13.59 
Grain yield/plant 82 12.74 24.06 21.88 

Coleoptile length 18 0.152 14.74 6.17 

Root length 46 6.17 26.89 18.33 
Shoot length 39 2.35 19.39 12.15 

Number of roots/plant 12 0.77 17.06 5.79 
 

Table IV: Principal components for twelve characters in 100 germlasm lines of wheat 
 

Traits PC1 PC2 PC3 PC4 

Number of spikes 0.403 -0.125 0.374 -0.399 

Plant height  0.399 0.281 -0.111 -0.026 
Spike length 0.031 -0.347 0.230 0.380 

Peduncle length  0.446 -0.216 -0.274 0.307 

Extrusion length  0.467 -0.190 -0.225 0.341 
Number of spikelets -0.007 0.427 -0.194 0.214 

1000 grain weight 0.071 0.524 -0.225 -0.144 
Grain yield/plant 0.493 0.175 0.200 -0.288 

Coleoptile length -0.072 0.100 0.009 0.219 

Root length 0.003 0.385 0.299 0.358 

Shoot length 0.074 0.229 0.563 0.385 

Number of roots/plant 0.033 0.063 -0.366 0.107 

 



 

GULNAZ et al. / J. Agric. Soc. Sci., Vol. 8, No. 4, 2012 

 126 

confirmed the finding of Khan et al. (2010) but Kashif and 

Khaliq (2004) reported positive and significant correlation 

between spike length and grain yield per plant. The 

difference in results might be due to different germplasm or 

environmental effects. This correlation analysis shows that 

number of spikes per plant, 1000-grain weight and plant 

height are major yield contributing traits. The positive 

correlation of plant height with grain yield is apparent in 

approved wheat variety SEHAR-2006 (~100 cm). The 

negative association of coleoptile length with plant height is 

a useful finding that would enable breeders to develop 

wheat varieties with longer coleoptile to have better seedling 

vigour and medium stature to be responsive to high inputs. 

The high genotypic coefficient of variation (GCV) and 

phenotypic coefficient of variation (PCV) were observed for 

grain yield per plant that verifies the finding of Ali et al. 

(2008). Kumar et al. (2009) also reported high estimates of 

genotypic coefficient of variation (GCV) and phenotypic 

coefficient of variation (PCV) for 1000-grain weight, grain 

yield per plant and spike length. However, Ajmal et al. 

(2009) and Kumar et al. (2009) reported low genotypic 

coefficient of variation for 1000-grain weight. Laghari et al. 

(2010) reported low genotypic coefficient of variation for 

spike length, grain yield per plant and 1000-grain weight. 

Heritability estimates for grain yield per plant, 1000-grain 

weight, plant height, extrusion length, number of spikes per 

plant are in agreement with Sachan and Singh (2003) and 

Ali et al. (2008). Laghari et al. (2010) found low heritability 

estimates for plant height. 

High value of broad sense heritability for these 

characters showed that these characters were least 

influenced by environment so there is a great chance of 

improvement through selection. High genetic advance was 

obtained for plant height and is verified by the work of 

Kashif and Khaliq (2004), Bhutta (2006) and Ali et al. 

(2008). Heritability estimates along with genetic advance 

are normally more helpful in predicting the gain under 

selection than heritability estimates alone Johnson et al. 

(1955). High heritability accompanied with high genetic 

advance in case of plant height, number spikes per plant, 

1000-grain weight and yield per plant indicates that most 

likely the heritability is due to additive gene effects and 

selection may be effective in early generations for these 

traits. Similar findings have been reported by Sharma and 

Garg (2002) and Dwivedi et al. (2002). 

The data matrix of 12*100 was prepared for Principal 

component analysis. Out of twelve principal components 

(PCs), the first four exhibited eigenvalue greater than one 

(significant). The rest eight PCs explained non-significant 

amount of variation, and were not worth interpreting. The 

PC1, PC2, PC3 and PC4 showed 21.27%, 15.99%, 10.73% 

and 10.73% variability, respectively, among the genotypes 

for the traits under study (Fig. 1). The first PC accounted 

21.22% of the total variance, second 15.99%, third 10.73% 

and fourth 10.06% (Table V). 

The first principal component was more related to 

number of spikes per plant, plant height, peduncle length, 

extrusion length and grain yield per plant, while it was 

poorly related to number of spikelets per spike and 

coleoptile length. The second principal component exhibited 

positive effects for plant height, number of spikelets per 

spike, 1000-grain weight, coleoptile length, root length, 

shoot length and number of roots. The negative projection 

on principal component was number of spikes per plant, 

spike length peduncle length and extrusion length. The third 

PC was related to the shoot length, number of spikes per 

plant, root length, spike length and grain yield per plant. It 

showed maximum variation for these characters but poor in 

plant height, peduncle length, extrusion length, number of 

spikelets per spike and 1000-grain weight. The fourth 

principal component was more related to shoot length, spike 

length, root length, extrusion length, peduncle length, 

coleoptile length, number of spikelets per spike, number of 

roots and poorly related to the number of spikes per plant, 

Table V: Eigen values and percent total variances for first 4 PCs 
 

 Eigen value Percent total variance Cumulative eigen value Cumulative % 

PC1 2.55 21.22 2.55 21.27 

PC2 1.91 15.99 4.47 37.26 

PC3 1.28 10.73 5.75 47.99 

PC4 1.20 10.06 6.96 58.06 

 

Table VI: Correlation matrix among the morphological Traits 
 

Traits S/P PH SL PL EL NSpt/S TGW GY CL RL SHL NR 

PH  0.172**            
SL 0.005 -0.079*           

PL 0.157** 0.192** 0.084*          

EL 0.194** 0.224** 0.106** 0.556**         
NSpt/S -0.137** 0.103** -0.146** -0.067* -0.034        

TGW -0.126** 0.248** -0.235** -0.063 -0.084* 0.232**       

GY 0.501** 0.364** -0.046 0.198** 0.248** 0.045 0.220**      

CL -0.068 -0.044 -0.026 -0.044 -0.017 0.010 0.058* -0.043     

RL -0.067* 0.122** -0.063 -0.105** -0.037 0.144** 0.165** 0.065 0.057    

SHL 0.049 0.070* 0.027 -0.007 -0.019 0.125** 0.027 0.100** 0.029 0.222**   
NR -0.014 0.077* -0.023 0.017 0.007 0.057 0.009 0.000 -0.002 -0.001 -0.024 1.00 
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plant height, 1000-grain weight and grain yield per plant 

(Table VI). 

Scree plot explained the percentage variance associated 

with each principal component, obtained by drawing graph 

between eigenvalues and principal component numbers. 

The PC1 showed 21.27% variability with eigenvalue 2.55 in 

the germplasm which than gradually decrease (Table V). 

Elbow type line is obtained that after 6
th
 PC tends to 

straight, after that little variance observed in each PC. It 

ends at 2.15 % at 12
th
 PC with eigenvalue 0.257. The graph 

showed maximum variation in first four PCs (Fig. 1). 

A principal component scatter plot of wheat varieties 

depicted that accessions that are close together are being 

similar when related on 12 variables. The projection of 

genotypes on first two PCs was useful to identify divers 

groups of parents for better transgressive segregation. The 

projection of genotypes on PC1 and PC2 showed population 

structure. The genotype 69 (OASIS AGA/3*YR) was 

opposite to the genotypes 22, 23, 24, 26 and 28 

(FAISALABAD 83 FURY//KAL/BB CM 37138-48Y-1M-

5Y-1M-4Y-5Y-0A, FAISALABAD 85 

MAYA/'MON'S'//KVZ/TRM CM 44083-N-3Y-1M-1Y-

IM-1Y-0B, FALKE = V-91183 

BUC/4/TZPP//IRN46/CNO67/3/PRT, FAREED-6 and GA-

2002 DWL 5023/SNB//SNB CM84986-H-1M-3M-2B-0Y) 

respectively. The genotype 10 (BYRSA-87 = SUNBIRD 

GLL/CUC//KVZ/SX CM 34630) was contrasted to the 

genotype 31 and 34 (HD 2009 LR 64/NAI 60 and HD 

2179). The genotype 85 (SHAFAQ-6 

LU26/HD2179//2*INQ-91 PB 28633P-2A-6A-0A) was 

opposite to the genotype 41 and 42 

(HARTOG=HTG.(PAVON) VCM//CNO/7C/3/KAL/BB 

CM8399-D-4M-4Y-2M-2Y-0M and IMURIS 79=IMU 

BY/MAYA/4/BB//HD832.5.5/ON/3/ CNO67/PJ62) 

respectively (Fig. 2). The projection of traits on PC1 and 

PC2 revealed that the 1000-grain weight, number of 

spikelets per spike, coleoptile length, plant height and shoot 

length are positively related to grain yield (Fig. 3). The 

number of spikelets per spike was opposite to spike length 

therefore, it had negative correlation with each other (Fig. 

3). The projection pattern of the traits on first two PCs 

depicted that key yield contributing traits were the number 

of spikelets per plant, 1000-grain weight, and shoot length 

(Fig. 3). From first four PCs it was clear that among all the 

12 variables, shoot length had highest weight age value. 

Mostly yield contributing traits were poor in these PCs 

expect PC1. The present gemplasm were the inclusion of 

Indian, Pakistani and most of the CIMMYT varieties. It was 

observed that Pakistani varieties (FAISALABAD 83 

FURY//KAL/BB CM 37138-48Y-1M-5Y-1M-4Y-5Y-0A, 

FAISALABAD 85 MAYA/'MON'S'//KVZ/TRM CM 

44083-N-3Y-1M-1Y-IM-1Y-0B, FALKE = V-91183 

BUC/4/TZPP//IRN46/CNO67/3/PRT, FAREED-6 & GA-

2002 DWL 5023/SNB//SNB CM84986-H-1M-3M-2B-0Y) 

were opposite to the CIMMYT varieties (OASIS 

AGA/3*YR). This structured pattern showed that the 

Fig. 1: Scree plot of principal component analysis 

between Eigenvalues and number of principal 

components 
 

 
 

Fig. 2: Two dimensional ordinations of 100 germplasm 

lines of wheat on principal component axis 1 and 2 
 

 
 

Fig. 3: Principal components biplot of yield traits 
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germplasm used in Pakistani varieties (BYRSA-87 = 

SUNBIRD GLL/CUC//KVZ/SX CM 34630) were also 

contrasted to the Indian varieties (HD 2009 LR 64/NAI 60 

and HD 2179. Similar results were also reported by Sajjad 

et al. (2011) using principal component analysis in 500 

spring wheat genotypes. Therefore, there is a dire need to 

investigate genetic diversity in the currently used 

germplasm in order to maintain a desirable level of genetic 

variation in future wheat breeding. The hybridization 

between the divergent genotypes selected from this study 

will be highly useful for devising further breeding strategies. 
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