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In this study, 11 potato cultivars were assessed based on their genetic variability of different 
morphological parameters, including emergence percentage (%), date of flowering, plant height (cm), 
number of leaves per plant, average leaf area, number of flowers per plant, number of stems per plant, 
and number of fruits per plant. All of these characters showed a high level of variation among all the 
varieties. Locally developed advanced line SH-19 showed maximum emergence percentage (92.33%). 
Among other characters, Asterix, Smeengi and SH-19 produced considerable amount of flowers per 
plant (37.39). Romeo touched the line, indicating three stems per plant and was grouped into a separate 
group ‘A’. Cultivars Smeengi and Aziza, Leonardo and Avalanche carried 2.67 and 1 stem per plant 
respectively. Moreover, the 11 cultivars were ranked and grouped into 5 groups (A to E). For number of 
fruits/plant, means were not very much different from one another. The pyramid of variety Asterix was 
the highest, indicating that this genotype is efficient in bearing fruits. Variation was observed for tuber 
yield among all the cultivars and was not significantly high between replications of all varieties. Overall, 
there was highly significant variation for this character among all the potato cultivars. All the 11 
varieties were grouped into seven homogeneous groups (A to G) in which the means are not 
significantly different from one another. Almost every variety was in a different group. Average yield for 
all the varieties ranged from 22 to 7 kg. Pyramid height for Desiree was highest, indicating that 
maximum yield (22 kg) was produced by this variety.  
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INTRODUCTION 
 
Potato (Solanum tuberosum L.) ranks as the most 
important food crop in the world after rice, wheat and 
maize (Akkale et al., 2010). Improvement in potato crop 
is essential as it is one of the most important cash crops 
of the country. It is widely cultivated over an area of 
2024.9 thousand hectares, with an average yield of 18.1 
tons per hectare (Anonymous, 2009). Because of 
nutritional value and broad adaptability, its consumption 
is increasing day by day. Unfortunately, potato production 
in Pakistan is much lower than the other potato growing  
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countries because of the low yield of the adapted 
varieties. A narrow genetic base of the germplasm used 
for development of cultivars is another reason for the low 
yield of potato varieties grown in this region.  

Knowledge about germplasm diversity and genetic 
relationships among potato germplasm could be a 
valuable aid in crop improvement strategies. A number of 
methods are currently available for analysis of genetic 
diversity in germplasm accessions, breeding lines and se-
gregating populations. These methods have mostly relied 
on pedigree data, morphological data, agronomic perfor-
mance data, biochemical data, and molecular (DNA-
based) data (Mohammadi and Prasanna, 2003).  Molecu-
lar markers can be used for detection of relationships 
among different germplasm lines in seed banks, search of
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Table 1. Analysis to estimate variation among 11 potato cultivars for emergence percentage. 
 

Source  Degree of freedom Sum of square Mean square F-value (cal.) F-value (tab.) 

Variety  10 2225.52 222.552 19.61** 2.35 

Replication  2 10.97 5.485   

Error  20 227.03 11.352   

Total  32 2463.52    
 

*Highly significant. 

 
 
 
promising heterotic groups for hybrid breeding, iden-
tification of duplicates in seed banks, and assessment of 
the level of genetic diversity present in germplasm pool 
and its flux over time (Schulman, 2006). The analysis for 
rapid amplified polymorphic DNA (RAPD) markers is 
quick and simple, although results are sensitive to 
laboratory conditions. There is increasing number of 
reports where RAPDs have been successfully used to 
estimate genetic variability in potato cultivars (Chimote et 
al., 2007; Jaime et al., 2007; Sayed et al., 2008). Markers 
have also been used in the Solanum genus for the 
analysis of biodiversity and phylogenetic studies (Ritter, 
2000; Spooner et al., 2005).  

The aims of the present study were to estimate diversity 
among commercial cultivars grown under Azad Jammu 
and Kashmir (AJK) agro-climatic conditions using mor-
phological markers and determine the genetic relation-
ships existing among these cultivars.  
 
 
MATERIALS AND METHODS 
 

Breeding materials 
 

The analysis was made on 11 commercial potato cultivars including 
one advanced breeding line (SH-19). Tubers of cultivar Cardinal 
(01) Romeo (02), Asterix (03), Leonardo (04), Smeengi (05), 
Avalanche (06), VDW-004 (07), Folva (08), Aziza (09), Desiree 
(10), and SH-19 (11) were collected from Potato Breeding 
Research sub-Station, Murree, Pakistan. The experiment was 
conducted in research fields of Faculty of Agriculture, Rawalakot, 
Azad Kashmir. Date of sowing was 12/04/2010 and harvesting was 
done on 09/08/2010, with a temperature range of 20 to 25°C. 
 
   
Statistical analysis 
 

Experiment was designed according to randomized complete block 
design (RCBD) with three replications for each of the cultivar. Data 
for each of these characters were recorded at different growth 
stages and subjected to statistical analysis. 
  
 
Cluster analysis 
 

Data from all the replications for each character were ordered 
against each of the cultivar. These data were used to calculate the 
Pearson’s correlation coefficients using statistical computer 
software SPSS version 10. These correlation coefficients were 
taken as similarity coefficients and a rectangular similarity matrix 
was established. This similarity matrix was then used to generate a 

dendrogram based on morphological characters using unweighted 
pair group method with averages (UPGMA) clustering method and 
employing sequential, agglomerative hierarchic and non-
overlapping (SAHN) clustering, a sub program of Numerical 
Taxonomy and Multivariate Analysis System, version 2.1 (Rohlf, 
2001). 

 
 
RESULTS 
 
Morphological parameters 
 
Emergence percentage 
 
Most of the potato cultivars showed a considerable 
variation for this trait. Varieties were compared for their 
emergence percentage by subjecting their mean values 
for this trait to least significant difference test (LSD) and 
all the varieties were grouped into five homogenous 
groups, where the means were not significantly different 
from one another (Tables 1 and 2). SH-19 and Asterix 
were in group ‘A’ by producing highest number of 
seedlings and this was also visible from the heights of 
pyramids for these varieties (Figure 1). Romeo, Smeengi 
and VDW-004 appeared in the same group ‘C’. Overall, 
emergence for all these varieties, except few, was 
reasonable. By using ANOVA (Table 1), phenotypic and 
genotypic variances and heritability estimates were 
computed. This trait showed a high value (95%) for 
heritability. Phenotypic and genotypic variances were 
22.26 and 21.12, respectively, while genetic advance was 
9.47 (Table 3). 
 
 
Plant height (cm) 
 
All potato cultivars showed variation for this character. 
Variation within replications was less as compared to 
between replications for each cultivar. Varieties Romeo 
and SH-19 showed maximum uniformity. All the varieties 
were grouped into four homogeneous groups (A to D), 
and among these groups, the means were not 
significantly different (Table 4). Pyramids for varieties 
Smeengi, Avalanche, VDW-004, Folva and Aziza 
attained almost similar heights, indicating that these are 
identical for plant height. All the aforementioned varieties 
also acquired the same homogeneous group ‘C’. Average  
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Table 2. LSD all-pair wise comparison test of emergence percentage for 
potato varieties. 
 

Variety Mean Homogeneous group 

11 92.33 A 

3 91.66 A 

8 91.33 AB 

1 85.66 BC 

9 85.00 C 

4 83.33 C 

10 80.00 CD 

7 76.33 D 

5 75.66 D 

2 74.66 D 

6 64.66 E 
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Figure 1. Emergence percentage recorded after 50% shoot emergence. 

 
 
 

Table 3. Variance estimates based on emergence % age of potato 
cultivars. 
 

Component Symbol Value 

Phenotypic variance õ2p 22.26 

Genotypic variance õ2g 21.12 

Heritability h2 95% 

Genetic advance AG 9.47 

Coefficient of variation CV 4.11% 

LD at 0.05 alpha LSD 5.7 

 
 
 
plant height for these varieties varied from 14.66 to 11.6 
cm only. Two varieties Asterix and SH-19 from group ‘A’ 
attained maximum height also visible from their pyramids 
in Figure 2. Furthermore, the genotypic and phenotypic 
variances for average plant height were 12.58 and 12.92, 
respectively. Heritability of this character was found to be 
maximum (97%) and genetic advance was 7.31.  

Number of leaves per plant 
 
All the 11 varieties were grouped into five homogeneous 
groups (A to E) in which the means were not significantly 
different from one another. Varieties Folva and VDW-004, 
Leonardo and Avalanche, Asterix and SH-19 appeared to 
be similar in their pyramidal height, indicating almost 
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Table 4. LSD all-pair wise comparison test of plant height for potato 
varieties. 
 

Variety Mean Homogeneous group 

3 28.33 A 

11 25.66 A 

4 22.33 B 

2 21.66 B 

1 19.23 B 

7 14.66 C 

5 13.50 C 

9 13.00 C 

6 12.83 C 

8 11.66 C 

10 7.33 D 
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Figure 2. Average plant heights in centimeters of the 11 potato cultivars. 

 
 
 

93.0

111.7

98.3
84.0

75.0
87.0

125.0 126.0
115.3

102.3

98.3

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

Cardinal Romeo Asterix Leonardo Smeengi Avalanche VDW-004 Folva Aziza Desiree SH-19  
 

Figure 3. Average number of leaves per plant of 11 potato cultivars. 

 
 
 
similar number of leaves per plant for these varieties 
(Figure 3). Range of means (126-75) for number of 
leaves per plant indicates considerable variability among 

these cultivars (Table 5). This trait was used to calculate 
the phenotypic and genotypic variances, heritability, 
genetic advance and coefficient of variation. Phenotypic  
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Table 5. LSD all-pair wise comparisons test of number of leaves per plant for potato varieties. 
 

Variety Mean Homogeneous group Variety Mean Homogeneous group 

8 126.00 A 11 98.33 BC 

7 125.00 A 1 93 C 

9 115.33 AB 6 87 CD 

2 111.67 AB 4 84 D 

10 102.33 BC 5 75 E 

3 098.33 BCD    
 

Probability at 5% level. 

 
 
 

Table 6. LSD All-pair wise comparisons test of average leaf area. 
 

Variety Mean Homogeneous group Variety Mean Homogeneous group 

10 9.40 A 6 6.13 DE 

9 8.83 A 7 6.06 E 

5 8.80 A 1 6.03 E 

3 7.86 B 2 5.20 F 

8 7.13 BC 11 5.06 F 

4 6.83 CD    
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Figure 4. Average leaf area in (cm
2
) of potato cultivars. 

 
 
 
and genotypic variance exhibited the values of 82.77 and 
71.76, respectively. A high level of heritability (87%) was 
found for this character and genetic advance was 17.45.  
 
 
Average leaf area (cm

2
) 

 
Leaf area for all the varieties was measured using leaf 
area meter and means for each replication were 
computed. These mean values for leaf area was used to 
find out the variation for this trait among all the potato 
varieties. Within replication, the variation for this trait was 
extremely low; indicating the reliability of the experiment 

and a low value for coefficient of variation confirmed this. 
All the varieties were grouped into six homogenous 
groups in which means were not significantly different 
from one another (Table 6). Three varieties Smeengi, 
Aziza and Desiree occupied group ‘A’. Desiree showed 
maximum leaf area (9.40 cm

2
). Lowest pyramid height for 

average leaf area was observed for SH-19 (Figure 4.). 
In further analysis, phenotypic and genotypic variances, 

heritability and genetic advance were calculated. 
Heritability for this trait was found to be 97% with 
phenotypic and genotypic variances of 0.68 and 0.66, 
respectively, while genetic advance was determined as 
0.75.  
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Table 7. LSD All-pair wise comparisons test of number of stems per plant. 
 

Variety Mean Homogeneous group Variety Mean Homogeneous group 

2 3.00 A 7 2.00 BC 

5 2.66 AB 10 2.00 BC 

9 2.66 AB 8 1.66 CD 

1 2.33 ABC 4 1.00 D 

3 2.33 ABC 6 1.00 D 

11 2.33 ABC    
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Figure 5. Pyramids indicating mean values for number of stems per plant. 

 
 
 
Number of stems/plant  
 
Variation for this character was found in almost all the 11 
potato cultivars (Table 7). It was found that the variation 
between replications was higher as compared to within 
replications. Within replication again the variation was 
higher as compared to other characters. All the varieties 
were ranked and grouped into four groups with non-
significant differences. Pyramid for cultivar Romeo 
touched the line, indicating three stems per plant (Figure 
5) and were grouped into a separate group ‘A’. Cultivars 
Smeengi and Aziza, Leonardo and Avalanche carried 
2.67 and 1 stem per plant, respectively. Among other 
estimates, the phenotypic and genotypic variances were 
computed to be 0.13 and 0.11, respectively. Moreover, 
the heritability estimates remained at 85%, indicating 
higher heritability of this trait. The genetic advance for 
number of stems per plant was 0.58. 
 
 
Number of fruits/plant 
 
Analysis was conducted to evaluate the genetic diversity 
among 11 potato cultivars based on fruiting. There was 
much less variation within replication as compared to 
between replications. Varieties Asterix and Avalanche 
showed minimum variation within their replications. All 

the 11 cultivars were ranked and grouped into 5 groups 
(A to E) in which the means were not very much different 
from one another. LSD values revealed that all the 
means were separated by just a figure of 0.49 (Table 8). 
Pyramid of variety Asterix was the highest, indicating that 
this genotype is efficient in bearing fruits (Figure 6) and 
was grouped into a separate group ‘A. Five varieties 
Cardinal, Romeo, Avalanche, Aziza and SH-19 showed 
similar heights and were grouped into group ‘A 

Other estimates to assess the contribution of this trait 
toward yield were also made. Genotypic and phenotypic 
variances were calculated to be 0.43 and 0.46, 
respectively. Heritability estimate was found to be 92% 
with genetic advance of 1.35. 
 
 
Tuber yield (kg/ha) 
 
Tuber yield was analyzed statistically, and variation was 
observed for this trait among all the cultivars, which was 
not significantly high between replications of all varieties. 
Varieties were grouped into 7 homogeneous groups (A to 
G) in which the means were not significantly different 
from one another. Almost every variety was in a different 
group. Average yield for all the varieties ranged from 7 to 
22 kg (Table 9 and Figure 7). Pyramid height for Desiree 
was highest, indicating that maximum yield (22 kg) was 
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Table 8. LSD All-pair wise comparisons test of number of fruits per plant. 
 

Variety Mean Homogeneous group Variety Mean Homogeneous group 

3 6.66 A 7 4.66 BC 

1 5.66 AB 5 4.33 CD 

6 5.66 AB 8 4.33 CD 

9 5.66 AB 4 3.33 DE 

11 5.66 AB 10 2.33 E 

2 5.66 BC    
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Figure 6. Number of fruits/plant for potato cultivars. 

 
 
 

Table 9. LSD All-pair wise comparisons test for average yield of 11 potato cultivars. 
 

Variety Mean Homogeneous groups Variety Mean Homogeneous gGroup 

10 22.00 A 4 14.00 DE 

9 19.00 B 6 13.33 E 

8 17.00 BC 5 12.33 EF 

11 17.00 BC 1 10.33 F 

7 15.66 CD 2 7.00 G 

3 14.33 DE    

 
 
 

produced by this variety. Also the tuber size and weight 
of tuber per plant was highest for this variety which 
contributed its high yield. Phenotypic and genotypic 
variance obtained the values 5.09 and 4.91, respectively. 
A high level of heritability (96%) was found for this 
character and genetic advance stayed at 4.57. 
 
 
Cluster analysis 
 
Data for all the morphological characters were subjected 
to Pearson’s correlation coefficient and the correlations 
among these varieties were calculated. These correlation 
values were used to generate similarity matrixes which 
consequently led to a development of a dendrogram fol-
lowing UPGMA clustering method using a computer prog-

ram NTSysPC 2.1. All the varieties were clustered into 
four groups (I, II, III and IV) at a similarity coefficient of 
0.81, indicating a reduced level of diversity among 
genotypes (Figure 8). Group I appeared to be the largest and 
can be further subdivided into two subgroups (from top to 
down). First subgroup contained three varieties, Cardinal, 
Desiree and Avalanche. The former two varieties 
appeared similar at 0.98 similarity level, indicating high 
level of similarity between these two. A local advanced 
line (SH-19) developed at Potato Research Station, 
(substation Murree) was clustered into the second 
subgroup group along with Aziza within group I.  

Cultivar Smeengi which produced maximum weight 
of potato tubers was clustered into group III along with 
Leonardo at similarity coefficient of 0.82. Groups II and IV 
also comprised two varieties each. Group IV, including
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Figure 7. Tuber yield of potato cultivars. 
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Figure 8. Morphologically dendrogram of potato cultivars for their phylogenetic 
analysis. 
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Folva and VDW-004, had a similarity coefficient of 0.74 
from the rest of the varieties and 98% similarity with each 
other. The former variety showed maximum dissimilarity 
(53%) with Cardinal. Similarity of advanced line SH-19 
ranged from 58 (with Asterix) to 98% (with Cardinal). 
 
 
DISCUSSION 
 
Morphologically, all the 11 potato cultivars were 
evaluated for 13 characters which comprised of 
emergence percentage, date of flowering, plant height, 
number of leaves/plant, average leaf area, number of 
flowers/plant, number of stems/plant, number of 
fruits/plant and tuber yield. Different tools such as 
morphological characters (Gaur et al., 1999), RAPD 
(Pattanayak et al., 2002 and Chakrabarti et al., 2001) and 
simple sequence repeat (SSR) (Chimote et al., 2004) 
have previously been employed to study genetic diversity 
in potato varieties. Different views regarding genetic base 
of potato varieties have been analyzed. Morphological 
parameters have also been used in combined analysis to 
evaluate potato varieties for diversity studies (Jaime et 
al., 2007). 

In the present study, 11 potato cultivars were 
characterized for genetic divergence based on different 
phenotypic parameters. Similar type of results were 
reported by Key van et al., 2008) previously. Emergence 
percentage ranged from 92.33 to 64.33%. Most of the 
varieties showed good emergence with maximum emer-
gence from SH-19 (92.33%) followed by Asterix (91.66%) 
and Folva (91.33%). Khaliq (2002) reported 95% 
emergence percentage in cultivars Ultumash and 80% in 
cardinal. Moreover, plant height analysis in this study 
revealed a high level of variation among the 11 potato 
cultivars. The parameter ranged from 7.33 cm for Desiree 
to 28.3 cm for Asterix, giving a wide range of variation in 
between. These results are similar to those reported by 
Ahmed (1984) while characterizing local genotypes of 
Hippophae rhamnoides and screening of exotic 
germplasm for yield and growth in potato respectively.  
In addition, variation for the number of leaves per plant 
was observed among all the varieties. This character has 
more importance in case of tuber crops like potato. 
Photosynthesis in such crops results in the increased 
tuber size, which in turn increases the final yield. In the 
current analysis, Folva and VDW-004 produced maximum 
number of leaves (126 and 125). Average number of 
leaves ranged from 126 to 75. However, phenotypical 
variation (82.77) was more as compared to the genotypic 
variation (71.76). High heritability has been achieved for 
number of leaves per plant (Sarwar, 1972; Bashir, 1991). 
Leaf area also showed a high level of variation among all 
the cultivars. Mean values for average leaf area ranged 
from 9.40 to 5.06 cm

2
. Desiree produced maximum leaf 

area, followed by Aziza and Asterix (Table 4). Similar re-
sults were reported by Sarwar (1972) and Khaliq (2002). 

 
 
 
 

Furthermore, a high level of variation was observed for 
number of stems per plant. Mean values for this trait 
varied from 3 to 1. However, among replications, up to 5 
tillers per plant was observed. On average, Romeo 
produced the highest number of tillers, followed by 
Smeengi and Aziza, each producing pyramids showing a 
value of 2.67 (Figure 5). Khaliq (2002) reported 5.55 
number of stems per plant for the variety Cardinal and 
2.66 for Ultumash. Phenotypic and genotypic variances 
showed a low value for each. Heritability value was 
reasonable for number of stems per plant among the 
genotypes investigated. The number of fruits per plant 
revealed a considerable amount of variation among all 
the cultivars. Mean values ranged from 6.66 to 2.33, 
indicating a high level of variation for this trait. Asterix 
lead by producing 6.66 numbers of fruits per plant. It was 
followed by the Cardinal, Avalanche, Aziza and SH-19, 
attaining a height of 5.67 fruits per plant (Figure 6). 
Homogeneous grouping of the cultivars indicated that 
most of the cultivars appeared similar by same grouping. 
These findings agree with those of Sarwar (1972). 
Moreover, average yield was found to have variation for 
all the varieties ranging from 22.00 to 7.00 kg. Desiree 
performed best from rest of the cultivars by producing 22 
kg of yield. These results are in comparison with those 
reported earlier by Estevez et al. (1982) and Khaliq 
(2002).  

When cluster analysis was performed, all the varieties 
were grouped into seven groups. Dendrogram was 
generated by calculating simple matching similarity 
coefficients using UPGMA clustering method and employ-
ing sequential, agglomerative, hierarchic and non-
overlapping (SAHN) clustering technique (Figure 8). 
Ahmed et al. (2010) and Isaacs et al. (2003) used a 
similar kind of clustering analysis while examining genetic 
diversity among wheat and sunflower, respectively. The 
results of genetic similarity analysis showed that a mode-
rate level of divergence did exist among the varieties. In 
current analysis, morphological similarity values ranged 
from 0.53 to 0.98. In an earlier report, Key van et al. 
(2008) found that similarity values ranged from 0.55 to 
1.00 while screening the potato cultivars for salt 
tolerance. In another diversity analysis, Sayed et al. 
(2008) observed 0.48 to 0.83 similarity values. 
In general, the low values for the coefficients of variation 
for almost all the trait studied indicate that the errors 
contributed by the experimental parameters were not 
significant. There is need to characterize potato 
germplasm grown under AJK agro-climatic conditions 
and the genotypes best responding should be selected. 
This will also be useful for developing descriptors for 
potato crop grown in AJK.  
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