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Abstract: An investigation was carried out to identify the extent of genetic divergence that exist for the yield and yield 

contributing characters of fifteen genotypes of garlic using Mahalanobis D2 analysis. All the 15 genotypes of garlic (Allium 

sativum L.) were grouped into three clusters on the basis of the morphological diversity. Maximum intra-cluster distance was 

observed in cluster III (5.654) whereas, maximum inter-cluster distance was observed between cluster II and I (6.294). The 

analysis of divergence indicated significant differences among parental lines for all the agro-morphological characters. On 

the basis of results obtained in the present investigation, it was concluded that the allelic diversity can be used for future 

breeding program. The traits under study are also major yield contributing traits and are largely associated with each other. 

Therefore, these traits should be taken into consideration either simultaneously or alone for selecting a high yielding garlic 

genotype. 
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INTRODUCTION 

 

arlic is grown world- wide but China is the 

leading producer and having 75% of world 

production. Panse et al. (2013). In our country, the 

average productivity of garlic is 5 ton /ha which is 

very quit low as compared to the other garlic 

growing countries Singh et al. (2012). To increase 

the production of this crop for domestic as well as 

international market, there is urgent need to screen 

the germplasm to get more divergent cultivars for 

qualitative traits. Since the crop is propagated by 

vegetative methods,  the clonal selection is an 

important breeding method  this situation adds 

complexity to the chracterization of garlic clones 

(Bradley et al., 1996, Al-Zahim et al., 1997). 

Through collection and selection program, a number 

of strains have been introduced and acclimatized in 

various parts of the world, but evaluation studies of 

yield and its contributing quantitative and qualitative 

traits are scarce. The multivariate analysis has been 

established by several investigators for measuring the 

degree of divergence and for ascertaining the relative 

contribution of different characters to the total 

divergence (Singh et al., 2002). Such a study also 

permits to select the genetically divergent parents to 

obtain the desirable recombinants in the segregating 

generations. Moreover, precise information about the 

extent of genetic divergence and characters used for 

discrimination among the population is crucial in any 

crop improvement program Ashana and Pandey, 

(1980) and Pandey (2009). Therefore, the present 

investigation was designed to provide information on 

genetic divergence of 15 garlic genotypes collected 

from different sources. The diverse parents belonging 

to different distant clusters would provide an 

opportunity for bringing together gene constellations 

of diverse nature promising hybrid derivatives result 

probably due to complementary interaction of 

divergent in parent (Murthy, 1965) and Anand and 

Murthy, 1968. 

MATERIAL AND METHOD 

 

A total of 15 cultivars of garlic were used in the 

present study (Table 1). Plant material collected from 

different parts of the country. The experimental field 

is situated at 29º 01 latitude in the North and 77 º43 

longitudes in the Eastern elevation of about 219.75 

meters above sea level. The experimental trials were 

laid out in randomized block design with three 

replications. Each genotype was assigned to six rows 

per plot with a distance of 20 cm line to line and 15 

cm plant to plant. Data were recorded on 14 different 

quantitative traits namely plant height (cm), stem 

diameter (cm), stem internode length (cm), number 

of primary branches per plant, plant spread (cm),  

leaf length (cm), leaf width (cm), leaf length-width 

ratio, length of lower lobe of leaf (cm), peduncle 

thickness of terminal flower (cm), peduncle length of 

terminal flower (cm), length of outer ray florets (cm), 

flower diameter (cm) and number of flowers per 

plant. The five randomly selected plants in each 

genotypes of all replication were utilized for taking 

the observation at appropriate stage. The mean 

values of the genotypes in each replication for 

quantitative characters were used for statistical 

analysis (Table 2). The data were processed with the 

help of the software programme SPAR-1 Doshi and 

Gupta, (1991) utilizing various standard statistical 

procedures. The data recorded on nine different 

quantitative traits was subjected to the D
2 

statistic of 

Mahalanobis Rao, (1952) and average intra- and -

inter cluster distances were calculated (Table.3). 

 

RESULT AND DISCUSSION   
 

The analysis of variance revealed a significant 

difference among the 15 genotypes for all the 16 

characters indicating the existence of high genetic 

diversity. Cluster formation based on Tocher analysis 

of field data of morphological traits generated three 

clusters (Table-3). Maximum inter cluster D
2
 value 

G 
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(6.294) was recorded between cluster II and I. 

whereas the minimum average inter cluster D
2
 value 

(3.250) was recorded between clusters I and I. The 

intra cluster divergence were found to range between 

3.250 for cluster I,  4.254 for cluster II, 5.654 for 

cluster III.,. Singh et al. (2012) formed 10 clusters in 

32 genotypes of garlic on the basis of 14 

morphological characters. 

Combined analysis of variance indicated that the 

magnitude of mean sum of square for maximum leaf 

width (228.51cm) and plant height (203.11) at 90 

days stage after planting of cloves followed by 

number of cloves per bulb (152.38g) and weight of 

bulb (142.70g) and these traits are also correlated 

with bulb yield.  (Table 2). 

The distribution of genotypes belonging to same 

geographical region in different cluster and grouping 

of genotypes collected from different location in one 

cluster is common. This grouping pattern of 

genoptypes suggested no parallelism between genetic 

divergence and geographical distribution of 

genotypes. Lokhande et al. (1987), Lee et al. (1996), 

Mohanti, (2001), Mohanti and Prusti  (2002), Sheikh 

and Khandy, (2008) Swaroop (2010), Singh and 

Duvey (2011)  and Singh et al. (2012) also reported 

that genotypes diversity was independent of 

geographically region. Murthy and Arunachalam 

(1966) stated that genetic drift and selection in 

different environment could cause greater diversity 

environment could cause greater diversity than 

geographic distance. Similarly maximum intra- 

cluster (D
2
= 5.654) was observed in cluster II 

(representing 4 genoypes of the 15 genotypes), 

(Table. 4) followed by cluster I (D
2
 = 4.254) and 

minimum intra-cluster distance (D
2
=3.250) was 

found in cluster I. Singh et al. (2012) has also 

reported the similar findings. 

Cluster means are concerned different clusters have 

higher mean values for different traits, indicating that 

few of cluster contained genotypes with most of the 

desirable characters (Table. 5). It was observed that 

cluster II included the genotypes with higher bulb 

weight and maximum diameter of bulb and 

maximum weight of bulb. Similar observations had 

been earlier reported by Swaroop and Janakiram, 

(2010) in gladiolus. The characters showed in terms 

superior characters i.e qualitative charectars deserve 

to be considered as potent parents for further 

utilization in garlic breeding programme. Therefore, 

based on D
2
 analysis, it has been understood that 

characters need to be given more weightage, while 

selecting parents for improvement programme. 

Cluster analysis based on Euclidean coefficient 

values obtained from morphological data showed 

that four genotypes namely CL Lamba,  Roshni 

Mota, Cheeniaa, Desi Lasan found to be present 

separately from other 15 genotypes that were found 

to be largely aggregated. 

 

Table 1. List of Indian garlic genotypes and their origin. 

Sr. 

No. 

Germplasm                        Source 

1 CL Lamba                       Bareilly/Uttar Pradesh        

2 Roshnee mota            Bareilly/Uttar Pradesh        

3 Cheeniaa             Bareilly/Uttar Pradesh        

4 Sukha 44                       Bareilly/Uttar Pradesh        

5 Desi lasan                Bareilly/Uttar Pradesh         

6 G 50                  National Horticulture Research Development Foundation  (NHRDF) 

Karnal Haryana  

7 GG 1 National Research Centre For Onion & Garlic Pune 

8  Bhima purpule National Research Centre For Onion & Garlic Pune 

9 Phule basant National Research Centre For Onion & Garlic Pune 

10 Godawari National Research Centre For Onion & Garlic Pune 

11  PG -9 Panjabi Agriculture University(PAU) Ludhiana 

12 PG-17 Punjab Agriculture University(PAU) Ludhiana 

13 PG-35 Punjab Agriculture University(PAU) Ludhiana 

14 BG-108 Punjab Agriculture University(PAU) Ludhiana 

15 AVTG-1 Panjab Agricuture University(PAU) Ludhiana 
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Table 2. Analysis of variance (ANOVA) for sixteen characters of Indian garlic. 

Source d.f 
PH  30 

DAS 

(cm) 

PH  60 

DAS (cm) 
PH 90 DAS 

(cm) 

NLPP  

30 DAS 
NLPP  60 

DAS 

NLPP  90 

DAS 

LL  30 

DAS 

(cm) 

LL  60 

DAS 
(cm) 

REP 2 15.85 2.21 2.51 2.60 0.42 0.49 0.28 0.79 

TRET 14 49.20** 65.50** 203.21** 5.44** 2.80** 1.98** 38.46** 87.33** 

EROR 28 8.83 6.95 1.42 0.41 0.49 0.47 0.30 0.67 

Source d.f 
LL  90 

DAS 

(cm) 

LW  30 

DAS 

(cm) 

LW  60 

DAS (cm) 

LW  90 

DAS 

(cm) 

BW 

(gm) 
B.D (mm) 

WOC 

(gm) 
NCPB 

REP 2 0.09 0.00 0.00 3.42 1.66 0.09 1.69 0.02 

TRET 14 0.04** 0.15** 0.22** 228.51** 142.70** 0.20** 69.90** 152.38** 

EROR 28 0.02 0.04 0.02 1.23 0.79 0.02 0.97 0.34 

 ** significant at 5% and 1% level, respectively 

 

Table 3. Average intra and inter cluster (D
2 
value) distance in Indian garlic 

Cluster                      I                      II                    III 

I 3.250 

 

6.294 3.379 

II   
4.254 

4.450 

III  

 

 5.654 

 

Table 4. Distribution of 15 genotypes of Indian garlic.  

Clusters number 
No. of 

genotypes 
Genotypes 

I 4 GG- 1 , PG -9, Phule Basant  , Godawari 
 

II 4 Cl Lamba,  Roshni Mota , Cheeniaa , Desi Lasan 
 

III 7 Sukha -44 , G -50 , Bhima Purpule , PG- 17 , PG -35 , BG-108 , AVTG -1  

 

Table 5. Cluster means values of different traits 

 Charac     

    -ter 

 

 

 

Cluster 

Plant  

Heig

ht at 

30 

DAS 

(cm) 

Plant 

Heig

ht at 

60 

DAS 

(cm) 

Plant 

Heigh

t at 

90 

DAS 

(cm) 

Leav

es/Pl

ant 

at 30 

DAS 

Leav

es/Pl

ant 

at 60 

DAS 

Lea

ves/

Plan

t at 

90 

DAS 

Leaf 

Lengt

h at 

30 

DAS 

(cm) 

Leaf 

Leng

th at 

60 

DAS 

(cm) 

Leaf 

Lengt

h at 

90 

DAS 

(cm) 

Leaf 

Widt

h at 

30 

DAS 

(cm) 

Leaf 

Widt

h at 

60 

DAS 

(cm) 

Leaf 

Widt

h at 

90 

DAS 

(cm) 

Bulb 

Weig

ht 

(gm) 

Bulb 

Diame

ter 

(mm) 

Singl

e 

Clove 

Weig

ht 

(gm) 

Clov

es/ 

Bulb 

1 -0.91 -0.93 0.28 -0.63 -0.82 0.38 -1.16 -1.23 -0.67 -0.67 -0.18 0.16 -0.98 -0.79 -0.58 

-

0.82 

2 

1.44*

* 

1.03*

* 

0.93*

* 

0.79*

* 0.48 

-

0.03 0.36 

0.75*

* 1.42** 

1.31*

* 0.14 0.61 

1.10*

* 0.54** 

1.16*

* 0.01 

3 0.30 0.05 -0.37 0.09 0.19 

-

0.20 0.46** 0.28 0.43** 0.36 0.18 -0.26 0.07 0.14 0.33 

0.47

** 

 **Significant at 5% and 1% level, respectively 
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