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Abstract
Garlic is an important vegetable crop grown widely throughout the world for its medicinal values and health benefits. 
Garlic helps to prevent and reduce the severity of common illnesses like the flu and common cold, improves blood 
pressure and reduces the cholesterol. The present study was undertaken to assess the genetic variability, to determine 
the correlation of bulb yield and its contributing components and to identify those components with significant effects 
on yield and using them as selection criteria. The genetic parameters of variability were estimated, comprising thirty-six 
genotypes in garlic at the Research Farm of Vegetable Science, UHF, Nauni, Solan, HP during the Rabi season, 2014-
15 and 2015-16. Phenotypic and genotypic coefficients of variation were higher for weight of 100 peeled cloves (35.09 
% and 31.07 %), bulb yield per plot (34.87 % and 33.19 %), bulb yield per hectare (34.87 % and 33.19 %), clove weight 
(34.50 % and 30.83 %), weight of 100 unpeeled cloves (34.22 % and 30.07 %), oleoresin content (32.69 % and 31.79 
%), bulb weight (30.65 % and 30.01 %) and the number of bulbs per kg (30.21 % and 30.01 %) indicating further scope 
of improvement and facilitating the selection for these characters. High heritability was recorded for the characters viz., 
peeling index (99 %), the number of bulbs per kg (96 %), oleoresin content (95 %), bulb weight (94 %), the number 
of leaves per plant (92 %), bulb yield per plot (91 %), bulb yield per hectare (91 %), the number of cloves per bulb 
(90 %), drying percentage (86 %), neck thickness (84 %), clove length (84 %), bulb breadth (83 %), plant height (82 
%) and clove weight (80 %). High genetic gain was recorded for characters viz., bulb yield per plot (65.07 %), bulb 
yield per hectare (65.07 %), oleoresin content (63.70%), the number of bulbs per kg (59.68 %), bulb weight (59.36 
%), clove weight (56.76 %), weight of 100 peeled cloves (56.68 %), weight of 100 unpeeled cloves (52.19 %) and the 
number of cloves per bulb (50.04 %). An idea about interrelationships of bulb yield and its components is very helpful 
to improve the efficiency of breeding program using appropriate selection indices. Yield per plot was positively and 
significantly associated with plant height (0.445 and 0.492), the number of leaves per plant (0.381 and 0.407), days 
to maturity (0.497 and 0.641), neck thickness (0.375 and 0.409), bulb weight (0.966 and 1.00), bulb breadth (0.808 
and 0.898), bulb length (0.852 and 0.984), clove weight (0.865 and 0.936), clove breadth (0.726 and 0.787), clove 
length (0.734 and 0.799), weight of 100 unpeeled cloves (0.800 and 0.873) and weight of 100 peeled cloves (0.796 
and 0.861) whereas, negatively and significantly with the number of cloves per bulb (-0.448 and -0.473), the number 
of bulbs per kg (-0.921 and -0.960) and drying percentage (-0.374 and -0.404). Path coefficient analysis revealed a 
high positive and direct effect of bulb weight (2.018) on bulb yield per plot followed by weight of 100 unpeeled cloves 
(0.641), the number of bulbs per kg (0.309), days to maturity (0.154), peeling index (0.139), plant height (0.118), drying 
percentage (0.115), clove breadth (0.094), neck thickness (0.054), clove weight (0.049) and the number of leaves per 
plant (0.042).
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INTRODUCTION
Garlic (Allium sativum L.) is one of the most important 

remunerative bulbous spice and medicinal crops grown 
in the world. It is the second most widely cultivated bulb 
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crop after onion, in the world, which belongs to family 
Amaryllidaceae. The primary centre of origin of garlic 
is the Central Asia and Southern Europe whereas, the 
Mediterranean region is considered as its secondary 
centre of origin (Brewster, 1994).  The most probable 
wild progenitor of garlic is Allium longicuspis Regel 
(Vvedensky, 1944). Garlic crop is a valuable spice and 
condiment in India imparting flavour, aroma and taste. It 
is consumed both fresh and in dried form. In India and 
the other Asian and Middle East countries, garlic is used 
for food preparation, chutney, pickles, curried vegetables, 
meat preparation and tomato ketchup etc. (Shinde et al., 
2003). In many regions, people use fresh leaves as salad. 
Garlic has high nutritive value than other bulb crops and 
has good export potential as fresh bulb as well as in the 
dehydrated form. Garlic is low in calories and contains 
carbohydrates, sugars, dietary fibres, fat, proteins, 
thiamine, riboflavin, niacin, vitamin C, calcium, vitamin B6 
and manganese. The crop contains sulphur and essential 
oils that are often correlated with strong flavour (Memane 
et al., 2008). The chief constituents of oil are diallyl 
disulphide, diallyl trisulphide, allyl - propyl disulphide 
and a small quantity of diethyl disulphide and diallyl 
polysulphide. Diallyl disulphide is said to possess the true 
garlic odour (Shankaracharya, 1974). It has also been 
considered as ‘Nectar of life’ in Ayurveda (Singh et al., 
2015). Garlic contains antioxidants that protects against 
cell damage and aging. Moreover, garlic has been reported 
to reduce blood lipids and to have anticancer effects. It has 
hypocholesterolemic action and reduces the cholesterol 
concentration in human blood. It has antibacterial (Arora 
and Kaur, 1999), antifungal (Hughes and Lawson, 1991), 
antiviral (Meng et al., 1996) and antiprotozoal properties 
(Reuter et al., 1996). It is beneficial to cardiovascular and 
immune system. Botanically, economic part of garlic is a 
compound bulb composed of few to many densely packed 
elongated side cloves. Garlic bulb does not store food, 
instead matures as dry scales enclosing cloves which 
are well developed auxiliary buds within foliage leaves. 
It also shows adaptation to a wide range of soil types, 
temperatures and day length making its farming possible 
from tropics to temperate latitudes. Garlic is grown globally, 
but China is the leading country in area and production 
followed by India, Republic of Korea, Egypt and Russian 
Federation. In India, area under garlic is 317 thousand 
hectares with an annual production of 1611 thousand MT 
(NHB, 2018). Garlic is cultivated mainly in the states of 
Madhya Pradesh, Gujarat, Orissa, Maharashtra and Uttar 
Pradesh. Madhya Pradesh is the leading state in garlic 
production contributing, 92.5 thousand hectare area with 
405 thousand MT 0f production (NHB, 2018). In Himachal 
Pradesh, garlic is grown over an area of 4.95 thousand 
hectares with production of 8.49 thousand MT (NHB, 2018). 
It is a good foreign exchange earner and large quantity 
of garlic is exported every year. Major garlic exporting 
countries are China, France, Spain and Egypt whereas, 
the major garlic importing countries are Bangladesh, 
Philippines, Singapore, UK and USA. Garlic displays 

considerable variability with respect to morphology, yield, 
quality features as well as resistance to important insect 
pests and diseases. Though, India ranks the second in 
terms of area and production, but productivity of garlic is 
very less (5.42 t/ha). Unavailability of improved varieties, 
improper cultural practices, post harvest and market 
related issues are main causes of low production and 
productivity. Also there are limited numbers of cultivars 
in the crop owing to lack of variability. This warrants the 
need to identify the promising genotypes for yield, quality 
attributes and disease resistance. Assessment of available 
variability in germplasm through parameters of variability 
helps to select potential genotypes for their direct use as 
variety. The present investigation was therefore; carried 
out in garlic to assess the genetic variability and the 
relationships among yield, yield contributing attributes 
and quality attributes.

MATERIALs AND METHODS
Thirty-six genotypes of garlic were collected from within 
and outside the state to study the genetic parameters. The 
experiment was laid out in RCBD with three replications 
at Research Farm of Department of Vegetable Science, 
UHF, Nauni, Solan (HP) during the Rabi seasons of 2014-
15 and 2015-16. The climate of Experimental Site is 
generally characterized as sub-temperate with the mild 
summers and cool winters. Months of May and June 
are the hottest, while December and January are the 
coldest. It experiences annual rainfall of 1100-1300 mm, 
most of which occurs during the monsoon season. Mean 
temperature during the crop season varied from 9.85 ºC 
to 23.50 ºC and 10.85 ºC to 23.6 ºC, while relative humidity 
varied from 45 % to 63 % and 45 % to 62 % during 
the year 2014-15 and 2015-16, respectively. The soil 
structure of experimental site is gravelly loam to gravelly 
clay loam with pH ranging from 6.85 - 7.04. Experimental 
material was planted during the first fortnight of October 
in 2014 and 2015 at a spacing of 20 x 10 cm in a plot 
size of 2 x 1 m accommodating 100 plants. The standard 
cultural practices were followed to raise a healthy garlic 
crop as advocated in the “Package of Practices for 
Vegetable Crops” of the university. The observations 
were recorded on various characters viz., plant height 
(cm), the number of leaves per plant, days to maturity, 
neck thickness (cm), bulb weight (g), bulb breadth (cm), 
bulb length (cm), clove weight (g), cove length (cm), clove 
breadth (cm), the number of cloves per bulb, the number 
of bulbs per kg, weight of 100 unpeeled cloves (g), weight 
of 100 peeled cloves (g), bulb yield per plot (kg), bulb yield 
per hectare (q), peeling index (%), drying percentage (%), 
total soluble solids (⁰Brix) and oleoresin content (%). 
Peeling index was computed as follows:   
                         
Peeling index (%) =                  
 

 

 

100
cloves unpeeled  100 of   Weight 

cloves peeled  100 ofWeight X  

 

  

100
drying before  Weight 

dryingafter Weight X
 

 

 

100
(g) sample  theofWeight 

(g) sample in theoleoresin  ofWeight X  
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Drying percentage was analyzed as follows:       
                   
Drying percentage (%) = 
                    

,

Total soluble solids were assessed by an instrument 
known as hand refractometer, by placing a drop of juice 
on it. The numbers on the scale were visible when the 
refractometer was pointed towards a light source which 
represented the concentration of soluble solids in the 
garlic extract in ºBrix. 

Oleoresin content was determined as per standard 
procedure (AOAC, 1975). 

Oleoresin content (%) =        

             

Variability coefficients were analyzed as per methods 
of Burton and De-Vane (1953) and path analysis by the 
method given by Dewey and Lu (1959). 

Sharma (1994) suggested the following limits, for 
categorizing the magnitude of different parameters viz., 
PCV and GCV:   > 30% High;15-30% Moderate;  < 15%  
Low; Heritability (H):   >80%  High; 50-80%   Moderate;  
< 50%   Low; Genetic gain (GG) : > 50%  High; 25 50%  
Moderate and  <25%  Low. 

RESULTS AND DISCUSSION
The pooled analysis of variance of the years 2014-15 
and 2015-16, indicated significant differences among 
the genotypes for all the characters studied (Table 1), 
which revealed the existence of wide variability in the 
germplasm. The extent of variability in thirty-six genotypes 
was measured in terms of coefficients of variation viz., 
phenotypic and genotypic coefficient of variation along 
with the amount of heritability, genetic advance and 
expected genetic advance as per cent of mean. (Table 
2) Considerable variation was observed for most of the 
characters. For determining the magnitude of genotypic 
and phenotypic variability, the genotypic and phenotypic 
coefficients of variation were calculated. Phenotypic and 
genotypic coefficients of variation were higher for weight of 
100 peeled cloves, bulb yield per plot, bulb yield per hectare, 
clove weight, weight of 100 unpeeled cloves, oleoresin 
content, bulb weight and the number of bulbs/kg indicating 
further scope of improvement and facilitating the selection 
for these characters to isolate more promising genotypes. 
The results are in line with the findings of Tsega et al. 
(2011), Vatsyayan et al. (2013) and Khar et al. (2015) who 
recorded the high estimates of phenotypic and genotypic 
coefficients of variation for characters bulb weight, clove 
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Table 2.  Estimates of phenotypic and genotypic coefficients of variation, heritability, genetic advance and 
genetic gain for various characters in garlic 

Characters Range Mean ± SE Coefficients of variability 
(%)

Heritability
(%)

Genetic 
advance

Genetic 
gain
(%)Phenotypic Genotypic

Plant height (cm) 52.50 - 71.08 62.08 ± 0.75 8.26 7.50 82 8.71 14.04

No. of leaves per plant 5.70 - 8.30 7.06 ± 0.12 12.40 11.87 92 1.65 23.39

Days to maturity 215 - 227.67 221.11 ± 0.62 2.11 1.56 55 5.29 2.39

Neck thickness (cm) 0.52 - 1.07 0.72 ± 0.02 18.33 16.76 84 0.23 31.58

Bulb weight (g) 11.67 - 40.08 25.05 ± 1.23 30.65 30.01 94 14.83 59.36

Bulb breadth (cm) 2.89 - 5.51 4.28 ±  0.11 17.15 15.64 83 1.26 30.01

Bulb length (cm) 2.15 - 4.49 3.35 ±  0.11 21.80 19.01 76 1.15 34.15

Clove weight (g) 1.13 - 4.63 3.03 ±  0.16 34.50 30.83 80 1.72 56.76

Clove breadth (cm) 0.70 - 1.88 1.35 ±  0.04 26.35 22.88 75 0.55 40.93

Clove length (cm) 1.30 - 3.29 2.63 ±  0.09 23.07 21.10 84 1.04 39.75

Number of cloves per bulb 9.75 - 26.75 13.89 ±  0.59 26.65 25.31 90 6.88 50.04

Number of bulbs per kg 31.83 - 91.50 53.63 ± 2.38 30.21 30.01 96 31.10 59.68

Weight of 100 unpeeled cloves (g) 109.72 - 337.62 200.26 ± 10.42 34.22 30.07 74 104.52 52.19

Weight of 100 peeled cloves (g) 103.50 - 319.10 187.72 ± 10.18 35.09 31.07 78 106.41 56.68

Bulb yield per plot (kg) 0.88 - 3.74 2.46 ± 0.12 34.87 33.19 91 1.44 65.07

Bulb yield per hectare (q) 39.60 - 168.30 103.95 ± 5.51 34.87 33.19 91 64.66 65.07

Peeling index (%) 84.19 - 97.01 93.49 ± 0.55 3.61 3.59 99 6.88 7.36

Drying percentage (%) 26.99 - 43.47 34.26 ± 0.74 14.01 12.99 86 8.51 25.10

Total Soluble Solids (ºBrix) 20.31 - 33.90 27.00 ± 0.52 13.18 11.06 70 5.16 19.11

Oleoresin content (%) 0.16 - 0.61 0.41 ± 0.02 32.69 31.79 95 0.26 63.70

weight and bulb yield per hectare. High PCV and GCV for 
bulb weight were reported by Sharma et al. (2016) and 
Meena et al. (2020). Moderate phenotypic and genotypic 
coefficients of variation were recorded for the number of 
cloves per bulb, clove breadth, clove length, bulb length, 
neck thickness and bulb breadth. These characters can 
be improved by vigorous selection. Moderate estimates of 
phenotypic and genotypic coefficients of variation for the 
number of cloves per bulb have been reported by Tsega 
et al. (2011), Singh et al. (2012a), Yadav et al. (2012) 
and Panse et al. (2013). Low estimates of phenotypic 
and genotypic coefficients of variation were recorded for 
drying percentage, the total soluble solids, the number of 
leaves per plant, plant height, peeling index and days to 
maturity. For improving these traits, breeder should go to 
source of high variability. Low phenotypic and genotypic 
coefficients of variation for drying percentage has been 
reported by Vatsyayan et al. (2013), for the total soluble 
solids by Khar et al. (2005) and  Sandhu et al. (2015) and 
for peeling index by Tsega et al. (2011) in garlic. 

The genotypic coefficient of variation does not offer full scope 
to estimate the variations that are heritable and therefore, 
estimation of heritability becomes necessary. Genetic heritability 

is heritable from one generation to another. But heritability alone 
cannot assess the expected gain in next generation, so should be 
considered with genetic advance. In the present study, estimates 
of heritability (broad sense) varied from 55- 99 per cent. High 
heritability was recorded for the characters viz., peeling index, 
the number of bulbs per kg, oleoresin content, bulb weight, the 
number of leaves per plant, bulb yield per plot, bulb yield per 
hectare, the number of cloves per bulb, drying percentage, neck 
thickness, clove length, bulb breadth, plant height and clove 
weight. Estimates of heritability were recorded moderate for 
weight of 100 peeled cloves, bulb length, clove breadth, 
weight of 100 unpeeled cloves, the total soluble solids 
and days to maturity. Genetic gain (genetic advance 
expressed as per cent of population mean) ranged from 
low to high. High genetic gain was recorded for bulb yield 
per plot, bulb yield per hectare, oleoresin content, the 
number of bulbs per kg, bulb weight, clove weight, weight 
of 100 peeled cloves, weight of 100 unpeeled cloves and 
the number of cloves per bulb. Moderate genetic gain was 
obtained for clove breadth, clove length, bulb length, neck 
thickness, bulb breadth and drying percentage. Minimum 
values were recorded for the number of leaves per plant, 
total soluble solids, plant height, peeling index and days to 
maturity. Selection should be done for the characters viz., 
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the number of bulbs per kg, oleoresin content, bulb weight, 
the number of leaves per plant, bulb yield per plot, bulb 
yield per hectare, the number of cloves per bulb and clove 
weight, as these characters recorded high heritability and 
high genetic gain and are governed by additive genes and 
are less influenced by the environment. High heritability 
and genetic gain for cloves per bulb has been observed by 
Singh et al. (2012b). High heritability and high genetic gain 
for the number of cloves per bulb and high heritability and 
low genetic gain for plant height and the number of leaves 
per plant has been observed by Singh et al. (2012b). High 
heritability and high genetic gain for clove weight, bulb 
weight and the number of cloves per bulb was reported by 
Sharma et al. (2016) and for bulb weight and the number 
of cloves per bulb by Meena et al. (2020).

Correlation coefficient was estimated between yield and 
other characters at genotypic and phenotypic levels 
to know the inter relationship among the characters. 
It provides information about the nature, extent and 
direction of selection pressure to be applied. Yield is 
complex character controlled by several yield contributing 
components and is highly influenced by environmental 
factors, consequently selection based on yield will not be 
much effective. It suggests the advantage of a scheme 
of selection for more than one character at a time. In the 
present study, the estimates of phenotypic and genotypic 
correlation coefficients imparted that in general, the 
values of genotypic correlation coefficient were higher 
in magnitude than their corresponding phenotypic ones, 
as also reported by Barad et al. (2012). The correlation 
coefficients among different characters were worked out 
at both phenotypic and genotypic levels (Table 3). Yield 
per plot was positively and significantly associated with 
plant height, the number of leaves per plant, days to 
maturity, neck thickness, bulb weight, bulb breadth, bulb 
length, clove weight, clove breadth, clove length, weight 
of 100 unpeeled cloves and weight of 100 peeled cloves. 
Direct selection for these characters would be fruitful for 
improving the yield.  Yield was negatively and significantly 
correlated with the number of cloves per bulb, the number 
of bulbs per kg and drying percentage. A  positive and 
significant correlation of bulb weight, bulb diameter, 
clove weight, plant height and the number of leaves per 
plant with bulb yield has been observed by Singh et al. 
(2013) and Khar et al. (2015). A  negative correlation of 
the number of cloves per bulb with cloves weight was 
recorded by Singh et al. (2008) and Patil et al. (2012). 

Path coefficient analysis (Table 4) revealed a high 
positive and direct effect of bulb weight  on bulb yield 
per plot followed by weight of 100 unpeeled cloves, 
the number of bulbs per kg, days to maturity, peeling 
index, plant height, drying percentage, clove breadth, 
neck thickness, clove weight  and the number of leaves 
per plant. Whereas, weight of 100 peeled cloves had a 
maximum negative direct effect followed by bulb breadth, 
bulb length, clove length, the number of cloves per bulb, 

oleoresin content and total soluble solids. The  highest 
positive direct effect of bulb weight on bulb yield per plot 
was observed by Singh et al. (2013) and Thakur and 
Sharma (2020). Adequate variability was present among 
the genotypes for growth, yield and quality characters. 
High coefficients of variation suggested scope of further 
improvement and selection for the characters to isolate 
more promising genotypes. Moderate to high heritability 
values for important yield and quality characters along 
with high genetic gain suggested additive gene effects 
of such characters involved in inheritance and selection 
should be done for such characters. Bulb weight, bulb 
breadth, bulb length, clove weight, clove breadth, clove 
length, weight of 100 unpeeled cloves and weight of 100 
peeled cloves exhibited high genotypic correlation with 
bulb yield and selection can directly be done for these 
characters to improve the bulb yield in garlic.
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