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Assessment of Garlic cultivars on the basis of Genetic variability and heritability


Abstract 
 The study on seven cultivars of garlic (Allium sativum L.) wsas conducted on experimental field during rabi season 2021-2022 at Sri Guru Granth Sahib World University, Fatehgarh Sahib, Punjab with the objective to study the genetic variability for different characters in available genotype and to work out heritability and genetic advance in per cent of mean. The experiment was conducted in Randomized Block Design with three replications. The single plot size was 2.1*2.1m (4.41m 2) with the distance of 15 cm row to row and 7.5 cm plant to plant. Results reveal that the mean square of genotypes were highly significant for all the traits. On the basis of mean performance Chinese garlic was found to be best performing cultivar among others with highest yield per plot (21.10 kg), leaf width (2.6 cm), pseudo stem diameter (21.47 mm), bulb length (6.26 cm), bulb diameter (5.34 cm), bulb weight (52.33 g), plant weight (71.17 g), clove diameter (2.15 cm), clove weight (5.23 g), clove length (2.26 cm), Avg. weight of 10 cloves (27.80 g), Avg. weight of fresh cloves (21.00), Avg. weight of dry cloves (10.83 g) and days to maturity (170). High to moderate heritability couple with high value of genetic advance was recorded for days to maturity, plant weight, plant height and leaf length. The maximum magnitude of genotypic and phenotypic coefficient of variation was estimated for avg. weight of dry cloves (gm) which suggest that these traits can contribute to a selection programme and can also enhance through direct selection.
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 INTRODUCTION
One of the most widely grown and consumed horticulture plants in the world is garlic (Allium sativum L.). Given its distinct flavour and aroma, it is primarily used as a condiment to improve the flavour of other meals (Barboza et al 2020).  Other health benefits of garlic include its antiplatelet, hypolipidemic, antihypertensive and antioxidant properties, which are mostly linked to the prevention and treatment of cardiovascular illnesses (reviewed by Rahman and Lowe, 2006). Additionally, because garlic contains sulphur compounds, biological agents (Allicin), and other derivatives, it can strengthen the immune system to treat a variety of human ailments, such as high blood pressure, venereal diseases, mental illness, kidney disease, liver disease, asthma, diabetes, infection, viral infections, cancer, snakebites, hypertension, colds, coughs, pulmonary tuberculosis, and high blood pressure. It can also help prevent cell death from free radicals and some cultures have used garlic to ward off evil spirits. Additionally, it promotes and nourishes the lungs, circulation, stomach, and heart (Tesfaye, 2021).
The Alliaceae family includes garlic (Allium sativum L.), one of the most fragrant herbaceous annual spices. In the Alliaceae family, garlic is a diploid species (2n=16) that belongs to the apomixis type in the subgenus Allium. Garlic is a plant that grows in clusters at the end of the stock. It has long, flat, grass-like leaves and papery hoods over its blossoms. From the flower bud, the portion of the plant that can be used for both food and medicinal, the stalk emerges. Garlic is typically not fertile and is therefore propagated via cloves (Kurian, 1995). The origin of garlic is china. With a distinctively strong scent, garlic is the second most popular spice crop among Allium crops grown worldwide, behind onions (Purseglove, 1975). The onion, shallot, leek, chieve, and rakkyo are among its near relatives. The bulbs can be processed, cooked, or consumed raw. Its cultivation is feasible in both tropical and temperate regions because to its broad range of adaptation to soil types, temperature, and day length (Choudhary et al 2017). According to (Mario et al 2008), garlic exhibits a wide range of morphological and agronomic differences in terms of color, bulb size, plant height, flowering, clove size and number, days to harvest, resistance to storage capacity, dormancy, and adaptation to agroclimatic conditions.				 			With 700 species spread across the northern hemisphere, North Africa, Europe, and Asia, "Allium" is the largest and most significant representative genus in the Alliaceae family (Ranjitha et al 2018). A third-fourth of global manufacturing is produced in China alone. The states of Gujarat, Orissa, Rajasthan, and Maharashtra are next in size after Madhya Pradesh (Dhaliwal, 2020). Garlic is divided into two categories by botanists: soft neck and hard neck. Each bulb of soft neck garlic (A. sativum ssp. Sativum) has 10–20 cloves. On the other hand, hard neck (A. sativum spp. Ophioscorodon) yields space and flower stocks and has 6 to 11 cloves in a single round position (Volk et al 2004).  Garlic contains average 59-78 percent water, 6 percent protein, 0.5 percent liphid, 33 percent carbohydrates, 2 percent fibre, 1 percent sugar and volatile oil known as diallyl disulphide which is the major flouring component in garlic.	
Garlic (Allium sativum L.) is one of the most important bulb vegetable crops which have been used throughout recorded history for culinary, medicinal use and health benefits (Velisek et al 1997). Garlic has several medicinal values such as antibacterial, antifungal, antiviral, antiprotozoal, antioxidant and anticancer properties (Harris et al 2001) and it was quoted back 5000 years ago in the history of Egypt, China and India (Benke et al 2020). In Asia, fresh leaves of garlic are used as salad and pickle is also prepared from garlic cloves (Pandey and Singh, 1987). Garlic is a major source of carbohydrates, proteins, phosphorus and vitamin C. The chief constituents of garlic oil are diallyl disulphide (60 percent), diallyl trisulphide (20 percent) and allyl propyl disulphide (6 percent). Diallyl disulphide is responsible for garlic flavour. Garlic is considered as a ‘Nectar of life’ in Ayurveda (Singh et al 2015). Per 100g of garlic contains 62.0 percent moisture, 6.3g proteins, 0.1g fat, 29.8g carbohydrates, 0.06mg thiamine, 0.23mg riboflavin, 0.4mg niacin, 13mg vitamin C, 30mg calcium, 310mg phosphorus and 1.3mg iron (Dhaliwal, 2020).
Genotypes of garlic typically exhibit significant differences in traits such stress tolerance, growth habit, leaf length, coat layer, and bulb weight. Therefore, it will help to comprehend the differences between accessions and choose those with our desired characteristics for our breeding program by evaluating garlic genetic resources using either morpho agronomic features or molecular markers. In future breeding programs, the data on heritability, genetic advancement among different traits, and the degree of genetic variety inherent in genetic stocks would be very helpful (Ranjitha et al 2018).

MATERIALS AND METHODS
[bookmark: _GoBack]The experiment was carried out at Sri Guru Granth Sahib World University, Fatehgarh sahib town which is located on Ambala-Ludhiana national highway, and this is well connected through road linkage to other important town cities of Punjab as well U.T. Chandigarh. Fatehgarh sahib is 50 km away from Chandigarh and 35 km from Patiala. The town lies between at 76o - 22' E and 76o - 46' East latitude and 30o - 36' N and 30o - 39' North longitude. The soil was loamy sand in texture, slightly alkaline in reaction, rich in organic carbon with available nitrogen, medium in phosphorus and rich in potassium. Seven cultivars (PG-1, PG-7, PG-18, G-282, G-323, Chinese garlic, Pahari garlic) were grown in randomized block design with three replications. Recommended doses of fertilizer were applied at several intervals and all others agricultural practices were performed as recommended. Five plants were randomly selected from each plot and observations were recorded on plant height (cm), leaf length (cm), leaf width (cm), number of leaves per plant, pseudo stem length (cm), pseudo stem diameter (mm), bulb length (cm), bulb diameter (cm), bulb diameter (cm), bulb weight (gm), plant weight (g), No. of Cloves/bulb, Clove diameter (cm), clove weight (g), clove length (cm), avg. weight of 10 cloves (g), avg. weight of fresh cloves (g), avg. weight of dry cloves (g), days to maturity, TSS (⸰brix), ascorbic acid (mg 100 g-1), dry matter (%), moisture content (%) and yield / plot (Kg). Analysis of Variance for diverse characteristics was analyzed according to (Panse and Sukhtame, 1961 and Singh and Choudhary, 1985), coefficient of variation was done according to Burton (1952) and Johanson et al (1955), heritability was calculated based on Johnson et al (1955) and Hanson et al (1956).   Genetic advance and genetic advance percentage of mean was calculated as mentioned by Lush (1940) and Johanson et al (1955). 
Table 1: List of genotypes and their origin
	S.NO
	     GENOTYPES
	                               SOURCE/ ORIGIN

	1
	PG-1
	Punjab Agricultural University (PAU), Ludhiana

	2
	PG-7
	Punjab Agricultural University (PAU), Ludhiana

	3
	PG-18
	Punjab Agricultural University (PAU), Ludhiana

	4
	G-282
	National Horticultural Research and Development Foundation (NHRDF), Bathinda

	5
	G-323
	National Horticultural Research and Development Foundation (NHRDF), Bathinda

	6
	Chinese garlic
	Malerkotla seed store, Fatehgarh Sahib

	7
	Pahari garlic
	Malerkotla seed store, Fatehgarh Sahib



RESULTS AND DISCUSSION
The analysis of variance (ANOVA) under this research observed that the variation among genotypes existed for all the characters viz. plant height, leaf length, number of leaves per plant, leaf width, pseudo stem length, pseudo stem diameter, bulb length, bulb diameter, bulb weight, number of cloves per bulb, plant weight, clove diameter, clove length, clove weight, average weight of ten cloves, average weight of fresh bulb, average weight of dry cloves, days to maturity, TSS, dry matter, moisture content of bulb, ascorbic acid, yield per plot is presented in Table: 2 are mostly highly significant for all the parameters except number of leaves per plant, pseudo stem length and ascorbic acid. Thus, considerable amount of genetic variability was present among cultivars which can be exploited for improvement of bulb yield and other yield attributes in garlic.
Table 2: Analysis of Variance for various characters in garlic  
	


Sr.          No.
	Source of variance

Degree of freedom
	Replication

2
	Treatment

6
	Error

12

	
	Character
	
	Mean square
	

	1.
	Plant height (cm)
	0.60
	174.99**
	0.33

	2.
	Leaf length (cm) 
	0.13
	176.28**
	0.47

	3.
	Leaf width (cm)
	0.05
	0.34**
	0.03

	4.
	Number of leaves per plant
	0.28*
	0.29*
	0.07

	5.
	Pseudo stem length (cm)
	0.14
	0.42*
	0.11

	6.
	Pseud stem diameter (mm)
	0.07
	28.80**
	0.06

	7.
	Bulb length (cm)
	0.03
	1.21**
	0.03

	8.
	 Bulb diameter (cm)
	0.01
	0.04**
	0.03

	9.
	Bulb weight (gm)
	5.29
	138.51**
	3.11

	10.
	Plant weight (g)
	11.22*
	436.23**
	2.14

	11.
	No. of cloves /bulb
	0.47
	167.01**
	1.33

	12.
	Clove diameter (cm)

	0.01
	0.32**
	0.01

	13.
	Clove weight (g)
	0.01
	2.99**
	0.01

	14.
	Clove length (cm)
	0.02
	0.52**
	0.01

	15.
	Avg. weight 10 cloves (g)
	1.69
	32.12**
	2.33

	16.
	Avg. weight of fresh cloves (g)
	2.01
	42.55**
	0.91

	17.
	Avg. weight of dry clove (g)
	0.04*
	17.01**
	0.10

	18.
	Days to maturity
	1.33
	839.56**
	4.22

	19.
	TSS (̊ brix)

	4.80*
	25.19**
	0.77

	20.
	Ascorbic acid (mg 100 g-1)
	0.08
	0.41*
	0.11

	21.
	Dry matter (%)
	0.56
	24.05**
	0.77

	22.
	Moisture content (%)
	0.62
	23.82**
	0.77

	23.
	Yield /plot (kg)
	0.41
	36.84**
	0.27


*Significant at 5 per cent level; **Significant at 1 per cent level
Table No. 3 Mean performance for different characters in garlic
	Trait
	PG-1
	PG-7
	PG-18
	G-282
	G-323
	Chinese
Garlic
	Pahari
Garlic
	Mean
	CV%
	S.E.
(m)
	CD (0.05)

	Plant height
	39.58
	42.26
	49.53
	52.01
	61.18
	56.57
	58.28
	51.77
	1.11
	0.33
	1.02

	leaf length
	37.72
	43.49
	47.70
	50.49
	58.95
	55.58
	56.53
	50.07
	1.38
	0.4
	1.23

	Leaf width
	1.68
	1.68
	1.7
	1.17
	1.75
	2.6
	1.73
	1.84
	8.72
	0.09
	0.28

	No. of leaves per plant
	6.13
	6.47
	6.73
	6.80
	7.03
	6.85
	6.93
	6.71
	3.95
	0.15
	0.47

	Pseudo stem length
	1.86
	1.77
	1.84
	1.73
	2.23
	0.98
	1.75
	1.74
	18.8
	0.19
	0.58

	Pseudo stem diameter
	13.13
	13.40
	12.50
	13.37
	13.70
	21.47
	14.23
	14.54
	1.73
	0.15
	0.45

	Bulb length
	4.85
	4.34
	4.73
	4.66
	5.32
	6.26
	4.70
	4.98
	3.35
	0.1
	0.3

	Bulb diameter
	4.51
	4.40
	4.33
	4.29
	4.41
	5.34
	4.68
	4.57
	3.51
	0.09
	0.29

	Bulb weight
	34.17
	39.47
	33.87
	33.40
	38.13
	52.33
	33.93
	37.90
	4.66
	1.02
	3.14

	Plant weight
	38.2
	42.2
	39.97
	36.33
	44.20
	71.17
	41.87
	44.56
	3.28
	0.84
	2.6

	No. of cloves per bulb
	27.93
	25.87
	34.87
	25.87
	33.07
	11.73
	26.53
	26.55
	4.34
	0.67
	2.05

	Clove diameter
	1.56
	1.37
	1.17
	1.33
	1.38
	2.15
	1.25
	1.46
	7.14
	0.06
	0.19

	Clove weight
	2.31
	2.29
	2.76
	3.41
	3.41
	5.23
	3.16
	3.19
	3.20
	0.06
	0.18

	Clove length
	1.21
	1.54
	0.94
	1.34
	1.24
	2.26
	1.26
	1.40
	7.38
	0.06
	0.18

	Avg. weight of 10 cloves
	20.00
	18.67
	18.33
	21.67
	19.00
	27.80
	20.67
	20.88
	7.31
	0.88
	2.71

	Avg. weight of fresh cloves
	13.33
	10.83
	10.50
	11.00
	12.00
	21.00
	10.67
	12.76
	7.49
	0.55
	1.7

	Avg. weight of dry cloves
	5.00
	4.57
	4.57
	5.80
	3.73
	10.83
	4.70
	5.61
	5.57
	0.18
	0.56

	Days to maturity
	128.3
	131.3
	121.6
	125.6
	125.0
	170
	126.6
	1.32.6
	1.55
	1.19
	3.66

	TSS
	32.67
	39.00
	38.33
	37.33
	38.83
	32.67
	34.00
	36.12
	2.43
	0.51
	1.56

	Ascorbic Acid
	10.37
	11.40
	11.30
	11.27
	11.30
	11.30
	10.87
	11.11
	3.03
	0.03
	0.6

	Dry matter
	34.37
	30.53
	31.13
	36.77
	28.57
	30.97
	34.10
	32.34
	2.71
	0.51
	1.56

	Moisture content
	65.63
	69.47
	68.87
	63.23
	71.43
	69.03
	65.90
	67.65
	1.3
	0.51
	1.57

	Yield per plot
	11.55
	13.34
	11.45
	11.51
	12.89
	21.10
	11.58
	13.35
	3.9
	0.3
	0.93



On the basis of mean performance Table: 3, it is indicated that the maximum plant height recorded for G-323 (61.18cm) which was significantly higher than Pahari garlic (58.28cm) and other genotypes and significantly lowest plant height was recorded in PG-1 (39.58cm). Similarly, maximum leaf length was observed in G-323 (58.95cm) and it was significantly higher than Pahari garlic (56.53cm) and other genotypes while the PG-1 (37.72cm) shows significantly lowest leaf length. The highest leaf width was observed in Chinese garlic (2.60cm) which was significantly higher than genotype G-323 (1.75cm) and Pahari garlic, G-282 and PG-18 at par with each other and lowest leaf width was observed in PG-1 and PG- 7 (1.68cm) and they are significantly at par with each other. The highest number of leaves per plant was recorded in G-323 (7.03) which was significantly higher than Pahari garlic (6.95) and at par with Chinese garlic (6.85) and PG-18 (6.73). The highest pseudo stem length was recorded for genotype G-323 (2.23cm) which was significantly higher than PG-1 (1.86cm) and PG-18 (1.84cm) and they are par with each other. The highest pseudo stem diameter was observed in Chinese garlic (21.47mm) and it was significantly higher than G-323 (13.70mm) and other genotypes. The highest bulb length was recorded in Chinese garlic (6.26cm) which was significant with G-323 (5.32cm) and other genotypes while the significantly lowest bulb length was recorded in PG-7 (4.34cm). Maximum diameter was observed in Chinese garlic (5.34cm) which was significantly higher than PG-1(4.51cm) and other genotypes. Genotype Chinese garlic had significantly highest bulb weight (52.33gm) than PG-7 (39.47gm) and other genotypes while G-282 (33.40gm). The Chinese garlic exhibits significantly highest plant weight (71.17gm) than G-323 (44.20gm) and other genotype while G-282 exhibits significantly lowest plant weight (36.33gm). The highest clove diameter was exhibited in Chinese garlic (2.15cm) which was significantly higher than PG-1 (1.56cm) and genotype G-323, PG-7 and G-282 are at par with each other and the highest clove weight was recorded in Chinese garlic (5.23gm) which was significantly higher than G-282 and G-323 i.e., (3.41gm) which are at par with each other. Parameters resulting from the analysis of data, recorded that highest clove length was observed in Chinese garlic (2.26cm) which was significantly higher than PG-7 (1.54cm) and from other genotypes. The highest average weight of 10 cloves was recorded for genotype Chinese genotype (27.80gm) which was significantly higher than all genotypes.  The highest average weight of fresh cloves was observed for Chinese garlic (21.00gm) which was significantly higher than PG-1 (13.33gm) and the lowest average weight of fresh cloves was observed for PG-18 (10.50gm) which was at par with Pahari garlic (10.67gm). The highest average weight of dry cloves was observed for Chinese garlic (10.83gm) which was significantly higher than G-282 (5.80gm) and genotype PG-7 and PG-18 i.e., (4.57gm) are significantly at par with each other while the significantly lowest average weight of dry cloves were recorded for G-323 (3.73gm).  Genotype Chinese garlic recorded maximum number of days (170 days) which was significantly higher than PG-7 (131.3) and other genotypes while the significantly minimum number of days were recorded for PG- (121.6). The highest total soluble solids was recorded by PG-7 (39.00 ̊brix) which was significantly at par with G-323 (38.83 ̊brix) and higher than other genotypes whereas lowest total soluble solids were recorded for Chinese garlic and PG-1 i.e., (32.67 ̊brix) and they are at par with each other. The highest range of ascorbic acid was recorded for PG-7 (11.40 mg 100 g-1) which was at par with PG-18, Chinese garlic and G-323 i.e., (11.30 mg 100 g-1) while the lowest range of ascorbic acid was recorded for PG-1 (10.37 mg 100 g-1) which was at par with Pahari garlic (10.87mg 100 g-1). The highest dry matter content was recorded for G-282 (36.77%) which was significantly higher than Pahari garlic (34.1%) and other genotypes. The highest moisture content was recorded for G-323 (71.43%) which was significantly higher than PG-7 (69.47 The highest yield per plot was observed for Chinese garlic (21.10kg) which was significantly higher than PG-7 (13.34kg) and other genotypes while significantly lowest yield per plot was recorded for PG-18 (11.45kg), whereas these four genotypes PG-1 (11.55kg), PG-18 (11.45kg), G-282 (11.51kg) and Pahari garlic (11.58kg) are at par with each other. %) than other genotypes while significantly lowest moisture content was recorded for G-282 (63.23%).
As the above findings was conducted to access the genetic variability among the garlic genotypes with respect to twenty-three characters. Among all the parameters the widest range was observed for days to maturity (121.6 to 170 days), followed by plant weight (36.33 to 71.17gm), number of cloves per bulb (11.34 to 34.87), plant height (39.58 to 61.18cm), bulb weight (33.40 to 52.33gm), and leaf length (37.72 to 58.95cm). Similar findings were reported by Choudhary et al (2017), they observed wide range of variability for plant height, cloves per bulb, average bulb weight and bulb yield. The high ranges of variation among different genotypes born breeding potential for further improvement of desired traits. Highest mean was observed for days to maturity (132.6 days) followed by moisture content (67.65%), plant height (51.77cm), leaf length (50.07cm), plant weight (44.56 gm) and total soluble solids (36.12) in different genotypes.
Table:4 Range, Mean, Phenotypic variance (PV), Genotypic variance (GV), Environment variance, Phenotypic coefficient of variation (PCV), Genotypic coefficient of variation (GCV), Heritability, Genetic Advance, Genetic Advance as per cent of Mean
	Characters
	General mean
	Range

Min  - Max
	Coefficient of variation

PCV            GCV
	Variation

PV            GV              EV
	Heritability
H2
	Genetic
Advance %
	Genetic
Advance %
Mean

	Plant height (cm)
	51.77
	39.58-61.18
	14.78
	14.74
	58.55
	58.22
	0.33
	99.44
	15.7
	30.27

	Leaf length (cm)
	50.07
	37.72-58.95
	15.35
	15.29
	59.05
	58.60
	0.47
	99.20
	15.7
	31.37

	Leaf width (cm)
	1.84
	1.68 - 2.60
	19.76
	17.73
	0.13
	0.11
	0.03
	80.52
	0.6
	32.77

	No. of leaves per plant
	6.71
	6.13 - 7.03
	5.63
	4.01
	0.14
	0.07
	0.07
	50.71
	0.4
	5.88

	Pseudo stem Length (cm)
	1.74
	0.98 - 2.23
	26.42
	18.56
	0.21
	0.10
	0.11
	43.38
	0.5
	26.87

	Pseudo stem Diameter (mm)
	14.54
	12.50-21.47
	21.35
	21.28
	9.64
	9.58
	0.06
	99.34
	6.4
	43.69

	Bulb length (cm)
	4.98
	4.34-6.26
	13.05
	12.61
	0.42
	0.39
	0.03
	93.42
	1.3
	25.11

	Bulb diameter (cm)
	4.57
	4.40 - 5.34
	8.49
	7.73
	0.15
	0.12
	0.03
	82.90
	0.7
	14.49

	Bulb weight (gm)
	37.90
	33.40- 52.33
	18.33
	17.73
	48.25
	45.13
	3.11
	93.55
	13.4
	35.32

	Plant weight (gm)
	44.56
	36.33 - 71.17
	27.19
	26.99
	146.83
	144.70
	2.14
	98.55
	24.6
	55.20

	No. of cloves per bulb
	26.55
	11.73-34.87
	28.32
	27.99
	56.56
	55.23
	1.33
	97.65
	15.1
	56.97

	Clove diameter (cm)
	1.46
	1.17-2.15
	23.15
	22.02
	0.11
	0.10
	0.01
	90.48
	0.06
	43.15

	Clove weight (gm)
	3.19
	2.29-5.23
	31.41
	31.24
	1.00
	0.99
	0.01
	98.96
	2.0
	64.03

	Clove length (cm)
	1.40
	0.94-2.26
	30.23
	29.31
	0.18
	0.17
	0.01
	94.05
	0.8
	58.56

	Avg. weight of 10 cloves (gm)
	20.88
	18.33-27.80
	16.77
	15.10
	12.26
	9.93
	2.33
	81.02
	5.8
	27.99

	Avg. weight of fresh cloves (gm)
	12.76
	10.50-21.00
	30.14
	29.19
	14.79
	13.88
	0.91
	93.82
	7.4
	58.25

	Avg. weight of dry cloves (gm)
	5.61
	3.73 – 10.83
	42.66
	42.29
	5.74
	5.64
	0.10
	98.29
	4.8
	86.37

	Days to maturity
	132.67
	121.67   -170.0
	12.67
	12.58
	282.67
	278.44
	4.22
	98.51
	29.1
	25.72

	TSS (brix ̊)
	36.12
	32.67 - 39.00
	8.26
	7.90
	8.91
	8.14
	0.77
	91.36
	4.8
	15.55

	Ascorbic acid (mg 100 g-1)
	11.11
	10.37 -11.40
	4.16
	2.85
	0.21
	0.10
	0.11
	47.03
	0.4
	4.03

	Dry matter (%)
	32.34
	28.51 – 36.77
	9.03
	8.61
	8.53
	7.76
	0.77
	91.00
	5.5
	16.93

	Moisture content (%)
	67.65
	63.23– 71.43
	4.30
	4.10
	8.46
	7.68
	0.77
	90.84
	5.4
	8.04

	Yield per plot (kg)
	13.35
	11.45 - 21.10
	26.45
	26.16
	12.46
	12.19
	0.27
	97.82
	7.1
	53.30


					
In this investigation Table: 4 phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV) for all the traits, which indicated that environmental factor influencing their expression and their susceptibility to environmental fluctuations. The highest phenotypic and genotypic coefficient of variation was recorded for average weight of dry cloves (42.66% and 42.29%) followed by clove weight (31.41% and 31.24%), average weight of fresh cloves (30.41% and 29.19%), number of cloves per bulb (28.32% and 27.99%) and plant weight (27.19% and 26.99%). As the phenotypic coefficient of variation (PCV) is greater than the genotypic coefficient of variation (GCV) for all the parameters, the results are quite similar with Bamaniya et al (2018) and Dhall and Brar (2013). While Tsega et al (2010) in their study recorded very narrow PCV and GCV difference for days to maturity, cloves per bulb, cloves per bulb, bulb dry weight, and plant height. Yeshiwas and Nagesh (2017) also find highest PCV and GCV for clove weight, clove number, bulb weight and total bulb yield. The traits exhibiting higher PCV and GCV are of economic importance and there is scope for improvement of these traits through selection. The highest phenotypic, genotypic and environmental variance was observed days to maturity (282.67, 278.44 and 4.22) followed by plant weight (146.83, 144.70 and 2.14), leaf length (59.08, 58.60 and 0.47) and plant height (58.55, 58.22 and 0.33). 	Similarly, high estimate of heritability was recorded for plant height (99.44%) followed by pseudo stem diameter (99.34%), leaf length (99.20%), clove weight (98.96%), plant weight (98.55), days to maturity (98.51%) and yield per plot (97.82%). Bamaniya et al (2018) also recorded high estimate of heritability for plant height, leaf length and yield per plant, while Choudhary et al (2017) reported high heritability for cloves per bulb and pseudo stem diameter. Our result are in consonance with the finding of Bekis (2020) who has also reported high heritability for plant height, pseudo stem length, lead length and yield per plant. High value for above traits clarified that, they were least affected by environmental modifications and selection based on phenotypic performance would be reliable. Whereas high heritability combined with high genetic advance was observed for days to maturity (29.1) followed by plant weight (24.6), plant height (15.7) and leaf length (15.7). The heritability along with genetic advance was more useful than the heritability values alone for selecting the best individual. 	
Genetic advance is defined as increase in performance of a particular trait either achieve through selection or intensification in performance of a particular trait annually. The highest genetic advance as per cent of mean was recorded for average weight of dry cloves (86.37%) followed by clove weight (64.03%), clove length (58.56%), average weight of fresh cloves (58.25%) and number of cloves per bulb (56.97%). These findings are similar with Bebela (2021), who has observed highest genetic advance as per cent of mean for clove length, number of cloves per bulb and clove weight. The high value of genetic advance as per cent of mean suggested that all these traits are genetically controlled by additive gene action and can be improved through mass selection and family selection
                                                     CONCLUSION
Garlic accessions varied greatly, according to the range and mean of agronomic traits found in this study. The highest average yield per plot, leaf width, pseudo stem diameter, bulb length, bulb diameter, bulb weight, plant weight, clove diameter, clove weight, clove length, average weight of 10 cloves, average weight of fresh cloves, average weight of dry cloves, and days to maturity were all found in Chinese garlic. In addition to finding better genotypes, direct selection for these features may result in increased production and sustainability of productivity. Days to maturity, plant weight, plant height, and leaf length all showed high levels of genetic advancement, heritability in general, and genetic advancement as a proportion of the mean. Therefore, in order to increase garlic output, these features should be given more weight throughout the selection process.
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