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Genotypic Variation in Avocado (Persea americana Mill.) Ecotypes for Yield and Quality Traits



ABSTRACT
Avocado is a fruit crop which belongs to the family Lauraceae and order laurales which includes few important spices like cinnamon, bay leaf, camphor and sassafras. It is popularly known as Aguacate, Alligator pear and Butter fruit. The word “Avocado” got its derivation from the Spanish word “ahuacatl” which literally means “testicle” due to the resemblance of the shape. Around 31 ecotypes were selected from the survey using purposive sampling and interview methods during the year 2019-2021. The pattern of variability exhibited by the ecotypes for various characters was substantially disparate. The characters exhibited by the ecotypes resembled either West Indian race or Guatemalan race, most of them leaning towards West Indian. The results indicated the predominance of West Indian race and probable natural crosses between West Indian and Guatemalan trees. The ecotype MYH-1 exhibited good fruit characters like fruit weight (507.33g), fruit length (14.09cm), fruit volume (530ml) and pulp weight (447.67g). MMS-1, though small in size, showed highest fruit thickness (21mm) and pulp:seed ratio (13.7) due to low seed percentage. SGR-6 had highest amounts of total sugars (2.07%) and lowest fat content (4.74%). The ecotype SKA-2 had highest number of fruits (550) with high TSS (9.170B). SGR-3 had highest fat content (10.2%). In the present investigation, high genotypic variation was seen in characters like pulp to seed ratio, number of fruits, fruit volume, average fruit weight, seed weight, fruit yield and pulp weight.
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1. INTRODUCTION
Avocado is believed to have originated in Central America and more specifically Mexico and is considered as a relatively new fruit crop, since it is still emerging in major part of the world. It is said to be cultivated in Mexico for the first time as early as 500 BC (Duester, 2000; Rainey et al., 1994). It was mainly planted in Mexico, Central America, Colombia and Ecuador until 18th century, when a selection from Mexico called 'Fuerte' was introduced to California in 1911. Since then the avocado is being cultivated rapidly and has become an important commercial fruit crop in the United States, Puerto Rico, Brazil, Dominican Republic, Chile, Australia, Indonesia, Israel, South Africa and Spain (Ben-Ya'acov and Michelson, 1995).	Comment by user: then,
Avocado fruit, botanically a single seeded berry is unique, due to its potential prolonged on-tree storage (pre-climacteric) which means that it will not ripen until harvested and may be left on the tree for some time after reaching maturity while still firmly attached to the tree and due to pronounced respiratory climacteric accompanying ripening (Schaffer et al., 2013). 
There are three races of avocado, West Indian (P. americana var. americana), Mexican (P. americana var. drymifolia) and Guatemalan (P. americana var. guatemalensis). Guatemalan types produce fairly medium to large ovoid or pear-shaped fruits (600 g), borne on long stalks, with thick and often warty pebbled green fruit skin that turn blackish-green when ripe. The fruits take 9-12 months after flowering to reach maturity. Seeds are held tightly and are small. The oil content in fruits ranges between 8 and 15 per cent.  The fruit of Mexican varieties are small (170–300g), take 5 to 7 months after flowering to mature, with high oil content (30 per cent). These have paper-thin skins that turn glossy green or black when ripe and a large seed fitting loosely in the cavity. This race is cold hardy. West Indian type avocados produce enormous, smooth, leathery and glossy green fruits (0.9 kg) that are low in oil (3-10 per cent) and the seeds are large, loosely fitting in the cavity. Fruits are borne on long stalks and require 6 to 8 months for ripening from the date of flowering. Trees of this race are suitable for warm tropical climates (Storey et al., 1986).
Avocado is one of the most nutritive fruits and is regarded as a chief contribution of the New World to human diet. The fruit is relished by some people, but rejected by others due to its bland taste (Hodgson, 1950). Avocado has the highest energy value (245 cal/100 g) among the fresh fruits, besides being a reservoir of several key vitamins and minerals. A 100 g of avocado pulp contains 26.5 g of fat, 5.1 g carbohydrate, 1.8 g of protein and dietary fibre. It is also rich in minerals like potassium, calcium (10 mg), phosphorous (38 mg), sodium (368 mg), magnesium (35 g), sulphur (28.50 g) and vitamins like ascorbic acid (16 mg), niacin (1.10 mg) and carotene(0.17 mg) (Ghosh, 2000). 
Avocado is well known for its fat content. The oil content of avocados is second only to olives among fruits. The oil content varies from 5 to 40%, based on the variety, growing area and seasonal conditions. The lipids in avocado fruit contain a remarkable amount of monounsaturated fatty acids (MUFA) which is ~60% and ~13% essential fatty acids such as linoleic and linolenic acid, which are beneficial to human cardiovascular health (Pedreschi et al., 2016). Since in contrast to lipid content, the sugar content is relatively low, they are ideal for diabetics (Meyer and Terry, 2010). Avocados are “nutrient dense”, containing 25 essential nutrients, including protein, fibre (reduces the risk of heart disease, cancer, hypertension and obesity), vitamins A, B6, C and E as well as essential trace elements of copper, potassium and pantothenic acid. Avocados are nutrient boosters which enable our bodies to readily absorb fat-soluble nutrients in food eaten with the fruit (Senior, 2018).

2. MATERIAL AND METHODS
The present investigation was carryout in Department of Fruit Science, College of Horticulture, Mysuru. The survey was conducted during the years 2019-21 to identify the elite promising avocado ecotypes in the districts of Kodagu and Mysuru of Karnataka. The design followed was randomised completely block design (RCBD). Around 31 ecotypes were selected from the survey using purposive sampling and interview methods based on the elite yield and quality attributes. Procedure followed for estimation of some of the parameters is listed as below.
2.1 Pulp percentage (%)
              Initially total fruit weight was recorded. Then the pulp was weighed separately. Pulp percentage was calculated using the formula given below:
                                                                     Pulp weight (g) 
                   Pulp percentage = 
                                                                  Total fruit weight (g)

2.2 Seed percentage (%)

               Initially total fruit weight was recorded. The seed was then separated to record seed weight. Seed percentage was calculated using the formula given below:

                                                                      Seed weight (g) 
                  Seed percentage = 
                                                                  Total fruit weight (g)
2.3 Pulp to seed ratio
               Pulp to seed ratio was determined by dividing the pulp weight of the fruit by corresponding seed weight.
2.4 Total soluble solids (0B)
              The determination of total soluble solids was done by squeezing the pulp and placing the extract on the hand refractrometer scaling 0-32 per cent range and expressed in terms of degree Brix. Refractrometer readings of five fruits were taken separately, and then the average TSS content for each treatment was worked out.
2.5 Fat content (g/100g)
                The fat content of the collected avocado samples was determined by the method of Latimer (2012) and Lee (1981), using a soxhlet apparatus. Petroleum ether was used as solvent. The samples were oven-dried at 60ºC until they reached a constant weight. The dried sample was then ground with a mortar and pestle. The weight of the beaker of the soxhlet apparatus was recorded (initial weight). A 10 g of ground avocado pulp was transferred to the thimble. Then the weight of the thimble containing ground tissue was recorded and placed in the apparatus. The sample was run in the apparatus for 45 min at 900C and then at 1800C for 10-15 min after closing the knob of the condenser till the petroleum ether evaporated completely. The beaker was taken out and the thimble was removed. The beaker was placed in the oven for 10-15 min at 1000C, then cooled in the desiccators and weighed (final weight). 
	The fat content was calculated using the formula given below:

                                                      Final weight-Initial weight x 100
              Fat content (g/100g) = 
                                                           Weight of the sample (g)

2.6 Reducing sugars (%)
Preparation of sample: A known volume of sample was taken and volume made up to 100ml with distilled water. The solution was then used for analysis. 
Procedure: Ten ml of Fehling’s solution [Fehling’s A (5 ml) + Fehling’s B (5 ml)] with 25 ml of distilled water was taken in a conical flask, heated to boil and titrated against the sample using methylene blue as an indicator. The end point of titration was brick red colour. 	Comment by user: bricking
Calculation 
                                                         Dilution Factor x Volume made up (ml) x 100 
              Reducing sugars (%) =                                                                          
                                                              Titre Value x Weight of sample taken (g)

2.7 Total sugars (%)

Preparation of sample: Twenty-five ml of the filtrate (prepared for reducing sugar estimation) was hydrolysed with 10 ml of 1:1 HCl at room temperature for 24 hours. All the sugars present in the sample were now converted to reducing sugars. The hydrolysed sample was neutralized with 20 per cent NaOH and the volume was made up to 100 ml with distilled water. 
Procedure: Ten ml of Fehling’s solution [Fehling’s A (5 ml) + Fehling’s B (5 ml)] with 25 to 50 ml of distilled water was taken in a conical flask, heated to boil and titrated against the sample using methylene blue as an indicator. The end point of titration was brick red colour. 	Comment by user: bricking
Calculation 
                                                          Dilution Factor x Volume made up (ml) x 100 
              Reducing sugars (%) =                                                                         
                                                               Titre Value x Weight of sample taken (g)

2.8 Non reducing sugars (%)
Non reducing sugars (%) = Total sugars – Reducing sugars
2.9 Statistical analyses 
The data recorded were subjected to statistical analysis by completely randomized design (CRD). Analysis of variance (ANOVA) was conducted to determine whether significant difference existed between different treatments on the recorded data. Interpretation of data was carried as per the guidelines suggested by Panse and Sukhatme (1985).

3.0 Heritability 
	Heritability in broad sense was calculated as the ratio of genotypic variance to the phenotypic variance and expressed in percentage (Falconer, 1981).
[image: ]
Where, = Genotypic variance
= Phenotypic variance
Scales for broad sense heritability was given by Searle (1965) 
	Below 40 %	: Low 
	40- 60 %		: Moderate 
	60- 80 %		: High 
	Above 80 %	: Very high
3.1 Expected genetic advance  
	Expected genetic advance (GA) was calculated using the formula given by Robinson et al. (1949). 
Expected genetic advance (GA) = i × h2 × σp
Where i = selection differential (2.06) at 5 per cent selection intensity 
 h2 = Heritability in broad sense 
σp = Phenotypic standard deviation 
3.2 Genetic gain 
	Genetic gain as percentage over mean was worked out as suggested by Johnson et al. (1955). 
[image: ]
Where GA = Genetic advance 
            = General mean
The gain was categorized as suggested by Johnson et al. (1955) 
	0-10 %		: Low 
	11-20 %		: Moderate 
	Above 20%	: High 


3. RESULTS AND DISCUSSION
3.1 Number of fruits
	The ecotypes varied significantly with respect to the number of fruits per tree (Table 1). Highest number of fruits was noticed in SKA-2 (550) which was at par with SMB-1 (515) and VMS-1 (508.33). Lowest number of fruits was seen in SKA-1 (160) which was at par with SGR-3 (200). Nkansah et al. (2013) recorded the number of fruits per plant from 5 to 240 while fruit weight per plant ranged from 0.66kg to 78.6kg per plant.
3.2 Fruit yield (Kg/plant)
	Significant variation was observed in the fruit yield per plant among the ecotypes (Table 1). The fruit yield was found to be highest in SGR-2 (230 kg) followed by VMS-1 (156.67 kg) which was at par with VMS-2 (140 kg), MYH-1 (136.67 kg), SKA-2 (143.33 kg), SMB-1 (150 kg) and VMS-5 (153.33 kg). Lowest fruit yield was noticed in SKA-1 (26.67 kg) which was at par with SGR-6 (43.33 kg) and VMS-10 (45 kg).
3.3 Average fruit weight (g)
	There was a significant among the ecotypes with regard to average fruit weight (Table 1). Average fruit weight was found to be highest in MYH-1 (507.33 g) which was at par with SGR-2 (506.33 g) and SGR-1 (478.33 g). The fruit weight was lowest in ecotype, SKA-1 (149.33 g) which was at par with MMS-1 (151.67 g), SGR-6 (187 g) and VMS-10 (190.67 g). The optimum range of fruit weight preferred in the market is 200-300 g (Lahav and Lavi, 2002).
3.4 Fruit length (cm)
	A significant difference in fruit length among the avocado ecotypes was observed (Table 1). The maximum fruit length was seen in MYH-1 (14.09 cm) followed by VMS-6 (13.44 cm) which was at par with MMN-1 (12.92 cm).  The fruit length was minimum in SGR-6 (7.37 cm) which was at par with VMS-1 (7.48 cm), SGR-7 (7.55 cm), VMS-7 (7.75 cm) and VMS-4 (7.90 cm). Similarly, Abraham et al. (2018) noticed the range of length of the fruits between 7 and 19 cm and fruit diameter between range of 7 and 9 cm.
Table 1. Number of fruits, fruit yield, average fruit weight, fruit length, fruit  diameter and fruit volume of the avocado ecotypes
	
	Sl. No.
	Ecotype
	Number of fruits
	Fruit yield (Kg)
	Average fruit weight (g)
	Fruit length (cm)
	Fruit diameter (cm)
	Fruit volume (ml)

	1
	MMM-1
	301.67
	51.67
	167.67
	9.01
	6.53
	113.67

	2
	MMN-1
	310.00
	113.33
	357.00
	12.92
	7.88
	283.33

	3
	MMS-1
	323.33
	53.33
	151.67
	9.82
	6.91
	103.67

	4
	MYH-1
	225.00
	136.67
	507.33
	14.09
	9.44
	530.00

	5
	SHS-1
	256.67
	113.33
	406.33
	10.72
	8.81
	337.67

	6
	SKA-1
	160.00
	26.67
	149.33
	8.46
	5.95
	110.00

	7
	SKA-2
	550.00
	143.33
	252.00
	9.48
	7.81
	204.00

	8
	SKA-3
	298.33
	102.33
	339.67
	10.30
	8.23
	300.00

	9
	SGR-1
	233.33
	116.67
	478.33
	9.54
	8.96
	441.67

	10
	SGR-2
	448.33
	230.00
	506.33
	9.66
	9.65
	485.33

	11
	SGR-3
	200.00
	61.67
	293.67
	11.12
	7.00
	275.33

	12
	SGR-4
	358.33
	100.00
	265.67
	8.62
	7.64
	197.00

	13
	SGR-5
	250.00
	68.33
	254.00
	10.28
	7.28
	225.33

	14
	SGR-6
	186.67
	43.33
	187.00
	7.37
	6.72
	142.33

	15
	SGR-7
	425.00
	100.00
	203.00
	7.55
	7.22
	147.33

	16
	SGR-8
	358.33
	118.33
	287.67
	8.94
	8.08
	243.33

	17
	SGR-9
	393.33
	101.67
	242.00
	9.86
	7.44
	170.67

	18
	SGR -10
	450.00
	133.33
	282.33
	9.34
	8.24
	206.67

	19
	SMB-1
	515.00
	150.00
	241.67
	8.95
	7.11
	167.67

	20
	VRM-1
	325.00
	86.67
	241.33
	8.40
	7.51
	215.00

	21
	VRA-1
	216.67
	98.33
	418.33
	12.03
	8.50
	365.33

	22
	VMS-1
	508.33
	156.67
	297.33
	7.48
	8.23
	241.00

	23
	VMS-2
	358.33
	140.00
	356.33
	10.81
	7.82
	310.67

	24
	VMS-3
	376.67
	133.33
	322.67
	8.70
	8.30
	276.33

	25
	VMS-4
	450.00
	130.00
	256.00
	7.90
	7.89
	178.00

	26
	VMS-5
	458.33
	153.33
	309.67
	9.82
	7.61
	258.67

	27
	VMS-6
	275.00
	121.67
	406.67
	13.44
	6.79
	346.33

	28
	VMS-7
	470.00
	98.33
	198.33
	7.75
	6.72
	152.67

	29
	VMS-8
	333.33
	80.00
	218.67
	8.46
	7.31
	160.33

	30
	VMS-9
	298.33
	110.00
	355.33
	10.00
	8.73
	286.00

	31
	VMS-10
	216.67
	45.00
	190.67
	8.39
	6.52
	111.33

	S.E.m ±
	14.34
	7.48
	15.15
	0.21
	0.21
	16.96

	C.D. @ 5%
	43.96
	21.17
	42.87
	0.60
	0.59
	47.98

	C.V. (%)
	7.92
	12.11
	8.90
	3.83
	4.69
	12.00



3.5 Fruit diameter (cm)
	Fruit diameter varied significantly among the ecotypes (Table 1). Maximum fruit diameter was noticed in SGR-2 (9.65 cm) which was at par with MYH-1 (9.44 cm).  Fruit diameter was lowest in SKA-1 (5.95 cm) which was at par with MMM-1 (6.53 cm) and VMS-10 (6.52 cm).
3.6 Fruit volume (ml)
	The ecotypes varied significantly with respect to fruit volume (Table 1). Fruit volume was found to be highest in MYH-1 (530 ml) which was at par with SGR-2 (485.33 ml). Lowest fruit volume was noticed in MMS-1 (103.67 ml) which was at par with SKA-1 (110 ml), VMS-10 (111.33 ml), MMM-1 (113.67 ml), SGR-6 (142.33 ml) and SGR-7 (147.33 ml). Lestari et al. (2016) recorded a pulp percentage between 48.20 % and 86.30 %.
3.7 Pulp weight (g)
	Pulp weight was found to be varying significantly among the ecotypes (Table 2). Highest pulp weight was noticed in MYH-1 (447.67 g) which was at par with SGR-2 (423.33 g).  Lowest pulp weight was seen in SKA-1 (100 g) which was at par with VMS-7 (131.33 g), VMS-10 (132.33 g), MMM-1 (133 g), MMS-1 (134.2 g) and SGR-6 (146.33 g) (Table 2).
3.8 Seed weight (g)
	A significant variation was observed among the ecotypes (Table 2). Seed weight was highest in VMS-9 (98.33 g) which was at par with SGR-1 (91.67 g).  Lowest seed weight was found in MMS-1 (9.8 g), followed by MMM-1 (27 g), which was at par with SGR-6 (29 g) and SGR-4 (36 g).
3.9 Pulp percentage (%)
	Pulp percentage varied significantly among the ecotypes (Table 2). Highest pulp percentage was found in MMS-1 (88.47%), MYH-1 (88.08%), VMS-2 (85.5%), VMS-6 (83.78%), SGR-3 (83.64%), SHS-1 (83.34%), SGR-2 (83.24%) and SGR-4 (82.37%) which were at par with each other. The seed proportion of total fruit weight varies markedly, but has high heritability in some lines (Bergh, 1976).
Table 2. Pulp weight, seed weight, pulp percentage, seed percentage and pulp to seed ratio of the avocado ecotypes

	Sl. No.
	Ecotype
	Pulp weight (g)
	Seed weight (g)
	Pulp percentage (%)
	Seed percentage (%)
	Pulp to seed ratio

	1
	MMM-1
	133.00
	27.00
	79.32
	16.10
	4.93

	2
	MMN-1
	249.00
	74.67
	69.87
	21.02
	3.34

	3
	MMS-1
	134.20
	9.80
	88.47
	6.46
	13.70

	4
	MYH-1
	447.67
	46.67
	88.08
	9.29
	9.68

	5
	SHS-1
	338.67
	58.33
	83.34
	14.36
	6.06

	6
	SKA-1
	100.00
	39.67
	66.96
	26.55
	2.53

	7
	SKA-2
	193.33
	48.00
	76.72
	19.04
	4.04

	8
	SKA-3
	253.00
	77.33
	74.49
	22.77
	3.27

	9
	SGR-1
	375.67
	91.67
	78.43
	19.25
	4.10

	10
	SGR-2
	423.33
	72.00
	83.24
	14.49
	5.99

	11
	SGR-3
	246.00
	35.33
	83.64
	12.04
	6.96

	12
	SGR-4
	219.00
	36.00
	82.37
	13.59
	6.14

	13
	SGR-5
	163.67
	78.67
	63.99
	32.71
	1.93

	14
	SGR-6
	146.33
	29.00
	78.41
	15.43
	5.11

	15
	SGR-7
	150.67
	43.33
	74.19
	21.38
	3.45

	16
	SGR-8
	205.00
	76.00
	71.26
	26.38
	2.71

	17
	SGR-9
	171.00
	60.00
	70.52
	24.83
	2.84

	18
	SGR -10
	206.67
	66.33
	72.63
	23.97
	3.15

	19
	SMB-1
	167.67
	62.33
	69.38
	25.80
	2.70

	20
	VRM-1
	180.67
	52.33
	74.86
	21.68
	3.45

	21
	VRA-1
	294.67
	71.00
	70.38
	16.97
	4.18

	22
	VMS-1
	202.00
	86.00
	67.94
	28.92
	2.35

	23
	VMS-2
	304.67
	40.33
	85.50
	11.31
	7.59

	24
	VMS-3
	261.67
	50.33
	81.10
	12.25
	5.21

	25
	VMS-4
	162.00
	83.67
	63.12
	32.86
	2.02

	26
	VMS-5
	222.00
	76.00
	71.69
	24.54
	2.92

	27
	VMS-6
	340.67
	54.67
	83.78
	13.44
	6.23

	28
	VMS-7
	131.33
	55.00
	66.17
	27.75
	2.39

	29
	VMS-8
	170.00
	40.67
	77.67
	18.67
	4.34

	30
	VMS-9
	247.67
	98.33
	69.68
	27.69
	2.54

	31
	VMS-10
	132.33
	50.67
	69.41
	26.57
	2.66

	S.E.m ±
	16.71
	3.78
	2.28
	1.52
	0.41

	C.D. @ 5%
	47.28
	10.70
	6.45
	4.30
	1.17

	C.V. (%)
	12.87
	11.34
	5.24
	13.01
	16.05


	Lowest pulp percentage was seen in VMS-4 (63.12%) which was at par with SGR-5 (63.99%), VMS-7 (66.17%), SKA-1 (66.96%), VMS-1 (67.94%), SMB-1 (69.38%) and VMS-10 (69.41%).
3.10 Seed percentage (%)
	A significant difference in fruit length among the avocado ecotypes was observed (Table 2). Highest seed percentage was found in VMS-4 (32.86%), SGR-5 (32.71%) and VMS-1 (28.92%) which were at par with each other. MMS-1 (6.46%) and MYH-1 (9.29%), which were at par with each other exhibited lowest seed percentage.
3.11 Pulp to seed ratio
	There was a significant variation among the ecotypes with respect to pulp to seed ratio (Table 2). Pulp to seed ratio was found to be highest in MMS-1 (13.7), followed by MYH-1 (9.68). The lowest pulp to seed ratio was found in SGR-5 (1.93) which was at par with VMS-4 (2.02), VMS-1 (2.35), VMS-7 (2.39), VMS-9 (2.54), VMS-10 (2.66), SMB-1 (2.7), SGR-9 (2.84) and VMS-5 (2.92). 
3.12 Total soluble solids (0B)
	A significant variation with respect to total soluble solids was seen in the ecotypes collected (Table 3). The TSS content was found to be highest in SKA-2 (9.170B) which was at par with VMS-3 (8.50B).  Lowest TSS was found in SGR-3 (3.830B) which was at par with VMS-8 (4.330B). A TSS content range of between 6.3°Brix and 8.4°Brix was recorded in West Java, Indonesia by Lestari et al. (2016).

3.13 Fat content (%)
	There was a significant difference in the fat content of the fruits of different ecotypes (Table 3). The highest fat content was found in SGR-3 (10.2%) followed by VMS-2 (9.63%). SGR-6 (4.74%) had lowest fat content which was followed by SMB-1 (6.51%) (Table 3).  The fat content of Hass avocado was 15.4 % as reported by Dreher and Davenport (2013). Oil content or the fat content is the parameter of measurement of quality (Stahl, 1933). The West Indian race has an oil content of only 3–10% and the Guatemalan yields an oil content of 8–15% (Bergh and Ellstrand, 1986). Hence the ecotypes collected in the present study fall under either of these races.
3.14 Shelf life (days)
	The ecotypes showed significant variation concerning shelf life (Table 3). Maximum shelf life was noticed in VMS-1 (6.67 days), followed by MMN-1, VMS-6, SGR-4 (5.33 days), SGR-5, SGR-6 and SGR-10 (4.67days). Minimum shelf life was seen in SKA-1 (2.33 days) and MYH-1 (2.33 days) followed by SKA-2, SGR-2, SGR-8 and VRA-1 (2.67 days). The thickness of fruit skin is directly proportional to the shelf life (Bergh, 1992). The present study confirms the previous statement, since VMS-1 which has a thick peel has a great shelf life.
3.15 Reducing sugars (%)
	There was a significant difference in the reducing sugar present in the fruits of different ecotypes (Table 3). Reducing sugar was found to be highest in SGR-6 (1.51%) which was at par with MMM-1 (1.38%). Lowest reducing sugar content was found in SGR-5 (0.75%), VMS-2 (0.87%) and SHS-1 (0.92%) which were at par with each other (Table 3).
3.16 Non-reducing sugars (%)
	The content of non-reducing sugar was significantly different among the different avocado ecotypes (Table 3).	Non reducing sugar was found to be highest in SGR-6 (0.56%) which was at par with SGR-8 (0.51%). Lowest non reducing sugar content was found in VMS-2 (0.32%) which was at par with VRM-1 (0.33%), VMS-7 (0.34%), VMS-9 (0.34%), SKA-1 (0.36%), VMS-3 (0.36%), SGR-9, SHS-1, VMS-10 (0.37%), SKA-3 (0.38%) and VMS-8 (0.38%).
3.17 Total sugars (%)
		A significant difference in the total sugar content among the avocado ecotypes was observed (Table 3). Highest total sugar content was found in SGR-6 (2.07%) followed by MMM-1 (1.83%) which was at par with SGR-4 (1.79%). Lowest total sugar content was found in VMS-2 (1.19%) followed by SGR-3 (1.28%) and SHS-1 (1.29%) which were at par with each other (Table 3). 
Table 3. Total soluble solids, fat content, shelf life, reducing sugars, non-reducing   sugars and total sugars of the avocado ecotypes

	Sl. No.
	Ecotype
	Total soluble solids (0B)
	Fat content (g/100g)
	Shelf life (days)
	Reducing sugars (%)
	Non-reducing sugars (%)
	Total sugars (%)

	1
	MMM-1
	8.10
	6.69
	3.33
	1.38
	0.45
	1.83

	2
	MMN-1
	6.83
	6.92
	5.33
	1.18
	0.41
	1.59

	3
	MMS-1
	7.10
	6.82
	3.33
	1.28
	0.45
	1.73

	4
	MYH-1
	8.23
	7.21
	2.33
	1.10
	0.41
	1.51

	5
	SHS-1
	6.50
	9.05
	3.00
	0.92
	0.37
	1.29

	6
	SKA-1
	5.10
	7.67
	2.33
	1.07
	0.36
	1.43

	7
	SKA-2
	9.17
	8.00
	2.67
	1.00
	0.40
	1.40

	8
	SKA-3
	5.77
	7.18
	3.67
	1.09
	0.38
	1.47

	9
	SGR-1
	4.73
	7.06
	3.00
	1.15
	0.45
	1.61

	10
	SGR-2
	7.43
	8.91
	2.67
	0.98
	0.39
	1.36

	11
	SGR-3
	3.83
	10.20
	4.33
	0.83
	0.45
	1.28

	12
	SGR-4
	6.50
	6.63
	5.33
	1.32
	0.47
	1.79

	13
	SGR-5
	7.20
	7.30
	4.67
	0.75
	0.46
	1.50

	14
	SGR-6
	7.00
	4.74
	4.67
	1.51
	0.56
	2.07

	15
	SGR-7
	8.00
	6.93
	3.00
	1.26
	0.46
	1.73

	16
	SGR-8
	6.37
	6.92
	2.67
	1.21
	0.51
	1.71

	17
	SGR-9
	7.50
	7.44
	3.00
	1.08
	0.37
	1.46

	18
	SGR -10
	7.00
	7.64
	4.67
	1.03
	0.43
	1.46

	19
	SMB-1
	5.33
	6.51
	3.67
	1.33
	0.44
	1.77

	20
	VRM-1
	6.33
	8.40
	4.67
	1.05
	0.33
	1.38

	21
	VRA-1
	7.73
	7.62
	2.67
	1.05
	0.41
	1.46

	22
	VMS-1
	7.43
	8.80
	6.67
	0.99
	0.42
	1.40

	23
	VMS-2
	8.33
	9.63
	3.67
	0.87
	0.32
	1.19

	24
	VMS-3
	8.50
	7.53
	3.33
	1.18
	0.36
	1.54

	25
	VMS-4
	5.60
	6.81
	4.00
	1.31
	0.44
	1.75

	26
	VMS-5
	6.10
	8.31
	3.67
	1.03
	0.39
	1.42

	27
	VMS-6
	4.90
	7.93
	5.33
	1.19
	0.41
	1.61

	28
	VMS-7
	6.67
	6.93
	3.67
	1.28
	0.34
	1.62

	29
	VMS-8
	4.33
	9.32
	3.33
	0.94
	0.38
	1.33

	30
	VMS-9
	6.83
	8.13
	4.33
	1.07
	0.34
	1.40

	31
	VMS-10
	5.27
	7.73
	3.67
	1.12
	0.37
	1.49

	S.E.m ±
	0.29
	0.04
	0.37
	0.06
	0.02
	0.01

	C.D. @ 5%
	0.81
	0.10
	1.06
	0.17
	0.06
	0.04

	C.V. (%)
	7.49
	0.82
	17.26
	9.57
	8.53
	1.52



3.18 Genetic variability parameters
	Selection of elite ecotypes requires a scrupulous understanding of the existing genetic variation for yield and traits associated with it. The phenotypic variance is a combined estimate of genetic and environmental variance, of which only the former one is heritable. The avocado trees are cross-pollinated and the ecotypes collected were of seedling origin. Hence, high degree of variability is observed in the avocado ecotypes collected in the 









Table 4. Estimates of mean, range and components of variance for fruit parameters in selected avocado ecotypes

	Sl. No.
	Character
	Mean
	Minimum
	Maximum
	GV
	PV
	GCV (%)
	PCV (%)

	1
	Fruit thickness (mm)
	013.88
	0008.34
	021.00
	0011.38
	0012.19
	24.31
	25.17

	2
	Peel thickness (mm)
	000.86
	000.54
	001.16
	0000.02
	0000.02
	17.35
	17.59

	3
	Length of seed cavity (cm)
	005.34
	003.83
	007.04
	0000.633
	0000.70
	14.89
	15.68

	4
	Diameter of seed cavity (cm)
	005.44
	004.09
	006.60
	0000.51
	0000.53
	13.15
	13.43

	5
	Length of seed (cm)
	004.31
	003.06
	005.44
	0000.38
	0000.43
	14.37
	15.17

	6
	Diameter of seed (cm)
	004.7
	002.42
	005.98
	0000.67
	0000.703
	17.44
	17.85

	7
	Number of fruits
	339.68
	160.00
	550.00
	11042.28
	11766.77
	30.94
	31.93

	8
	Fruit yield (Kg)
	107.01
	026.67
	230.00
	1697.55
	1865.58
	38.50
	40.36

	9
	Average fruit weight (g)
	294.97
	149.33
	507.33
	9653.15
	10342.1
	33.31
	34.48

	10
	Fruit length (cm)
	019.65
	007.37
	014.09
	0002.84
	0002.98
	17.46
	17.88

	11
	Fruit diameter (cm)
	007.71
	005.95
	009.65
	0000.74
	000.87
	11.16
	12.11

	12
	Fruit volume (ml)
	244.73
	103.67
	530.00
	11559.50
	12422.58
	43.93
	45.54

	13
	Pulp weight (g)
	224.95
	100.00
	447.67
	7569.23
	8407.24
	38.68
	40.76

	14
	Seed weight (g)
	057.78
	009.8
	098.33
	0421.19
	0464.14
	35.52
	37.29

	15
	Pulp percentage (%)
	075.38
	063.12
	088.47
	0046.01
	0061.63
	9.00
	10.41

	16
	Seed percentage (g)
	020.6
	006.46
	032.86
	0045.98
	0052.93
	33.47
	35.91

	17
	Pulp to seed ratio
	004.47
	001.93
	013.7
	0006.17
	0006.69
	55.61
	57.88

	18
	Total soluble solids (0B)
	006.64
	003.83
	009.17
	0001.63
	0001.88
	19.25
	20.66

	19
	Fat content (g/100g)
	007.64
	004.74
	010.20
	0001.19
	0001.19
	14.26
	14.28

	20
	Shelf life (days)
	003.76
	002.33
	006.67
	0000.92
	0001.34
	25.49
	30.78

	21
	Reducing sugars (%)
	001.12
	000.75
	001.51
	0000.03
	0000.04
	14.35
	17.25

	22
	Non-reducing sugars (%)
	000.41
	000.32
	000.56
	0000.00
	0000.00
	11.97
	14.70

	23
	Total sugars (%)
	001.53
	001.19
	002.07
	0000.04
	0000.04
	12.50
	12.59



GV = Genotypic variance	GCV = Genotypic coefficient of variance 
PV = Phenotypic variance	PCV = Phenotypic coefficient of variance






current investigation. The significant differences among avocado ecotypes indicate the presence of genetic variability and provide a good opportunity for selection. 
In the present investigation, high genotypic variation was seen in characters like pulp to seed ratio, number of fruits, fruit volume, average fruit weight, seed weight, fruit yield and pulp weight (Table 4). These findings are in line with the observations by Gutiérrez-Díez et al. (2015), where they found high GCV for characters like seed weight and fruit weight. Similar results were recorded by Liu et al. (2020).
Genetic advance is the degree of gain obtained in a character. Higher genetic advance implies greater amount of genetic variability. Heritability is the percentage of phenotypic variance that is attributed to the genetic variance, which is heritable. Hence, high heritability indicates negligible environmental influence on characters and those characters can, therefore, be used for selection. High heritability may not always associate with large genetic advance. Since high heritability does not always indicate a high genetic gain, heritability is recommended to be considered in association with genetic advance to select elite ones from a population.

High genetic advance when coupled with high heritability estimates provides best suitable condition for selection. Estimates of heritability with genetic advance are more reliable and meaningful than individual consideration of the parameters (Nwangburuka and Denton, 2012).
The characters like pulp to seed ratio, fruit volume, fruit yield, average fruit weight and the number of fruits had high values of heritability and genetic advance and hence can be considered as parameters of high selection value (Table 5). Selection can therefore be based on these characters and their phenotypic expression would be a good indicator of their genotypic potentiality. These observations are comparable with that of Lavi et al. (1993) who found high estimated heritability values for seed weight and shelf life and with Chen et al. (2008) who reported high heritability value for pulp percentage. 	Comment by user: italics 

Table 5. Heritability, genetic advance and genetic gain of different characters of
 avocado ecotypes

	Sl.
No.
	Characters
	Heritability % (Broad sense)
	Genetic advance
	Genetic gain (%)

	1.
	Fruit thickness (mm)
	93.34
	6.71
	48.39

	2.
	Peel thickness (mm)
	97.31
	0.30
	35.27

	3.
	Length of seed cavity (cm)
	90.21
	1.56
	29.13

	4.
	Diameter of seed cavity (cm)
	95.96
	1.44
	26.54

	5.
	Length of seed (cm)
	89.78
	12.09
	28.05

	6.
	Diameter of seed (cm)
	95.42
	1.65
	35.09

	7.
	Number of fruits
	93.84
	209.70
	61.73

	8.
	Fruit yield (Kg)
	90.99
	80.96
	75.66

	9.
	Average fruit weight (g)
	93.34
	195.54
	66.29

	10.
	Fruit length (cm)
	95.41
	3.392
	35.14

	11.
	Fruit diameter (cm)
	85.00
	1.63
	21.20

	12.
	Fruit volume (ml)
	93.05
	213.65
	87.30

	13.
	Pulp weight (g)
	90.03
	170.06
	75.60

	14.
	Seed weight (g)
	90.74
	40.27
	69.70

	15.
	Pulp percentage (%)
	74.66
	12.07
	16.02

	16.
	Seed percentage (g)
	86.87
	13.02
	64.26

	17.
	Pulp to seed ratio
	92.31
	4.92
	110.08

	18.
	Total soluble solids (0B)
	98.54
	2.45
	36.97

	19.
	Fat content (g/100g)
	99.67
	2.24
	29.32

	20.
	Shelf life (days)
	68.56
	1.63
	43.47

	21.
	Reducing sugars (%)
	69.20
	0.27
	24.58

	22.
	Non-reducing sugars (%)
	66.33
	0.08
	20.09

	23.
	Total sugars (%)
	98.54
	0.39
	25.56



CONCLUSION 
This study concludes that the characters exhibited by the ecotypes resembled either West Indian race or Guatemalan race, most of them leaning towards West Indian. The results indicated the predominance of West Indian race and probable natural crosses between West Indian and Guatemalan trees, resulting in the representation of characters of both the races. No ecotypes reflected the characters of Mexican race. Pyriform, obovate and narrowly obovate fruit shapes and light green fruit colour were found to be dominant among the ecotypes. The ecotype MYH-1 exhibited good fruit characters like fruit weight, fruit length, fruit volume and pulp weight. The ecotype MMS-1, though small in size, showed highest fruit thickness and pulp:seed ratio due to low seed percentage. It had smallest seed cavity. The ecotype SGR-6 had highest amounts of total sugars and lowest fat content. The ecotype SKA-2 had good sensory qualities like pulp texture, sweetness and general taste and also had highest number of fruits with high TSS.
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