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Introduction 
 

Mango (Mangifera indica L.) is the most 

important commercial fruit of India and 

belongs to the family anacardiaceae. The 

morphological and physico-chemical traits 

such as tree, leaf, inflorescence and fruit 

characteristics are influenced by 

environmental factors and caused numerous 

synonyms. It is most important to classify the 

accessions into their homogeneous groups on 

the basis of multivariate parameters instead of 

using univariate method to identify the nature 

and structure of varieties and to avoid 
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Mango is an important tropical fruit crop that is thought to be native to South-eastern Asia 

and currently cultivated worldwide in regions with tropical and subtropical climates. 

However, the existing diversity in most mango producing countries is at rest poorly 

implicit. The Qualitative traits are influenced by environmental factors and caused 

numerous synonyms. It is most important to classify the accessions into their 

homogeneous groups on the basis of multivariate parameters instead of using univariate 

method to identify the nature and structure of varieties and to avoid duplicacy of 

accessions. Variability existing in any crop is the basis for all crop improvement 

programmes. Higher the variation, greater is the improvement over base population. 

Hence, sufficient variability, if present in the given crop can be exploited for developing 

superior cultivars. The concept of heritability is important to determining whether 

phenotypic differences observed among various individuals are due to genetic changes or 

due to the effects of environmental factors. Heritability indicates the possibility and extent 

on which improvement can be brought about through selection. It is a useful measure for 

considering the ratio of genetic variance to the total variance and is genetically represented 

in percentage. Correlation measures the degree and direction of relationship between two 

or more variables. The study of character association helps breeder in fixing a selection 

criteria for fruit yield in parental lines such as selection will be effective in isolation than 

correlating the correlation of phenotypic values and subjected to change in the 

environment. Therefore, Qualitative traits, Genetic Variability and Character Association 

are essential for better use of varieties/genotypes in crop improvement programme. 
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duplicacy of accessions. An important way to 

increase productivity in any fruit crop is to 

first select desirable cultivars from existing 

variation and to use the superior types for 

crop improvement programmes. Therefore, 

Therefore, Qualitative traits, Genetic 

Variability and Character Association are 

essential for better use of varieties/genotypes 

in crop improvement programme. 

 

The literature pertaining to Qualitative traits, 

Genetic Variability and Character Association 

for the potential use in breeding programme 

of Mango have been reviewed. The brief 

account of available information along with 

supporting evidences in fruit crops have been 

described under following heads and sub-

heads. 

 

Qualitative Traits 

 

Genetic diversity is assessed in fruit crops 

based on differences in qualitative traits. This 

is probably due to the fact that assessment of 

qualitative traits does not need any 

sophisticated equipment; they are generally 

simple, rapid and inexpensive to score. In 

many cases, the morphological qualitative 

traits have been used as a powerful tool in the 

classification of cultivars. As such 

morphological traits continue to be the first 

step in the studies of genetic relationships in 

most breeding.  

 

Morphological information is essential for 

understanding the ideotype performance 

relationships and explains the heterosis that 

may be enhanced if morphological measures 

of distances are included as an independent 

variable. Characterization includes use of 

phenotypic traits that are highly heritable and 

these can easily be seen and equally expressed 

in all environments. Phenotypic studies are 

very important in tree improvement as the 

best morphological structure influences yield 

(Mwase, 2007).  

Qualitative tree traits  

 

Mango tree have different types of canopies 

such as oblong, broadly pyramidal, semi 

circular and spherical type. Majumder et al., 

(2011) noticed that 23 genotype showed 

ellipsoid plant shape and the rest of the 

genotypes were spheroid. The mango plants 

under the study showed three types of growth 

habit i.e., spreading, upright and intermediate. 

However, most of the genotypes showed 

spreading and dense type growth habit and 

rest upright and intermediate in nature.  

 

Joshi et al., (2013) identified mango cultivars 

which had wide range of variability in 

physico-chemical traits of fruit and the trees 

under different agro-climatic conditions. As a 

result, morphological traits like plant growth, 

bark characters, foliage density, colour and 

leaf characters were examined. Results 

showed that the minimum canopy growth was 

found in Amrapali followed by Dashehari. 

Bark surface, bark colour, foliage density, 

foliage colour and different leaf characters 

also differed from each other. Joshi et al., 

(2013) assessed nine mango cultivars viz., 

Amrapali, Bombay Green, Chausa, 

Dashehari, Gaurjit, Gulabkhas, Langra, 

Mallika and Pant Sindhuri for morphological 

traits.  

 

They found that Bombay Green, Chausa and 

Dashehari have upright growth habit while 

Gaurjit, Gulabkhas and Mallika were 

spreading growth habit as compared to other 

cultivars. The medium foliage density was 

observed in Amrapali, Dashehari, Gaurjit and 

Pant Sindhu, whereas, sparse foliage density 

in Gaurjit and Mallika and dense foliage 

density in the rest cultivars. A wide variation 

was also observed in the colour of the foliage. 

The Amrapali, Dashehari, Gaurjit, Pant 

Sindhuri, Gulabkhas and Mallika gave green 

foliage, while all other genotypes produced 

dark green foliage.  
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Singh (2014) studied qualitative traits of tree 

like growth habit, canopy shape, branch 

density and foliage density which were varied 

with each other. The upright growth was 

found in Amin, Husn-a-ra, Mallika and 

Safeda Lucknow; intermediate in Amarpali, 

Bombay Green, whereas spreading type in 

Bride of Russia, Khasl-ul-Khas and Jafrani 

Gola. Rajwana et al., (2011) evaluated 17 

mango varieties for morphological 

characterization and found that most of the 

varieties had spreading/compact/erect 

growing habit except Camal Wala, which had 

drooping tree shape. Ierla et al., (2013) 

evaluated 103 mango accession based on 

Brazilian descriptors for morphological 

characterization and found that the growth 

habit of the trees were predominantly semi-

vertical (60.1%), with the vertical present in 

only 3.7% of the accessions. Krishnapillai and 

Wijeratnam (2016) evaluated eighteen mango 

varieties for characterization and determine 

genetic diversity among genotypes on the 

basis of qualitative and quantitative 

morphological traits. They found that most of 

the mango varieties showed spreading growth 

habit. Singh (2014) studied tree traits in 42 

mango varieties and observed that upright 

growth habit was ascertained as in Amin, 

Husn-a-ra, Mallika, Safeda Lucknow, while, 

intermediate in Amrapali, Bombay Green, 

chausa, Dashehari, Langra and spreading in 

Bride of Russia, Haathijhool, Khas-ul-khas, 

Zafrani Gola etc. Ellipsoid canopy shape was 

observed in Amrapali, Husn-a-ra, Mallika, 

Rumani, Safeda Lucknow etc., while spheroid 

shape was in Baramasi, Bride of Russia, 

Bijoragarh, Zafari Gola etc.  

 

Qualitative leaf traits  
 

The leaf morphology has wide variability 

particularly for leaf shape, size, young, and 

leaf colour and leaf margin. Differences are 

due to varietal variation, climate, cultural 

practices and growth stages. Young leaves 

from different varieties can present different 

colour. This can vary from copper-red to 

purplish in colour. At maturity, the leaf colour 

changes to dark green and usually smells like 

turpentine (Fivaz, 2008). Islam and Nasir 

(1993) carried out an investigation to study 

vegetative characters of some mango cultivars 

(Malda, Anwar Rataul, Sindhri and 

Banganpalli). They reported that colour of 

newely emerged leaves was light reddish 

brown in Malda, orange green in Banganpalli, 

light green with brownish tinge in Anwar 

Rataul and Sindhi, while colour of mature 

leaves was Spanish green in all cultivars. The 

shape of the leaves was lanceolate in Sindhi, 

oval lanceolate in Malda and Anwar Rataul 

and oblong in Banganpalli; leaf apex was sub-

acuminate in Malda and Banganpalli, 

acuminate in Anwar Rataul and acute in 

Sindhi, whereas margin of leaf was flat and 

entire in Malda and Sindhi respectively and 

slightly reflexed in remaining cultivars. 

Sarder et al., (1998) reported that the most of 

mango cultivars had tall tree growth habit 

except Gopalbhog and Khirsapat, which had 

medium growth habit.  

 

Rajwana et al., (2011) evaluated 17 mango 

varieties for morphological characterization 

and found that differences in leaf shape and 

size were also observed, however, common 

leaf shape was lanceolate with some 

variability to ovate lanceolate to oval or 

elliptic lanceolate. Joshi et al., (2013) 

observed leaf variability among nine mango 

cultivars viz., Amrapali, Bombay Green, 

Chausa, Dashehari, Gaurjit, Gulabkhas, 

Langra, Mallika and Pant Sindhuri. The 

acuminate type of leaf apex was found in 

cultivars viz., Mallika and Amrapali, while 

sub-acuminate was observed in Dashehari, 

Gulabkhas and Langra, while Bombay Green, 

Chausa, Gaurjit and Pant Sindhuri had acute 

apex. The leaf base of Chausa and Pant 

Sindhuri was found rounded elliptic 

lanceolate in Mallika and Amrapali, ovate 
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lanceolate in Chausa and Pant Sindhuri while 

rest of the cultivars had oval lanceolate shape. 

The leaf margin was found entire in Mallika, 

Amrapali, Dashehari and Langra, while 

slightly wavy leaf margin was recorded in 

Pant Sindhuri and rest of the cultivars had 

wavy margins. The nature of leaf apex was 

acuminate and sub-acuminate in all the 

cultivars except Bombay Green where it was 

acute. Krishnapillai and Wijeratnam (2016) 

evaluated eighteen mango varieties for 

characterization and to determine genetic 

diversity among genotypes on the basis of 

qualitative and quantitative morphological 

traits. They found that most of the mango 

varieties showed lanceolate leaf shape, 

acuminate leaf tip and entire leaf margin. 

Dark green colour mature leaves were 

observed in 80% of the trees where 82% of 

the leaves had strong fragrance. Colour of 

young leaves was selected as one of the 

important morphological traits for varietal 

characterization. 

 

Ierla et al., (2013) evaluated 103 mango 

accession based on Brazilian descriptors for 

morphological characterization and found that 

the majority of the accessions showed 

anthocyanin leaf colouration (78.2%) as well 

as short petioles (77.8%). As to the 

predominant leaf shape, the lanceolate and 

oval shape was not found. As to the 

undulation descriptor, the edge of the leaf 

blade underwent a similar distribution ranging 

from the average to the weak with a 

predominance of the obtuse base shape. Singh 

(2014) studied leaf traits in 42 mango 

varieties and observed that new leaf colour 

varied as fluorescent green in Amrapali; 

coppery red in chausa, Haathijhool, 

Sensation, Zardalu; brownish green in 

Bijoragarh, Gulabkhas Green, Mithu Malda, 

Tamancha, etc; Light coppery brown in 

Gurwani; Dark coppery brown in Rahman 

Pasand; coppery red in Thanking Amadi and 

also found that ovate lanceolate leaf shape 

was found in Bada Malda, Bombay Green, 

chausa, Dashehari. 

 

Qualitative inflorescence traits  

 

Mango inflorescence is mainly pyramidal 

shape and developed on reproductive shoot 

called panicle. The mango inflorescence is 

primarily terminal and its length varies from 

few inches to two-three feet. The 

inflorescence colour change from yellow to 

light green with crimson patches at 

development stage. Variation in panicle 

emergence and flowering behaviour in mango 

hybrids were also reported by Sharma et al 

(1998). According to Campbell and Malo 

(1974), the inflorescence of the mango had a 

pyramidal shape, while Mukherjee (1985) 

mentioned a conical and pyramidal shape. 

Majumdar et al., (2011) noticed that the 

inflorescence position varied from terminal 

axillaries to terminal and colour in most of the 

varieties varied from light green to light green 

with red patch. The variation in flowering 

behaviour may be attributed to the genetic and 

the environmental conditions.  

 

Rajwana et al., (2011) evaluated 17 mango 

varieties for morphological characterization 

and found that shape of inflorescence varied 

from pyramidal (Sufaid Chausa) to broadly 

pyramidal (Late Ratole no 12) conical (Kala 

Chausa), semi circular for Faiz Kareem and 

spreading for Hafeez Pasand. Ierla et al., 

(2013) evaluated 103 mango accession based 

on Brazilian descriptors for morphological 

characterization and found that pyramidal 

shape was the predominant one in most of the 

accessions. Krishnapillai and Wijeratnam 

(2016) evaluated eighteen mango varieties for 

characterization and determine genetic 

diversity among genotypes on the basis of 

qualitative and quantitative morphological 

traits. They found that the terminal position of 

inflorescence was a dominant morphological 

trait as compared to the axillary position. 
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Inflorescence and flower colour showed 

higher variation among the varieties. 

Inflorescence colour was selected to identify 

mango varieties.  

 

Singh (2014) studied panicle traits in 42 

mango varieties and observed that Conical 

shape of panicle was exhibited by Amin, 

Langra Gorakhpur, sensation, Zafrani Gola 

etc., the varieties Amrapali, Kesar, Khas-ul-

Khas, Thanking Amadi etc. were found to 

have pyramidal panicle shape except Bara 

Malda and Duddha Peda which exihibited 

unsymmetrical panicle shape. Colour of 

primary rachis varied as dark red in Totapuri 

Red Small; red in Bride of Russia; light red in 

Bijoragarh and Bombay Green; dark pink in 

Bara Malda, Baramasi, Rumani and 

Suvarnrekha; light pink in Banarasi Betali, 

Haathijhool, Vanraj and sensation; pink in 

Rataul; pink blush in Dudha Peda and 

Gulabkhas; green with pink streaks in 

Neelum; light green in Langra, Pulgoa 

Darbhanga, Rahman Pasand, Safeda Lucknow 

and Tamancha; and green in Amrapali, 

Dashehari, Mithua Malda and Zardalu. 

 

Qualitative fruit traits  

 

Mango fruit of the different varieties varies in 

shape, size, appearance, colour and internal 

trait. Campbell (1992) reported yellow with 

red blush fruit skin colour in Afonsa Pair, 

Fernandinh, Kent and Sensation. Skin 

colouration of mature fruit may be due to 

anthocyanins that develop when tissues are 

exposed to light. Islam et al., (1992) observed 

the fruit shapes of mango varieties as oblong, 

ovate oblong and roundish. Kamaluddin 

(1967) described the colour of ripe fruits of 

Brindaboni and Baromashi as mostly yellow 

and light yellow. Haque et al., (1993) 

observed the varietals characteristics and 

colours of ripe fruits. Maximum fruits turned 

to yellow or greenish yellow during ripening 

while, Kohitur and summer behest turned to 

red and reddish yellow. The mature fruit 

colour of Bombay green was green; Carabao, 

Manila, Mulgoa and Arumanis were greenish-

yellow and Haden, Keitt and Tommy Atkins 

have a striking red blush as reported by 

Mukherjee (1997).  

 

Sardar et al., (1998) observed wide range of 

variability in respect of different physico-

chemical characteristics of mango fruits. 

Skin and pulp colour of ripe fruits varied 

from green to yellow and yellow to orange, 

respectively. Kumar (2000) reported that 

pulp colour of the fruit was not influenced 

by the environment and it was controlled 

genetically. Anila and Radha (2003) found 

that oblong fruit shape and beak was absent 

in most of the cultivars viz., Alphonso, 

Prior, Muvandan, Neelum, Ratna and H-

151. The skin of fruit is smooth and entirely 

pale green or yellow marked with red 

patches on skin at the time of ripening 

(Griesbach, 2003). Much variation in fruit 

morphology in respect of stalk thickness, 

base, cavity, shape, sinus, beak, apex, 

surface, dots and finally fruit colour were 

observed by Sinha et al., (2007).  

 

Bhuyan and Kobra (2007) reported that fruit 

sinus in most of the varieties was shallow and 

basal cavity in most of the varieties was 

absent. They also observed that the apex of 

fruit varied from round to obtuse. Singh et al., 

(2012) observed yellow fruit colour with red 

blush on the shoulder in Anami Chhalli, Choe 

Sindhuri, Ghassipur di Chhalli, Laddu Amb, 

Mahantan di Laltain, Sindhuri and Chausa. 

Fruit colour ranged from yellowish to light 

yellow, deep chrome, greenish, spinach green 

and dark green in rest of selected mango 

strains.  

 

Sharma and Majumder (1989) suggested that 

red skin colour of the fruit is dominant and it 

has been governed by duplicate gene thereby 

showed various gradation of pink blush on the 
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fruits in progeny population. Litz (2009) 

repoted that Willard and Kilichondan had 

attractive skin colour with excellent fruit 

quality and were noted as suitable for export 

markets in Europe where red toned skin 

colour mangoes with sweet taste are 

preferred. Ierla et al., (2013) evaluated 103 

mango accession based on Brazilian 

descriptors for morphological characterization 

and found that the predominant shape of the 

transversal section of the fruit was large and 

elliptic (61.6%). The green colour of the 

epidermis was most frequent (28.8%) 

followed by the yellow and pinkish colour 

(17.3%). The depth of cavity was absent or 

very low for almost 80% of the evaluated 

accessions, showing a similar distribution 

among the accessions with the prominence 

descriptor at the base of the pedicel. 

According to Iyer and Subramanyam (1979) 

the presence of pistilar scar deformation is a 

dominant character. Almost all the available 

colour categories were found for the fruits in 

accordance with the descriptors used by 

Brasil (2002), except for the colours, orange, 

purple and red and purple. Three colour 

categories were more frequent; yellow 

(16.3%), yellow and red (15.4%) and orange 

and red (15.4%). Costa et al., (2004) also 

analyzed the colour of the fruits and found 

discrepant results, such as the accession 

Hilda, the colour of which was classified as 

reddish, different, however, from what was 

found in the present study and which was 

classified as yellow. 

 

Another verified discrepancy was the 

accession like Salitre, the colour of which was 

classified as green and yellow. According to 

Chitarra and Chitarra (2005), the colouration 

is a quality attribute that is more attractive to 

the consumer, varying intensely among the 

fruit species and even among cultivars. Iyer 

(1979) found that the yellow colour 

dominates the orange colour, while, Chitarra 

and Chitarra (2005) mentioned that the 

variation in colouration among the cultivars 

of the same species is due to the difference in 

the concentration of pigments.  

 

Rajwana et al., (2011) evaluated 17 mango 

varieties for morphological characterization 

and found that fruit shape and size differed 

from variety to variety and varied from ovate 

(Shahanshah) to ovate oblong (Sufaid 

Chausa), round ovate (Faiz Kareem), oblong 

lanceolate (Kala Chausa) and elliptical 

(Camal Wala). Irregular round shape was also 

observed in Bubar Wala. Four germplasm 

(Tube Well Wala, Chun Wala, Camal Wala & 

Gola) had acute beak, while in others beak 

was absent or slightly prominent (Sufaid 

Chausa, Late Ratole No. 12 & Joyan Wala). 

The mesocarp is the fleshy, edible part of the 

fruit that usually has a sweet and slightly 

turpentine flavor. When ripe, its colour varies 

from yellow to orange and its texture from 

smooth to fibrous (Haque et al., 1993; Akhter, 

2013). An experiment conducted by Shirin et 

al., (2013) revealed that the different fruit 

shape were observed for different cultivars 

such as oblong for Alam shahi, oblong elliptic 

for Champa, oblong oblique for Danadar and 

Mirabhog, roundish for Hayati, ovate oblong 

for Lugnee, oblong oval for Shantu. Green 

with yellow skin colour was found in Alam 

shahi, Champa, Hayati, Lugnee and 

Mirabhog.  

 

Krishnapillai and Wijeratnam (2016) 

evaluated eighteen mango varieties for 

characterization and to determine the genetic 

diversity among genotypes on the basis of 

qualitative and quantitative morphological 

traits and found that skin colour of ripe 

mango fruit varied from light yellow to 

orange, while 10 accessions showed pink or 

red mixed skin colour. Fruits were observed 

to be oblong in 31 mango accessions and beak 

was absent in 16 accessions. Stem end cavity 

was not observed in 46 accessions and round 

apex was found in 49 mango accessions.  
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Genetic variability 

 

The nature and extent of variability of the 

basic population is the raw material on which 

selection acts to evolve superior genotypes or 

varieties in plant breeding programme. 

Genetic diversity is the amount of genetic 

variability among individuals of varieties, 

populations or species (Brown, 1993). The 

variability exploited in breeding programme 

is derived from the naturally occurring 

variants and the wild relative of crops as well 

as artificially developed strains and genetic 

stocks by human-efforts. Mango has been 

reported to have extensive variability due to 

alloploidy, cross pollination, continuous 

grafting and phenotypic differences arising 

from varied agro-climatic conditions in 

different growing regions (Ravishankar et al., 

2000).  

 

The long period of domestic cultivation, 

cross-pollination nature, alloploidy and out-

crossing have contributed to the wide genetic 

diversity in mango (Krishna and Singh, 2007; 

Mukherjee, 1972). The phenomenon of 

allopolyploidy is believed to have originated 

from amphidiploidy because differentiation of 

many varieties occurred primarily through 

gene mutations, selection and preservation of 

some of them through grafting (Mukherjee, 

1953; Mathews and Litz, 1992; Yonemory et 

al., 2002). In recent times, two spontaneous 

tetraploid mango seedlings were identified. A 

tetraploid “Gomera-1” from Canary Island 

(Galan Sauco et al., 2001) and another one 

from Katrine in Australia and both are used 

for rootstock breeding purposes (Bally et al., 

2009).The available literatures on the relevant 

aspect have been reviewed under the 

following heads: 
 

Coefficient of variation 

 

A measure of variation which is independent 

of the unit of measurement is provided by the 

standard deviation, expressed as percentage of 

mean is known as coefficient of variation. 

Rathod and Naik (2007) studied analysis of 

variance in 35 genotypes of mango for 

characters like fruit weight, fruit volume, fruit 

length, fruit width, specific gravity, peel 

percentage, stone%, pulp%, TSS, acidity, 

ascorbic acid, total sugar, reducing sugar and 

non reducing sugar and found significant 

variation among the genotypes for all the 

traits. However, the higher genotypic and 

phenotypic coefficient of variation were 

obtained for ascorbic acid, fruit volume, fruit 

weight, acidity, peel%, stone%, non reducing 

sugar, fruit length and reducing sugar. An 

experiment was carried out with 9 mango 

cultivars by Bhowmick and Banik (2008) to 

assess the genetic variability for different fruit 

characteristics. They found that the lowest 

range was recorded with acidity and highest 

for weight. The highest phenotypic coefficient 

of variation was recorded for all fruit 

characteristics as compare to genotypic 

coefficient of variation.  

 

Nayak et al., (2013) reported that phenotypic 

coefficients of variation (PCV) were higher 

than genotypic coefficients of variation but 

minimum difference was noticed between 

them. Comparatively high degree of 

genotypic coefficients of variation (GCV) 

along with phenotypic coefficients of 

variation was observed in quality traits like 

fruit weight, fruit volume, pulp: stone ratio 

and total carotenoids of mango. Vasugi et al., 

(2013) conducted an experiment to study the 

genetic divergence for 19 quantitative traits 

among 43 indigenous mango accessions. The 

estimates of phenotypic and genotypic 

variance were quite high for fruit weight 

followed by vitamin C. The genotypic 

coefficient of variation was more than 60 per 

cent for the characters like fruit weight, 

vitamin C and sugars.  
 

Kabir (2001) reported that maximum fruit 

weight of Neelumbori, Mallika, Gopalbhog 

and Amrapali. Length, breadth and thickness 
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of fruits in Amrapali were 8.62, 5.91 and 5.46 

cm, in Mallika 11.73, 7.88 and 7.01 cm, in 

Neelumbori 9.26, 7.32 and 7.25 cm and in 

Gopalbhog 8.15, 6.32 and 6.03 cm, 

respectively. The percent moisture in pulp 

was ranged from 77.11 to 86.45 depending 

upon Germplasm in Amrapali Mallika 

Neelumbori and Gopalbhog percent moisture 

in pulp were 78.75, 82.83, 81.31 and 79.09, 

respectively.  

 

Singh and Kumar (2010) studied phenotypic 

and genotypic coefficient of variability for 

growth, yield and yield attributes and showed 

higher PCV than the GCV for all the 

characters under consideration, indicating 

high degree of environmental influence. The 

PCV ranged from 9.28 for plant girth to 44.0 

for fruit yield and GCV ranged from 5.95 for 

plant girth to 42.26 for fruit yield. The 

magnitude of differences was little in respect 

of days to first flowering, fruiting height, 

fruiting length and fruit weight. Among the 

various characters, relatively higher PCV 

were observed for fruit yield, fruit weight, 

number of fruits and fruiting length indicating 

that selection based on these characters would 

be highly effective. Dwivedi et al., (1995) 

also observed that selection based on 

characters having higher PCV would be more 

effective in papaya. According to Burton 

(1952) a character having high value of GCV 

with high heritability would be more valuable 

in selection programme. Accordingly fruit 

yield, fruit weight and fruiting length were 

having high estimate of GCV and heritability 

which indicates direct selection for these 

characters would be effective.  

 

Majumder et al., (2012) estimated genotypic 

and phenotypic variability among sixty 

genotypes of mango. There were also 

considerable differences between the 

genotypic and the phenotypic coefficients of 

variation for almost all the characters which 

indicated the influence of environment on the 

expression of these traits. Among the studied 

characters, GCV and PCV were high for 

weight of harvested fruits per plant, % fruit 

harvest per inflorescence,% initial fruit set per 

inflorescence, number of fruits per plant and 

number of main branches per inflorescence. 

 

Heritability and genetic advance  

 

The concept of heritability is important to 

determining whether phenotypic differences 

observed among various individuals are due 

to genetic changes or due to the effects of 

environmental factors. Heritability indicates 

the possibility and extent on which 

improvement can be brought about through 

selection. It is a useful measure for 

considering the ratio of genetic variance to the 

total variance and is genetically represented in 

percentage. Lush (1949) defined the 

heritability in broad sense that it is a ratio of 

genetic variance to the total variance 

expressed in per cent. The genetic gain is the 

product of heritability and selection 

differential expressed in terms of phenotypic 

standard deviation of that character, 

heritability and genetic advance both are the 

components of direct selection parameters. It 

is necessary to utilize heritability estimates in 

conjunction with selection differential 

differentia which indicates the expected 

genetic gain. 

 

Rathod and Naik (2007) found high 

heritability coupled with genetic advance in 

mango for the traits like fruit length, fruit 

weight, sugars, acidity ascorbic acid, peel 

percentage and stone percentage indicating 

importance of these traits for crop 

improvement programme. Bhowmick et al., 

(2008) conducted an experiment to study 

heritability and genetic advance for different 

physico-chemical traits among nine mango 

genotypes. They found high heritability 

coupled with genetic advance for most of 

physico-chemical traits. Islam et al.,(2010) in 
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mango reported high heritability along with 

high degree of genetic advance (GA) for yield 

per plant (95.38% and 93.38), number of 

fruits per plant (89.90% and 49.63), fruit 

weight (99.35% and 114.31), fruit breadth 

(90.14% and 49.70), stone weight (99.05% 

and 90.82), stone length (98.34% and 51.83) 

and pulp:stone ratio (98.74% and 66.34).  

 

Nayak et al., (2013) estimated high 

heritability for fruit weight (0.82), fruit length 

(0.70), fruit volume (0.80), stone width 

(0.71), total carotenoids (0.97) and ascorbic 

acids (0.83); and moderate heritability for 

acidity (0.58), fruit width (0.62), stone length 

(0.68), stone thickness (0.62), peel thickness 

(0.53) and total soluble solids (0.69). High 

heritability along with high genetic advance 

was estimated for fruit weight and fruit 

volume. Genetic parameters estimated for 

fruit quality traits of mango may be useful to 

formulate pre-selection criteria and efficient 

breeding strategies of mango for development 

of new hybrids. Heritability and genetic 

advance (GA) as percent mean was obtained 

high for the characters of fruit weight and 

fruit length. High heritability estimate is 

mainly due to additive gene effect and high 

genetic advance thus may be expected upon 

effective selection.  

 

Majumder et al., (2012) estimated heritability 

and genetic advance among sixty genotypes 

of mango and showed considerably high 

heritability which ranged from 56.21 to 

98.24% and the genetic advance (as% of 

mean) was high for the maximum traits. High 

heritability coupled with high genetic advance 

was observed in weight of harvested fruits per 

plant,% initial fruit set per inflorescence,% of 

flowering shoot, number of inflorescences per 

shoot, percent fruit harvest per inflorescence, 

number of main branches per inflorescence, 

number of fruits per plant, number of 

inflorescences per shoot, plant height (cm) 

and percent perfect flowers which indicated 

that these characters were less influenced by 

environment confirming predominance of 

additive gene action and therefore, selection 

in favour of these characters would be 

feasible for yield improvement of mango.  

 

Character associations 

 

Correlation measures the degree and direction 

of relationship between two or more 

variables. The study of character association 

helps breeder in fixing a selection criteria for 

fruit yield in parental lines such as selection 

will be effective in isolation than correlating 

the correlation of phenotypic values and 

subjected to change in the environment. 

Several workers have been studied the 

correlation coefficient in fruit crop, a brief 

review of studies on the association of 

characters in fruit crop is presented below:  

 

Gupta et al., (1996) studied correlation in 

mango indicate that fruit diameter had 

significant positive correlation with fruit 

weight, stone weight, stone width, seed 

weight and seed width, whereas, negative 

correlation with stone thickness as well as 

petiole length. The fruit weight was 

significant positive correlation with stone 

length, stone width, stone weight and seed 

width and seed length but negatively 

correlated with seed weight. Azevedo et al., 

(1998) studied the phenotypic and genotypic 

correlations among plant height and crown 

direction. Leaf blade length was highly 

significantly correlated with leaf blade width; 

and petiole length significantly correlated 

with crown north-south direction. Rathod and 

Naik (2007) studied genotypic and phenotypic 

correlation among fruit traits of mango and 

found that the genotypic correlation were 

higher than their corresponding phenotypic 

correlations for all the traits and also reported 

stone weight was highly significantly 

correlated with seed length, seed width and 

seed weight. However, it was negatively 
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correlated with leaf blade width and TSS: 

acidity ratio. Wright et al., (2007) noticed that 

genotypic correlation coefficient was higher 

than that of phenotypic correlation coefficient 

for most of fruit traits. Islam et al., (2010) 

reported in mango that yield per plant was 

strongly and positively correlated with fruit 

weight, fruit breadth, stone weight, fruit 

length and pulp-stone ratio. Barhate et al., 

(2012) studied phenotypic and genotypic 

correlation coefficient between number of 

fruits per tree and yield and found significant 

positive correlation of yield with number of 

fruits per tree, plant height, tree spread and 

tree girth. Vasugi et al., (2013) noticed higher 

genotypic correlation than phenotypic 

correlation in mango and found that fruit 

weight was most closely associated with pulp 

percent, total sugar, non reducing sugar, 

reducing sugar and stone weight. Bhowmick 

et al., (2008) studied genotypic and 

phenotypic correlation among fruit traits of 

mango and found that genotypic correlation 

coefficient was higher than phenotypic 

correlation coefficient for most of characters. 

There was a significant positive correlation of 

fruit weight with pulp content, breadth and 

significant negative correlation with peel and 

acid content. Total soluble solids (TSS) 

showed high positive correlation with total 

sugar and non reducing sugar. Whereas, 

acidity showed high negative correlation with 

non reducing sugar, fruit weight, pulp content, 

TSS, Sugar and reducing sugar content.  

 

Singh et al., (2012) reported that fruit weight 

showed significant positive correlation with 

fruit size, pulp weight, stone weight, peel 

weight, pulp content, pulp/stone ratio and 

stone size. However, it exhibited negative 

significant correlation with fruit stone 

content. Significant negative correlations 

were also recorded for fruit weight, fruit 

breadth, pulp weight, peel weight, pulp/stone 

ratio with total sugars content of the fruit. 

Total soluble solids in juice showed 

significant positive correlation with total 

sugars (0.88) and reducing sugars (0.62) and 

negative correlation with juice acid content (-

0.47). Akhter et al., (2013) reported that fruit 

diameter, rind thickness, length of segment 

and number of segment had positive and 

highly significant phenotypic association with 

fruit weight and also genotypic positive 

association. The percent fruit set had negative 

genotypic and phenotypic association with 

fruit weight. 

 

On the basis of review, it may be concluded 

that qualitative traits can be used for proper 

characterization, grouping of genotypes and 

varietal identification. Genetic variability 

indicated that significant wide variations were 

observed among the mango varieties for most 

of the characters. The phenotypic and 

genotypic coefficient of variation were found 

higher for number of fruits per tree at 

harvesting, yield per tree, total carotenoid, 

pulp weight, fruit weight, peel weight, stone 

weight and pulp: stone ratio, while these were 

moderate to low for remaining traits. The 

genotypic correlation coefficient was higher 

than phenotypic correlation coefficient for 

most of the characters and yield per tree. 
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