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The present study on variability, heritability, genetic advance as percentage of mean and isozyme
analysis in 32 citrus genotypes were catTied out for yield and yield attributing characters. The genotypes
exhibited significant differences for all the characters under study. A wide range of variability in pev
and GCV was observed for leaf lamina length, leaf lamina width, ratio (leaf lamina length: leaf lamina
width), leaf thickness, fruit length, fmit breadth, fruit weight, rind weight, rind thickness, juice content,
no. of seed per fruit, seed weight, seed length, seed breadth, TSS%, acidity%, ascorbic acid, reducing
sugar, total sugar and yield. High heritability and high genetic gain were observed for leaf lamina
length, leaf lamina width, ratio (leaf lamina length and leaf lamina width), leaf thickness, fruit length,
fruit breadth, fruit weight, rind weight, rind thickness, juice content, no. of seed per fruit, seed weight,
seed length, seed breadth, TSS%, acidity%, ascorbic acid, reducing sugar, total sugar and yield,
where as rind weight showed low genetic gain. The result revealed that genotypic correlation coemcienl
values were higher in magnitude than phenotypic correlation coefficient values. Moreover, peroxidise
isozymes analysis on selected 32 Citrus genotypes revealed 12polymorphic kochi and 52 alleles with
Rm values ranging from 0.20 to 0.90.00.

Citrus (Citrus sp.) is the most important fruit crops of the
family Rutaccac grown commercially
throughout the country
and known to world over for their characteristics
flavour,
attractive range evergreen foliage and flowers as well as the
extraordinary fragrance are the added aesthetic value of citrus
trees and is considered as third most important fruit crops
after mango and banana. It is grown in acreage of 846 (000)
hectares with the production of7464 (000) MT and productivity
of8.8 MT/ha respectively (NHB 20 I 0-11). Though production
of citrus in Indian plains is high, it is reduced to a great extent
in NOl1h Eastern region due to lack of quality planting materials
and poor orchard management. which necessitates to explore
for advance techniques that can manage higher demand of
this crop.

North-Eastern
region is considered as one of the bio-diversity
hot spot, has a good diversity of citrus species (Hazarika, 2012).
The state of Arunachal Pradesh is onc of the major centres of
diversity of citrus in the North eastern region ofTndia (Singh.
20 I 0). The main citrus belts of the Arunachal Pradesh are East
Siang, West Siang, Upper Siang and parts of Lower Subansari
districts. The role of genetic variability, its transmissibility into
the progeny and extent of the inheritance arc of paramount
importance in selecting the best breeding approach. Biometrieal
techniques are used for systematic assessment of variability
instead of age-old visual method (Frey, 1966). Therefore, the
present investigation
was initiated with the aim to study the
variability with respect to the physio-ehe1l1ical and biochemical
markers with the presumption
that the results might be of

practical use to those who are engaged
programme.

~

breeding

The present experiment
was carried
out at college
of
Horticulture
and Forestly, Central Agricultural
University,
Pasighat during 2009-20 II. The selected genotypes
were
collected from five villages of East Siang district of Arunachal
Pradesh vi7-., Balek, Boying, Rengging, Ledum, Tekang and
experimental farm of College of Horticulture
and Forestry,
Central Agricultural University. Thirty two diverse genotypes
viz., T1 (Khasi mandarin),
T2 (Hill mandarin),
T3 (Nagpur
mandarin), T. (Cleopatra mandarin), Ts (Kinnow mandarin), T(,
(Trifoliate orange), T) (Valencia -42), T~(Valencia -5), Tq(Valencia
- 47), T1o(Luc!mow Mosambi), T1\ (Pummelo - I), T'l (Pummelo
- 2), T\3 (Samphola - 4), TI4 (Pummelo -27), T\S(Pummelo - 4), T\I'
(Grape fruit - 85), T1) (Acid lime - 2) T\8 (Acid lime - 15), TI9
(Acid lime - 22), T20 (Acid lime - 59):T21 (Acid lime - 60), Tn
~ (Acid lime - 1), T2, (Acid Iime- 4), T24 (Assam Lemon), T?S(Pant
Lemon), Tl6 (Citr"on - 37), T27(Citron - 23), T28 (Kumquat), T29
~ (Kamala Australia), T10 (Citrus votkamiriana),
T3\ (Citron - 3)
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and T32 (Citrus
talipes).
The experiment
was done in
Randomized
Block Design (RBD) with three replication.
Observations
were recorded on twenty economic characters
of selected genotypes. The data were subjected to analysis of
variance as per procedure described by Panse and Sukhatme
(1978). The genotypic and phenotypic coefficient of variations
was calculated by Burton (1952). Heritability in broad sense
and genetic gain was expressed as percentage according to
Allard (1960). The cOiTelation coefficients were undertaken as
per procedure suggested by AI-Jibouri et at., (1958) and Miller
et at (I 958). Polyacrylamide gel electrophoresis was perfonned
in a vertical slab apparatus following the standard method
given by Zuber and Manibhushan
(1982). Similarity index
percentage
was calculated
by Subhadrabandhu
and
Suriyapananont(1998).

The analysis of variance for all the characters indicated highly
significant variation among the genotypes which revealed the
existence of sufficient variability in the germplasm (Table I).
The range of variation was highest in fruit weight followed by
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Source of variation
Replication

Genotype

Mean square
En'or
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df

2

31

62

Leaflamina length
Leaf lamina width
Ratio (LIW)
Leafthickncss
Fruit length
Fruit breadth
Fruit weight
Rind weight
Rind thickness
Juice content
No. of seed per fruit
. Seed weight

16.478

49513.717**
11190.355**

209.937
141.178

9.532**
12.296**
66266.19**
6180.04**
2702617.123**
752912.114**
703.970**
333171.167**

0.746
0.046
110.05
170511
63299.345
7228.997
1.273
236.342

11752.918**
142.59**
1631.951**
720.170**
457.166**
5.566**
2089.028**
134.971**
457.166**
159677.301**

245.174
0.957
7.407
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3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Seed length
Seed breadth
Total soluble solids (%)
Aeidity %
Ascorbic acid
Reducing sugar
Total sugar
Yield per tree
**Significant

at 0.0 I %.

0.966
0012
0000
1.873
0.576
2448.678
199.474
0.114
1.137
11.732
0.036
0.465
0.444
0.187
0001
3.176
0.064
0.187
864.074

7.042
5.012
0.120
250.694
4.674
5.012
6025.583

rind weight, juice content, yield per tree, fruit length and fruit
breadth indicating good variability among genotypes used in
present study. These results are in agreement with those of
Hossain and Haque (1977), Kumar et at .,( 1996) and Mitra and
Maity (2000) in jackfruit.
The magnitude
of phenotypic
coefficient
of variation
(PCV) was greater
than the
corresponding genotypic coefficient of variation (GCV) for all
the characters (Table 2). High rcv and GCV, were recorded for
rind weight, leaf thickness, reducing sugar, fruit weight, juice
content, number of seed per fruit. acidity, seed weight. seed
breadth, rind thickness, seed length, fruit breadth and fruit
length. Similar, observation was also made by Maity et af,
(200 I) and Saikia (2004). This reflects greater genetic vaIiability
among genotypes for these characters
for maki ng further
improvement. The magnitude of heritability ranged from 65.63
to 99.89%.
Maximum heritability was found for juice content followed by
fruit length, rind thickness, fruit breadth, leaf thickness, leaf
~ lamina length and seed length which showed that the selecting
~ in these characters would be effective Cfable 2). The values of
::E
" 'f! genetic advance as percentage of mean (genetic gain) ranged
E~ ~ from 24.49 to 228.51.
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couple with high genetic gain was observed
length, leaflamina Width, fruit length, fruit weight,

fruit breadth, rind thickness,juice
content, number of seed per
fruit seed weight, acidity, reducing sugar and total sugar
indicating that these characters are more reliable for effective
breeding selection. Similar results were reponed by Prasad
and Rao (1989) in acid lime, in litchi by Sarkar el aI, (1991), in
guava by Bandopadhyay
et af, (1992) and Mitra and Maity
(2000) in j ackfru it.
The phenotypic and genotypic correlation coefficients among
different
characters
were worked
out in all possible
combinations. Phenotypic cOITelation coefficient (Table 3) Fruit
yield per plant was found to be a positive and signi ficantly
correlated with leaflamina length, leaflamina width, fruit lcngth,
rind weight, rind thickness and seed length; while positive
correlation was found with ratio (leaflamina length/leaflamina
width), leaf thickness, fruit breadth, fruit weight,juice COlllent,
number of seed per fruit, seed weight, seed breadth, TSS and
reducing sugar. Similar finding was reported by Kumar el at
(1986) in sapota; Shamsundaran
et af, (1993) in banana and
Dwivedi (1998) in papaya.
While genotypic correlation coefficient (Table 4) indicated
significant and positive correlation offruit yield/tree with leaf
lamina length, leaflamina width, ratio (Ieaflamina length/leaf
lamina width), fruit length, rind thickness and seed length.
While a positive con·elation was found in leaf thickness, fruit
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Table 2: Genetic parameters

for yield and yield attributing

characters

in citrus

0
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-g Characters

Mean

Range

82.51
41.17
2.02
0.33
69.52
63.19
185.00
74.18
6.41
66.04
21.29
2.72
10.27
6.27
8.35
0.48
20.24
1.20
2.21
289.71

53.24 - 134.00
20.18-6337
1.46 - 3.12
0.14 - 2.23
30.17 -123.00
7.20 - 109.81
21.56 - 712.53
3.20 - 26828
2.88 - 12.89
3.13 - 219.43
5 - 48
0.04 - 5.12
3.10- 19.23
1.91 - 11.73
4.50 - 12.32
011 -1.45
I 1.78 - 31.00
005 - 4.00
0.20 - 10.21
212.56 - 432.27
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Coefficient
of variabi Iity (%)
PCV%
GCV%

Heritability
(%)

Genetic
advance

Genetic
advaneeas
% of mean

47.33
22.31
0.61
0.74
54.92
52.95
343.06
183.58
5.65
123.21
22.68
2.53
859
5.67
3.85
0.48
8.67
2.39
3.69
82.21

57.37
54.20
30.15
228.51
78.98
83.80
185.43
24.49
8827
186.56
106.54
92.87
83.60
90.48
46.20
101.06
42.82
199.81
166.4
28.38

0

0

Leaflamina length
Leaflamina width
Ratio L/W
Leaf thickness
Fruit length
Fruit breadth
Fruit weight
Rind weight
Rind thickness
Juice content
No. of seed/fruit
Seed weight
Seed length
Seed breadth
TSS%
Aeidity%
Ascorbic acid
Reducing sugar
Total sugar
Yield

28.04
26.81
16.42
111.56
38.43
40.85
93.22
121.88
42.95
90.66
53.35
45.54
40.86
44.57
23.19
51.35
24.77
102.13
18.33
14.57

27.95
2656
15.65
111.24
38.39
40.76
91.61
121.0 I
42.89
9061
52.53
45.31
40.72
44.25
22.82
50.19
22.69
99.53
1485
14. J 7

99.37
98.13
90.91
99.43
99.75
99.58
96.57
98.57
99.74
99.89
96.94
98.99
99.32
98.55
96.80
95.52
83.92
94.98
65.63
94.55
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(I

(peroxidase) analysis in extracts from the rind and leaves. Thus
from the present study it has been observed that there is wide
variability among the 32 selected genotypes with respect to
physia-chemical
and biochemical
characters, which can be
effectively utilized in citrus improvement programme.

Figure 1: Photographs of polymorphic bands of peroxidase isozymes
of selected citrus genotypes
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Figure 2:

~

Photograph of selected citrus genotypes

"t>

j breadth,

fruit weight, rind weight, juice content, number of
~ seed per fruit, seed weight, seed breadth, TSS and tatal sugar.
o This finding is in consonance
with the findings of Dwivcdi
(1997) in litchi and Dwivedi and Mitra (1995) in litchi.
Peroxidase
isozymes analysis on selected citrus genotypes
revealed 12 polymorphic loci and 52 alleles with Rm values of
0.20,0.25,0.30,0.35,0.40,0.45,0.50,0.55,0.60,0.65,
0.70 and
0.90 (Table 5). The genotypes having single banding patterns
were Ts.T9• T1l, T1). T14.T17 with 0.30; T11, TI6 with 0.35; Tl7 with
0.40 and T7 with 0.45 Rm values, whereas, the Rm values of
genotypes with double banding patterns were T2. T) and T.
with 0.25 and 0.50; T10 with 0.25 and 0.55; T19, TlO' Tl4, Tl5, T",
Tl9. TJI and Tl2 with 0.30 and 0.60; T1. Tr,.TIS' Tl3 and Tio with
0.35 and 0.60; Ts with 0.40 and 0.90; Tll with 0.40 and 0.65 and
TISwith 0.20 and 0.70 Rm values (Table 5). Maximum genotypes
had relative mobility value of 0.30, 0.35 followed by 0.60 and
least in 0.20, 0.75 and 0.90 (Rm value). Cabrita et 01 (2001)
studied four isozyme systems in citrus, which revealed seven
loci, four of which were polymorphic. Gogorcella et 01 (1990)
also identified nine mandarin genotypes with the aid of isozyme
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