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The genetic diversity among nineteen mandarin genotypes was assessed at Punjab
Agricultural University Ludhiana based on fruit chromicity scores. Colour parameters of
fruit epicarp, pulp and juice were determined with the help of Hunter Lab colorimetric
system as per IPGRI descriptors. The mean value of epicarp CCI was significantly higher
(11.91) in W. Murcott followed by Fremont (9.32) and Kinnow (8.54). However, the mean
value of pulp CCI of different mandarin genotypes ranged from 4.28 to 11.30 with average
value of 6.66. The pulp CCI was maximum (11.30) in Daisy which was statistically at par
with Darjeeling (10.51). The data revealed that mean value of juice CCIl was maximum
(9.78) in Daisy which was statistically at par with W. Murcott (9.68), CRS-4 (9.14),
Clone-11(9.03) and Kinnow (8.86). The clustering analysis showed that genotypes were
grouped across the sub-groups based on their quantitative colorimetric values without clear
evidence of their geographical distribution. The study concluded that W. Murcott,
Fremont, Kinnow and Daisy are distinct genotypes having higher chromicity scores. Thus,
this study will help citrus breeder to select distinct mandarin genotypes for targeting better

fruit colour parameters in citrus improvement programme.

Introduction

Fruit colour is associated with freshness and
is very critical for acceptance in the
consumer’s hands (Campbell et al., 2004).
Both external and internal sensory parameters
are important for the consumer. Easy pealing,
pleasant flavor, low seediness and fragrance
are most desirable internal quality parameters
in mandarins (Jenks et al., 2011). Similarly,
suitable fruit shape, deep peel colour and
glossy surface are deciding external traits
deciding attractiveness of fruits. The fruit
colour is also an important consideration for
post-harvest studies (Cubero et al., 2010) and
colour change from green to yellowish is a

S77

most important maturity indices. The
progressive citrus growers ensure the uniform
quality in term of colour while packing the
fruits in  batches. Under sub-tropical
conditions, the harvesting of the mandarins
starts before they attain typical orange colour.
The commercial growers have to give certain
degreening treatments, depending upon their
standard colour index at harvest (Vidal et al.,
2013).

Colour is generally taken as an index of
freshness, peelability and nutritional value by
consumers (Haisman et al., 1975). This is a
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very complex trait which is controlled by
chemical, biochemical and physicochemical
mechanisms (Sinha et al., 2012). Moreover,
fruit colour is governed by several other
factors such as fruit maturity, tree nutrition,
rootstock, agronomic practices, biotic and
abiotic stresses (Ladanyia, 2010). Major
colour pigments are cholorphyll (green),
carotenoids (yellow, orange, and red deep
orange), anthocyanins (red) and lucopene (red
or pink). During October-November, the
chlorophyll present in the peel is degraded
and carotenes are freshly synthesized
(Sinclair, 1984; Artes et al., 2002), which
imparts lemon-yellow colour to the fruit. This
attractive colour indicates the ripeness of fruit
and stimulates perception of freshness in
customer’ mind (Hutchings, 2003).

No doubt, citrus breeding objectives may vary
as per need of the region, but breeding for
quality is one of the important objectives in
most of regions of the world.

The selection of suitable parents in citrus
breeding programme is very important.
Recent trends and the major goals of the
breeding program are focused on physical
attributes like fruit colour, fruit size, easy
peeling and seedlessness (Abouzar and
Nafiseh, 2016). In conventional hybridization
programme, breeder generally take one
pigmented parent (Deng and XU, 2011).The
citrus colour index (CCI) in the citrus industry
is used to determine the harvesting date in
different citrus genotypes (DOGV et al.,,
2006) Conventionally, colorimeter is also
used for colour measurement with numerical
figures, however, it is limited to the small
region of fruit surface (Gardner, 2007)

Therefore, the study was planned with
objectives to use high quality image
acquisition system for exploring the true
potential in the differentiation of genotypes
on the basis of their colour and to determine
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the feasibility for the use of chromicity as
fruit maturity index.

Materials and Methods
Plant material

Nineteen mandarin genotypes grafted on
rough lemon rootstock planted at a spacing of
6 x 3 m were used in this research work. The
study was carried out at college orchard and
PG lab of department of fruit science, Punjab
Agricultural  University, Ludhiana during
2013- 2015.

All the trees received recommended doses of
fertilizers and other cultural practices during
the course of these investigations. Randomly
selected ten mature fruits were taken in each
replication and the number of replications was
three.

Peel colour parameters of fruit, viz. epicarp,
pulp and juice were determined with the help
of Hunter Lab colorimetric system as per
IPGRI descriptors (IPGRI, 1999). The Hunter
L, a and b colour space is organized in a cube
form. The ‘L’ axis runs from top to bottom.
The maximum for ‘L’ is 100, which would be
a perfect reflecting diffuser. The minimum
value for ‘L’ is zero, which would be black.
The a and b axes have no specific numerical
limits. Positive ‘a’ is red and negative ‘a’ is
green. Positive ‘b’ is yellow and negative ‘b’
is blue (Hunter Lab, 2008). The colorimeter
was calibrated using a standard calibration
plate prior to each use. The colorimeter
measured three variables: a = green/red, b=
blue/yellow and L = Luminosity. The value of
citrus colour index was calculated as under.

Citrus Colour Index =1000 x a/ (L x b)
Negative value of CClI means dark

green/green colour. Value around zero means
green-yellow colour (intermediate) and small
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positive value means yellow colour. High
positive value means red-orange colour.

Statistical analysis

Quantitative data were analyzed using SAS
(9.3 version) software and data were also
subjected to un-weighted pair group method
with arithmetic mean (UPGMA) by using
DAR win software (Perrier and Jacquemoud-
Collet, 2006).

Results and Discussion
Epicarp colour parameters

The mean epicarp colour lightness value (L) of
different mandarin genotypes ranged from
50.64 to 61.68 with average value of 56.79
(Table 1). The mean maximum epicarp
lightness (61.68) was reflected by genotype
Kinnow which was statistically at par with
Mudhkhed Seedless (59.79), Clone-11 (59.57),
Daisy (59.36), N-51(58.87), Nagpur Seedless
(58.78) and Nova (58.78) and it was
significantly higher than all other genotypes.
Mean redness and greenness value of
different mandarin genotypes ranged from
14.34 to 31.58 with average value of 21.52.
The maximum mean redness and greenness
value (31.58) was recorded in genotype W.
Murcott and it was significantly higher than
all other genotypes except Kinnow and
Daisy. The mean maximum blueness and
yellowness (61.18) was recorded in genotype
Clone-11 and it was significantly higher than
all other genotypes except Daisy, N-4, Nova,
Kinnow and Nagpur. The CCI of fruit epicarp
of different mandarin genotypes ranged from
451 to 11.91 with average value of 7.09
(Table 1). The data show that mean value of
epicarp CCIl was maximum (11.91) in W.
Murcott followed by Fremont (9.32) and
Kinnow (8.54) and it was significantly higher
than all other genotypes under study.
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The high positive value of CCI indicates the
red orange colour of the fruit epicarp. Fruits
from W. Murcott, Fremont and Kinnow
genotypes had significantly higher value
which clearly differentiated these fruit from
all other genotypes. These genotypes are
highly promising in term of red orange colour
trait which is highly preferred traits in
mandarin group. However, fruits from N-28
genotypes have low CCI value which
indicates less promising orange colour of fruit
epicarp.

Pulp colour parameters

The results (Table 2) revealed that fruit pulp
colour lightness values among mandarin
genotypes differed significantly. The mean
value ranged from 40.84 to 57.89 with
average value of 51.41. Maximum mean pulp
lightness (57.89) was reflected by genotype
N-28 which was statistically at par with W.
Murcott, Khasi, Nagpur, Nova, CRS-4, N-4,
N-43 and N-51. Mean redness and greenness
values of among mandarin genotypes ranged
from 5.14 to 10.79 with average value of
7.56. The mean maximum fruit pulp redness
and greenness (10.79) was recorded in
genotype Daisy and it was significantly
higher than all other genotypes except
Darjeeling (9.98). Fruit pulp mean blueness
and yellowness value of different mandarin
genotypes ranged from 15.43 to 29.08 with
average value of 23.24. The maximum mean
pulp blueness and yellowness (29.08) was
recorded in genotype Kinnow and it was
significantly higher than all other genotypes
except Nova, Fremont, N-28, Khasi and W.
Murcott. Maximum mean value of pulp CCI
of different mandarin genotypes ranged from
4.28 to 11.30 with average value of 6.66. The
data show that mean value of pulp CCI was
maximum (11.30) in Daisy which was
statistically at par with Darjeeling (10.51) and
it was significantly higher than all other
genotypes.
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The high positive value of CCI in our study
indicates the deep red orange colour of fruit
pulp. Fruits from Daisy and Darjiling
genotypes have significantly higher CCI
values which differentiate these genotypes
from all other fruits under investigation. The
data clearly show that these genotypes are
highly promising in term of pulp colour (deep
red orange). However, fruits from N-51, N-
28, Nagpur, Nova, Khasi, Fremomt, N-43 and
Mudhkhed Seedless genotypes have low CCI
value indicating light orange colour of fruit

pulp.
Juice colour parameters

It is evident from the data in table 3 that juice
colour lightness values differed significantly
among different genotypes. The mean juice
colour lightness value of different mandarin
genotypes ranged from 31.00 to 37.43 with
average value of 35.19. Significantly higher
mean juice lightness (37.43) was reflected by
genotype Nagpur Seedless which was

followed by Clone-11, CRS-4 and Kinnow.
The maximum mean juice redness and
greenness value (8.83) was recorded in
genotype CRS-4 and it was significantly
higher than all other genotypes except Clone-
11 and W. Murcott which recorded 8.20 and
7.83 values of juice redness and greenness,
respectively. The mean juice blueness and
yellowness value of different mandarin
genotypes ranges from 20.94 to 29.19 with
average value of 24.59. The maximum mean
juice blueness and yellowness value (29.19)
was recorded in genotype Nova followed by
Coorg (26.84) and N-43 (26.70) and it was
significantly higher than all other genotypes.
Maximum mean value of juice CCI of
different mandarin genotypes ranged from
5.69 to 9.78 with average value of 7.59. The
mean value of juice CCI was maximum (9.78)
in Daisy which was statistically at par with W.
Murcott (9.68), CRS-4 (9.14), Clone-11(9.03)
and Kinnow (8.86) and it was significantly
higher than all other genotypes under study.

Fig.1 Dendrogram illustrating genetic relationship among 19 mandarin genotypes generated by
UPGMA tree analysis based on citrus color index of fruit epicarp, pulp and juice
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Table.1 Fruit epicarp colour reflectance characters in different mandarin genotypes

Genotypes Epicarp lightness Epicarp redness and Epicarp blueness and Epicarp CCI (Citrus
(L) greenness (a) yellowness (b) Colour Index)
2013 2014  Pooled 2013 2014 Pooled 2013 2014  Pooled 2013 2014 Pooled
CRS-4 56.22°  58.61%° 57.42°9 1844 20.829" 19063 52009 57.42%" 5476™%* §31%" 618 6.24%
Clone-11 58.50"% 60.64°  59.57® 19.12" 23.80°" 21.46°°" 60.27% 62.08® 61.18 5429 6.32°M 5879
Coorg 53.107 58220 5566% 17559 26.52¢ 22.04°° 5219 5848°° 5534"¢ §35% 779° 7.07%
Daisy 60.26™ 5846 5936® 27.88° 32.35° 30.12*° 58.00° 62.94° 60.47°  7.97° 879" 8.38™
Darjeeling 59.70°¢  56.30°%" 58.00°¢ 20.37%" 21.49™"" 20.93%" 5339° 57.48%" 5544 639% 6.64% 6.51°
Fremont 57.77°%® 54.98°W 5638 2343° 2028™ 26.35° 49.36® 51.12" 50.24°9 821° 10.42% 9.32°
Khasi 57.31%  56.96%°%® 5714”0 1919 27.17% 23.18% 50.59°® 5241" 5150 667% 9.12° 7.89%
Kinnow 63.10°  60.26°  61.68° 30.87° 29.62™ 30.25° 60.29° 54.88"" 5750® 811" 897" 8.54
Mudhkhed Seedless 61.10° 58.49%% 5979® 1978 16987 18.38™" 41.13" 59.66"¢ 50.39° 7.87° 486" 6.37™
N-4 57.92°%® 5950®  58.71° 21.81°% 22659 2223°%® 5767% 59.16°9 58.49%  652% 6.43% 6.47°0
N-28 47.83" 5345 50649 1520' 1347 1434 4769 46.14% 46.92" 6.70® 546" 6.08"
N-34 51.93" 5392 52020 1554" 16.16% 1585™ 48.17%" 53459 50.81°%W 6.19%" 561" 5909
N-38 50.419" 53239 51829 1468 16.87" 1578" 43.88" 4843% 46.159  6.65% 6.54% 6.60°
N-43 52.139  54.88%M 5351 1577" 18.87" 17.329" 5046 48.68% 49579 599 7.06%® 6.53%0
N-51 57.57%  60.17° 58.87° 1474  1439% 1457" 5266% 57.67%" 5517°9 4889 414 451
Nagpur Seedless ~ 63.46°  54.09¢  5878%° 24.06° 14.17¢ 19.12° 4719 51.76' 49.48% 806" 506" 6.56°
Nagpur 57.71°%  56.39°%" 5705°0 2377 25.02% 24.40° 5254 61.44%° 56.99®  7.85° 7.27% 756
Nova 57.93°%® 5963 5878 2210% 20599 21.35°" 5400 61.92% 57.96® 7.10 560" 6.35%
W. Murcott 53.33" 52579  5295M 31.69° 3146 3158° 45249 5607% 50.65%0 13.14% 10.68% 11.91°
Mean 56.70 56.88 56.79 20.84 2219 2152 5141 5585  53.63 7.18 7.00  7.09
LSD (p<0.05) 2.69 3.73 2.96 2.28 2.66 3.12 3.69 2.99 4.69 093 088 1.12
CcV 2.87 3.97 4.56 6.63 7.26 1267  4.35 3.24 7.64 791 762 1383

Different alphabets show significant difference and same alphabets show non-significant difference among genotypes
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Table.2 Fruit pulp colour reflectance characters in different mandarin genotypes

Genotypes Pulp lightness Pulp redness and Pulp blueness and Pulp CCI (Citrus
(L) greenness (a) yellowness (b) Colour Index)

2013 2014  Pooled 2013 2014 Pooled 2013 2014  Pooled 2013 2014  Pooled
CRS-4 56.46°° 50.53% 53500 6319 863 7.47%9 21000 2040%0 2075 530"k 838>  6.84°f
Clone-11 49.12°"  53.24%® 5118°% 903 969 036™ 2341%" 2131%" 2236 786 g51° 8.18°
Coorg 4318 59.41*° 51.30™% 891" 679" 7.85%" 21980 1941°" 2070 945° 591°% 768"
Daisy 30.92 5550°9 43210 1284 875" 10.79° 30.14° 1814  24.14°*® 1379* 880b  11.30°
Darjeeling 40.04  41.64" 40.84° 9.47°  1051% 09.98®  26.44™ 21.35%  23.89°® g89g8™ 12.03* 10.51°
Fremont 46.46%" 56.41%¢ 51.43"% 799 ggg™* 844 2910 2820  28.60% 596N 561" 5 79™N
Khasi 51.62% 5048 5555%°  7.36%9 7.70%" 7.53%W 0gg7® 2286  2587% 403"k 5ggc 531"
Kinnow 44.31" 5350 48.095%"  754%0 967 gg1% 30922 2723 2008 555 6.60°® 6.08%M
Mudhkhed Seedless 48.07 52.14%F 50.10°®  8.02°® 6.14%" 7.08" 26.64° 21.91® 2428 279" 5 5pcdT g ggfoh
N-4 55.73° 50.93% 53.33%%¢ @550 7517 703" 21679 2198  21.83% 5420 g 729 g Q790
N-28 56.69°° 59.00% 57.89° 564"  8.21%® 693 254200 2647  2595%° 394Kk 527" 460N
N-34 47.68" 46199 4694 558" 578" 568 16.40"  14.45 15.43g 7.06%" 867°  7.87™
N-38 51.02% 52.49%F 5175 97" 524" 610"k 1518 < 16.36" 15779 9.03*  6.10°®  7.56°
N-43 52.20° 53.98°% 53000 618" 5000 559% 19.22M 18.06™" 18.649 6.48%MY 517" 583"
N-51 50.91% 54.07°% 52.49%% 537! 490" 5145  23.87%%T 2223 2305 443" 4137 428"
Nagpur Seedless 4454" 5460 4957%  7.84°%" 564" 674" 2441°% 17899 21157 7.30%® 581°% 6,60
Nagpur 60.11° 4959 54.85% 708 572" 6409 30.85%°  1957%M" 2521°0 387  591°%  4.89%"
Nova 52599 56.86%C 54730 go3Pcde g 47¢de g35cde 28 69® 29257 28.972 5509 511 530"
W. Murcott 58.94% 5338°% 5616  8.28™%® 904 866" 26.64°° 24.96°  25.80%¢ 528MK 680°  6.04°
Mean 4950 5332 5141 7.64 749 756 24.79 21.69 2324  6.65 6.67 6.66
LSD (p<0.05) 2.64 3.63 5.90 1.42 1.07  1.33 2.97 3.35 3.59 1.53 1.49 1.62
CcV 3.23 4.13 10.02 1126 869 1541  7.27 9.37 1351 1400 1357 21.25

Different alphabets show significant difference and same alphabets show non-significant difference among genotypes
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Table.3 Fruit juice colour reflectance characters in different mandarin genotypes

Genotypes Juice lightness Juice redness and Juice blueness and Juice CCI (Citrus
(L) greenness (a) yellowness (b) Colour Index)

2013 2014 Pooled 2013 2014 Pooled 2013 2014 Pooled 2013 2014  Pooled
CRS-4 36.10%®" 3631% 36.21® 8.80° 8.86® 8.83°  26.30°¢ 27.10° 26.70°¢ 928  0.01%% 9.14®
Clone-11 38.16%°  36.42% 37.29° 885 754 820  24.85°%M 24009 24.42%0" 9362 870 903
Coorg 34.85%1  3379% 3432" 554" 9212  738"% 2677% 26917 26.84 5.95¢  10.17°  8.06™%
Daisy 35.49°%  36.63* 36.06® 6.69°° 7.94%¢ 7320 058l 21.31%  20.94 927  10.29° 9.78°
Darjeeling 37.11%%9  33.88%" 3550 4.99" 8219 660%M 24.15M" 259170 253" 558" 950 7.55%M0
Fremont 33.34 36.60° 34.97%¢ 5369 495" 516"  26.10"% 2586°9 2598"% 616% 521" 569"
Khasi 35.83%°0¢10 33 8% 34,76 578N 734l g 57dle 93 4q9Mht o6 5gabed  pp gpbedefs g gqedel g ppbedel 7 sgdet
Kinnow 35431 36.76% 36.10° 6.70°%® 8.36%C¢ 7530 22129 5 07°% 2360 853 9.19%d g g
Mudhkhed Seedless 36.50°°% 33.35% 34.93% 443 6237 533" 2004 24.91°¢% 29 47" 6.03°  7.520¢7 g 78N
N-4 33.19%"  33.08® 33.14% 461" 473 467 23,720 20449  22.08" 590 6.98°9  6.44™M
N-28 36.75%®  3513% 3594® 607%9 5649 586" 2750 25530 2656°9  6.06%" 6.259"  6.16%"
N-34 35.657°0¢10 35 60 3563 582 51Ut 5719 pp O3Pcdefd oy g3bcde pg 73bedefoh g pocdel g 4790 6 499"
N-38 38.83% 33.01% 3592 753 614" .84l D5 gpPedel o3 gocdel oy g7cdelth 7 77bc 7 7qcdefy 7 7gbedet
N-43 36.96°® 3205 34.96%¢ 6.41%" .04 623" 2700® 26339 26.71% 6.43°%" §.99° g 710"
N-51 30.47" 31.52° 31.009 510" 4.90™ 5007 22200 g5 pgPcde 3 7oefohi 7 ggbed g 1gdh g g7efoh
Nagpur Seedless 38.45°  36.40° 37.43° 577" 7.47°% 6.62%0 22379 2359%" 2p.09gfhl g 7ot g 733 7 70t
Nagpur 35.53%  3323% 3438™ 459 614" 536" 21420 24.48"™% 2295 g 09% 7 g0%M g g5eo"
Nova 34.18% 3454 3436™ 7.08°¢ 6.98%" 7.03°%" 29457 28.94°  29.19° 7.07%% 6979 7,02°0"
W. Murcott 36.04%c0T 35458 3574%¢ 780°  7.87°0 7.83%¢ 2323 29 07%0 oo 759N 9422 9094%® 9682
Mean 35.73 3465 3519 621 685 653 24.29 24.88 24.59 7.19 7.99 7.59
LSD (p<0.05) 2.82 434 271 091  1.30 1.17 2.92 3.02 2.27 1.49 1.72 1.42
CcV 4.78 758  6.73 897 1150 1575  7.29 7.35 8.08 1256  13.03  16.40

Different alphabets show significant difference and same alphabets show non-significant difference among genotypes
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The high positive value of CCI indicates the
red orange colour of the fruit juice. Daisy and
W. Murcott, CRS-4, Clone-11 and Kinnow
fruits having higher CCI values are promising
genotypes in terms of their juice colour.

Clustering of genotypes

The dendrogram generated through un-
weighted pair group method with arithmetic
mean (UPGMA) analysis based on the fruit
color characteristics clearly divided the
nineteen mandarin genotypes into three major
groups (Fig. 1). Cluster-1 included only single
genotype viz. Nagpur Seedless. The cluster-2
is further divided into two sub clusters namely
cluster-2A and cluster-2B. In cluster-2A, four
genotypes i.e. Khasi, Fremont, Kinnow and
W. Murcott were grouped whereas, in cluster-
2B, seven genotypes namely Nagpur, Nova,
N-28, N-51, N-4, Mudhkhed Seedless and N-
43 were included. In cluster-3, seven
genotypes viz. N-434, CRS-4, N-38, Coorg,
Clone-11, Daisy and Darjiling were grouped.
The study clearly showed that genotypes were
clustered across the groups based on their
quantitative colorimetric values without clear
evidence of their geographical distribution. It
was also observed that hybrids like Kinnow,
Fremont, W. Murcott and Daisy were clearly
differentiated from the other mandarin
selection on the basis of their chromicity
scores of fruit epicarp, pulp and juice.

The results are promising and demonstrate the
feasibility of using hunter lab to inspect the
fruit colour during harvesting in different
mandarin genotypes. Most of the mandarin
hybrids are differentiated from the mandarin
selections on the basis of their chromicity
scores which indicates deep red orange colour
of the fruit epicarp, pulp and juice. These
variation, no doubt indicates the desirability
of the breeder to develop deep red orange
colour of the fruit in mandarin hybrids. The
literature also supported the findings that
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breeder generally take one pigmented parent
in conventional fruit breeding programme
(Deng and Xu, 2011) and the major focus of
the breeder to develop coloured varieties
(Abouzar and Nafiseh, 2016). Fruit colour is a
very complex trait which is controlled by
chemical, biochemical and physicochemical
mechanism (Sinha et al., 2012) and several
other factors like fruit maturity, tree nutrition,
rootstock, agronomic practices and biotic and
abiotic stresses (Ladanyia, 2010). Under sub-
tropical conditions, during November-
December, the chlorophyll present in the peel
are degraded, carotenes are freshly
synthesized (Sinclair, 1984) which imparts
yellow colour to the fruit. High variation in
fruit colorimetric parameters in all genotypes
over the years was due to the air temperature
variation and it was greatly influenced by the
genetic makeup of the genotype and their
parentage. Regulatory gene expression
contributes several physiological changes that
contribute a lot to the fruit colour
development (Torres et al., 2010).

In our experiment, the mid to late season
maturing genotypes like W. Murcort,
Kinnow, Fremont had higher CCI for epicarp
due to the increase in colorimetric coordinate
a. The correlation studies of temperature and
lemon colour in ‘Eureka’ and ‘Fino’ varieties
stated that highest ‘a’ component of CCI due
to fall in temperature in November and
December (Manera et al., 2008). Due to lower
temperature the ‘chlorophyll a’ degrades
rapidly and carotenoids provide yellow color
to fruit epicarp in citrus fruits (Gross, 1991).
It was also reported that colour of the peel in
lemon fruit begins to change from green to
yellow when the minimum temperature was
below 15 °C (Manera et al., 2013). Three
different variables L, a and b varied within
same genotype in both the years of
investigation proved the direct correlation of
these variable with temperature, fruit maturity
and other physiological processes. More



importantly, the colorimetric coordinate ‘a’
does not depend upon the mean temperature
but directly influenced by minimum
temperature of the day as an independent
variable (Manera et al., 2013).

The mandarin genotypes under study belong
to different maturity group and have different
geographical  origins,  thus  different
chromicity scores describe their colour
change time under sub-tropical conditions.
The commercial citrus growers have to give
certain degreening treatments, depending
upon their standard colour index at harvest
(Vidal et al., 2013). The study will help the
progressive farmers to ensure the uniform
quality in term of pulp and flesh colour while
packing the fruits in batches. This study will
also help the fruit breeder to select the early
genotypes on the basis of their colour and
may help him to use these genotypes in citrus
crop improvement program.

In conclusion, the study demonstrates the
feasibility of use of hunter lab to measure
chromicity scores before fruit harvesting.
Furthermore, it will help to identify the
promising parents for citrus improvement
programme. W. Murcott, Fremont, Kinnow
and Daisy emerged as promising cultivars in
terms of their CCI index values and these
genotypes should be used in breeding
programme for developing deep colored
mandarin varieties. The study conclusively
proves that chromicity can be used as
maturity index for citrus fruits.
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