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The present study was undertaken to generate varia-
bility in Kinnow (Citrus nobilis Lour x C. deliciosa
Tenora) using gamma radiation. Four hundred buds
of Kinnow were irradiated at 30 Gy and budded on
rough lemon rootstock in February 2007. The result-
ing 188 MV, plants were planted in the field in Octo-
ber 2009 and observations in the present trial were
recorded from 2015 to 2018. The number of bold seed
per fruit ranged from 0.4 to 30.8 in the population
raised from irradiated buds. Out of all the branches,
6.4% had bold seed number less than 10.3 per fruit,
39.4% had bold seed number from 10.3 to 20.3 per
fruit and 54.7% plants had bold seed number more
than 20.3 per fruit. The average fruit weight in treated
population ranged from 94.3 to 253.2 g, with 46.8%
bearing small sized fruits, 44.3% bearing medium
sized fruits and 8.9% bearing large sized fruits. High
variability was also observed for plant height, plant
spread, pollen viability and total soluble solids.
Among the 188 MV, plants, eleven Kinnow mutants
(seven solid mutant trees and four mutant branches)
having average seed number less than eight were iden-
tified, showing distinct desirable characters and were
compared in detail with parent variety Kinnow. One
of the low seeded mutants was released as a new variety

named ‘PAU Kinnow-1’ for cultivation in Indian
Punjab.
Keywords: Flowering characters, fruit weight, pollen

viability, seedless.

THE Kinnow mandarin (Citrus nobilis Lour x C. deliciosa
Tenora) has emerged as a predominant citrus fruit in Pun-
jab and is grown on 51.6 thousand hectare with an annual
production of 12.1 lakh metric tonnes (ref. 1). Kinnow
trees are precocious, have wide adaptability and are
heavy yielders of good quality fruits with abundant juice.
Fruits have high juice content with well blended taste.
However, this cultivar has a problem of high seed number
and this problem was the biggest hindrance in its adop-
tion as a table fruit. Seed number also adds bitterness to
the juice after squeezing of juice. On the other hand seed-
less cultivars are preferred by the trade. Citrus are highly
heterozygous, polygenic plants with a long juvenile
period, whereby conventional breeding is laborious, time-
consuming and expensive.

*For correspondence. (e-mail: hsrattanpal@pau.edu)
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Inducing mutations by gamma-rays has been effectively
used in several species of Citrus. Irradiation of budwood
with gamma-rays can produce higher frequencies of mu-
tation, leading to the creation of new variants compared
to the parent variety. Gamma-irradiation mutagenesis of
budwood has been the most commonly used method by
citrus breeders worldwide to obtain seedless clones from
commercial seeded varieties™ of orange, mandarin, gra-
pefruit and lemon®’. An alternative method to obtain
seedless citrus fruit is through breeding of triploid trees;
however, this method presents several drawbacks, such as
prolonged juvenility, segregation of characters on cross-
ing and hybrids with long thorns®. Unlike other mutage-
nesis methods, gamma irradiation at the doses used to
induce seedlessness often results in induction of numerous
recessive chromosomal aberrations. Therefore, it is very
likely that it impacts the expression of many genes and
thereby in some cases, impairs fruit quality™”.

Despite the vast efforts invested in the development of
seedless mandarin varieties, not much is yet known re-
garding the effects of gamma-irradiation mutagenesis
and/or lack of seeds on mandarin fruit quality. In studies,
conducted in Spain, Bermejo et al.”® compared seed
number, pollen viability and fruit quality traits of bud
irradiated ‘Moncada’ and ‘Murcott’ mandarin clones with
standard trees. They observed that some of irradiation-
generated clones had reduced pollen germination rates
and thereby had fewer seeds. However, irradiation also
resulted in alterations in fruit weight, size and nutritional
quality, though some clones exhibited no changes in
fruit-quality traits when compared to fruits harvested
from standard trees. Therefore, the present study was
planned to assess the variability induced in Kinnow popu-
lation with gamma irradiation and to study fruit quality
characters of mutants having average seed number less
than eight at phenotypic level.

The study was undertaken in the New Research Farm
of Punjab Agricultural University, Ludhiana. The gamma-
irradiated clones were obtained by grafting buds that had
been exposed to 30 Gy of *®Co gamma irradiation onto
‘rough lemon’ rootstock. The buds were exposed to
gamma rays in a gamma chamber emitting 11.2 Gy/min.
A dose of 50% lethality of gamma rays (LDs, dose) was
standardized and it was observed to be 30 Gy for Kinnow
buds. Four hundred Kinnow buds were irradiated in Feb-
ruary 2007 and the resulting 188 first mutant generation
(MV)) plants were planted in the field in October 2009 at
a spacing of 6 x 3 m, which were headed back to six buds
after four months of growth. Two to four branches were
retained on each plant. Fruit data for individual branch
was recorded for the fruiting years 2015-16 to 2017-18.
Tree height, tree spread and scion diameter were recorded
for all the main branches of 188 MV, trees and five trees
of parent variety Kinnow. Mutant-1, Mutant-2, Mutant-3,
Mutant-4, Mutant-5, Mutant-6 and Mutant-11 were solid
mutants and seed number per fruit and percentage of
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Table 1. Characterization of Kinnow mutants with respect to different characters
Category (%)
Character Range Mean SE (mean) CV (%) Low Medium High
Plant height (m) 1.8-3.6 2.7 0.1 13.7 12.7 62.7 24.6
Plant spread (m) 1.5-2.9 22 0.1 15.1 16.8 56.8 26.4
Scion diameter (mm) 31.4-102.3 72.2 0.8 15.2 4.4 61.1 345
Leaf length (cm) 5.1-8.9 7.0 0.1 11.3 26.3 54.5 19.2
Leaf width (cm) 2.2-4.9 3.5 0.1 13.8 12.6 68.3 19.1
Internode length (cm) 0.9-2.9 1.6 0.1 19.3 314 61.5 7.1
Flower diameter (mm) 18.9-31.5 26.5 0.1 9.1 6.9 58.9 34.2
Petal length (mm) 9.4-16.7 13.8 0.1 7.2 9.7 55.9 344
Stamen length (mm) 8.2-13.1 10.6 0.1 8.7 16.3 57.3 26.4
Pollen viability (%) 28.2-99.4 75.1 1.2 21.4 12.1 38.1 49.8
Seed no./fruit 0.4-30.8 19.8 0.5 29.9 6.4 39.3 543
Fruit no./tree 54.0-565.0 286.0 6.1 29.6 19.2 68.0 12.8
Fruit weight (g) 94.3-253.2 157.5 2.7 20.4 42.9 48.2 8.9
TSS (°Brix) 9.4-13.2 10.8 0.1 9.9 17.3 43.5 39.2

pollen viability per tree were uniformly same on the
whole tree; however, the remaining four mutants were in-
dividual branches identified based on having less than
eight bold seed per fruit and reduced pollen viability.

Data on different vegetative characters, viz. tree height,
tree spread, scion diameter, leaf length and width were
recorded during January. Pollen viability was determined
with acetocarmine colorimetric test. The pollen grains
from mature anthers were stained with 2% acetocarmine
and observations were recorded under photonic micro-
scope. The pollen viability was scored according to stain-
ing level (pollen with bold red colour as viable and
colourless as non-viable). The percentage of pollen via-
bility was determined as the ratio of the number of fertile
grains to the total grain number. Flower diameter, petal
length and stamen length were measured with Vernier’s
Callipers.

The Kinnow fruits were harvested in mid-January and
a representative sample of 20 fruits was collected from
each marked branch of a tree for analysis, and data on
fruit weight, total soluble solids and acidity were recorded.
Seeds were extracted and divided into two categories, i.e.
bold and rudimentary depending upon their size; small
shrivelled seeds were taken as rudimentary. Seed weight,
length and diameter were recorded after drying the seed
for 48 h at room temperature. All the fruits produced on a
tree were counted to get the fruit number per tree. Tree
height, tree spread, scion diameter and fruit number/tree
were recorded for the whole tree. All other characters
were recorded for individual branches.

The data were subjected to statistical analysis for stan-
dard error (SE) and coefficient of variation (CV). The
range represented the minimum and maximum values
recorded for each trait. The range for each character was
divided into three equal parts which were designated as
low, medium and high. The number of mutants falling in
each category was calculated and expressed as a percen-
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tage of the total population, i.e. the total number of plants
or branches.

In all the Kinnow mutant branches under evaluation,
the range of seed number per fruit was recorded from
0.4-30.8 (Table 1). The mean number of seeds per fruit in
the entire mutant population was 19.8. High variability
expressed in terms of coefficient of variation (29.9%)
was recorded for seed number, which indicates that selec-
tion can be applied for seed number to isolate more prom-
ising lines. Though high variability was observed in
Kinnow MV, population, only 6.4% branches had low
bold seed number/fruit and most of the branches (54.7%)
produced high bold seed number/fruit. Similar results
were obtained in previous studies on mutation breeding
of mandarins”®. Lower seed number per fruit in different
citrus species through mutation breeding was also ob-
tained by Hearn’ and Spiegel Roy'’. Seedless mandarins
have been selected from bud variations of seedy cultivars
and origin of bud variation was a change in the genetic
constitution, including changes in chromosome number
per cell, chromosome structure aberration and gene muta-
tions'".

The number of fruits per tree ranged from 54 to 565
and mean number of fruits per tree was 286 (Table 1).
High coefficient of variation of 29.6% was recorded in
mutant population. Most of the trees (68%) produced me-
dium number of fruits; proportion of trees yielding high
or low number of fruits per tree was low. Likewise, yield
of ‘Tayl’ derived through spontaneous mutation of
‘CK 1’ was found to be high and stable'?.

Average fruit weight of each branch of the tree was
recorded individually and it ranged from 94.3 to 253.2 g
per fruit, with mean fruit weight of 157.5 g (Table 1).
Variability of 20.4% was recorded in the mutant popula-
tion. Most of the branches (48.2%) produced medium
sized fruits, followed by branches producing small sized
fruits (42.9%). In a similar study, Li et al.'* observed that
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Table 2. Performance of Kinnow mutants for bold and rudimentary seed number per fruit
Bold seed number/fruit Rudimentary seed number/fruit
Mutant/character 2015-16  2016-17 2017-18  Mean 2015-16 2016-17  2017-18 Mean
Mutant-1 4.12 3.22 3.73 3.69 8.63 8.24 9.18 8.68
Mutant-2 5.17 4.88 3.82 4.62 16.40 16.11 15.27 15.93
Mutant-3 6.59 7.96 6.72 7.09 13.31 11.74 10.33 11.79
Mutant-4 7.08 7.72 8.04 7.61 6.32 7.22 5.44 6.33
Mutant-5 1.62 0.38 1.41 1.14 3.22 4.45 4.56 4.08
Mutant-6 4.20 3.62 5.68 4.50 6.50 2.90 3.93 4.44
Mutant-7 6.41 7.67 7.90 7.33 11.33 12.56 13.21 12.37
Mutant-8 6.12 7.71 4.20 6.01 5.44 7.14 6.51 6.36
Mutant-9 8.21 3.00 6.11 5.77 15.28 16.51 14.78 15.52
Mutant-10 5.85 6.50 6.61 6.32 8.30 6.17 4.25 6.24
Mutant-11 6.66 8.25 7.37 7.43 5.92 5.50 5.67 5.70
Kinnow 21.27 20.12 22.42 21.27 20.89 21.69 25.43 22.67
Table 3. Performance of Kinnow mutants for average fruit weight coefficient of variation (8.7%) was also recorded for sta-
Fruit weight (g) men.length, most of the flowers in mutant population had
medium stamen length.
Mutant/character ~ 2015-16 2016-17  2017-18 Mean Pollen viability of the entire population was estimated
. ; . ) N
Mutant.1 1678 1822 1752 1751 191;11‘1‘% acet(l)jciarmme hstammg ancll1 it ra'nie?il. fronfl i8.2A>.to
Mutant-2 1523 125.1 137.5 1383 4% (Ta e 1). The mean pollen via ility o t. e.entlre
Mutant-3 178.6 177.3 154.6 170.2 population was 75.1% with coefficient of variation of
Mutant-4 190.3 209.2 191.2 196.9 21.4%. Most of the flowers (49.8%) had high pollen via-
Mutant-5 86.4 94.3 76.33 85.7 bility and 39.1% flowers were in medium range. Male
Mutant-6 118.6 108.4 127.5 118.2 sterility in citrus is generally referred to as pollen abor-
Mutant-7 188.4 189.2 183.5 187.0 . h 1 Kk le i . dl in th
Mutant-8 162.1 173.4 1775 171.0 t101.1 that plays a key role in creatmg seedlessness in .t e
Mutant-9 164.5 176.4 169.5 170.1 fruit. It can be induced by degeneration of pollen grains,
Mutant-10 168.8 168.1 174.4 170.4 anther and microsporocyte, chromosomal rearrangements
Mutant-11 169.3 173.2 178.6 173.7 that cause abnormal meiosis in microsporocytes, as well
Kinnow 171.6 172.9 182.5 175.7

fruits of mutant ‘Tayl’ were larger, which was derived
through spontaneous mutation of ‘CK1’. Goldenberg et
al.”® observed that average fruit weights of seven of the
eight low-seeded irradiated mandarin varieties were sig-
nificantly lower than those of varieties from unirradiated
trees.

Total soluble solids in mutated population ranged from
9.4 to 13.2 °Brix, and the mean TSS was 11.5 °Brix
(Table 1). The coefficient of variation for TSS was only
5.9% indicating low probability of selection for this trait.
Most of the population produced fruits with medium to
high TSS. Similar variation for TSS was observed in
seelilless mutants obtained through irradiation by Tang et
al.”™.

Diameter of flowers differed in mutant population. The
flower diameter ranged from 18.9 to 31.5 mm, with mean
of 26.5 mm and coefficient of variation was 6.9% (Table
1). Most flowers (58.9%) had medium diameter and
34.4% flowers were in the large diameter category. A
similar trend was observed for petal length, which ranged
from 9.4 to 16.7 mm, with mean petal length of 13.8 mm.
Coefficient of variation for this character was 7.2%. Low
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as abnormal climate'?.

Plant height in mutant population ranged from 1.8 to
3.6 m (Table 1). The mean plant height of the entire pop-
ulation was 2.7 m and most of the plants (62.7%) had
medium height. The coefficient of variation for plant
height was 13.7% and plant spread was 15.1%. Spread of
plants varied from 1.5 to 2.9 m with average of 2.2 m.
Like plant height, most plants were in the medium cate-
gory for spread. Scion diameter ranged from 31.4 to
102.3 mm. The average trunk diameter was 72.2 mm and
coefficient of variation for this character was of medium
level at 15.2%. High coefficient of variation (19.3%) was
observed for internode length, though very few branches
(7.1%) had high internode length.

In the entire mutant population, leaf length ranged
from 5.1 to 8.9 cm, with average length of 7.0 cm (Table
1). The coefficient of variation for this character was
11.3%. Most mutants have leaf size in the medium range.
Change in leaf characters as a result of gamma ray
induced mutations was also observed by Kukimura et
al."*, who recorded mutations with elongated leaves and
found this trait to be sexually transmitted.

Seven solid mutants were identified from the popula-
tion described above based on bold seed number per fruit.
Consistently low bold seed number was observed in
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Table 4. Performance of Kinnow mutants for TSS and acidity of fruit juice

TSS (°Brix) Acidity (%)
Mutant/character 2015-16 2016-17 2017-18 Mean 2015-16 2016-17 2017-18 Mean
Mutant-1 10.4 10.3 10.1 10.3 0.82 0.80 0.81 0.81
Mutant-2 9.8 10.2 10.0 10.0 0.85 0.82 0.83 0.83
Mutant-3 10.3 10.4 9.8 10.2 0.79 0.81 0.81 0.80
Mutant-4 10.2 10.6 10.4 10.4 0.77 0.75 0.76 0.76
Mutant-5 9.7 10.0 9.8 9.8 0.84 0.81 0.82 0.82
Mutant-6 10.1 9.9 9.7 9.9 0.86 0.85 0.85 0.85
Mutant-7 10.3 10.1 10.5 10.3 0.79 0.77 0.78 0.78
Mutant-8 10.3 10.2 10.4 10.3 0.79 0.81 0.82 0.81
Mutant-9 10.4 10.2 10.3 10.3 0.841 0.83 0.83 0.83
Mutant-10 10.3 10.5 10.4 10.4 0.83 0.8 0.81 0.81
Mutant-11 10.2 9.9 10.1 10.1 0.81 0.79 0.80 0.80
Kinnow 10.2 10.6 10.3 10.4 0.81 0.79 0.84 0.81

Figure 1.

mutant-5 during all the years followed by mutant-1. The
highest bold seed number per fruit was recorded in parent
variety Kinnow (Table 2). Mutant-1 was released as a
seedless mandarin variety named ‘PAU Kinnow-1" for
general cultivation in Punjab, India (Figure 1). Mutant-5
could not be released due to small sized fruits (Table 3)
and low TSS (Table 4); average fruit weight in mutant-5
was less than half that of mutant-1. Average number of
rudimentary seeds per fruit was the lowest in mutant-5
followed by mutant-6, mutant-10 and mutant-4 in ascend-
ing order. Like this study, a superior seedless mutant
of l‘sJing’ orange ‘Xifeng No. 1’ was selected by Jiang et
al.”.

All the mutants did not differ much for fruit bio-
chemical quality parameters (Table 4). Consistently low
TSS was observed in mutant-5 closely followed by
mutant-6. The lowest mean acidity was recorded in
mutant-4 followed by mutant-6. Similarly, spontaneous
mutant named ‘Autumn Gold Late Navel’ was identified
from ‘Washington Navel’” population by Pollock'®.

The fruits of mutant-5 were consistently smaller in size
compared to parent variety Kinnow and all other selected
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a, Mutant-1 having low seed content was released as new variety named ‘PAU Kinnow-1’, b, Parent variety ‘Kinnow’.

mutants (Table 3). Mutant-5 also had the lowest seed
number per fruit. The fruits of mutant-4 and mutant-7
were larger in size. In mandarin cultivars irradiated with
gamma rays, Goldenberg e al.'’ observed that average
fruit weight of seven of the eight low-seeded irradiated
mandarin varieties was significantly lower than those of
unirradiated trees.

Huge variability was observed in the mutant population
for many traits of commercial significance. In the present
trial, selection was focused on low seed number. As a re-
sult, seven solid mutants and four branches bearing fruits
having less than eight seeds per fruit were identified. One
of these mutants, mutant-1 was released as new variety
named ‘PAU Kinnow-1" for general cultivation in Pun-
jab, India.
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