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Abstract: In the present study, floral biology, the extent of fruit set under different modes of pollination, the relationship between fruit shape and
seed number, and the compatibility status among different apple varieties were studied. Fruit characters and yield are directly influenced by
floral characteristics, flowering time, flowering duration and pollen fertility. Flowering duration varied from 10 days (Scarlet Spur Il and Schlect
Spur) to 15 days (Granny Smith). Pollen viability ranged from 72.43 per cent (Ace Spur) to 96.83 per cent (Coe Red Fuiji) in 1 per cent
acetocarmine solution, and from 76.21 per cent (Schlect Spur) to 90.85 per cent (Gale Gala) in 0.04 percent erythrosine B. The findings
showed that, Gale Gala and Granny Smith were superior pollinizers. Seed number was maximum (9.40) under hand/controlled pollination and
minimum (2.40) under bagging conditions. When the seed number was low, there was a higher percentage of lopsided fruits, and vice versa.
All the main varieties were completely self-incompatible, whereas the pollinizing varieties were found to be partially as well as fully self-
compatible. It was concluded that a cross compatible variety is required for optimum fruit set in apples, and that the number of seeds in fruit has

adirect effect onits shape, size and weight.
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The cultivated apple (Malus x domestica Borkh.) is a
major commercial crop in temperate regions of the world. The
total area under apple cultivation in Indiais 3,15,000 hectares
with a production of 25,89,000 metric tonnes, whereas, in
Himachal Pradesh the area is 1,15,020 hectares with a
production of 6,11,900 metric tonnes (Anonymous 2022). In
apple, the pollinizing ability of any variety is determined by its
floral characteristics, duration of flowering, fertility and
germination of pollen grains. The low productivity of apples
might be due to a variety of factors including climate, soil
characters, the occurrence of pests and diseases, a lack of
pollination and a lack of synchronization among the flowering
periods.

In apples, cross pollination is a very important aspect for
quality fruit production since it contains a complex
biochemical mechanism that prevents the ovules from being
fertiized by its own pollen (Hua et al 2008). This
gametophytic incompatibility mechanism is genetically
controlled by a single locus, i.e., the S-locus, which includes
at least two polymorphic and strongly linked S-determinant
genes: a pistil-expressed S-RNase gene and a number of
pollen-expressed SFBB genes i.e., S-locus F-Box Brothers
(Claessen et al 2019). The self or non-self-recognition
process and the acceptance or rejection takes place between

the protein products of these genes. The varieties with the
same S-genotype are mutually incompatible because self S-
RNase can stop the pollen tube expansion, resulting in
fertilisation failure, and so their mating will not result in a
progeny. Due to this self-incompatibility mechanism, in
apples, majority of cultivars exhibit a higher level of allelic
heterozygosity, are thus not true to type and ultimately result
in fruits of poor size, shape and quality (Webster and
Wertheim 2003). Furthermore, the number and distribution of
seeds are also important in producing marketable apples
with better size and shape. The hormones that are produced
by developing seeds influence the growth in the tissues,
which ultimately leads to better shape and size of the fruit
(Sheffield 2014).

The lack of pollination leads to very less or no fertilization,
thus producing lopsided and unmarketable fruits. For these
reasons, it has become evident that there is an urgent need
for the identification of suitable pollinizing cultivars to counter
the problem of inadequate pollination, which ultimately leads
to inferior quality and poor yield. Furthermore, knowledge
about the floral behaviour of different varieties of apples
might be important in relation to different climatic conditions
for breeding new varieties suitable for different climatic
conditions. So far, very limited data is available with respect
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to pollen viability and in-vitro pollen germination in the
varieties undertaken for the present study. Furthermore, the
viability and germination of a wide range of varieties across a
wide range of environmental conditions also remain to be
investigated. The objective of study was to identify variety
with better pollinizing abilities to resist the problem of low
productivity in apples.

MATERIAL AND METHODS

The present investigations were carried out during the
years 2020 and 2021 at the Regional Horticultural Research
and Training Station, Mashobra, Shimla (elevation: 2286 m
above mean sea level; latitude 31.1°N; and longitude
77.1°E). The six commercial varieties viz. Scarlet Spur Il,
Oregon Spur I, Early Red One, Super Chief, Ace Spur and
Schlect Spur along with four pollinizing varieties viz. Gale
Gala, Granny Smith, Coe Red Fuji and Crimson Gala were
taken. Flower length, breadth, length of sepals, petals, pistil
and ovary diameter were measured. The colour of sepals,
petals, anthers and the flower at balloon stage were recorded
using colour chart of Royal Horticultural Society, London. The
date on which 5-10 per cent flowers had opened was
recorded as the date of initiation of flowering, whereas the
date on which about 75 per cent flowers had opened was
recorded as the date of full bloom. The date on which the last
flower opened in each variety was recorded as the time of
opening of last flower and the number of days from date of
initiation of flowering to the date of opening of last flower in
each variety was recorded as the duration of flowering.
Pollen viability was observed in 1 per cent acetocarmine
solution and 0.04 per cent erythrosine B solutions and in vitro
pollen germination was observed in 10 per cent sucrose + 0.5
per centagar solutions.

To investigate fruit characteristics, a total of 15
representative fruit samples were carefully selected at their
peak ripeness. These samples were divided into three sets,
with each set containing five fruit replicates. For precise
measurements of fruit dimensions, a Digital Vernier Calipers
(Model No. CD-6” CS) was employed to record the length and
breadth of each fruit in millimeters (mm). Furthermore, a
visual inspection of the fruits was conducted to categorize
them as either symmetrical or asymmetrical based on their
overall shape and appearance. The weight of the fruits
resulting from various pollination methods was determined.
To assess the fruit's physical characteristics more
comprehensively, each fruit was cut in half lengthwise. The
depth of the fruit basin was then measured using a measuring
scale and categorized as either shallow, medium, or deep
based on the depth observed. Seed number in each fruit was
assessed by slicing the apples horizontally through the

equatorial plane and counting the number of fully developed
seeds. The self-incompatibility index was calculated with the
values of seed set obtained in self-pollination and cross
pollination treatments (Moriya et al 2005). The values of self-
incompatibility index range from 0 to 1, where 0 indicates
complete self-incompatibility and 1 indicates a fully self-
compatible species. A self-incompatibility index of > 0.75
clearly differentiates between fully and partially self-
compatible species, whereas an index of < 0.20 is related to
fully incompatible species (Castro et al 2016). The cross-
compatibility of a particular cross combination was
established according to Maliga (1953), cited by Nyeki
(1996).

a, b, ¢, d and e cultivars that can fertilize anotherto a

a. negligible extent (fruit set =20% and <2%)
slight extent (fruit set22% and <10%)
medium extent (fruit set>10% and<20%)
high extent (fruit set 220% and <30%)

e. large extent (fruit set=30%).

RESULTS AND DISCUSSION

Floral biology: The average flower length and breadth were
at 38.60 mm and 34.87 mm (Table 1). Majid (2003) also
observed variations in flower diameter from 3.6 cmto 5.3 cm.
Pandit (2014) recorded flower diameter in the range of 4.00
cmto 5.30 cm. The number of sepals and petals was five in all
the varieties under study. The maximum (19.50) number of
stamens in all varieties was in Granny Smith and minimum
(17.00) in Scarlet Spur Il. However, Dennis (2003) reported
stamen numbers varying from 20 to 25 among different apple
varieties. Pistil length varied from 10.70 mm (Early Red One)
to 15.57 mm (Super Chief). Sepal length was maximum (7.66
mm) in Early Red One and minimum (5.99 mm) in Coe Red
Fuji. However, the maximum petal length (23.15 mm) was in
Super Chief and minimum (14.95 mm) in Ace Spur. Maximum
(2.63 mm) ovary diameter was in Oregon Spur Il which was
statistically at par with Super Chief, Schlect Spur and
Crimson Gala and minimum (2.08 mm) in Coe Red Fuiji.
Anand (2003) observed variations in sepal and pistil lengths
from 0.55 - 0.82 cm and 0.63 - 1.36 cm, respectively.
Chauhan (2018) also observed variation in pistil length from
0.69 cm to 0.91 cm. These variations in floral parameters
might be due to varietal differences (Monteiro et al 2015,
Dangietal 2021).

The flower initiation was earliest in Crimson Gala (26"
March), however, Schlect Spur was the last to initiate
flowering i.e. on 12" April. Full bloom was earliest in Crimson
Gala (31* March) and Schlect Spur was the last to come into
full bloom on 16" April. The date of opening of last flower
varied from 9" April to 22™April, Crimson Gala and Ace Spur
being the earliest and Schlect Spur being the last. Earliest
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petal fall was observed in varieties Crimson Gala and Ace
Spur (13" April), however, the last variety to show petal fall
was Schlect Spur (25" April). These differences in dates of
flowering might be due to their genetic characteristics or their
responses to light and prevailing temperature. The longest
flowering duration (15 days) was in Granny Smith, whereas,
the shortest duration (10 days) was observed in Scarlet Spur
Il and Schlect Spur (Table 2, Fig. 1). Singh et al (2002)
observed flowering duration to vary between 10 and 15 days
among different apple cultivars. Sharma et al (2017) reported
duration of flowering to vary from 12 to 16 days. The longest
(20 days) duration of flowering was observed in Granny
Smith and shortest (11 days) in Scarlet Spur Il (Verma and
Thakur 2019). These variations in time and duration of
flowering might be due to differences in cultural practices,
environmental conditions and chilling requirements (Dangi et
al 2024) of different apple cultivars, which help in breaking
bud dormancy and regulating flowering.

Pollen viability and in vitro pollen germination: In 1 per
cent acetocarmine solution, Coe Red Fuji showed the
highest pollen viability (96.83%) and Ace Spur the lowest
(72.43%). However, in 0.04 per cent erythrosine B, pollen
viability varied from 76.21 per cent (Schlect Spur) to 90.85
per cent (Gale Gala) (Table 2). The observed variations in
pollen viability percentage might be due to the prevailing
climatic conditions, which may affect the physiology of the
pollen grains (Singh et al 2002). Rather et al (2018) observed
pollen viability in 1 per cent acetocarmine solution ranged
from 64.50 to 100.00 per cent, with Granny Smith achieving
97.94 per cent and Coe Red Fuji achieving 97.53 per cent.

Nikhil Kaushal et al

H Date of full bloom

Early Red (e

Super Chief
AceSpur

Schelect Spur

Gale Gata

Gty Stith

Coe Red Fugi

Crimson Gale

ARBUBRABDNN1 2345678 INHRBUBETRNDARBAUBEAR

Marsh Anril

Fig. 1. Time and duration of flowering in different apple
varieties (from initiation of flowering to petal fall)
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Fig. 2. Relationship between seed number and degree of
lopsidedness under different modes of pollination

Table 2. Time, duration of flowering, pollen viability and in vitro germination of different apple varieties

Variety Time of Time of full Time of Total Time of Pollen viability (%) In vitro pollen
initiation of bloom opening of duration of petal fall germination in 10
flowering last flower flowering Acetocarmine  Erythrosine B % sucrose + 0.5 %

(days) (1%)* (0.04%)" agar (%)

Scarlet Spur Il 01 April 06" April 11" April 10 14" April  82.03 (9.11) 80.53 (9.03) 39.82

Oregon Spur I 30" March 05" April 10" April 1 14" April  80.37 (9.02) 80.42 (9.02) 40.27

Early Red One 02" April 08" April 14" April 12 18" April  79.36 (8.96) 77.18 (8.84) 42.51

Super Chief 01 April 08" April 13" April 12 16" April  77.78 (8.88) 78.67 (8.93) 39.24

Ace Spur 28" March 03" April 09" April 12 13" April  72.43 (8.57) 77.41 (8.86) 44.29

Schlect Spur 12" April 16" April 22" April 10 25" April  74.52 (8.69) 76.21 (8.79) 45.70

Gale Gala 27" March 03" April 10" April 14 14" April  95.96 (9.85) 90.85 (9.58) 59.74

Granny Smith 28" March 04" April 12" April 15 16" April  95.66 (9.83) 88.25 (9.45) 64.94

Coe Red Fuji 01 April 07" April 14" April 13 18" April  96.83 (9.89) 88.97 (9.46) 62.29

Crimson Gala 26" March 31" March 09" April 14 13" April  89.40 (9.51) 90.05 (9.54) 57.01

Mean 84.43 (9.23) 82.86 (9.15) 49.58

CD (P=0.05) (0.05) (0.18) 02.67

*Figure in parenthesis is square root (*) transformed
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Table 4. Pollination treatments applied to different pollinizing apple varieties under study, fruit set, retention, number of
seeds/fruit, Sl index and compatibility status

Treatment Female variety Male variety  Fruit Fruit Number of Degree of Sl Compatibility status

set retention seeds/fruit lopsidedness Index

(%) (%) (%)*
Gale Gala
Open Pollination Gale Gala - 70.80 72.13 8.32  20.00(26.55) - -
Self- Gale Gala Gale Gala 22.00 75.00 3.00 80.00 (63.41) 0.38 Partially self-compatible
pollination/bagging
Cross pollination Gale Gala  Scarlet Spurll 30.86 100.00 7.33 40.00 (39.21) - Crosscompatible to alarge extent
Cross pollination Gale Gala  Oregon Spur |l 48.43 100.00 6.80 40.00 (39.21) - Crosscompatible toalarge extent
Cross pollination Gale Gala Early Red One 12.14 100.00 9.00 6.67 (14.90) - Cross compatible to a medium

extent

Cross pollination Gale Gala Super Chief  50.27 40.00 6.30 46.67 (43.07) - Crosscompatible toalarge extent
Cross pollination Gale Gala Ace Spur  27.09 50.00 6.40 46.67 (43.07) - Crosscompatible to a high extent
Cross pollination Gale Gala Schlect Spur 36.46 40.00 7.33 33.33(35.25) - Crosscompatible toalarge extent
Cross pollination Gale Gala Granny Smith 46.78 90.00 9.00 13.33(21.39) - Crosscompatible to alarge extent
Cross pollination Gale Gala Coe Red Fuji 31.56 80.00 9.40 6.67 (14.90) - Cross compatible to alarge extent
Cross pollination Gale Gala Crimson Gala 27.85 16.67 9.00 20.00 (26.54) - Crosscompatible to a high extent
Granny Smith
Open Pollination ~ Granny Smith - 80.53 50.00 7.72 26.67 (31.08) - -
Self- Granny Smith  Granny Smith 27.84 40.00 4.50 66.67 (54.72) 0.87 Fully self-compatible
pollination/bagging
Cross pollination ~ Granny Smith Scarlet Spur Il 51.91  0.00 0.00 0.00 (0.00) - Cross compatible to a large extent
Cross pollination ~ Granny Smith  Oregon Spur Il 59.70  0.00 0.00 0.00 (0.00) - Cross compatible to a large extent
Cross pollination ~ Granny Smith Early Red One 45.95 50.00 7.23 40.00 (39.21) - Crosscompatible toalarge extent
Cross pollination ~ Granny Smith  Super Chief 50.53 100.00 6.80 40.00 (39.21) - Crosscompatible toalarge extent
Cross pollination ~ Granny Smith Ace Spur 33.69 50.00 9.00 6.67 (14.90) - Cross compatible to a large extent
Cross pollination ~ Granny Smith  Schlect Spur 45.40  0.00 0.00 0.00 (0.00) - Cross compatible to a large extent
Cross pollination ~ Granny Smith Gale Gala 64.76 55.45 8.25 20.00 (26.54) - Crosscompatible toalarge extent
Cross pollination ~ Granny Smith  Coe Red Fuji 70.42 55.56 7.50 26.67 (31.08) - Crosscompatible to alarge extent
Cross pollination ~ Granny Smith Crimson Gala 23.61 50.00 8.00 26.67 (31.08) - Crosscompatible to ahigh extent
Coe Red Fuiji
Open Pollination ~ Coe Red Fuji - 91.56 77.77 7.85 33.33(35.25) - -
Self- Coe Red Fuji Coe Red Fuji 50.07 66.67 3.20  73.33(58.88) 0.46 Partially self-compatible
pollination/bagging
Cross pollination Coe Red Fuji  Scarlet Spur 1l 50.10 100.00 6.40 46.67 (43.07) - Crosscompatible toalarge extent
Cross pollination Coe Red Fuji Oregon Spurll 75.85 66.67 6.50 40.00 (39.21) - Crosscompatible toalarge extent
Cross pollination Coe Red Fuji Early Red One 49.96 100.00 6.40 46.67 (43.07) - Crosscompatibletoalarge extent
Cross pollination ~ Coe Red Fuji ~ Super Chief 66.86 20.00 7.00 40.00 (39.21) - Crosscompatible to alarge extent
Cross pollination ~ Coe Red Fuiji Ace Spur  28.79 50.00 6.50 40.00 (39.21) - Crosscompatible toa high extent
Cross pollination =~ Coe Red Fuji  Schlect Spur 47.59 83.33 6.60 33.33(35.25) - Crosscompatible toalarge extent
Cross pollination Coe Red Fuiji Gale Gala  52.57 75.00 8.60 20.00 (26.54) - Crosscompatible toalarge extent
Cross pollination Coe Red Fuji  Granny Smith  36.39 85.71 8.75 26.67 (31.08) - Crosscompatible toalarge extent
Cross pollination Coe Red Fuji Crimson Gala 23.94 33.33 6.50 40.00 (39.21) - Crosscompatible to a high extent
Crimson Gala
Open Pollination ~ Crimson Gala - 77.60 85.29 8.00 26.67 (31.08) - -

Cont...



Pollination, Fruit Set and Self-Incompatibility Index in Apple Varieties

Table 4. Pollination treatments applied to different pollinizing apple varieties under study, fruit set, retention, number of
seeds/fruit, Sl index and compatibility status
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Treatment Female variety Male variety  Fruit Fruit Number of Degree of Sl Compatibility status

set retention seeds/fruit lopsidedness Index

(%) (%) (%)*
Self- Crimson Gala Crimson Gala 21.79 75.00 2.40 86.67 (68.56) 0.41 Partially self-compatible
pollination/bagging
Cross pollination ~ Crimson Gala Scarlet Spur Il 56.16  0.00 0.00 0.00 (0.00) - Cross compatible to alarge extent
Cross pollination ~ Crimson Gala Oregon Spur Il 41.64 75.00 6.60 40.00 (39.21) - Crosscompatible to a large extent
Cross pollination ~ Crimson Gala Early Red One 45.86 12.50 8.00 20.0 (26.54) - Cross compatible to a large extent
Cross pollination ~ Crimson Gala  Super Chief 47.58 42.86 6.80 46.67 (43.07) - Crosscompatible to alarge extent
Cross pollination ~ Crimson Gala Ace Spur 26.83 33.33 8.00 20.00 (26.54) - Crosscompatible toa high extent
Cross pollination ~ Crimson Gala Schlect Spur 64.41 33.33 8.00 20.00 (26.54) - Crosscompatible toalarge extent
Cross pollination ~ Crimson Gala Gale Gala 41.56 0.00 0.00 0.00 (0.00) - Cross compatible to a large extent
Cross pollination ~ Crimson Gala Granny Smith 30.70 71.43 8.80 13.33(21.39) - Crosscompatible to alarge extent
Cross pollination ~ Crimson Gala Coe Red Fuji 67.12 47.12 7.00 33.33 (35.25) - Crosscompatible toalarge extent

*Figure in parenthesis is angular (*) transformed

Table 5. Effect of open pollination and bagging on fruit characters of different apple varieties

Variety Under open pollination condition Under bagging condition
Fruit length Fruit breadth Fruit weight Depth of  Fruitlength  Fruit breadth Fruit weight Depth of
(mm) (mm) (9) basin (cm) (mm) (mm) (9) basin (cm)
Scarlet Spur I 59.61 65.51 122.37 0.80 0.00 0.00 0.00 0.00
Oregon Spur I 59.59 66.56 124.71 1.00 0.00 0.00 0.00 0.00
Early Red One 60.57 65.43 125.67 0.80 0.00 0.00 0.00 0.00
Super Chief 64.66 68.39 155.45 0.90 0.00 0.00 0.00 0.00
Ace Spur 58.71 58.47 104.11 0.60 0.00 0.00 0.00 0.00
Schlect Spur 66.28 73.37 135.55 1.10 0.00 0.00 0.00 0.00
Gale Gala 63.55 71.31 163.55 0.90 52.58 56.20 98.63 0.60
Granny Smith 64.66 72.59 162.42 0.70 64.24 76.20 154.61 0.60
Coe Red Fuji 57.39 67.23 131.69 0.50 59.44 66.91 130.56 0.30
Crimson Gala 55.37 63.17 139.92 0.60 39.21 61.73 68.73 0.50
Mean 61.04 67.20 136.54 0.79 53.87 65.26 113.13 0.50
CD (p=0.05) 0.48 0.52 0.36 0.001 0.05 1.02 0.57 0.10

Singh et al (2002) observed that pollen viability in 0.04 per
cent erythrosine B ranged from 70.70 per cent to 90.32 per
cent. In vitro pollen germination in 10 per cent sucrose + 0.5
per cent agar was found to range between 39.24 per cent and
64.94 per cent with maximum in Granny Smith and minimum
in Super Chief. These variations in pollen germination might
be due to the genetic constitution of pollen producing
varieties, which influences the hormone level and its
distribution which ultimately affects the physiology of pollen
grains and thereby cause variations in viability and
germination percentage (Kotiyal and Dimri 2017). In
agreement with our present findings, Javid (2015) also
observed that in vitro pollen germination ranged from 49.75
per cent (Manchurian) to 63.00 per cent (Malus floribunda).

However, Rather et al (2018) and Ahad et al (2020) reported
in vitro pollen germination ranging between 44.24 per cent
(Oregon Spur) and 64.54 per cent (Granny Smith) in 15 per
cent sucrose solution. Higher values of pollen viability and
germination in different apple varieties may be attributed to
pollen fertility as a result of regular meiosis and the activation
of certain enzyme systems present in the pollen itself
(Nautiyal and Dimri 2009). Furthermore, viable pollen grains
contain higher levels of pigments and free amino acids than
non-viable pollens.

Fruit quality: The controlled or hand pollination resulted in
the highest fruit length (69.53 mm), breadth (79.71 mm), and
weight (196.58 g), followed by open pollination (Table 5, 6).
The lowest fruit length, breadth, and weight (39.21 mm, 56.20
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Table 6. Effect of controlled/hand pollination on fruit characters of different apple varieties

Cross combinations Fruit length (mm) Fruit breadth (mm) Fruit weight (g) Depth of eye basin (cm)
Scarlet Spur Il x Gale Gala 69.53 78.38 194.89 1.28
Gale Gala x Scarlet Spur Il 54.84 63.95 100.78 1.30
Scarlet Spur Il x Granny Smith 54.59 63.37 103.17 1.44
Granny Smith x Scarlet Spur Il 0.00 0.00 0.00 0.00
Scarlet Spur Il x Coe Red Fuji 47.71 72.04 129.51 1.17
Coe Red Fuji x Scarlet Spur Il 52.22 63.84 103.67 1.28
Scarlet Spur Il x Crimson Gala 49.52 66.10 104.22 1.30
Crimson Gala x Scarlet Spur Il 0.00 0.00 0.00 0.00
Oregon Spur Il x Gale Gala 0.00 0.00 0.00 0.00
Gale Gala x Oregon Spur Il 52.97 64.11 100.98 1.10
Oregon Spur Il x Granny Smith 57.65 70.04 140.42 1.27
Granny Smith x Oregon Spur Il 0.00 0.00 0.00 0.00
Oregon Spur Il x Coe Red Fuji 0.00 0.00 0.00 0.00
Coe Red Fuji x Oregon Spur Il 50.55 63.41 99.75 1.16
Oregon Spur Il x Crimson Gala 56.03 64.73 108.70 1.20
Crimson Gala x Oregon Spur Il 40.24 56.96 79.59 1.35
Early Red One x Gale Gala 44.46 62.15 98.66 1.50
Gale Gala x Early Red One 59.35 69.96 149.64 1.40
Early Red One x Granny Smith 55.44 70.31 151.85 1.35
Granny Smith x Early Red One 54.34 65.59 106.42 1.00
Early Red One x Coe Red Fuji 51.33 60.48 94.71 1.20
Coe Red Fuji x Early Red One 56.70 67.78 120.80 1.30
Early Red One x Crimson Gala 48.38 60.20 90.53 1.28
Crimson Gala x Early Red One 45.51 60.38 84.92 1.10
Super Chief x Gale Gala 0.00 0.00 0.00 0.00
Gale Gala x Super Chief 39.58 61.42 88.06 1.30
Super Chief x Granny Smith 39.84 69.61 83.21 1.10
Granny Smith x Super Chief 62.76 71.13 142.33 1.74
Super Chief x Coe Red Fuiji 39.98 60.11 71.63 1.30
Coe Red Fuji x Super Chief 54.51 66.81 115.32 1.50
Super Chief x Crimson Gala 0.00 0.00 0.00 0.00
Crimson Gala x Super Chief 52.33 62.08 98.43 1.10
Ace Spur x Gale Gala 0.00 0.00 0.00 0.00
Gale Gala x Ace Spur 56.50 62.52 132.88 1.10
Ace Spur x Granny Smith 45.65 57.67 82.63 1.60
Granny Smith x Ace Spur 59.99 71.50 145.05 1.80
Ace Spur x Coe Red Fuji 47.81 64.28 114.64 1.10
Coe Red Fuji x Ace Spur 58.47 70.48 136.48 1.30
Ace Spur x Crimson Gala 56.81 62.60 100.07 1.00
Crimson Gala x Ace Spur 48.19 62.28 82.05 1.10
Schlect Spur x Gale Gala 60.85 75.55 146.09 1.30
Gale Gala x Schlect Spur 54.91 68.24 114.15 1.67
Schlect Spur x Granny Smith 62.16 69.77 139.36 1.30

Cont...
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Table 6. Effect of controlled/hand pollination on fruit characters of different apple varieties

Cross combinations Fruit length (mm) Fruit breadth (mm) Fruit weight (g) Depth of eye basin (cm)
Granny Smith x Schlect Spur 0.00 0.00 0.00 0.00
Schlect Spur x Coe Red Fuji 0.00 0.00 0.00 0.00
Coe Red Fuji x Schlect Spur 55.65 56.90 128.60 1.34
Schlect Spur x Crimson Gala 58.63 65.96 113.43 1.50
Crimson Gala x Schlect Spur 45.14 58.92 74.62 1.05
Gale Gala x Granny Smith 59.49 68.84 137.90 1.50
Granny Smith x Gale Gala 63.39 72.16 156.24 1.40
Gale Gala x Coe Red Fuiji 69.16 79.71 196.58 1.02
Coe Red Fuji x Gale Gala 53.65 68.56 118.75 1.43
Gale Gala x Crimson Gala 65.42 78.26 196.50 1.40
Crimson Gala x Gale Gala 0.00 0.00 0.00 0.00
Granny Smith x Coe Red Fuji 59.95 70.57 139.68 1.78
Coe Red Fuji x Granny Smith 53.84 65.12 132.27 1.33
Granny Smith x Crimson Gala 64.57 74.24 163.74 1.35
Crimson Gala x Granny Smith 53.56 66.73 115.81 1.20
Coe Red Fuji x Crimson Gala 57.71 75.84 136.08 1.50
Crimson Gala x Coe Red Fuji 46.41 63.72 101.70 1.05
Mean 54.05 66.62 119.74 1.31
CD (p=0.05) 0.13 0.12 0.28 0.001

mm, and 68.73 g, respectively) were observed when bagging
was used as the pollination method. These variations might
be attributed to both the specific characteristics of the fruit
variety studied and the distribution of seeds within the fruits.
Dantas etal. (2001) and Chauhan (2018) also reported larger
fruit sizes resulting from cross-pollination compared to open
pollination. These variations in fruit size are not solely linked
to pollination methods but can also be influenced by a
combination of genetic and environmental factors. These
factors include soil fertility, irrigation practices, nutrientlevels,
and various agricultural activities, all of which play a
significant role in shaping the physical characteristics of the
fruit.

Seed number and degree of lopsidedness: Under open
pollination conditions, the percentage of asymmetrical fruits
(degree of lopsidedness) ranged from 20.00 per cent in Gale
Gala to 53.33 per cent in Ace Spur. The average seed
number was 7.64, ranging from 6.48 (Ace Spur) to 8.32 (Gale
Gala) (Table 3, 4). Under controlled pollination conditions,
degree of lopsidedness was maximum (53.33 %) in Super
Chief x Granny Smith and Super Chief x Coe Red Fuji and
minimum (6.67%) in Gale Gala x Coe Red Fuiji, Gale Gala x
Early Red One and Granny Smith x Ace Spur. Maximum
(9.40) number of seeds was observed in Gale Gala x Coe
Red Fuji and minimum (6.00) in Super Chief x Granny Smith
and Super Chief x Coe Red Fuiji. Under bagging conditions,

the percentage of asymmetrical fruits was highest (86.67%)
in Crimson Gala and lowest (66.67%) in Granny Smith. The
seed number was highest (9.40) under hand/controlled
pollination and lowest (2.40) under bagging conditions. The
percentage of lopsided fruits was substantially associated
with seed quantity. The percentage of lopsided fruits was
highest (86.67%) under bagging conditions and lowest
(6.67%) under controlled/hand pollination conditions (Fig. 2).
There was association between the number of seeds and the
proportion of lopsided fruits, i.e., with the percentage of
lopsided fruits being higher, the number of seeds was
observed to be lower. Buccheri and Vaio (2004) and Sheffield
(2014) observed that when the quantity of seeds increased,
the percentage of deformed fruits decreased. According to
Alabadi et al. (2009) and Balaguera-Lopez et al. (2020)
synchronous activity of auxin and gibberellins hormones
regulates the development of ovary into fruits. The hormones
that are synthesized in seeds (auxins, gibberellins,
brassinosteroids, cytokinins, polyamines, ethylene etc.)
govern seed development and improve the activity of fruits to
act as a sink, and ultimately result in a more uniform shape
and better size of the fruit (Sun et al. 2010 and Kang et al.
2013).

Self-incompatibility index: The delicious group of varieties
viz. Scarlet Spur Il, Oregon Spur |, Early Red One, Super
Chief, Ace Spur and Schlect Spur were completely self-
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incompatible followed by Gale Gala, Coe Red Fuji and
Crimson Gala which were partially self-compatible, whereas,
Granny Smith was completely self-compatible (Tables 3, 4).
The cross compatibility of the main varieties varied from
being compatible to a negligible extent to being compatible to
a large extent, whereas, all the pollinizing varieties were
compatible to a higher or larger extent. This indicated the
need for a pollinizing variety for optimum fruit set in the case
of the delicious group of apple varieties.

CONCLUSION

The current study determined the degree of
synchronization of flowering periods among different apple
varieties, as well as the extent of fertility of pollen produced by
them. All the pollinizing varieties were good source of pollen
for the commercial varieties. However, among the pollinizing
varieties under study, Gale Gala and Granny Smith were
observed to be the best pollinizers, since their duration of
flowering was in synchronization with most of the commercial
varieties and their pollen viability and in vitro pollen
germination were considerably higher. The shape of
harvested fruits was influenced by the number of seeds
present in the fruit. When the seed number was lower, a
higher percentage of asymmetrical fruits were obtained. The
present study also confirms the self-incompatible nature of
delicious varieties of apple and highlights the importance of
presence of a suitable pollinizing variety. From the cross
pollination experiments, Gale Gala was administered as the
best pollinizer, because when used as a source of pollen
grains, gave maximum fruit set as compared to other
pollinizing varieties.
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