
EFFECT OF INCOMPLETE POLLINATION ON THE PHYSICAL 1 

QUALITY ATTRIBUTES OF APPLE (Malus × domestica Borkh.) CV. 2 

RED DELICIOUS 3 

ABSTRACT 4 

An investigation was carried out at Commercial orchard, Shalimar (Jammu & Kashmir) 5 

during 2016-17 to find out the effect of different stigma excision levels (incomplete 6 

pollination) on the physical characteristics of Apple fruit (Malus × domestica Borkh.) cv. 7 

Red Delicious. The six treatments were pinching off 0, 1, 2, 3, 4, or 5 styles below the stigma 8 

from each of forty flowers per side. The remaining stigmata were hand-pollinated on the 9 

second day following treatment. Flowers were pollinated with Golden Delicious pollens. 10 

Only flowers with five stigmata were used and each flower was considered an experimental 11 

unit. The results revealed that the maximum fruit length (7.09cm), fruit diameter (7.34cm), 12 

shape index (0.96), fruit weight (203.21g), fruit firmness (8.15 kg/cm
2
), seed number (8.57), 13 

were recorded in fruits from flowers with no stigma pinched. Therefore, indicating that 14 

improved seed set (proper pollination) provides a relatively inexpensive and efficient practice 15 

to improve the physical quality attributes of apple fruit. 16 

 17 
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INTRODUCTION 19 

Apple (Malus × domestica Borkh.) is the most popular and widely grown fruit crop 20 

throughout the world. India ranks 4
th 

in apple production with the annual production of 24, 21 

97,680 MT on an area of 313,040 ha (Anonymous, 2015).  Himachal Pradesh, Jammu and 22 

Kashmir and Uttarakhand are the main contributors of apple production in India, while as, 23 

Jammu and Kashmir dominates with a production of 19,66,417 MT over an area of 161,773 24 

ha (anonymous, 2016). However, Apple productivity in the state is very low i.e. 12.16MT/ha 25 

which is far below the level achieved by the horticulturally advanced countries like Chile 26 

(47.22MT/ha), Netherland (44.94MT/ha) and Belgium (46.22MT/ha) and also the proportion 27 

of ‘A’ grade apple is low. There are various factors that determine whether high yields of 28 

good quality fruits are achieved in apple. These include quality of flowers, the efficacy of 29 

pollination, the severity of natural or induced abscission of fruitlets, and the persistence of 30 

fruit till harvest.  31 

Consumers demand consistent and uniform fruit quality whereas apple fruit is prone 32 

to a range of quality defects induced during the growth period or after the harvest. These 33 

defects are of serious concern to the growers. Also, as market preferences can change quite 34 

quickly, apple grower must be able to respond. Because the international market is 35 

competitive this imposes considerable pressure to develop strategies that accommodate these 36 
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changes without impacting profit. To develop the strategies required to efficiently manage the 37 

crop, it is necessary to elucidate the origins of the quality defects. 38 

  The factors associated with development of some quality attributes  of fruits are either 39 

poorly understood or completely neglected. Management practices are often unable to 40 

remedy negative impacts or are applied in the final stages of fruit quality development with 41 

often small effects but at large expense. Differences in the levels of pollination among the 42 

five stigmas of apple flower can directly affect fruit quality and quantity, because of the 43 

resulting variable production and distribution of seeds (Carr and Carr, 1961; Sheffield, 2014).  44 

Hence, an understanding of the role of better pollination in the final quality attributes of an 45 

apple is essential for maintaining the status quo of apple as a profitable enterprise.46 

MATERIAL AND METHODS  47 

 The present investigation on “Effect of pollination and spatial pattern of flowers on 48 

retention of Apple fruit (Malus × domestica Borkh.) cv. Red Delicious.” was carried out at 49 

Commercial orchard, Shalimar (Jammu & Kashmir) during 2016-17. Full bloom of Red 50 

Delicious occurred on 7-10
th 

April. Clusters containing five flowers were selected and petals 51 

were removed from unopened (“popcorn” stage) flowers, which were tagged to receive one 52 

of six treatments in a completely Randomized Block Design replicated four times. Only 53 

flowers with five stigmata were used and each flower was considered an experimental unit. 54 

The six treatments were pinching off 0, 1, 2, 3, 4, or 5 styles below the stigma from each of 55 

40flowers/side. The remaining stigmata were hand-pollinated on the second day following 56 

treatment. Flowers were pollinated with Golden Delicious pollens. The number of seeds/fruit 57 

was counted by cutting the fruit equatorially and then removing the seeds from core. Chaffy 58 

and shrivelled seeds were discarded. The length of retained fruits from each treatment in each 59 

replication was measured with the help of a digital vernier calliper, averaged and expressed in 60 

centimetre (cm). The diameter of retained fruits from each treatment in each replication was 61 

measured at cheek position with the help of a digital vernier calliper, averaged and expressed 62 

in centimeter (cm).  L/D ratio was calculated by dividing the length of fruit with the diameter 63 

of corresponding fruit. Retained fruits from each treatment in each replication were weighed 64 

individually on a sensitive monopan balance and average weight was recorded in grams. Fruit 65 

firmness was measured with the help of Effegi penetrometer model, Ft-3-27 having 7/16 66 

diameter of the head with a penetration of 5/6. In each treatment, fruits were punched at three 67 

different places on its surface after removing about one square inch of peel and firmness was 68 

recorded as kg/ cm
2
. Fruit growth rate (diameter based) at different stages of growth was 69 
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obtained at 15 days interval from day 5
th

 of petal fall to 4
th

 June by measuring diameter of 70 

tagged fruits with the help of a vernier calliper as they grew. 71 

RESULTS AND DISCUSSION 72 

Seed number 73 

 Present studies revealed that with increase in number of stigmata excised there was 74 

corresponding decrease in the average seed number (Table-1, Figure 1). Maximum seed 75 

number (8.57) was obtained in T0 (no stigma excised). These results are in conformity with 76 

Ward et al. (2001) who reported that stigma excision induced seed variability in apple. 77 

Similar findings were reported by Sheffield et al. (2005) in Summerland McIntosh. The 78 

decrease in seed number with stigma excision could be explained by the fact that the female 79 

organ of the apple flower, the gynoecium, comprises five carpels; each has a stigma, a style 80 

and an ovary that normally contain two ovules. Therefore a single stigma excised leads to 81 

decrease in seed complement (10 seeds) by 2 seeds. 82 

Fruit size (length and diameter) 83 

 Present studies revealed that with the increase in stigmata excised there was a 84 

corresponding decrease in fruit size (Table-2). This is because of the fact that seeds contain 85 

hormones (Auxins, Gibberellins and cytokinins) necessary for fruit growth and development 86 

and enhance mineral elements (Luckwill et al., 1969). Similar results were confirmed by 87 

Tomala and Dilley (1989), Miller and Kaiser (1994), Volz et al. (1995),  Keulemans et al. 88 

(1996), Uemura et al. (2001) who found that seed count affects fruit size. A high number of 89 

seeds may well stimulate better growth, through a greater attraction of nutrients coming from 90 

other parts of the tree. Fruit size is determined by cell number, cell size and intercellular 91 

space (Goffinet et al., 1995). However, cell number, which is determined early in apple 92 

development, accounts for most of the variation in fruit size (Pearson and Robertson, 1953) 93 

and it is mainly influenced by seed number (Luckwill et al., 1969). 94 

L/D ratio 95 

 Studies revealed that the L/D ratio decreased with an increase in the number of stigma 96 

excised (Table-2). Maximum L/D ratio (0.96) was recorded in fruits from flowers with 0 97 

stigma excised while minimum L/D ratio (0.93) was recorded in fruits from flowers with 4 98 

stigmata pinched. The suppressive effect of stigma excision on L/D ratio is probably due to 99 

the decreased cell division and cell elongation. These results are in agreement with the 100 

findings of Luckwill et al. (1969) who reported that seeds contain hormones (Auxins, 101 

Gibberellins and cytokinins) necessary for fruit growth and development and enhance 102 
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mineral elements. The ratio of fruit length to diameter increases with increasing seed number 103 

in both apple and pear (Denne, 1963). 104 

Fruit weight  105 

 There was a negative correlation between the number of stigmata excised and fruit 106 

weight (Table-3). Maximum weight (203.21g) was recorded in fruits from flowers with 0 107 

stigma pinched. Significantly minimum weight (147.44g) was recorded in fruits from flowers 108 

with 4 stigmata excised. As stigma excision reduces seed number, therefore lower the seed 109 

count, the lower the sink strength in the fruit, which is reflected by a decrease in fruit weight 110 

due to the lower metabolic activity. These findings are in agreement with Ward et al. (2001) 111 

and Keulemans et al. (1996) who reported that higher seed number facilitates fruit growth 112 

and fruit weight. Reducing the seed content of fruit by excising stigmata may have caused 113 

those fruit to be weaker sinks for photosynthate through much of the early growing season, 114 

thereby limiting their size potential and weight. 115 

Firmness  116 

  Studies revealed that the fruit firmness decreased with increase the number of stigma 117 

excised (Table-3, Figure 2). Maximum fruit firmness (8.15 kg/cm
2
) was recorded in treatment 118 

T0 (no stigma pinched) while as minimum fruit firmness (7.04 kg/cm
2
) was recorded in fruits 119 

from flowers with 4 stigmata excised. This could be explained by the fact that higher seed 120 

content is related with higher calcium concentration (Luckwill, 1953; Bramlage et al., 1990) 121 

and thus increased firmness. Enhancement in fruit firmness is attributed to the fact that 122 

calcium is an important constituent of the cell wall (Rashid et al., 2009). Calcium ions have 123 

been shown to bind pectin molecules and Knee and Bartley (1981) suggested that these ions 124 

form bridges between pectin molecules in the middle lamella and are responsible for cell 125 

cohesion. Calcium affects physical properties of plant membranes by regulating their 126 

microviscosity or fluidity. Cellular senescence is accompanied by increase in microviscosity 127 

and the proportion of gel-phase lipid of membranes and calcium may diminish these trends 128 

(Ferguson, 1984).  129 

Growth rate (15 days interval) 130 

 The results indicated that fruit growth rate decreased with increase in the number of 131 

stigmata excised (Figure 3). Maximum fruit diameter (8.12mm) five days after petal was 132 

recorded in fruits from flowers with 0 stigma excised whereas minimum fruit diameter 133 

(5.82mm) after same period was recorded in fruits from flowers with 4 stigma excised. This 134 

may be explained by the fact that fruits obtained from flowers with no stigma pinching 135 

contain more number of seeds. As seeds contain hormones (Auxins, Gibberellins and 136 
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cytokinins) necessary for cell division, cell enlargement and act as strong sinks thereby 137 

attracting more photosynthates. These results are in agreement with the findings of Ward et 138 

al. (2001), Tomala and Dilley (1989), Miller and Kaiser (1994), Volz et al. (1995), 139 

Keulemans et al. (1996), Uemura et al. (2001). 140 

 141 

 142 
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Table 1: Effect of stigma excision on the seed number of apple cv. Red Delicious. 203 

Treatment Seed number 

T0 (0 stigma pinching) 8.57 

T1 (1 stigma pinching) 7.50 

T2 (2 stigmata pinching) 5.75 

T3 (3 stigmata pinching) 3.55 

T4 (4 stigmata pinching) 1.50 

T5 (5 stigmata pinching) - 

 C.D(p≤ 0.05) 0.20 

 204 

 205 

 Figure 1: Effect of stigma excision on the seed number of apple cv. Red Delicious. 206 

 207 

Table 2: Effect of stigma excision on the Length (cm), diameter (cm) and L/D ratio of 208 
apple cv. Red Delicious. 209 

Treatment Length (cm) Diameter 

(cm) 

L/D ratio 

(shape index) 

T0 (0 stigma pinching) 7.09 7.34 0.96 

T1 (1 stigma pinching) 6.97 7.26 0.96 

T2 (2 stigmata pinching) 6.88 7.18 0.95 

T3 (3 stigmata pinching) 6.16 6.50 0.94 

T4 (4 stigmata pinching) 5.75 6.13 0.93 

T5 (5 stigmata pinching) - - - 

 C.D(p≤ 0.05) 0.31 0.25 0.01 

8.57 

7.5 

5.75 

3.55 

1.5 

0 
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Table 3: Effect of stigma excision on the weight (g), firmness (kg/cm
2
) and seed number 210 

of apple cv. Red Delicious 211 

   Treatment Weight (g) Firmness (kg/cm
2
) 

T0 (0 stigma pinching) 203.21 8.15 

T1 (1 stigma pinching) 199.25 8.04 

T2 (2 stigmata pinching) 188.44 7.89 

T3 (3 stigmata pinching) 165.72 7.53 

T4 (4 stigmata pinching) 147.44 7.04 

T5 (5 stigmata pinching) - - 

 C.D(p≤ 0.05) 2.35 0.11 

 212 

 213 

Figure 2: Relationship between the number of seeds and the firmness of apple fruit cv. 214 

Red Delicious. 215 

 216 
Figure 3: Effect of stigma excision of apple cv. Red Delicious on fruit growth in terms of 217 
fruit diameter (mm). 218 
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