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ABSTRACT 
 

This study, conducted within the Experimental Block of the Division of Fruit Science at SKUAST-K, 
Shalimar, India, was aimed to thin 5-year-old Fuji Zehn Aztec apple plants. The research was 
carried out during the years 2020 and 2021and implemented a Randomized Complete Block 
Design with 11 treatments, including control and various other thinning methods. Chemical and 
hand thinning were practised at the 12 mm king fruitlet diameter stage. Among the treatments, T9 
(NAA+BA@15+140ppm) demonstrated significant results, with the highest trunk girth increment 
(0.41 cm), annual shoot extension growth (65.46 cm), leaf area (34.71 cm2), fruit drop (39.26%), 
and the  least reduction in return bloom (52.22%). Additionally, T9 resulted in maximum fruit length 
(79.98 mm), fruit diameter (89.00 mm), fruit weight (224.90 g), fruit volume (197.86 cm3), Soluble 
Solid concentration (15.87%), SSC : acidity (40.08), total sugar content (11.07%), anthocyanin 
content (7.14 mg/100g), ascorbic acid content (6.94 mg/100g), and received the highest 
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organoleptic rating score (4.87). However, the highest yield (21.97 kg/tree), yield efficiency (1.50 
kg/cm2), fruit firmness (8.36 kg/cm2), hue angle (68.57°), and acidity (0.59%) were recorded in the 
control group. Notably, T1 (Hand thinning @ 2 fruitlets retained per cluster) achieved the highest 
fruit retention (97.97%) and the maximum leaf-to-fruit ratio (27.50). These findings shed light on the 
potential benefits and trade-offs associated with different fruitlet thinning methods in high-density 
apple plantations. Understanding these effects can aid orchard management practices to optimize 
both production and fruit quality. 
 

 
Keywords: Apple; hand thinning; chemicals; yield; quality; return bloom. 

 
1. INTRODUCTION 
 
The apple, often addressed as the "King of 
Temperate Fruits," holds an essential role in the 
agricultural landscape of Jammu and Kashmir, 
boasting a notable productivity of 11.43 MT/ha—
an achievement that eclipses other apple-
producing states in the country [1]. However, this 
achievement remains considerably below the 
standards set by horticulturally advanced 
countries. The region's struggle with low apple 
productivity is attributable to a range of factors, 
encompassing aging orchards, sparse planting 
densities, a lack of high-quality planting material, 
limited access to irrigation resources, and sharp 
susceptibility to the vagaries of insect pests and 
diseases [2]. Moreover, the biennial bearing 
phenomenon exhibited by commercial apple 
cultivars negatively affects the region's economic 
prospects. 

 
In the realm of apple cultivation, “THINNING” 
emerges as a crucial horticultural practice 
employed to orchestrate fruit set, optimize fruit 
quality, and enhance overall yield and includes 
the judicious removal of emerging fruitlets from 
apple trees, thereby alleviating competition for 
vital resources and fostering the well-being of 
both the tree and the remaining fruits. 
 

The introduction of chemical thinners, specifically 
1-Napthaleneacetic acid (NAA) and synthetic 
cytokinin 6-Benzyladenine (6-BA), has emerged 
as a game-changer in the endeavor to maximize 
apple yield [3]. NAA, when applied as a thinner, 
catalyzes the synthesis of ethylene within fruitlet 
tissue, triggering fruitlet abscissionand effectively 
reduces the overall fruit load. Additionally, NAA 
causes a hormonal shift within the fruit by 
suppressing auxin synthesis. This suppression of 
auxin hampers seed development and curtails 
the fruit's carbohydrate requirements, resulting in 
fruit abortion—an outcome where some 
developing fruits fail to reach full maturity and are 
consequently shed from the tree [4-8]. 

6-BA, on the other hand, encourages the 
vigorous growth of shoots within the apple tree, 
thereby inciting competition for essential 
resources, including carbohydrates, among the 
shoots and developing fruits. This increase in the 
competition can limit the availability of energy 
and nutrients for the developing fruits. 
Consequently, some fruits are naturally shed 
from the tree through fruit abscission—a process 
that effectively lightens the overall fruit load, 
allowing the nutrient and resource flow to the 
remaining fruits [9,10] 

 
Achieving uniformity in yield and consistent fruit 
production year after year through strategic 
thinning is indispensable for sustainable apple 
cultivation. Fuji apple trees, known for their 
moderate to strong alternate bearing behavior, 
exemplify the cyclic pattern of biennial bearing, 
hence yielding a profusion of fruits in "on" years 
and significantly fewer fruits or none at all in "off" 
years [11]. 

 
Therefore, this investigation was undertaken with 
the aim of mitigating the influence of crop load on 
Fuji Zhen Aztec apple trees through chemical 
and hand thinning techniques. The aim was 
hence focused to optimize crop load, enrich fruit 
quality, and stimulate return bloom in the 
succeeding season. 

 
2. MATERIALS AND METHODOLOGY 
 
The study was conducted to investigate the 
influence of thinning on both the qualitative and 
quantitative attributes of the Fuji Zehn Aztec 
apple cultivar, of uniform girth raised on M9-T337 
rootstock and trained over Tall Spindle System 
Employing a Randomized Complete Block 
Design over the 1×3m spaced Fuji plants, the 
experiment incorporated three replications and 
included the following treatments: T0 (Control), T1 
(Hand thinning @ 2 fruitlets/cluster), T2 (Hand 
thinning @ 3 fruitlets/cluster), T3 (Napthalene 
acetic acid @ 15 ppm), T4 (Napthalene acetic 
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acid @ 20 ppm), T5 (Benzyl adenine @ 120 
ppm), T6 (Benzyl adenine @ 140 ppm), T7 
(Napthalene acetic acid + Benzyl adenine @ 15 
+ 120 ppm), T8 (Napthalene acetic acid + Benzyl 
adenine @ 20 + 120 ppm), T9 (Napthalene acetic 
acid + Benzyl adenine @ 15 + 140 ppm), and T10 

(Napthalene acetic acid + Benzyl adenine @ 20 
+ 140 ppm). The apple plants, of the M9-T337 
variety, were trained using the Tall Spindle 
system, with a spacing of 1 × 3m. Thinning         
was carried out 20 days after full bloom, 
specifically at the 10-12mm fruitlet                
diameter stage, on May 5, 2020. Four               
branches of uniform girth were tagged from            
each tree for the collection of diverse 
observations. 

 
This experimental framework allowed for a 
comprehensive assessment of the impact of 
thinning on the chosen apple cultivar's 
characteristics. 

 
3. RESULTS AND DISCUSSION 
 
Thinning significantly affected the growth, 
phenology, yield and quality attributes in Fuji 
Zehn Aztec plants. 

 
3.1 Vegetative Growth  
 
Treatment T9 (NAA+BA @ 15+140 ppm) 
exhibited the most substantial increments in plant 
girth (0.41 cm), annual shoot extension growth 
(65.46 cm), and leaf area (34.71 cm2). 
Conversely, treatment T0 (control) recorded the 
least growth increments in plant girth (0.18 cm), 
annual shoot extension growth (57.19 cm), and 
leaf area (26.20 cm2). However, all other 
treatments displayed significant improvements 
compared to the control group. The remarkable 
vegetative growth in treatment T9 can be 
attributed to an increased supply of 
photosynthetic assimilates and nutrients, which, 
in turn, enhance cell division and cell wall 
plasticity. This observation aligns with findings by 
Cripps [12], who noted a reduction in vegetative 
growth in apple trees due to increased crop load, 
resulting from heightened competition between 
reproductive and vegetative growth. Beyá-
Marshall and Fichet [13] too have reported a 
negative effect of crop load on the root and shoot 
growth of olive trees in “on” year. Anthony et al. 
[14] also reported that apple trees with lower 
crop loads exhibited significantly greater 
vegetative growth compared to trees with heavier 
crop loads. 

3.2 Phenology 
 
Treatment T1 (Hand thinning @ 2 fruitlets/cluster) 
exhibited the highest fruit retention (97.97%), 
while the least fruit retention (60.74%) was 
observed in treatment T9 (NAA+BA @ 15+140 
ppm). Conversely, the maximum fruit drop 
(39.26%) occurred in treatment T9, while the 
minimum drop (2.03%) was recorded in 
treatment T1. These variations in fruit retention 
and drop can be attributed to thinning frequency, 
where higher thinning frequency results in lower 
final fruit retention. Additionally, there is a 
negative correlation between fruit drop and final 
fruit retention, as observed in the study. Similar 
findings were reported by Bhatt [15] in plum cv. 
"Kala Amritsari," where hand thinning resulted in 
a lower number of fruit abscission events, 
possibly due to reduced early-stage competition 
among fruitlets [16]. It has also been reported by 
Nartvaranant [17] that 50% fruit thinning by hand 
one month after fruit set enhances per cent of 
fruit retention throughout the fruit development. 

 
Return bloom was significantly impacted by the 
different thinning treatments, with treatment T9 
(NAA+BA @ 15+140 ppm) showing the least 
percent reduction in bloom density (52.22%), and 
treatment T0 (control) exhibiting the highest 
percent reduction (86.29%). These results align 
with those of Embree et al. [18], who reported 
that decreasing crop load in the "on" year 
promotes the formation of blossom clusters in the 
"off" year. This could be due to the fact that 
heavy crop loads in the control group act as 
nutrient drains, inhibiting flower bud formation. 
Additionally, Serra et al. [19] noted that with 
increasing crop load, return bloom decreased in 
Honeycrisp apple. 

 
In this section, the impact of different thinning 
treatments on yield attributes is discussed: 

 
3.3 Yield Attributes 
 
The various thinning treatments resulted in a 
significant reduction in both fruit yield and yield 
efficiency when compared to the control group. 
Treatment T0 (control) displayed the highest fruit 
yield (21.97 kg/tree) and yield efficiency (1.50 kg 
cm2), while treatment T9 (NAA+BA @ 15+140 
ppm) recorded the lowest fruit yield (19.42 
kg/tree) and yield efficiency (0.96 kg cm2). All 
other treatments yielded significantly less than 
the control. This reduction in yield can be 
attributed to the abscission of fruitlets induced by 
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the application of NAA and BA. Since yield is 
primarily determined by fruit number [20], the 
decrease in fruit number resulting from thinning 
treatments led to the observed reduction in yield. 
These findings align with the results of Clever 
[21], who reported a significant yield reduction in 
apple cv. "Elstar Elshof" with the application of 
NAA 10 ppm + BA 100 ppm. Koike and Ono [22] 
also documented a decrease in yield due to 
thinning. 

 
3.4 Physico-Chemical Parameters 

 
Treatment T9 (NAA+BA @ 15+140 ppm) yielded 
the highest values for various physico-chemical 
parameters, including fruit length (79.98 mm), 
fruit breadth (89.00 mm), length-to-breadth ratio 
(0.90), fruit weight (224.90 g), fruit volume 
(197.86 cm3), and specific gravity (1.13 g/cm3). 
Conversely, treatment T0 (control) showed the 
lowest values for fruit length (70.52 mm), fruit 
breadth (81.12 mm), length-to-breadth ratio 
(0.87), fruit weight (188.35 g), fruit volume 
(187.50 cm3), and specific gravity (1.00 g/cm3). 
This increase in these parameters can be 
attributed to reduced fruitlet competition, 
resulting from the earlier abscission caused by 
the enhanced thinning action of NAA and BA. As 
a result, there is a significant increase in nutrient 
supply during the early fruit development stage, 

driven by an increased rate of photosynthesis 
due to reduced crop load, a higher leaf-to-fruit 
ratio, and greater availability and supply of 
photosynthesis to the remaining fruitlets [23]. 
These results are consistent with the findings of 
Radivojevic et al. [24], who reported that fruit size 
in apple cv. "Braeburn" was significantly affected 
by crop load. 

 
The maximum leaf-to-fruit ratio (27.50) was 
documented under treatment T1 (Hand thinning 
@ 2 fruitlets/cluster), while the minimum ratio 
(11.00) was recorded in treatment T0 (control). 
The increase in leaf-to-fruit ratio was attributed to 
selective manual thinning, resulting in reduced 
crop load. Similar results were reported by 
Anthony et al. [14], who observed that increasing 
the level of hand thinning led to an increase in 
leaf-to-fruit ratio in apple cv. "WA38." 

 
The maximum leaf-to-fruit ratio (27.50) was 
documented under treatment T1 (Hand thinning 
@ 2 fruitlets/cluster), while the minimum ratio 
(11.00) was recorded in treatment T0 (control). 
The increase in leaf-to-fruit ratio resulted from 
selective manual thinning, which reduced the 
crop load. Similar findings were reported by 
Anthony et al. [14], who observed an increase in 
leaf-to-fruit ratio with higher levels of hand 
thinning in apple cv. "WA38." 

 
Table 1. Effect of different thinning treatments on increment in plant girth (cm), annual shoot 

extension growth (cm) and leaf area (cm2) of Fuji Zehn Aztec 
 

Treatment code Treatment  Increment in plant 
girth (cm) 

Annual shoot 
extension (cm) 

Leaf area (cm²) 

T0 Control 0.18 57.19 26.20 

T1 Hand thinning @ 2 
fruitlets/cluster 

0.29 62.25 30.34 

T2 Hand thinning @ 3 
fruitlets/cluster 

0.27 61.78 28.80 

T3 NAA @ 15 ppm 0.31 62.52 31.24 

T4 NAA @ 20 ppm 0.32 63.25 31.69 

T5 BA @ 120 ppm 0.23 59.14 27.24 

T6 BA @ 140 ppm 0.25 59.44 27.60 

T7 NAA + BA @ 15 + 
120 ppm 

0.38 64.28 33.68 

T8 NAA + BA @ 20 + 
120 ppm 

0.37 64.16 33.36 

T9 NAA + BA @ 15 + 
140 ppm 

0.41 65.46 34.71 

T10 NAA + BA @ 20 + 
140 ppm 

0.34 63.34 32.26 

 C.D (p ≤ 0.05) 0.026 0.016 0.030 
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Table 2. Effect of different thinning treatments on “fruit retention (%), fruit drop (%) and return 
bloom (%)” in Fuji Zehn Aztec 

 

Treatment 
code 

Treatment  Fruit retention 
(%) 

Fruit drop 

(%) 

Return bloom 

(%) 

T0 Control 76.00 

(8.777) 

24.00 

(4.997) 

86.29 

T1 Hand thinning @ 2 
fruitlets/cluster 

97.97 

(9.948) 

2.03 

(1.741) 

72.78 

T2 Hand thinning @ 3 
fruitlets/cluster 

94.51 

(9.773) 

5.49 

(2.548) 

75.34 

T3 NAA @ 15 ppm 68.72 

(8.350) 

31.28 

(5.682) 

68.23 

T4 NAA @ 20 ppm 67.81 

(8.295) 

32.19 

(5.761) 

63.11 

T5 BA @ 120 ppm 71.46 

(8.512) 

28.54 

(5.435) 

81.54 

T6 BA @ 140 ppm 70.82 

(8.475) 

29.18 

(5.494) 

78.67 

T7 NAA + BA @ 15 + 120 
ppm 

62.51 

(7.969) 

37.49 

(6.204) 

55.29 

T8 NAA + BA @ 20 + 120 
ppm 

63.38 

(8.024) 

36.62 

(6.134) 

57.23 

T9 NAA + BA @ 15 + 140 
ppm 

60.74 

(7.857) 

39.26 

(6.345) 

52.22 

T10 NAA + BA @ 20 + 140 
ppm 

65.77 

(8.171) 

34.23 

(5.935) 

59.78 

 C.D (p ≤ 0.05) 0.002 0.003 0.253 
*Values within parenthesis are square root transformed values and the C.D. values have been obtained by 

square root transformation. 

 
Table 3. Effect of different thinning treatments on fruit yield (kg/tree) and yield efficiency 

(kg/cm2) in Fuji Zehn Aztec 
 

Treatment 
code 

Treatment  Yield 

(kg/tree) 

Yield efficiency 

(kg/cm2) 

T0 Control 21.97 1.50 

T1 Hand thinning @ 2 
fruitlets/cluster 

20.35 1.29 

T2 Hand thinning @ 3 
fruitlets/cluster 

20.50 1.41 

T3 NAA @ 15 ppm 20.00 1.20 

T4 NAA @ 20 ppm 19.98 1.15 

T5 BA @ 120 ppm 21.14 1.45 

T6 BA @ 140 ppm 20.90 1.42 

T7 NAA + BA @ 15 + 120 ppm 19.51 1.07 

T8 NAA + BA @ 20 + 120 ppm 19.63 1.08 

T9 NAA + BA @ 15 + 140 ppm 19.42 0.96 

T10 NAA + BA @ 20 + 140 ppm 19.81 1.14 

 C.D (p ≤ 0.05) 0.029 0.046 
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Table 4a. Effect of different thinning treatments on fruit length (mm), fruit breadth (mm), length: breadth, fruit weight (g), fruit volume (g/cm3), leaf: 
fruit, fruit firmness (kg/cm2) and fruit colour {hue angle (º)} in Fuji Zehn Aztec 

 

Treatment 
code 

Treatment  Fruit length 
(mm) 

Fruit breadth 
(mm) 

Length: 
breadth 

Fruit 
weight (g) 

Fruit 
volume 
(cm3) 

Specific 
gravity 
(g/cm3) 

Leaf: 
fruit 

Fruit 
firmness 
(kg/cm2) 

Fruit 
colour 
[Hue angle 
(º)] 

T0 Control 70.52 81.12 0.87 188.35 187.50 1.00 11.00 8.36 68.57 
T1 Hand thinning @ 2 

fruitlets/cluster 
75.85 86.14 0.88 205.07 192.13 1.06 27.50 7.25 61.51 

T2 Hand thinning @ 3 
fruitlets/cluster 

73.91 84.39 0.87 201.00 191.77 1.04 18.30 7.34 64.28 

T3 NAA @ 15 ppm 76.98 87.27 0.88 210.34 194.39 1.08 16.00 7.12 61.13 
T4 NAA @ 20 ppm 77.47 87.66 0.88 217.53 195.95 1.11 16.22 6.86 61.08 
T5 BA @ 120 ppm 72.58 83.37 0.87 192.83 188.62 1.02 15.39 7.64 65.71 
T6 BA @ 140 ppm 72.91 83.60 0.88 195.28 189.98 1.02 15.40 7.57 65.35 
T7 NAA + BA @ 15 + 120 

ppm 
78.80 88.80 0.89 221.22 196.25 1.12 17.59 6.67 59.22 

T8 NAA + BA @ 20 + 120 
ppm 

78.18 88.25 0.89 221.16 196.22 1.12 17.35 6.70 59.28 

T9 NAA + BA @ 15 + 140 
ppm 

79.98 89.00 0.90 224.90 197.86 1.13 18.11 6.14 57.22 

T10 NAA + BA @ 20 + 140 
ppm 

77.98 88.12 0.88 219.02 196.11 1.11 16.72 6.85 60.54 

 C.D (p ≤ 0.05) 0.056 0.096 0.001 0.080 0.123 0.002 0.019 0.028 0.071 
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Table 4b. Effect of different thinning treatments on SSC (%), fruit acidity (%), SSC: acidity, Total sugars (%), Anthocyanin content (mg/100g pulp), 
ascorbic acid content (mg/100g pulp) and organoleptic rating in Fuji Zehn Aztec 

 

Treatment 
code 

Treatment  SSC (%) Fruit 
acidity(%) 

SSC: 
acidity 

Total 
sugars (%) 

Anthocyanin 
content (mg/100g 
pulp) 

Ascorbic acid 
content (mg/100g 
pulp) 

Organolep
tic rating 

T0 Control 14.21 0.59 24.08 9.02 5.17 4.12  3.02 
T1 Hand thinning @ 2 fruitlets/cluster 14.78 0.55 26.89 10.19 6.34 5.41  3.45 
T2 Hand thinning @ 3 fruitlets/cluster 14.62 0.55 26.67 9.81 5.70 5.06  3.34 
T3 NAA @ 15 ppm 14.85 0.54 27.50 10.25 6.38 5.81  3.56 
T4 NAA @ 20 ppm 14.92 0.53 28.31 10.36 6.45 6.06  3.64 
T5 BA @ 120 ppm 14.45 0.57 25.39 9.24 5.24 4.73  3.19 
T6 BA @ 140 ppm 14.51 0.56 25.93 9.33 5.25 4.92  3.32 
T7 NAA + BA @ 15 + 120 ppm 15.43 0.45 34.38 10.56 6.63 6.57  4.16 
T8 NAA + BA @ 20 + 120 ppm 15.22 0.47 32.54 10.56 6.62 6.46  4.14 
T9 NAA + BA @ 15 + 140 ppm 15.87 0.40 40.08 11.07 7.14 6.94  4.87 

 C.D (p ≤ 0.05) 0.026 0.026 2.316 0.030 0.024 0.060  0.057 
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Treatment T0 (control) exhibited maximum fruit 
firmness (8.36 kg/cm2) and hue angle (68.57°), 
while treatment T9 (NAA+BA @ 15+140 ppm) 
showed the least fruit firmness (6.14 kg/cm2) and 
hue angle (57.22°). Larger fruits tend to have 
softer flesh, likely due to larger cell size [25]. The 
reduction in fruit firmness may result from larger 
fruit size, which weakens the cell walls and 
reduces cohesion between cells [26]. These 
findings align with Link [27], who reported that 
well-supplied fruits with carbohydrates exhibit 
better flavor and color, and fruit thinning can 
increase surface color in red fruit cultivars. Basak 
[28] also noted that thinning apple trees with 
NAA improved fruit color in the Gala apple 
cultivar. 

 
Maximum SSC (15.87%), SSC/acidity ratio 
(40.08), total sugar content (11.07%), 
anthocyanin content (7.14 mg/100g), ascorbic 
acid content (6.94 mg/100g), and organoleptic 
rating (4.87 pts) were achieved under treatment 
T9 (NAA+BA @ 15+140 ppm), while the 
minimum SSC (14.21%), SSC/acid ratio (24.08), 
total sugar content (9.02%), anthocyanin content 
(5.17 mg/100g), ascorbic acid content (4.12 
mg/100g), and organoleptic rating (3.02 pts) 
were recorded in treatment T0 (control). Similar 
results have also been reported by Rettke and 
Dahlenburg [29] in apricots. Mpelasoka et al. [30] 
also reported an increase in total soluble solids 
and total sugars with a decrease in crop load of 
apple cv. "Braeburn." The increase in total 
soluble solids and total sugars can be attributed 
to the reduced crop load, leading to an       
increased leaf-to-fruit ratio, which in turn 
enhances the synthesis, transport, and 
accumulation of sugars in the remaining fruits, 
resulting in higher total soluble solids and sugar 
content.  
 
The increase in SSC: acidity ratio may be due to 
an increase in SSC and a decrease in acidity. 
These results are consistent with the findings of 
Samra and Shalan [31]. The findings are also in 
agreement with Rupasinghe et al. [32], who 
reported that sugar accumulation in apples is 
required for anthocyanin synthesis, as UDP 
glycosides are direct substrates for cyanidin 3-
glycosides, which are pigments in apple peel and 
flesh. The increase in ascorbic acid might be due 
to the lower rate of conversion of ascorbic acid to 
dehydro-ascorbic acid and the increased SSC. 
Meitei et al. [33] observed a similar increase in 
ascorbic acid by using chemical thinners on 
Peach cultivar Flordasun. These findings are 
also in line with the results of Naor et al. [34], 

who found that as crop load increased, the 
overall sensory evaluation quality decreased in 
Sauvignon Blanc grapes. 

 
However, the highest titratable acidity (0.59%) 
was recorded under treatment T0 (control), and 
the lowest titratable acidity (0.40%) was noticed 
under treatment T9 (NAA+BA @ 15+140 ppm). 
The reduction in acidity under chemical thinning 
treatments may be due to the conversion of 
organic acids into sugar and the dilution effect 
resulting from increased fruit size, which leads to 
changes in the quality attributes. These results 
are consistent with the findings of Roussos et al. 
[35], who reported a similar decrease in titratable 
acidity in apricots. 

 
4. CONCLUSION 
 
The study demonstrates that treatment T9 
(NAA+BA @ 15+140 ppm), applied twenty days 
after full bloom, effectively regulated crop load in 
Fuji Zehn Aztec apple plants, resulting in 
improved fruit quality and enhanced return 
bloom. This finding suggests the potential for 
optimizing apple production through careful 
thinning practices. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Zahid M, Zulfiqar U, Ali A, Arif M, Rehman 

AU, Muhammad R. An overview of apple 
industry in Pakistan. Universal Journal of 
Plant Science. 2017;5(3):85-90. 

2. Dhillon MK, Sood A, Sidhu AS. Role of 
weather parameters in the temporal 
variation of apple yield in Himachal 
Pradesh. Current Science. 2019;116(8): 
1407-1416. 

3. Goffinet MC, Girard T, Renard T. 
Comparison between different modes of 6-
Benzyladenine application on fruitlet 
thinning, fruit quality, and return bloom of 
apple (Malus domestica Borkh.). Scientia 
Horticulturae. 2011;130(4):879-887. 

4. Elfving DC, Lang GA, Wolf TK. Mechanism 
of fruit abscission in apple: The role of 
ethylene and abscission zone 
development. Journal of the American 
Society for Horticultural Science. 2001; 
126(6):884-888. 



 
 
 
 

Bashir et al.; Int. J. Environ. Clim. Change, vol. 13, no. 10, pp. 4302-4311, 2023; Article no.IJECC.106452 
 
 

 
4310 

 

5. Dennis FG. Physiological and 
Environmental Factors Affecting Fruit 
Drop. Annual Review of Plant Physiology 
and Plant Molecular Biology. 2000;51(1): 
485-510. 

6. Dennis FG. The history of fruit thinning. 
Plant Growth Regulation. 2000;31(1/2):1-
16. 

7. Kolaric J. Abscission of young apple fruits 
(Malus domestica Borkh): A Review. 
Agricultura. 2010;7:31-36. 

8. Kolaric M. Apple fruit abscission: Ethylene 
evolution, cell wall enzymes, and auxin 
levels. Journal of Plant Growth Regulation. 
2010;29(4):441-455. 

9. Cheng L, Fuchigami LH, Huang B. 
Accumulation and distribution of 14C-
photosynthate in relation to shoot growth, 
fruiting, and shading in apple (Malus 
domestica) trees. Tree Physiology. 2018; 
18(3):165-172. 

10. Allen WC, Smith Jr. AH, Sherif SM. Crop 
load management in commercial apple 
orchards: Chemical Fruit Thinning. Virginia 
Cooperative Extension, Virginia State 
University. 2019:1-8.  

11. Vimont N, Vercambre G, Pages L, 
Lescourret F. Impact of within-tree shading 
on fruit growth and fruit mineral 
composition in apple. Plant Physiology and 
Biochemistry. 2015;92:28-37. 

12. Cripps JEL. Biennial patterns in apple tree 
growth and cropping as related to irrigation 
and thinning. Journal of Horticultural 
Science. 1981;56:161-168 

13. Beyá-Marshall V, Fichet T. Effect of crop 
load on the phenological, vegetative and 
reproductive behavior of the ‘Frantoio’ 
olive tree (Olea europaeae L.). Ciencia 
Investigation Agraria 2017;43-53. 

14. Anthony B, Serra S, Musacchi S. 
Optimizing Crop Load for New Apple 
Cultivar: “WA38”. Agronomy. 2019;9(2): 
107.  

15. Bhatt S. Efficacy of blossom thinners on 
flowering, fruit retention and yield attributes 
in plum (Prunus saliciana L.) cv. ‘Kala 
Amritsari’. Chemical Science and Review 
and Letters. 2017;6(21):64-68.  

16. Theron KI, Le Grange M, Smit M, 
Reynolds S, Jacobs G. Controlling vigor 
and color development in the bi-colored 
pear cultivar Rosemarie. Acta 
Horticulturae. 2002;596:753-756.  

17. Nartvaranant P. Effects of fruit thinning on 
fruit drop, leaf carbohydrates 

concentration, fruit carbohydrates 
concentration, leaf nutrient concentration 
and fruit quality in Pummelo cultivar Thong 
Dee. Songklanakarin Journal of Science & 
Technology. 2016;38(3):249-255. 

18. Embree CG, Myra MT, Nicholas DS, 
Wright AH. Effect of blossom density and 
crop load on growth, fruit quality and return 
bloom in Honeycrisp apple. HortScience 
2007;42(7):1622-1625. 

19. Serra S, Leisso R, Giordani L, Musacchi S. 
Crop Load influences fruit quality, 
nutritional balance and return bloom in 
‘Honeycrisp’ apple. HortScience 2016; 
51(3):236-244. 

20. Forshey CG, Elfving DC. Fruit nmbers, fruit 
size and yield relationships in 'McIntosh' 
apples. Journal of American Society and 
Horticultural Sciences. 1977;102:399-402. 

21. Clever M. A comparison of different 
thinning products applied to the apple 
variety ‘Elstar Elshof’ in the Lower Elbe 
region. Erwerbs-Obstbau. 2007;49(3):107-
109.  

22. Koike H, Ono T. Optimum crop load for 
Fuji apples in Japan. Compact Fruit Tree 
1998;31(1):1-9. 

23. Williams MW, Edgerton LJ. Fruit thinning 
of apples and pears with chemicals 1981: 
1474-2021-427.  

24. Radivojevic DD, Milivojevic JM, Oparnica 
CD, Vulic TB, Djordjevic BS, ERCİŞLİ S. 
Impact of early cropping on vegetative 
development, productivity and fruit quality 
of Gala and Braeburn apple trees. Turkish 
Journal of Agriculture and Forestry. 2014; 
38(6):773-780.  

25. Greene DW, Autio WR, Miller P. Thinning 
activity of benzyladenine on several apple 
cultivars. Journal of the American Society 
for Horticultural Science. 1990;115(3):394-
400. 

26. Deshmukh NA, Patel RK, Deka BC, Jha 
AK, Lyngdoh P. Leaf to fruit ratio affects 
fruit yield interior and quality of low chilling 
peach cv. ‘Flordasun’. Indian Journal of Hill 
Farming. 2012;25(1):31-34. 

27. Link H. Significance of flower and fruit 
thinning on fruit quality. Plant Growth 
Regulators. 2000;31(1):17-26.  

28. Basak A. The effect of fruitlet thinning on 
fruit quality parameters in the apple cultivar 
Gala. Journal of Fruit and Ornamental 
Plant Research. 2006;14:143.  

29. Rettke MA, Dahlenburg AP. Effect of 
timing of hand thinning on productivity of 



 
 
 
 

Bashir et al.; Int. J. Environ. Clim. Change, vol. 13, no. 10, pp. 4302-4311, 2023; Article no.IJECC.106452 
 
 

 
4311 

 

Moorpark apricots destined for drying. 
Australian Journal of Experimental 
Agriculture. 1999;39(7):885-889.  

30. Mpelasoka BS, Behboudian MH, Ganesh 
S. Fruit quality attributes and their 
interrelationships of 'Braeburn' apple in 
response to deficit irrigation and to crop 
load. Gartenbauwissenschaft. 2001;66(5): 
247-253.  

31. Samra BN, Shalan AM. Effect of hand 
thinning on yield and fruit quality of 
“Murcott” Tangor. Journal of Plant 
Production. 2014;5(8):1433-1440.  

32. Rupasinghe HP, Huber GM, Embree C, 
Forsline PL. Red-fleshed apple as a 
source for functional beverages. Canadian 
Journal of Plant Science. 2010;90(1):95-
100. 

33. Meitei SB, Patel RK, Deka BC, Deshmukh 
NA, Singh A. Effect of chemical thinning on 
yield and quality of peach cv. Flordasun. 
African Journal of Agricultural Research. 
2013;8(27):3558-3565.  

34. Naor A, Gal Y, Bravdo B. Shoot and 
cluster thinning influence vegetative 
growth, fruit yield and wine quality            
of Sauvignon Blanc' grapevines. Journal   
of the American Society for       
Horticultural Science. 2002;127(4):628-
634.  

35. Roussos PA, Sefferou V, Denaxa NK, 
Tsantili E, Stathis V. Apricot (Prunus 
armeniaca L.) fruit quality attributes and 
phytochemicals under different crop load. 
Scientia Horticulturae. 2011;129(3):472-
478. 

 

© 2023 Bashir et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/106452 

http://creativecommons.org/licenses/by/2.0

