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Optimizing Fruit Yield, Size, and Quality Attributes in
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Abstract

Pomegranate (Punica granatum L.) is a fruit of the “old world” that has gained considerable popularity in many
countries worldwide due to its health benefits. The competitive nature of fruit marketing mandates improving the
quality of this fruit, while keeping yield at an optimum level. To pursue this objective, the effects of severity
of hand-thinning on fruit size and quality attributes of ‘Malase Torshe Saveh’ pomegranate were studied during
two consecutive seasons. In this study, 0, 10, 20, 30 and 40% hand thinning of fruit were applied when fruitlet
diameter was about 30 mm. Mean fruit weight, length, diameter and volume increased with increased severity
of thinning. Fruit from trees thinned at 20 and 30%, had significantly higher soluble solids concentration (SSC)
compared to those from un-thinned control trees and fruit from trees thinned at 30 and 40% had significantly
higher SSCltitratable acidity ratio compared to 20% thinned trees. Fruit from 40% hand thinning trees had
significantly higher color hue factor (a*) than control fruit. Overall, thinning increased commercial value and

marketability by increasing fruit quality and size.

Pomegranate (Punica granatum L.) is an
important commercial fruit crop cultivated
extensively in Iran, India, USA, China, Japan
and Russia (Mansouri et al., 2010; Varasteh
et al., 2009). Iran is the center of origin of
this ancient fruit that is associated with leg-
ends, culture, art, and symbolic importance.
This country is one of the world’s leading
producers and exporters of pomegranate
(Anonymous, 2005). The fruit is consumed
fresh or processed in forms of juice, jam,
syrup, sauce, and seasoning (Al-Maiman
and Ahmad, 2002).The edible part of pome-
granate fruit contains considerable amounts
of acids, sugars, vitamins, polysaccharides,
polyphenols, and important minerals. This
fruit has high antioxidant activity and benefi-
cial anti-carcinogenic properties (Afaq et al.,

2003; Gil et al., 2000; Kulkarni et al., 2004;
Varasteh et al., 2012).

Flowering and subsequent fruit set in
pomegranate may last for up to one month.
During this period, there are three phases of
flowering, depending on climatic conditions
(El Sese et al., 1988; Mars, 2000; Shulman
et al., 1984). In a tropical climate, flower-
ing and fruit-set is almost all-year-round but
those occur only once a year in sub-tropical
regions (Stover and Mercure, 2007).

Pomegranate trees with excessive fruit
will produce small fruit with poor quality.
These trees may lose their cold tolerance due
to depletion of tree reserves and branches
may break under heavy crop loads as docu-
mented in apple (De Salvador et al., 2006).

The competitive nature of pomegran-
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ate fruit marketing mandates production of
fruit with large size and high quality. Web-
ster and Spencer (2000) reported that crop
load adjustment in plums and apricots can be
achieved using one of the following methods:
1) reducing inflorescence, either in terms of
abundance or density; 2) preventing fruit set
in a proportion of the flowers (i.e., by flower
thinning); and 3) increasing natural abscis-
sion of fertilized fruit by thinning fruitlets.
Manual or hand thinning of stone fruit is still
a common practice, as it remains the most
reliable method of achieving optimum crop
load, and facilitates good fruit distribution on
the tree canopy (Fallahi et al., 2006b; Web-
ster and Spencer, 2000). Blossom (flower)
thinning is often considered too risky, espe-
cially in those regions where weather condi-
tions cannot be predicted reliably and a risk
of subsequent freeze injury may drastically
reduce yield. In such regions, post-bloom
thinning is a preferred strategy (Webster and
Spencer, 2000), although blossom thinning
is commonly practiced in other regions on
apples (Fallahi et al., 2006a) and stone fruit
(Fallahi et al., 2006b).

Different cultivars of any fruit species may
require a different level of fruit thinning re-
lating to their genetic and physiological dif-
ferences. Although there is some informa-
tion on thinning of pomegranates in other
countries (Hussein et al., 1994; Padmavat-
hamma and Hulamani, 1996; Sharma and
Singh, 2000), there are no guidelines for
thinning of Iranian pomegranates. Thus, the
objective of this study was to investigate the
effect of hand thinning on fruit-size and qual-
ity attributes of the cultivar ‘Malase Torshe
Saveh’, which is one of the most commer-
cially important cultivars in Iran.

Materials and Methods
Plant materials and experimental design.
This study was conducted onl5-year old self-
rooted ‘Malase Torshe Saveh’ pomegran-
ate trees in Saveh, Iran for two successive
seasons (2011-12 and 2012-13). Trees were
planted at 2 x 3 m spacing and all cultural

practices in this orchard, except for that of
severity of fruit thinning, were similar to
those of commercial orchards in the region.

Twenty uniform trees were selected and
the same trees were used for the study in both
years. The experiment was laid out by fol-
lowing a completely randomized block de-
sign with five levels of fruit thinning as treat-
ments and four single-tree replications per
treatment. The treatments consisted of: 1)
un-thinned control; 2) hand-thinned at 10%;
3) hand-thinned at 20%; 4) hand-thinned at
30%; and 5) hand-thinned at 40%.

Measurements of yield and quality attri-
butes. All fruit per tree were counted and
weighed at harvest to calculate total produc-
tion in terms of number of fruit and total yield
in each treatment. Fifteen fruit per tree were
taken randomly for measurements of qual-
ity attributes at commercial harvest dates in
mid- November in both 2012 and 2013. Fruit
were immediately transported to the Pomol-
ogy Laboratory, Department of Horticultural
Science, Tarbiat Modares University for de-
termination of quality attributes, including
fruit weight, diameter, length, volume, solu-
ble solids concentration (SSC), and titratable
acidity (TA). Fruit diameter and length were
measured using a digital caliper (Electronic
Digital Caliper, CB, Chicago, IL.). Fruit
volume was measured by liquid displace-
ment. Soluble solids concentration of fruit
juice was measured with a temperature-com-
pensated hand refractometer (Atago, NSG
Precision Cells, Inc., Hicksville, USA) and
titratable acidity was determined in juice by
titrating with 0.1 N sodium hydroxide, using
phenolphthalein as the indicator (Ranganna,
1979), with results being expressed as per-
centage of citric acid. The major acid ac-
counting for titrable acidity in pomegranate
arils is citric acid (Melgarejo et al., 2000).
Aril color was measured for redness (a*), and
yellowness (b*) using a Hunter colorimeter
(Colorfex®, Reston VA, USA) (Yawadio and
Morita, 2007).

Statistical analysis of data. Analysis of
variance (ANOVA) was done on each yield
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or quality parameter, using a SAS statistical
package. Mean separation was made using
the Fisher’s Protected Least Significant Dif-
ferences (LSD) test at P < 0.05. Regression
analysis was also performed to determine
relationships between some fruit quality pa-
rameters and the levels of severity of fruit
thinning.

Results and Discussion

Interactions  between  treatments —and
years. There were no significant interactions
between treatments and years for any of the
yield and fruit quality attributes that were
measured. Therefore, in addition to the treat-
ments effects within each year, the average
values over the two years are also reported
for each parameter.

Effects on fruit number, yield, fruit weight,
size and volume. As compared to the un-
thinned control, fruit number decreased with
hand thinning treatments (Table 1). Howev-
er, fruit number per tree did not closely track
intended thinning levels (Table 1). Trees in
untreated control could have had a higher
number of fruit drop due to higher competi-
tion for carbohydrates, and this area deserves
further study.

Yield, expressed as kg/tree, tended to de-
cline with 10% and 20% hand thinning treat-

ments in both years, but started to increase
when the level of thinning reached 30% (Ta-
ble 1; Figs. 1 and 2). Fruit weight increased
with every incremental increase in the level
of hand thinning (Table 2). Only in one out
of eight cases (2 years, each year with 4 data
points = 8 cases) yield in untreated control
was different than that in hand-thinned treat-
ments (Table 1). Thus, in most cases, total
yield in the untreated control was statistically
similar to other treatments. These results are
supported by those of ‘Jyoti’ pomegranate,
where only 25 fruit per tree were retained
after hand thinning (Padmavathamma and
Hulamani, 1996). Our results are also in gen-
eral agreement with Hussein et al. (1994),
who studied effects of Sevin, naphthalene
acetic acid (NAA) and hand thinning on fruit
thinning in ‘Manfalouty’ pomegranate and
found that total yield was not significantly
affected.

In general, fruit weights were markedly
higher in most treatments in 2012 (Table 2)
which could be due to more favorable weath-
er conditions in that year (data not shown).
Reaching a desirable balance between total
yield and number of fruit per tree or fruit
size is the ultimate goal for any successful
fruit grower. A high production may lead to
small fruit size with undesirable quality at-

Table 1. Effect of hand thinning on number of fruit per tree and total yield per tree in 'Malase Torshe Saveh'

pomegranate during 2011 and 2012.

Number of fruit per tree

Yield (kg-tree™)

Thinning (crop load)
treatment 2011 2012 Mean 2011 2012 Mean
Control 87 a 87 a 87 a 229a 27.5 ab 25.2 ab
Hand thin. 10% 68 b 83 ab 76 b 19.1 ab 254b 22.2 be
Hand thin. 20% 52d 71 abc 62 ¢ 17.2b 23.5b 204 ¢
Hand thin. 30% 65 be 67 c 66 ¢ 21.6 ab 250D 233 be
Hand thin. 40% 57 cd 70 be 63 ¢ 21.4 ab 33.7a 275a

Values within each column followed by the same letter are not significantly different at 5% level, using Fisher's Protected Least

Significant Difference (LSD) test.
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Fig. 1. The relationship between yield and hand thinning level (y = 0.0151x? - 0.5435x + 25.7; 1 = 0.9738, P <
0.05) and between fruit weight and hand thinning level of 'Malase Torshe Saveh' pomegranate (y = 0.1047x? -

0.6935x +289.05; r* = 0.987, P < 0.05).
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Fig. 2. The relationship between crop load (number of fruit per tree) and hand thinning level (y = 0.0271x? -
1.6815x + 88.914; r> = 0.6582, P < 0.05) and between fruit weight and hand thinning level of 'Malase Torshe
Saveh' pomegranate (y = 0.1048x? - 0.6944x + 289.05; 2= 0.7581, P < 0.05).

tributes (Link, 2000). Depending on market
demand, a grower can create an optimum
balance between yield and fruit size and ad-
just the fruit number according to a particular
market strategy. In our study, polynomial re-
gressions between the level of hand thinning
and either yield per tree in kg or fruit weight
are shown in Fig.1, resulting in r? (coefficient
determination) values of 0.974 and 0.987,
respectively. Also, polynomial regressions

between the level of hand thinning and either
number of fruit per tree (crop load) or fruit
weight are presented in Fig. 2, resulting in
r? values of 0.6582 and 0.7581, respectively.
The regression equations in Figs. 1 and 2 can
be used as a useful tool to estimate produc-
tion (number of fruit per tree) and require-
ments for crop load adjustment to achieve
a particular fruit size. According to Figs. 1
and 2, 30% hand thinning of fruit is an ap-
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Table 2. Effects of hand thinning on fruit weight, length, and diameter in 'Malase Torshe Saveh' pomegranate in

2011 and 2012.

Fruit weight (g)

Fruit length (mm) Fruit diameter (mm)

Thinning
treatment 2011 2012 Mean 2011 2012 Mean 2011 2012 Mean
Control 265.4 ¢ 317.7¢ 291.4¢ 99.5b  107.3b  103.4b 81.9bc  90.3 bc 86.1¢
Hand thin. 10%  282.5bc  306.3 ¢ 294.4 ¢ 983b 1053b  101.8b 79.1¢ 87.6¢ 83.4c
Hand thin. 20% 329 ab 323.1be 326.1 be 106.4ab  105.1b  105.8b 89.1ab  92.2bc 90.7 b
Hand thin. 30% 336 ab 381.8b 358.9b 107.1ab 1185a 1128a 87.7ab  94.9b 91.3b
Hand thin. 40%  374.4a 484.0 a 429.2a 113.6a 1197a 116.7a 90.3a  1032a 96.8 a

Values within each column followed by the same letter are not significantly different at 5% level, using Fisher's Protected Least

Significant Difference (LSD) test.

proximately optimum level of thinning for
the tree size/age and production conditions
used in this study. Pomegranate growers who
are not accustomed to thinning practices will
find this study a useful tool to use in produc-
ing larger fruit with higher prices. This level
produced about 66 fruit per tree with an aver-
age weight of 359 g. Untreated control trees
bore 87 fruit with an average weight of 292 g
(Table 2). Comparing production figures in
the untreated control with those in the 30%
hand thinning treatment revealed that thin-
ning at this level decreased fruit number by
19 fruit (87 - 66) and increased average fruit
weight by 23.7 g (about 19%). Although
fruit yield, expressed as kg/tree, was slightly
reduced in the 30% hand thinning treatment
(average of 23.3 kg per tree in 30% hand
thinning vs. 25.2 kg. in control, Table 1), the
likely economic value for the crop increased
in the 30% hand thinned fruit because, in
countries such as US, consumers mostly buy
pomegranates on a number rather than fruit
weight basis and are willing to pay a higher
price for larger fruit. A simple analysis in the
current Iranian market reveals that the price
for 1 kg of pomegranate fruits with an aver-
age weight of 250-290 g (about the range in
the un-treated control in our study) is about
$US1.20 while that with an average weight
of 350 g (about the size in the 30% thinned
treatment) is about $US3.44. In trees re-
ceiving 40% hand thinning, yield/tree also
increased while fruit size (weight) increased.
The cost of hand thinning does not justify

any level higher than 30% as this cost is in-
creasing worldwide.

In apple production and international
trade, there is generally more demand for
larger fruit size (Dennis, 2000). Although to-
tal fruit number and weight per tree are typi-
cally reduced by fruit thinning, high returns
for large fruit usually improve orchard profit-
ability (Marini and Sowers, 1994). Stover et
al. (2001) reported that growers concentrate
on fruit weight without considering the cost
in yield and the overall economic impact of
achieving that increased fruit size. This is an
important factor that should be kept in mind
when planning for fruit thinning as a routine
strategy in any fruit operation.

The impact of thinning on fruit size in this
study is in agreement with similar thinning
studies in apple (De Salvador et al., 2006;
Fallahi et al., 2006a; Palmer et al., 1997),
peach and nectarine (Fallahi et al., 2006b),
and apricot (Levent, 2004).

Fruit size increased with every incremen-
tal increase in the level of hand thinning
(Table 2). In this study, increasing hand thin-
ning rates from 20% to 40% increased fruit
length, diameter and volume. Fruit from
trees that received 40% thinning were lon-
gest and those from un-thinned control were
shortest. Compared to the un-treated control,
the average fruit diameter was significantly
increased by an increased severity of hand
thinning from 20% to 40% (Table 2).

Fruit thinning increased average fruit
volume from 277.5 em® in 10% hand thinning
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Table 3. Effects of hand thinning on fruit volume, soluble solids concentration (SSC), and SSC/titratable acidity

ratio in 'Malase Torshe Saveh' in 2011 and 2012.

Lo Fruit volume (cm®) SSC (°Brix) SSC/TA
Thinning
treatment 2011 2012 Mean 2011 2012 Mean 2011 2012 Mean
Control 2693bc  326.1c  297.7cd 192¢ 17.7a 185D 134a 143a 13.9 ab
Hand thin. 10%  258.1¢c 297.0¢c  277.5d 195bc 183a 189a 134a 140ab  13.7ab
Hand thin. 20%  348.6a 3340bc 3413 ¢cb 196ab 18.1a 189a 121a  123b 122b
Hand thin. 30%  337.5ab  398.6b  368.1b 199a 170a 189a 153a 150a 152a
Hand thin. 40%  371.8a 5059a  4388a 197ab 17.7a  18.7ab 148a 156a 152a

Values within each column followed by the same letter are not significantly different at 5% level, using Fisher's Protected Least

Significant Difference (LSD) test.

to 438.8 cm® in the 40% hand thinning
treatment (Table 3). The best results for mean
fruit weight and fruit size (fruit length, fruit
diameter and fruit volume) were obtained
when the 40% hand thinning treatment was
used but such thinning to 40% of crop load
cannot be justified economically.

These results are in agreement with
those in other cultivars of pomegranate
(Padmavathamma and Hulamani, 1996;
Singh, 2001) and with those using other
methods of thinning such as mechanical de-
blossoming (Sharma and Singh, 2000).

Effects on SSC and SSC/TA. In general,
any level of thinning increased SSC as
compared to control, although differences
overall were small and not always significant
(Table 3). The relationship between yield
in kg/tree, fruit number per tree and SSC
deserves further study.

Although SSC was slightly lower, the
SSC/TA was often higher in 2012, perhaps
due to a lower levels of TA and more
favorable weather conditions in 2012 (data
not shown). Our results are in general
agreement with previous reports where hand
thinning increased SSC by 2-3% in apples
(Link, 2000). However, some researchers
found a greater SSC increase in hand-thinned
apricot trees (Chira, 1999; Levent, 2004).
Levent (2004) found that both increasing
hand thinning rates from 50 to 70% and
increasing NAA dose concentration from 10

to 30 ppm had a similar effects by increasing
fruit weight and SSC in apricots. Some
researchers noted that SSC of ‘Stanley’ plum
negatively correlated with increasing fruit
load (Wells and Bukovac, 1978). In contrast,
De Salvador et al. (2006) found that SSC
was higher in fruit from heavy-cropping
apple trees. However, Link (2000) reported
no apparent correlation between SSC and
fruit size in apples and reported that SSC was
essentially the same in both large and small
fruits.

Trees receiving 30% or 40% hand thinning
tended to have higher SSC/TA ratio, although
differences were not always significant.
This trend is consistent with those in other
pomegranate cultivars (Padmavathamma and
Hulamani, 1996).

Effects on fruit color. It has been reported
that “Malase Torshe Saveh’ is dark-red in the
fruit peel as well as in the aril (Varasteh and
Arzani, 2009). In the present research, the a*
factor value of 40% hand thinning treatment
was typically higher than un-treated control,
although differences were not always
significant (Table 4). Increasing fruit color
with heavy hand thinning in our study is in
agreement with results in loquat (Agusti et
al., 2000), apples (Fallahi et al., 2006a), stone
fruit (Fallahi et al., 2006b), persimmons (Chi
et al., 2010), and plums (Wells and Bukovac,
1978), perhaps due to the increased leaf-to-
fruit ratio. No significant differences were
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Table 4. Effects of hand thinning on aril color of 'Malase Torshe Saveh' pomegranate in 2011 and 2012.

Redness (a*)

Yellowness (b*)

Thinning
treatment 2011 2012 Mean 2011 2012 Mean
Control 246b 275a 260b 158 a 12.7a 142a
Hand thin. 10% 246b 262a 254b 127ab  134a 13.1a
Hand thin. 20% 273a 249a 26.1ab 10.5ab 13.7a 12.1a
Hand thin. 30% 28.0a 257a 26.8ab 9.7b 144 a 12.1a
Hand thin. 40% 28.0a 28.0a 270a 10.8ab 13.0a 119a

Values within each column followed by the same letter are not significantly different at 5% level, using Fisher's Protected Least

Significant Difference (LSD) test.

found among various treatments for either
the a* or b* values in 2012 (Table 4).

Conclusions

A major difficulty of thinning is to find the
optimal thinning intensity. Improving fruit
size is best achieved through proper crop
load adjustment. Generally, hand thinning
improved fruit size and some other quality
attributes. Due to the increased consumption
of pomegranate and its implied health ben-
efits, the detailed economic impacts of vari-
ous levels of hand thinning deserve further
investigation.
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