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Pomegranate (Punica granatum L.) is a tropical and subtropical climate plant with high economic
value and nutritional content. Having valuable phytochemicals in terms of health caused an increase
in demand for pomegranate consumption and this situation accelerated pomegranate production.
However, global warming and climate changes are among the factors limiting the production of
pomegranate. Especially abiotic stress factors caused by adverse ecological conditions cause
significant economic losses in pomegranate production. Drought stress, which is one of these
negativities, causes fruit cracking problem, which is one of the important problems in pomegranate
production. Minimizing the fruit cracking problem, which causes economic losses, is possible by
breeding varieties that are resistant to under non-irrigated conditions. Determining the resistance of
the cultivars to be used in breeding programs against fruit cracking will allow the development of
elite cultivars. For this purpose, it was aimed to determine the fruit cracking rates of 30 different
pomegranate genotypes in the Pomegranate Genetic Collection of Cukurova University, Faculty of
Agriculture, Department of Horticulture, under non-irrigated conditions. A correlation was made
between the cracking rates of the genotypes and the amount of soluble solids content (SSC).
According to the correlation analysis between the cultivars, there is no statistically significant
difference between the SSC and the cracking rate. However, a weak negative correlation was
determined between SSC-cracking rate (-0,1132). In the light of the pomological data obtained, it
was determined that 8 pomegranate genotypes grown under non-irrigated conditions had a fruit
cracking rate of 40 % - 85 %, cracking rates were below 10 % in 8 pomegranate genotypes and no
fruit cracking was observed in 6 genotypes. As a result of the analysis, it was observed that drought
stress was effective on the fruit cracking rate or the exacerbation of the fruit cracking rate, but the
resistance level of some genotypes against the fruit cracking problem was high.
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Pomegranate (Punica granatum L.) is one of the oldest
plant species with its cultural history, which was cultivated
approximately 5000 years ago due to its attractive fruits
(Yuan et al., 2018). The homeland of pomegranate is
Southwest Asia, South Asia, Middle East, Iran,
Afghanistan, South Caucasus and Anatolia (Yilmaz and
Ozgiiven, 2009). Due to its high nutritional value and its
resistance to different ecological conditions, it has spread
to a wide geography outside its homeland (Mars, 2000;
Zhao et al, 2013). The worldwide demand for pomegranate
is increasing year by year, and in pomegranate production
respectively, India (1.789.310 tons), Iran (1.000.000 tons),

China (800.000 tons), Turkey (537,000 tons). Due to being
the homeland of pomegranate and having suitable climate
and geographical features, as far as it’s production is
concerned, Turkey is the among the list of leading
countries (Ozgiiven & Yilmaz, 2000; Simsek et al, 2017).
Having valuable phytochemicals in terms of health caused
an increase in demand for pomegranate consumption and
this situation accelerated pomegranate production.

The increase in pomegranate cultivation has led to the
current problems. Global warming and climate changes are
among the factors limiting the production of pomegranate.
Especially abiotic stress factors caused by adverse
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ecological conditions cause significant economic losses in
pomegranate production. Drought stress, causes fruit
cracking problem, which is one of the important problems
in pomegranate production. Fruit cracking in pomegranate
is observed during the fruit maturity period and the
cracking rate increases as the maturity period progresses.
Fruit cracking usually causes physical damage to the fruit
skin by the increase in the water content of the
pomegranate seeds during the ripening period and the
internal development of the fruit by creating pressures on
the peel, and there are many different causes (Yilmaz and
Ozgiiven, 2012). Fruit cracking rates may differ in different
varieties grown under the same ecological and cultural
conditions (Yilmaz & Ozgiiven, 2012; Khadivi-Khub,
2015). Minimizing the fruit cracking problem, which
causes economic losses, is possible by breeding varieties
that are resistant to under non-irrigated conditions.

Determining the resistance of the cultivars to be used in
breeding programs against fruit cracking will allow the
development of elite cultivars. For this purpose, it was
aimed to determine the fruit cracking rates of 30 different
pomegranate genotypes in the Pomegranate Genetic
Collection of Cukurova University, Faculty of Agriculture,
Department of Horticulture, under non-irrigated
conditions.

Material and Method

Plant Material

In this study, Pomegranate Genetic Collection of
Cukurova University, Faculty of Agriculture, Department
of Horticulture was used. Varieties in the Pomegranate
Genetic Collection were used to determine cracking rates
and SSC rates (Table 1).

Table 1. Pomegranate varieties and quality traits used in the study

Variety Name Quality Traits Variety Name Quality Traits
Naznar Sweet/soft [zmir-1453 Sweet/soft
Canernar 11 Sourish/ soft Canernar 7 Sourish/soft
17/67 Sour/medium soft Izmir-1445 Sweet /soft
33N 34 Sourish/soft Tirkmen Sweet/medium hard
33N 53 Sweet/soft Izmir-23 Sweet/soft
Hicrannar 7 Sweet/soft [zmir-8 Sweet/hard
19/147 Sweet/soft 33N 09 Sourish/hard
[zmir-1 Sweet/soft Hicaznar Sourish/hard
[zmir-1261 Sweet/soft 33N 16 Sourish/medium hard
Hicrannar 5 Sweet/soft [zmir-1479 Sweet/soft
01NO4 Sweet/soft [zmir-1267 Sweet/soft
[zmir-16 Sweet/hard [zmir-12 Sweet/soft
[zmir-15 Sweet/soft [zmir-1265 Sweet/soft
07 N 04 Sweet/hard [zmir-10 Sweet/hard
[zmir-26 Sweet/soft 18/19 -

Figure 1. Some fruits with cracking

Method

Determination of Cracking Rate

The fruits were checked regularly until the harvest
period. In pomegranate cultivars, cracked and non-cracked
fruits were counted in order to determine the cracking rates
of the cultivars. The fruit cracking rate of the cultivars was
determined by proportioning the number of cracked fruit to
the total number of fruit.

SSC (Soluble solids content) Determination of Rates

Within the scope of biochemical analysis, soluble
solids content (SSC) analysis was performed by using fruit
juice samples of the cultivars. SSC were determined by
extracting and mixing one drops of juice from the each fruit
into a digital refractometer and displayed as %.

Results and Discussions

In order to determine the fruit cracking rates and SSC
of pomegranate cultivars under non-irrigated conditions
were used some pomegranate cultivars from the
Pomegranate Genetic Collection of Cukurova University,
Faculty of Agriculture, Department of Horticulture. The
cracking rates of the cultivars were determined (Figure 2)
and the SSC amounts of the cultivars were determined by
using the arils of pomagranate cultivars (Figure 3). Regular
observations made within the scope of the study started as
of March 2018 and continued as of June, July, August,
September and October. Observations were made at
regular intervals until the harvest period. During the
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harvest period, fruit cracking rates of the varieties in the
collection were determined. The cracking rate was
calculated by looking at the sample with at least 10 fruits
and above. SSC values were determined by using the grains
of the fruit, with at least 3 replications for each cultivar.
When the fruit cracking rates of the cultivars were
examined, it was determined that the fruit cracking rates of
the four cultivars were between 50% and 85%. It was
determined that the highest cracking rate of the cultivars
was Naznar with 85% and Canernar 11 with 80%. While
74% cracking was observed in 17/67 genotype, 50% fruit
cracking rate was detected in 33 N 34 cultivar. It was
observed that the cracking rates of 16 varieties observed
within the scope of the study varied between 50% and 10%.
While it was determined that 33 N 53 cultivar had 47%
cracking rate, 18/19 cultivar 43%, 19/147 cultivar 41%
cracking rate, while izmir-1 cultivar had 40% cracking
rate. With the analysis, it was determined that Hicrannar 5
variety had 35% cracking rate, Izmir-15 and 07 N 04
variety had 28% cracking rate, Izmir-26 variety had 19%,
Izmir-1261 variety 16%, Hicrannar 7 variety 14%, Izmir-
1453 and Canernar 7 variety 10%. Data obtained as a result
of observations when examined, the cracking rate of 8
cultivars was below 10%. Fruit cracking was detected 9%

in Izmir-1445 and Tirkmen varieties, 8% in Izmir-23
variety, 7% in Izmir-8 variety, 6% in 33 N 09 variety, 5%
in Hicaznar variety, 3% in 33 N 16 variety and 2% in {zmir-
1479. As a result of the observations, the fruit cracking rate
was found to be 0 in 6 varieties. Varieties without cracking
are [zmir-1297, Izmir-1265, 1zmir-10, Izmir-16, {zmir-12
and 01 N 04 pomegranate varieties.

SSC amounts of the cultivars were determined by using
the arils of pomagranate cultivars. When the SSC values of
the genotypes were examined, it was determined that the
SSC values of the five genotypes were between 20.06% and
24.95%. It was observed that the highest SSC value of the
genotypes was Izmir-26 with 24.95% and izmir-1479 with
23.86%. While 21.23% SSC value was obtained in Tiirkmen
genotype, it was seen as 21% in 18/19 genotype. While the
SSC value of the remaining 20 genotypes is over 15%, SSC
belonging to the izmir-1453 with 14.9%, Hicrannar 5 with
14.3%, 07 N 04 with 14.2%, 1zmir-1445 with 13.65%, and
Hicaznar with 13.4% genotypes values are below 15%.

According to the correlation analysis between the
cultivars, there is no statistically significant difference
between the SSC and the cracking rate. However, a weak
negative correlation was determined between SSC-
cracking rate (Table 2).

Cracking rate (%)

’\ >
¥ & ’\:’0\0" N Q \b\,\q $ \*\'\'Q’b" N \b J
&& ‘\5\ ALY Q»\ "‘)ﬂj &\(‘)& \‘\3&@ RN \‘\;é\ S

Figure 2. Varieties cracking rates

0,9
0,8
0,7
06
0,5
0,4
0,3
0,2
L
0
SO QDO R N ED XS AND
é%“& &\o\bﬁﬁi"o\\q\%@ §&$§\« Q&‘q Q'bé&‘ \bb y
. V& WS
s VN S EF
Varieties
SSC (% Brix)
30
25

20
15
10

o
Izmir-26 N

Hicaznar NN

B O BSB 2T TLL 3L T BT L8 ESREYNES9 S

NslszzgZl gtz eI eI ELEgzRzIS s s sz

z £ 9 g8 -9l EE5 sl8 &l Lt EE NG @ L £ E L EEZ

g N Els EIS E&EFIT Sl E[TIEIT|™

3 T BSER R RSR RS RS MY S ~

1.2 3 4,5 6 7 9 110 11 /12 13 /14 15 16 /17 18 19 20 21 22 23 24 25|26 27,28 29 30
VARIETIES
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2637



Agar et al. | Turkish Journal of Agriculture - Food Science and Technology, 9(sp): 2635-2640, 2021

Table 2. Correlation of SSC-cracking rate

V1 V2
SSC (% Brix) (V1) 1.0000 -0.1132
Cracking rate (%) (V2) 1.0000

There are many studies reporting that fruit cracking in
pomegranate is due to many factors. It has been reported
that the effects of especially ecological conditions, cultural
practices and genetic factors are intense in fruit cracking.
There are ecological conditions that cause irregular
precipitation, daily or seasonal temperature differences or
increase the severity of cracking (Khadivi-Khub, 2015;
Singh et al, 2020).

When the data we obtained within the scope of the
study are examined, it is seen that the fruit cracking rates
are high in most of the existing varieties. It is thought that
the reason for the high cracking rates of the cultivars may
be the negative effects of ecological conditions. Especially
the negative ecological conditions caused changes in the
water content of the fruit peel and it is thought that fruit
cracking rates have increased due to these changes. As a
matter of fact, it has been reported that irregular
precipitation causes irregularities in the water content of
the fruit peel and this irregular water content reduces the
resistance of the fruit peel and causes cracking. In addition,
the decrease in air humidity has been reported as an
ecological factor that causes a decrease in the water content
of the fruit peel and causes cracks in the fruit skin (Singh
etal., 2014).

Daily or seasonal temperature differences are also
among the factors that change the fruit peel water content
or decrease the fruit peel water content. The most important
negative effect of temperature differences is that it affects
the respiration and transpiration of the plant (Singh et al,
2014). It is thought that all the aforementioned problems
cause a decrease in the water content of the fruit peel and
an increase in the fruit cracking rate or fruit cracking rate.
Negative ecological conditions create stress in the plant.

Stress conditions cause many physiological problems
in the plant as well as fruit cracking or exacerbation of fruit
cracking rate. As a matter of fact, Yilmaz and Ozgiiven
(2006), in a study they conducted on pomegranate, reported
that the level of ABA (Abscisic Acid) hormone in the peel
of cracked fruits was higher than in fruits that did not crack.
They emphasized that the reason for the higher ABA level
in cracked fruits is a stress response of the plant against
physiological negativities.

When the data obtained within the scope of the study
are examined, the majority of the varieties with high fruit
cracking rate are the pome varieties. Soft or hard traits is a
genetic features that can cause fruit cracking or an
increased cracking rate. It is thought that there is a
correlation between the severity of the cracking rate of the
cultivars and the soft seed trait. The state of hard or soft
seed results from differences in the amount of lignin of the
tissues (Sarkhosh et al, 2011; A. Zarei et al, 2013, 2016;
Akgol, 2017; Xue et al, 2017; Khadivi et al, 2018; Luo et
al, 2020; Zhang et al, 2020).

Lignin is a secondary compound that forms the
structure of the cell wall and provides cellular durability. It
is a polymer that gives elasticity to the cell, especially
during cell development. Lignin also participates in the

formation of the cuticular structure and the structure of the
epidermis layer. There are many studies stating that the
lignin biosynthesis mechanism plays an active role in the
formation of pomegranate soft and hard arils. The
difference in the amount of lignin between pomegranate
varieties is a genetic feature and helps them to gain
different properties not only in the seed structure, but also
in other tissues such as fruit peel, cuticle layer and
epidermis. It has been reported that pomegranate fruits
contain lower lignin than stone fruits, and this situation is
in parallel with the lignin content of the fruit peel tissue
(Sarkhosh et al, 2011; A. Zarei et al, 2013, 2016; Akgol,
2017; Xue et al, 2017; Khadivi et al, 2018; Luo et al, 2020;
Zhang et al, 2020).

Studies have reported that pomegranate cultivars with
a high lignin content are more resistant to biotic and abiotic
stress conditions than pomegranate cultivars, and this has
been confirmed by molecular studies (A. Zarei et al, 2016;
Zhang et al, 2020). In this study, the reason for the high
cracking rate in soft-seed cultivars can be explained by the
low lignin content and the sensitivity of this genetic feature
to the plant.

The arils of pomegranates contain considerable
amounts of acids, sugars, vitamins, polysaccharides,
polyphenols and important minerals (Al-Maiman and
Ahmad, 2002). In present study, SSC of cv. ‘Hicaznar’ at
three development stages were 6.16%, 10.38% and
15.84%. Significant variations in SSC (11-23%) of
pomegranates have been reported over the years by various
researchers (Ercan et al., 1992; Yilmaz et al., 1992; Polat
etal., 1999; Tibet and Onur, 1999; Al-Maiman and Ahmad,
2002; Kazankaya et al., 2003; Yildiz et al., 2003; Ozkan,
2005; Gozlekci et al., 2011).

When the data obtained in the study are examined, most
of the varieties with high cracking rate are sweet varieties.
It has been reported that the sugar content in the fruit is a
physiological condition that causes fruit cracking or the
exacerbation of the fruit cracking rate, and that the sugar
rate in the fruit leads to osmotic differences, leading to fruit
cracking or increasing the fruit cracking rate (Mir et al,
2012; Khadivi-Khub, 2015; Correia et al., 2018). As a
matter of fact, as a result of the analysis, it is estimated that
most of the varieties with high cracking rates are sweet
pomegranate varieties and this physiological condition is
the basis for the high cracking rates in sweet varieties.

There is no detailed information about the varieties
used in the study and the cracking rates were determined.
For this reason, cracking rates of some cultivars were
determined for the first time. If the cracking rates of some
pomegranate cultivars are examined within the scope of the
study, it is seen that the cracking rates of some
pomegranate cultivars and the cracking rates obtained from
some previous studies show parallelism. Especially when
the cracking rates are compared according to the varieties,
it is seen that the cracking rates of izmir-15 variety, izmir-
26 variety and Izmir-23 variety are higher than the other
varieties, and the cracking rates of izmir-16 and izmir-10
varieties are lower. When the results obtained within the
scope of the study are examined, it is seen that the cracking
rates of the cultivars are close to the cracking rates stated
in the literature sources and the values show parallelism.

Yilmaz (2005) analyzed the fruit cracking after
harvesting in  pomegranate  anatomically  and
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physiologically, and examined cracked and uncracked
fruits in many different parameters. The study was carried
out in 2001-2003 and izmir-10, izmir-15, izmir-16, izmir-
23, izmir-26, 33 N 16 and Hicaz varieties were used in the
experiment. In the study, it was reported that the cracking
rates of the cultivars changed according to the years, but it
was reported that the cultivars with the highest cracking
rate were izmir-15 and Izmir-26, and the varieties with the
lowest cracking rate were izmir-16. When the rates of
[zmir-15, 1zmir-26 and izmir-23 cultivars were examined,
the highest fruit cracking rates were observed in these
cultivars. Again, the lowest cracking rates were seen in
Hicaz, Izmir-10 and Izmir-16 varieties. In the comparison
made on the basis of the cracking rates of the cultivars, it
is seen that the Izmir-15 cultivar has a higher cracking rate
compared to the other cultivars, while the Izmir-16 cultivar
shows no cracking and the values obtained are close to the
literature values.

Ozgiiven et al. (2000) conducted a study on cracking
rates in pomegranate at Koruklu Research Station.
According to the results of the study, cracking rates are
44% for 1zmir-23, 16.1% for Izmir-15, 13.3% for Hicaz,
12.7% for Izmir-26, 0.2% for Izmir-10 and Izmir-16. 0.1%
of the cultivar.

Ozgiiven et al. (1997) carried out adaptation studies on
pomegranate in the Southeastern Anatolia Region.
According to the test results, the cracking rates were
respectively 20.1% for Izmir-10, 20.6% for Izmir-15,
21.0% for izmir-26, 20.6% for Hicaz, 13.1% for izmir-23
and 0.9% of izmir-16 variety.

The study conducted by Yilmaz and Ozgiiven (2006),
it was found that the fruit cracking rates ranged between
0.0% and 46.3%, whereas, the average fruit cracking rates
of the varieties were recorded at 21.3% in [zmir-15, 34%,
Izmir-10 variety, 0.5% in Izmir-16 variety, 20.9% in Izmir-
23 variety, 9.2% in Izmir-26 variety and 12.7% Hicaz
variety respectively. Furthermore, in the trial that lasted for
two years, it was reported that the high differences were
observed between the cracking rates in izmir-15 variety
according to years, 9.1% in the first year, 33.4% cracking
rate in the second year in Izmir-15 variety respectively.

It has been reported by numerous studies that fruit
cracking rates vary from year to year and are affected by
many factors. The reason why the cracking rates we
obtained in our study do not exactly overlap with the
literature sources shows that the problem of fruit cracking
in pomegranate depends on many different factors,
including physiological, anatomical and genetic.
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