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ABSTRACT. The aim of this study was to
determine growing degree day (GDD) for
pomegranate fruit Shishe-Kab cultivar
and study the phonological stages of fruit
from bloom to harvest. A completely
randomized block design was carried out
on the research orchard of the Faculty of
Agriculture, University of Birjand, 2017.
During the May to October, the diameter
and length of the fruits and calyx were
recorded using the non-destructive
method by a digital caliper on the tree.
Next fruit samples were randomly taken
from the trees to determine fresh and dry
weight. Furthermore, by using the
metrological data, the thermal
requirement based on the growth degree
day (GDD) has been determined from
April until harvest day. The effective heat
requirement for Shishe-Kab cultivar that
was calculated from blooming to reach
maturity was 2560.95. The highest
cumulative temperature was recorded in
the commercial harvest date. By receiving
this degree day, fruit reached the highest
fresh and dry weight, length and also
diameter at the end of growing season.
The results indicated that all fruit

characteristics ~ significantly increased
from the first recording day till the end,
except the ratio of fruit length to diameter.
A slight decrease in growth rate was
presented in fruit diameter and length,
which was concomitant with their seed
hardening. Results showed that calyx
diameter and length of pomegranate fruit
has a slow continues liner growth pattern,
fruit length and diameter exhibited a
double sigmoid growth curve, while the
fresh and dry weight followed a single
sigmoidal curve. By determining the fruit
growth pattern under climatic conditions,
it is possible to determine the length of
growing season and the critical stages of
growth for proper management in the
garden.

Keywords: fruit growth curve; growing
degree day; non-destructive method;
phonological stages; temperature.

INTRODUCTION

Pomegranate (Punica granatum)
is native to Iran and the surrounding
area and is one of the oldest known
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edible fruits (Pekmezci and Erkan,
2003). Pomegranate is an invaluable
fruit and the source of secondary
products, such as tannins, alkaloids,
anthocyanin and antioxidants (Kumar
et al., 2017). It is tolerant to drought
and salt, so widely cultivated in dry,
hot areas of the world (Korkmaz et al.,
2016). Since ancient times, the
pomegranate has been considered as a
“healing food” with many beneficial
effects in several human diseases
(Vidal et al., 2003).

In growth stages, a chain of
physiological, biochemical  and
structural process result to changes in
size, color and flavor of pomegranate
fruit (Moing et al., 1998; Nunes et al.,
2009). Physicochemical and textural
properties, like size, color, juiciness
and taste are influenced by genetics
and environment, which widely
different among pomegranate
cultivars (Holland et al., 2009; Jalikop,
2007; Martinez et al., 2006).

Cracking, aril paleness and sun
burning are some of pomegranate
cultivation problems, which causes a
lot of damage every year (Génard and
Bruchou, 1993; Gozlekci and Kaynak,
2000). Therefore, knowing how fruit
grows, morphologically and
physiologically changes from
flowering to ripening would help to
manage the farm properly. Failure to
meet the climatic requirements of tree
crops makes orchards not enough
productive to pay off the investments

needed for their establishment
(Luedeling et al., 2009).
Since the fruit formation,

ripening, maturity and their quality
are affected by cultivar, region's
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climate etc (Ozkan, 2002; Rajasekar
et al., 2012), it is necessary to study
these factors for knowing the plant's
physiology and high crop production
(Schaffer and Andersen, 1994; Wien,
1997). To investigate the effect of
cultivar on fruit grow, Moosavi et al.
(2009) studied the fruit grow pattern
of nine Asian pears under the Tehran
climatic condition. They recognized a
complete simple sigmoid for all nine
cultivars, but the period of time for
each of the growing phases was
different. The differences in climate
between persimmon production areas
caused a wide variation in the growth
of persimmon fruit, maturity and
quality at harvest time (Candir et al.,
2009; Mowat et al., 1996). Varasteh

et al. (2006) studied the
physicochemical characteristics of
some  commercial = pomegranate

cultivars grown in different regions of
Iran to develop an index for cultivar
selection for pomegranate production.
They observed a wide variation of the
characteristics of studied cultivars that
can be used to cultivar selection in
pomegranate production and breeding
programs in the future.

Primarily, among the climatic
factors, temperature variations are
more important due to the effect on
seed germination, growth, flowering,
fruit formation and ripening of
horticultural crops (Egea et al., 2003;
Valentini et al., 2001). Temperature
(high and low) is one of the most
limiting environmental factors for
growth and production of fruit and it
is different for each species. Studying
the ecological conditions, like heat
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sum during the growing season, is
essential to choose the most suitable
cultivars and product high-quality
fruit (Ikinci et al., 2014). Determining
the thermal requirement in predicting

management times is important
(Qashqai et al., 2017). Also, it would
provide an assessment of the
performance and adaptation of

genotypes in certain growing areas
(Rea and Eccel, 2006).

Due to the effect of different
environmental  factors, especially
temperature on growth, development,
quality and the date of harvesting
fruit, study the annual calendar of
plant biological events, such as
budburst and swelling, shoot growth
and increments in trunk diameter, root
dynamics as well as reproductive
growth, like flower initiation, fruit set
and maturity seems to be useful. It
would help growers to schedule
specific ~ fertilization and  the
application of  hormonal or
phytosanitary products (Bleiholder
et al., 1989). It has been reported that
high temperatures during the early
period, reduced the development of
fruit with the low chilling requirement
(Wert et al., 2009).

Cangi et al. (2008) investigated
the effective heat summations
requirement for maturation of some
grape cultivars grown. In another
study the phonological stages of
early-maturing peach trees were
described and the heat requirement of
each stage was calculated as growing
degree hours (GDH) and growing
degree days (GDD) (Mounzer et al.,
2008). Soloklui et al. (2017) studied
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the chilling and heat requirements of
20 Iranian pomegranate cultivars and
their correlations with geographical
and climatic parameters, as well as
tree and fruit characteristics. A range
of variation in heat requirements from
4096 to 7928 growing degree hour
(GDH) was observed among cultivars.

Also, Ikinci et al. (2014)
determinated heat requirements and
effective heat summations of some
pomegranate cultivars grown in
southern Anatolia, Turkey. However,
no information is available about the
heat requirement for Shishe-Kab
pomegranate cultivar.

Therefore, the objective of this
study was to describe the growth
pattern of pomegranate fruit Shishe-
Kab cultivar and to calculate the
thermal requirement that helps predict
the time to reach each phonological
stage of fruit grow and development.

MATERIAL AND METHODS

This study was carried out in the
research orchard of the Faculty of
Agriculture, University of Birjand in
2017. The Shishe-Kab cultivar has
delicious fruits with high marketability
and suitable for long storage and export.
Fruits have a thick peel, long calyx and
low aril percentage (Ebtedaei et al,
2016). Trees irrigated at 10 day intervals
and NPK fertilizer applied tree times
during the growing season (May, June
and July with one month interval). All the
recommended cultural practices were kept
uniform for all trees during the entire
course of the investigation.

The non-destructive method was
used to study fruit growth and
development (Arzani, 1994). In this
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method, 18 fruit samples were randomly
selected and labeled and then the diameter
and length of the fruits and calyx were
measured on the tree until harvest time.
Observations were made during early in
May to mid-October. The records were
taken on April 26, May 3, 10, 14, 20, 31,
June 10, 21, July 6, 16, September 6, 16,
26 and October 5, using a digital caliper.
Also, five fruit were harvested randomly
in each time for determining the fresh and
dry weight. The thermal requirement
based on the growth degree day (GDD)
was calculated using the following
formula (1).

GDD= (T max + T min)/2-T base (1)
where, T max is daily maximum
temperature, T min is daily minimum
temperature and T base is the base
temperature for pomegranate growth
(Richardson et al., 1975). The lowest
temperature that metabolic processes
result in a net substance gain in biomass
and also required for bud swelling
considered as T base. The base
temperature is 10°C for pomegranate
(Sitte et al., 1999; Jackson, 1999 b).

Maximum and minimum daily air
temperatures (°C) values (data) were
collected from Birjand meteorological
station during April to October for the
2017 growing seasons. The experiments
were conducted using a completely
randomized block design with three
replicates that contain six samples for
each replication. Six trees were used per
replication and totally 18 trees for the
experiment.

Obtained data were analyzed by
GenStat (Discovery Edition, Version 9.2,
2007, VSN International Ltd., UK) and
mean values were compared at the level
of 5% probability according to LSD test.
Data presented as means = SE.
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RESULTS AND DISCUSSION

The  different  phonological
stages of  Shishe-Kab  cultivar
evaluated based on growing degree
day (GDD). The heat requirements are
also presented as GDD, accumulated
from flowering to harvest time
(Table 1). The results indicate that by
getting close to the end of the growing
season and approaching the harvest
time, the cumulative temperature
increased and the highest rate was
recorded in the commercial harvest
date. The effective heat requirement
for Shishe-Kab cultivar that calculated
from April 26 to reach maturity was
2560.95, which has been obtained
during 175 days. The highest GDD
was associated with the highest fresh
and dry fruit weight, fruit and calyx
length and also fruit diameter. Our
results were similar with the Barati
(2017) results on Berberies vulgaris
L. In another study, Weaver (1976)
calculated the required heat units
based on the growing degree day from
bloom to reach maturity for table
grape. Early grapes required about
1600 degree days to mature, while the
late ones at least 3500 degree days. In
addition, lkinci et al. (2014)
determined the heat requirement of
three pomegranate cultivars from bud
swelling to leaf fall. They used the
same method to calculate the GDD for
‘Hicaznar’, ‘Suruc’, and ‘Katirbasi’,
under the same environmental
conditions. They stated that GDD was
approximately ~ 2800-3300.  The
maximum heat requirement from open
flowering to fruit ripening observed in
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‘Hicaznar’ reaching around 2578
GDD and followed by ‘Katirbasi’ and
‘Suruc’  around 2440-2375. Our
results showed the heat requirements
for fruit ripening were slightly close
to Hicaznar cultivar and it was higher
than Katirbasi and Suruc cultivars.
This difference highly likely can be
due to different climatic conditions of
pomegranate grown.

Table 1 - Heat unit accumulated
in each sampling time during 2017

Date GDD

April 26 11.85 + 1.66
May 3 70.85 + 0.62
May 10 158 + 0.60
May14 212.9+ 0.58
May 20 295.35+0.40
May 31 491.65 + 0.55
June 10 653.20 +£ 0.49
June 21 865.70 £ 0.49
July 6 1150.17 £ 0.43
July 16 1341.42 £ 0.41
September 6 2129.56 + 0.27
September 16 2245.96 + 0.26
September 26 2343.55 +0.28
October 5 2446.30 £ 0.27
October 18 2560.95 + 0.28

The results indicate that calyx
diameter and length of pomegranate
fruit has a slow continues liner growth
pattern. As are shown in Figs. 1 and 2,
calix diameter and length significantly
increased during the growing season.

The reduction process in calyx
length and diameter, observed at the
early stages of measurement, can be
due to the random selection of
process. Owing to this fact, that
pomegranate trees have two or three
flowering peaks, the measurement of
second or third series of flowers that
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are physiologically far behind the first
phases showed various diffently in
growth pattern. Only selected flowers
were measured after May 10 to reduce
this error. The maximum calyx length
(2542 mm) and calyx diameter
(21.58 mm) were recorded on
September 6 and 26, respectively.
These results were in agreement with
the findings of Zarei et al. (2015) and
Varasteh et al. (2006) on various
pomegranate cultivars. They observed
a small change in calyx diameter and
length during the growing season. So,
calyx length and diameter are formed
in the early stages of the growing
season and do not change
considerably until they mature.

The fruit diameter and length
had a same growth pattern during the
growing season. Fruit diameter and
length continually increased from the
first to the end of the growing season
(Figs. 3 and 4). The minimum fruit
diameter (9 mm) was observed at first
recording dates and when fruits
matured, they attained the highest
fruit length (71 mm). At the beginning
of growing season, there was a
reduction in fruit length until the end
of the May that was because of
random fruit selection process.
Thereafter, fruit began to develop in
diameter and length in early June.

The highest fruit length was
recorded on October 5 and 10 before
harvest. The three stages of this
double sigmoid curve are included.
Stage one that is cell division. The
second stage has a slow growth that
coincides with the period of pit
hardening. At this stage, the speed of
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mesocarp growth decreased. In the
second stage, the development of the
embryo ends. In the third stage, due to
the increase in the size of the cells and
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the formation of cellular spaces, the
growth rate increases again (Opara,
2000).
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Figure 1 - The changes of calyx diameter during the growing season
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Figure 2 - The changes of calyx length during the growing season

Because of pit hardening after a
reduction in development until June
16, cells started to expansion again
and both fruit length and diameter
increased. Shulman et al. (1984)
suggested the edible juicy tissue of the
seeds grew continuously from June to
October, whereas the internal stone
tissue stopped growing and hardened
by the end of June. The length and the
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diameter of the fruit increased rapidly
until 45 days after fruit setting and
then continued to increase slowly
until the time of fruit harvest
(Varasteh et al., 2006). Zarei et al.
(2015) reported a linear growth curve
in case of pomegranate fruit length
and diameter. Also, Al-Yahyai et al.
(2009) observed fruit length and
diameter continuously increased in
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Qusum, Malasi and Hamedh cultivars
during the growing season. Gozlekci
and Kaynak (2000) reported a single
sigmoid growth curve for
pomegranate fruit cv. Hicaznar in
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terms of fruit diameter and length
change. Al-Yahyai et al. (2009)
reported that different cultivars might
resulted in variable patterns of fruit
growth.
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Figure 3 - The changes of fruit diameter during the growing season
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Figure 4 - The changes of fruit length during the growing season

The changes of fruit fresh weight
are shown in Fig 5. According to
recorded data, fruit fresh weight
increased slowly in early growth
stages (April 26-June 21) and was not
significantly different between early
recording dates. It starts to increase
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faster in June and continued to reach
the highest (252.7 g) in October. Dry
weight changes showed a similar
trend with fresh weight (Fig. 6). It
slowly increased in April to late June.
This increase was faster in the next
months. On October 5 and September
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26 the highest fruit dry weight (57 g)
was recorded. Chalmers et al. (1983)
estimate that 80-82% of fruit
development takes place in the third
stage of growth. Fertilized ovary
grows in size, consequently increased
the fruit weight. Varasteh et al. (2006)
reportes similar resultes in pomegra-
nate cv. Malas-e-Torsh-e-Saveh. They
reported the average fruit weight
increased rapidly until 45 days after
fruit setting and then continued more
slowly until the time of fruit harvest
(Varasteh et al. 2006). Zarei
Mohammadabad (2010) reported that
increase of fruit weight was faster in
the last months of the growing season,
compared to the beginning of the
season. It is because the fruit enlarges
almost to its final size through cell
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enlargement (Melgarejo et al. 1997).
Dry weight is commonly used in
growth analysis to reflect the actual
amount of new organic material
synthesized by the plant or organ. As
a consequence of fruit enlargement,
fruit fresh and dry weights were
increased, as well. The results
obtained in some of the previous
studies showed establishing reliable
equations for predicting fruit weight
and fruit volume by measuring fruit
dimensions. For instance, strong
relationships were reported between
fruit diameter, fruit volume and fruit
weight in apricot by Arzani et al.
(1997). Also, in pears, Ortega et al.
(1998) found a correlation between
fruit diameter and fruit size.
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Figure 5 - The changes of fruit fresh weight during the growing season

In current study, the ratio of fruit
length to diameter  reduced
significantly until June 10, but after
that it stayed unchanged. As shown in
Figs. 2 and 3, the fruit length was
two-fold of the fruit diameter at the
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beginning of growing season. But, as
well as the fruit grows and develop
their length and diameter almost
equaled. So, the ratio of fruit length to
diameter was almost double at the
beginning of growing season and then
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it reduced slowly and closed to one
(Fig. 7). In this stage, fruits are
reached to their final shape, well the
nearly round. This was in accord to
the findings of Gozlekci and Kaynak
(2000). They observed fruits shape
were elongated in the beginning and
their final shape was nearly round.
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Because fruits are getting massive,
hence this ratio is a decreasing
process (Zarei et al., 2015). Similarly,
some author reported that with the
growth of apple, pear and peach fruit,
the length to diameter fruit ratio
decreases rapidly (Maib, 1996).
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Figure 6 - The changes of fruit dry weight during the growing season
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Figure 7 - The ratio of fruit length to diameter
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CONCLUSIONS

Few published data on the
characteristics of Shishe-Kab cultivar
in the literature is available. Based on
the results of this study, it was
determined that the maturity and fruit
size are affected by the temperature.
The study of fruit length and diameter
exhibited a double sigmoid growth
curve, while the fresh and dry weight
followed a single sigmoidal curve. To
determine the growth pattern of
Shishe-Kab cultivar in addition to
physical measurements, biochemical
and microstructural measurements
would be needed. By determining the
fruit growth pattern under climatic
conditions, a more accurate harvesting
date can be estimated. It is also
possible to determine the length of
growing season and the critical stages
of growth for proper management in
the garden.
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