Determination of some physicochemical properties in fruits of some avocado (Persea
americana Mill.) cultivars during the harvesting periods
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Abstract

In this study, certain physical and chemical properties of the Fuerte, Bacon and Zutano avocado cultivars were
determined during the harvesting periods between the years 2010-2013. Fruit harvests were performed at
intervals of 15-20 days. The dry weight and oil content of Fuerte cultivar increased by 110.2% and 234.2%,
respectively, between October and May of the 2010-2011 harvesting period. The dry weight and oil content of the
Bacon cultivar increased by 44.7% and 180.7%, respectively, between October and March of the 2010-2011
harvesting period, and increased by 51.0% and 174.1%, respectively, between October and January of the 2012-
2013 harvesting period. The dry weight and oil content of the Zutano cultivar increased by 47.4% and 200.0%,
respectively, between October and March of the 2010-2011 harvesting period, and increased by 25.9% and
86.3%, respectively, between October and February of the 2012-2013 harvesting period. A very strong positive
correlation between certain pomological properties used as fruit maturity indices in avocados were found in the
Fuerte, Bacon and Zutano cultivars. As a result of this study; with regard to the dry weight and oil content of fruit
grown in the climatic conditions of Antalya, the optimal harvesting periods were determined to be between
November and May for the Fuerte cultivar, and between November and January for the Bacon and Zutano
cultivars.
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Bazi avokado (Persea americana Mill.) gesitlerinin meyvelerinde hasat periyodu boyunca bazi
fizikokimyasal 6zelliklerdeki degisimin belirlenmesi

Oz

Bu galismada; 2010-2013 yillari arasinda hasat periyodu boyunca, Fuerte, Bacon ve Zutano cesitlerinde bazi
fiziksel ve kimyasal 6zelliklerin belilenmesi amaclanmistir. Hasat, 15-20 giinde bir yapilmistir. Fuerte ¢esidinin
kuru agirlik ve yag icerigi degerleri, 2010-11 hasat periyodu boyunca Ekim-Mayis aylari arasinda sirasiyla
%110.2 ve %234.2 artmigtir. Ayrica, Bacon gesidinde kuru agirlik ve yag igerigi degerleri, 2010-11 hasat periyodu
boyunca Ekim-Mart aylari arasinda sirasiyla %44.7 ve %180.7 artarken, 2012-13 hasat periyodu boyunca Ekim-
Ocak aylar arasinda sirasiyla %51.0 ve %174.1 artmistir. Bununla birlikte, Zutano g¢esidinde kuru agirlik ve yag
icerigi degerleri, 2010-11 hasat periyodu boyunca Ekim-Mart aylari arasinda sirasiyla %47.4 ve %200.0 artarken,
2012-13 hasat periyodu boyunca Ekim-Subat aylari arasinda sirasiyla %26.0 ve %86.3 artmistir. Fuerte, Bacon
ve Zutano cesitlerinde avokadonun meyvelerinde olgunluk indeksi olarak kullanilan bazi pomolojik &zellikler
arasinda ¢ok yuksek seviyede korelasyon bulunmustur. Sonug olarak; Antalya kosullarinda meyvenin kuru agirlik
ve yag icerigi bakimindan optimum hasat zamani Fuerte’de Kasim ve Mayis aylari arasi, Bacon ve Zutano’da
Kasim ve Ocak aylari arasi en uygun zamani olarak belirlenmistir.

Anahtar Kelimeler: Avokado; Hasat; Kuru agirlik ve yag icerigi; Pomolojik 6zellikler; Korelasyon

1. Introduction Peru, Brazil, Indonesia, and Colombia are
known to be largest producers in the world

Avocados are an evergreen subtropical species
grown in about 50 countries over five different
continents (Zentmyer, 1987; Knight, 2002). In
2016, the world's total avocado production was
5 567 044 tonnes and the production area was
563 916 hectares. Mexico, Dominican Republic,

(FAO, 2018). Avocados are grown as a
commercially important crop in several
countries that have extremely different
environmental conditions (Bower and Cutting,
1988). Avocado production can be undertaken
in the almost desert-like conditions of Israel and
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southern California, in the cool mist-belt
conditions of certain regions of South Africa and
southern Queensland, and in the tropical high-
mountain areas of Mexico (Bower and Cultting,
1988). Researches on avocados began in
Turkey with the arrival of the Fuerte, Hass,
Bacon and Zutano cultivars from California in
the early 1970s. It was concluded that these
cultivars could be commercially cultivated as
they were well adapted to the region with
protecting their characteristic features (Dogrular
et al., 1983; Demirkol, 1997). Moreover, some
areas of the Turkish Mediterranean coastline
were identified as being quite suitable for
avocado cultivation (Demirkol, 1998). Avocado
cultivation experienced a rapid spread starting
in the mid-1980s in the Mediterranean region of
Turkey.

The avocado differs from other fruits with
respect to its maturation process. Avocados
indicate climacteric feature and the fruit of some
cultivars may remain on the tree for 6 months or
longer after the desired level of commercial
maturity is obtained (Schroeder, 1953;
Anonymous, 2000; Hofman et al., 2013;
Hernandez et al., 2016). This feature provides
avocado producers with the opportunity to
utilize the 'storage on the tree strategy' in order
to best profit from the market (Whiley et al.,
2013). The harvesting of matured fruits may be
delayed by a few weeks or even a few months
in the event that market prices are unsuitably
low during the harvesting period or in the event
that the fruit requires additional time to develop
on the tree (Whiley, 2002; Whiley et al., 2013;
Woolf et al., 2016).

If the avocado fruit is harvested before reaching
maturity, undesirable eating qualities (wrinkled
and unsuccesful ripening) may result or the fruit
may fail to ripen (Hofman et al., 2000; Blakey,
2011). If the harvest is delayed, the size of the
fruit may increase on the tree as the division of
cells is allowed to continue (Offer, 1986).
However, allowing fruit to remain on the tree
and to continue increasing in size may cause
some undesirable changes in the fruit such as
the fruit peel cracking, the spilling of the fruit,
and the deterioration and browning of the fruit
flesh (Flitsanov et al., 2000). Legal standards of
fruit maturity have been determined in many
countries which produce avocados (Ranney et
al., 1992; Hofman et al., 2002) as these
countries do not want the marketing of unripe

fruits which have not yet reached legal levels of
maturity. However, avocado producers want to
benefit from the high market price advantage of
selling early (Hofman et al., 2013) or late in the
harvest (Hofman et al., 2000). Therefore, the
specification of the fruit maturity index for
avocado cultivars is commercially very
important (Hofman et al., 2000). However, few
studies have been done on avocado maturity
standards in Turkey (Dogrular et al., 1983;
Kaplankiran and Tuzcu, 1994; Toplu et al.,
1998; Toplu et al., 2003; Demirkol et al., 2004;
Ozdemir et al., 2009; Bayram et al., 2016).

Certain physical and chemical values belonging
to the fruits of the Fuerte, Bacon and Zutano
cultivars, which are commercially grown in the
Mediterranean region, were determined during
the period beginning at the spilling of small fruit
and continuing up until harvest (Demirkol,
1997). It was stated in a similar study which
was conducted in the Dortyol/Hatay region
where physical and chemical analyses
investigating the fruit development of these
cultivars were carried out at 15 day intervals
beginning on the 8o" day up until the 245th day
after full bloom (Ozdemir et al., 2009).

The objective of this study was to determine
certain physical and chemical features in the
fruits of the Fuerte, Bacon and Zutano cultivars
during the harvest periods (between October
and June) of the years 2010-2011 and 2012-
2013. The study also attempted to identify any
relationships between these values.

2. Material and Methods

Studies of the harvesting period during the first
year were done between October 2010 to June
2011 while the second year studies were
conducted between October 2012 and June
2013. Due to frost damage and periodicity there
were no studies undertaken during the 2011-
2012 harvest period.

The experiment was carried out in a completely
randomized design (CRD) with three
replications and two trees at each replication. It
was taken total 12 fruit samples from the four
sides of the trees for each replication at 15-20
days’ intervals during the harvest period. The
following measurements and analyses were
done for the fruit samples at each harvest.
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Fruit weight (g): The weight was determined by
a scale with 0.01 g precision.

Fruit length (mm): Distance between the fruit
stalk and the end of the flower was measured
using calipers with 0.01 mm precision.

Fruit width (mm): The width was measured at
the widest part of the fruit with calipers with
0.01 mm precision.

Percentage of fruit flesh (Edible portion) (%):
Whole fruit weight minus peel and seed weight
divided by whole fruit weight and multiplied by
100.

Seed weight rate (seed portion) (%): Seed
weight divided by whole fruit weight and
multiplied by 100.

Fruit flesh /seed ratio: The ratio was calculated
as the edible portion of the fruit divided by
portion of the seed.

Dry weight (%): Analysis was conducted
according to Lee and Coggins (1982).

Oil content of flesh (%): Oil content was
determined using the Soxhlet method, using
petroleum ether as the extraction solvent (Lee,
1981).

Calculated fruit volume (ml):

tema ™ x(ﬂ)zxf

3 z 2

m: fruit length (mm)

n: fruit width (mm)

f: determined factor for Fuerte (0.84), Bacon
(0.98) and Zutano (0.91) cultivars.

Table 1. Pomological values of the Fuerte cultivar

Fruit volume (ml): Fruit volume was calculated
with the following formula according to the
method reported by Lee (1981).

Fruit density (gml™): It was calculated as the
rate that is measured in fruit weight (g) per fruit
volume (ml).

Statistical analysis: The physical and chemical
traits of samples of the Fuerte, Bacon and
Zutano cultivars that were taken at different
harvest times were analyzed using the JUMP
software program while differences between
means were determined by the LSD test.

3. Results and Discussion

The pomological measurements performed for
the Fuerte, Bacon and Zutano cultivars during
the 2010-11 and 2012-13 harvest periods are
given in Table 1-3, respectively. For the Fuerte
cultivar; measurements were taken in the first
year of the study but not in the second as there
were not adequate fruits available for analysis.
In this harvesting period, an increase in the fruit
weight, size and width were typically observed
from the first harvest to the ninth harvest
(March 10, 2011) whereas the period between
the ninth harvest and the fourteenth harvest
showed a fluctuation in weight, size and width
(Table 1). However, a general increase trend
was determined in the values for both the
Bacon and Zutano -cultivars throughout the
harvests of both periods (Table 2 and 3).

Harvesting Fr_uit Fruit F_ruit Edit_)le Seed I_Edible
Harvest time weight length width portion portion portlon_/ seed
C) (mm)* (mm)* (%) (%) ratio*
1 05.10.2010 215.70 gh 108.64 eg 65.019g 72.09 cf 15.64 ac 4.63 df
2 19.10.2010 208.92 h 106.58 g 65.219g 71.70 df 14.43 bd 5.06 cf
3 03.11.2010 221.81 fh 107.70 fg 65.35¢g 70.25 ef 17.08 ab 4.11 ef
4 23.11.2010 222.31fh 106.16 g 64.619g 70.60 ef 17.20 a 4.12 ef
5 12.12.2010 241.34 eg 113.00 dg 66.12 fg 69.21 f 17.33 a 3.99f
6 29.12.2010 270.73d 117.54 cd 69.56 de 72.77 ce 15.03 ac 4.87 cf
g 7 13.01.2011 275.79 cd 116.98 cd 70.18 ce 72.10 cf 15.57 ac 4.72 df
N\ 8 17.02.2011 268.58 de 115.25 ce 70.08 ce 72.94 ce 14.11cd 5.31 be
g 9 10.03.2011 349.20 a 130.41 a 76.97 a 73.99 bd 14.43 bd 5.26 be
N 10 23.03.2011 318.42b 126.24 ab 73.77b 72.93 ce 13.62 cd 5.47 bd
11 08.04.2011 301.03 bc 122.13 bc 72.62 bc 74.70 ac 12.26 de 6.12 bc
12 25.04.2011 248.65 df 113.58 df 68.26 ef 76.13 ab 11.98 de 6.38 b
13 10.05.2011 276.87 cd 117.80 cd 71.04 cd 77.65a 9.99e 7.79 a
14 24.05.2011 27391 cd 118.95bd 70.13 cde 75.37 ac 13.81cd 5.45 be
LSD 28.58 6.98 2.65 2.97 2.74 1.24

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05).
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Table 2. Pomological values of the Bacon cultivar

Harvesting Fruit weight  Fruit length Fruit width Ed'ple Segd Edible portion/
Harvest time Q)" (mm)* (mm)* portion portion seed ratio*
(%)* (%0)*

1 05.10.2010 204.10d 90.88 ¢ 65.51 f 66.23 21.69 3.08

2 19.10.2010 224.85cd 94.60 cd 67.99 df 65.68 21.76 3.03

3 03.11.2010 22434 cd 95.19 cd 67.40 ef 64.79 2241 3.01

o 4 23.11.2010 251.48 bc 100.16 bc 69.73 cde 66.05 22.32 2.96
g 5 12.12.2010 250.26 bc 98.91 bc 69.91 cd 66.93 20.43 3.30
g 6 29.12.2010 267.48 b 98.40 bc 72.10 be 67.77 21.66 3.19
S 7 13.01.2011 31351 a 104.32 ak 76.31a 63.46 23.46 2.83
o 8 17.02.2011 273.13b 100.88 bc 7247 Db 67.71 20.98 3.23
9 10.03.2011 33341 a 108.86 & 76.72 a 67.29 22.16 3.04

10 23.03.2011 317.41 a 109.24 75.37 a 68.62 21.34 3.22

LSD 34.24 6.42 2.49 6.40 4.77 0.87

1 08.10.2012 189.04 ¢ 92.39k 62.39 c 69.83 21.08 3.32

o 2 05.11.2012 21511b 95.24 3 65.28 b 68.50 20.24 3.40
a 3 21.11.2012 235.64 ab 97.82 ac 68.35a 70.27 18.75 3.99
g 4 12.12.2012 255.45 a 101.82 ak 69.55 a 71.68 18.13 4.03
§ 5 03.01.2013 24752 a 100.19 ak 68.74 a 69.68 19.35 3.66
6 24.01.2013 257.70 a 102.07 8 70.02 a 71.01 18.30 3.90

LSD 24.49 6.60 2.60 5.04 4.78 1.38

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

Table 3. Pomological values of the Zutano cultivar

Harvesting Fr'uit Fruit F_ruit Edit_)le Set_ad I_Edible
Harvest time weight length width portion portion portlon_/ seed
() (mm)* (mm)* (%) (%) ratio*

1 05.10.2010 219.88 c 102.24 b 66.43 b 63.73d 23.10a 2.91 bc

2 19.10.2010 235.23 bc 103.44 b 68.35b 65.76 bd 22.40 a 2.97 bc

3 03.11.2010 245.65 bc 104.66 b 68.87 b 67.95 ad 20.48 ab 3.42 ac

o 4 23.11.2010 230.75 bc 105.22 b 67.63 b 68.53 ad 19.43 ab 3.54 ac
g 5 12.12.2010 244.35 be 101.37 b 70.42 b 64.43 cd 23.03 a 2.80c
g 6 29.12.2010 244.54 be 105.56 b 69.08 b 71.06 ab 19.08 ab 3.80 ac
S 7 13.01.2011 225.32 be 104.37 b 66.90 b 67.73 ad 19.37 ab 3.54 ac
R 17.02.2011 255.95 b 106.88 b 70.02b 69.75 ac 18.16 ab 3.94 ab
9 10.03.2011 336.42 a 117.69 a 77.99 a 69.71 ac 20.08 ab 3.50 ac

10 23.03.2011 344.75 a 118.65 a 78.25a 71.75a 17.08 b 425a

LSD 34.07 5.73 4.04 5.39 5.24 1.07

1 08.10.2012 177.03 c 100.28d 60.04 e 67.44b 19.89 3.41

2 05.11.2012 194.80 c 101.29d 62.28 d 69.31 ab 20.26 3.44

o 3 21.11.2012 219.34 b 106.96 ¢ 64.47 c 73.33a 17.29 4.65
S 4 12.12.2012 231.68 b 108.33 bc 66.40 bc 68.70 ab 20.12 3.47
SI. 5 03.01.2013 254.25 a 114.24 a 67.73 ab 71.07 ab 18.07 3.95
& 6 24.01.2013 264.21 a 115.79 a 69.23 a 70.62 ab 18.41 3.84
7 12.02.2013 257.30 a 112.68 ab 68.95 a 70.77 ab 17.98 3.95

LSD 22.29 5.08 2.15 4.70 4.00 1.42

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

The fruit growth in the Fuerte, Bacon and
Zutano cultivars increased rapidly throughout

both harvest periods.

During the 2010-11

harvest period (between October and March),

the fruit weight values of these cultivars
typically increased by over 50% from the first
harvest to the final harvest, and the fruit width,
fruit length and calculated fruit volume values
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also increased considerably. Throughout the
2012-13 harvest period (between October and
January), the fruit weight values of the Bacon
and Zutano cultivars regularly increased by
nearly 50%, and fruit width, fruit length and
calculated fruit volume values rose significantly.
The differences between mean values of the
fruit weight, fruit size and fruit width were found
to be statistically significant (p<0, 05)
throughout the harvest periods (Table 1-3).
These differences, especially in the Fuerte
cultivar, arose when fruit, still on the trees, was
lost due to climatic events (cold, wind and rain
etc.) occuring during January and February.
These events reduced the fruit loads borne by
each tree, in turn making it difficult to sample
fruits of average and adequate size.ln species
with edible flesh, cell division usually occurs
during the initial period of fruit set, with cell
growth following cell division (Scora et al.,
2002; Chanderbali et al.,, 2013). However,
Schroeder (1953) states that avocados which
remain on the tree experience simultaneous cell
division and cell growth, although cell division
occurs at a much reduced rate. In
morphological and anatomical studies, fruit
development of avocados was indicated at 6-12
months or more after fruit set, depending on the
variety and the growing conditions (Scora et
al., 2002; Chanderbali et al., 2013).

According to Barmore (1976), the fruit
development curves of early maturing cultivars
showed a vertical rise at the end of the harvest
period, while the fruit development curves of
late maturing cultivars followed a slower trend
until commercial maturity is reached. In various
studies on the fruit development of the
avocado, it was emphasized that the fruit
growth curve has a sigmoidal structure
depending on an increase in fruit weight and
fruit volume (Offer, 1986; Demirkol, 1997; Scora
et al., 2002; Chanderbali et al., 2013). Demirkol
(1997); fruit growth occurred very rapidly from
mid-June to mid-August as temperatures began
to be increase in Antalya. In September, when
the weather became relatively cooler, the
growth rate of fruit slowed but did not fully stop
during this period. Similar results were also
reported in another study examing the fruit
development of the Fuerte, Bacon and Zutano
cultivars from full bloom until harvest in Dortyol /
Hatay (Ozdemir et al., 2009). Studies
conducted on the Fuerte, Edranol and Hass
cultivars in South Africa between March and

October by McOnie and Wolstenholme (1982)
reported that the fruit development increased
rapidly between April and May, decreased
dramatically between June and July, continued
growing between August and September, and
proceeded to slow in October.

The pomological values recorded in both
harvest periods were found to be compatible
with other studies made in California by Young
and Lee (1978), in Israel by Zilkah and Klein
(1987), in Chile by Undurraga et al. (1987) and
Olaeta et al. (2007), in Serik/Antalya by Bayram
and Askin (2006) and Bayram et al. (2016), and
in Dortyol/Hatay by Ozdemir et al. (2009). The
fruit weight, fruit width and fruit size of the
Fuerte, Bacon and Zutano cultivars were
typically greater in the last harvest when
compared to the first harvest. The similar
results were also obtained in another study
conducted on the these three avocado cultivars
(Bayram and Askin, 2006). As seen in Table 1-
3, some statistically significant differences were
found in the portion, seed portion and edible
portion/seed ratio values of the three avocado
cultivars during both harvest periods (only in the
2010-11 harvest period for Fuerte) but they
were not consistent. Similar results were also
obtained in another study conducted on the
these three avocado cultivars (Bayram and
Askin, 2006).

The appropriate harvest time for avocados is
determined by the dry weight percentage and
oil content of fruit flesh which are used as a
maturity index in the development process. The
values of the Fuerte cultivar for the 2010-11
harvest period are given in Table 4, while the
values of the Bacon and Zutano cultivars are
given for two harvest periods in Table 5-6,
respectively. Also, fruit volume (ml) and fruit
density (gml™) values of all the cultivars were
calculated for the determination of the fruit
development, and the values for the Fuerte,
Bacon and Zutano cultivars are given in Table
4-6, respectively. According to Table 4-6; the
percentages of dry weight and oil content of
these cultivars generally increased throughout
the harvest period. The dry weight and oil
content of the Fuerte increased by 111.9% and
234.2%, respectively, between October 2010
and June 2011 (between October and May).
While the dry weight and oil content of the
Bacon increased by 44.7% and 180.7%,
respectively, during the 2010-2011 harvest
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period (between October and March), they
increased by 51.0% and 174.1%, respectively,
during the 2012-2013 harvest period (between
October and January). While the dry weight and
oil content of the Zutano increased by 47.4%
and 200.0%, respectively, during the 2010-2011
harvest period (between October and March),
they increased by 25.9% and 86.3%,

respectively, during the 2012-2013 harvest
period (between October and February). The
dry weight and oil content of avocado fruits
changes according to cultivars and harvesting
times (Vakis et al., 1985; Hofman et al., 2002).
Additionally, the dry weight and oil content
increases throughout the fruit development
process (Lee and Coggins, 1982; Undurraga et

Table 4. Chemical and physical values of fruits of the Fuerte cultivar

Harvesting Oil contents D_ry Fruit Frui_t
Harvest time of flesh weight volume dens_llty
(%) (%) (mi)* (gml)*
1 05.10.2010 8.84¢ 18.81g 205.34 fg 1.07 bc
2 19.10.2010 9.11g9 19.48¢ 209.59 fg 1.07 bc
3 03.11.2010 12.66 f 23.15f 205.04 fg 1.09 ab
4 23.11.2010 11.88fg 24.70 ef 196.84 g 1.15a
5 12.12.2010 15.05f 26.58 e 220.92 eg 1.10 bc
e 6 29.12.2010 1850 e 29.56d 252.93 ce 1.07 bc
& 7 13.01.2011 18.90 e 29.37d 257.33 cd 1.08 be
9 8 17.02.2011 23.75cd 34.40c 251.53 de 1.07 bc
& 9 10.03.2011 23.41d 37.31ab 340.96 a 1.03c
10 23.03.2011 2451 cd 35.33 bc 305.17 b 1.05 bc
11 08.04.2011 26.79 ac 37.22 ab 283.97 bc 1.06 bc
12 25.04.2011 25.22 bd 36.69 bc 235.10 df 1.07 bc
13 10.05.2011 28.18 ab 37.74 ab 264.33 cd 1.05 bc
14 24.05.2011 29.54 a 39.86 a 260.30 cd 1.05 bc
LSD 3.22 2.56 32.28 0.06

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

Table 5. Chemical and physical values of fruits of the Bacon cultivar

Harvesting Oil contents D_ry Fruit Frui_t
Harvest time of flesh weight volume dens_llty
(%) (%) (mh)* (gml)*

1 05.10.2010 6.49 e 19.22c 202.24 e 1.01

2 19.10.2010 9.60 de 19.84c 227.34 ce 1.01

3 03.11.2010 9.43 de 2047c 223.59 de 1.01
d 4 23.11.2010 10.74 cd 21.65c 252.56 bd 1.01
8 5 12.12.2010 14.09b 25.57b 249.99 bd 1.00
= 6 29.12.2010 13.97 bc 25.40b 263.68 bc 1.00
& 7 13.01.2011 16.86 ab 27.56 ab 315.38 a 1.00
8 17.02.2011 17.74 a 27.47 ab 275.43 b 1.00
9 10.03.2011 19.42 a 29.74 a 331.80 a 1.00
10 23.03.2011 18.22 a 27.80 ab 319.74 a 0.99
LSD 3.30 2.45 37.11 0.02
1 08.10.2012 6.88 d 18.48d 185.89 ¢ 1.02
“ 2 05.11.2012 11.62c 2253c 211.14 bc 1.02
8' 3 21.11.2012 15.67b 25.34b 236.25 ab 1.00
N 4 12.12.2012 14.20 bc 26.08 ab 254.80 a 1.01
& 5 03.01.2013 15.17 b 26.33 ab 244.91 a 1.01
6 24.01.2013 18.86 a 2791 a 259.01 a 1.00
LSD 3.11 2.16 29.74 0.03

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)
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Table 6. Chemical and physical values of fruits of the Zutano cultivar

Harvest Harvesting time Qil contents of flesh Dry weight Fruit volume Fruit dglnsity
(%)* (%) (mh)* (gml)*
1 05.10.2010 5.47 f 16.78 g 217.13b 1.01 ab
2 19.10.2010 6.96 ef 17.34fg 234.24 b 1.01 ab
3 03.11.2010 8.00 de 18.34 ef 239.74 b 1.03a
hu 4 23.11.2010 8.85d 19.27 de 230.73 b 1.00 ab
& 5 12.12.2010 1058 ¢ 20.38 cd 241.77 b 1.01ab
S 6 29.12.2010 10.52c 21.72 bc 243.29b 1.01 ab
8 7 13.01.2011 11.83c 22.11b 22494 b 1.00 ab
8 17.02.2011 15.93 ab 25.32a 254.32 b 1.01ab
9 10.03.2011 14.38 b 25.03 a 343.97 a 0.99b
10 23.03.2011 16.39 a 2474 a 348.59 a 1.00 ab
LSD 1.65 1.43 38.29 0.03
1 08.10.2012 6.93d 17.24d 173.15d 1.03a
. 2 05.11.2012 10.63 bc 20.53 bc 189.92d 1.02 ab
g 3 21.11.2012 9.85¢ 19.36 cd 214.65¢ 1.02 ab
2 4 12.12.2012 12.13 abc 22.66 ab 229.47 bc 1.01 abc
§ 5 03.01.2013 13.56 a 2344 a 252.03 ab 1.01 abc
6 24.01.2013 1342 a 23.29a 265.05 a 1.00c
7 12.02.2013 12.91 ab 21.71 abc 257.29 a 1.00 bc
LSD 2.29 2.58 24.42 0.02

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

al., 1987; Requejo-Tapia et al., 1999; Bayram
and Askin, 2006; Osuna-Garcia et al., 2010;
Magwaza and Tesfay, 2015). The avocado has
a remarkable ability to synthesize fatty acid
(Barmore, 1976) which can accumulate in high
levels, reaching 30% of the fruit weight (Biale
and Young, 1971; Barmore, 1976; Bizimana et
al., 1993).

The maturity of the avocado fruit depends on
the oil contents of the fruit. This relationship has
been known for a long time to have emerged as
a natural result of an increase in the oil content
of the fruit (Young and Lee, 1978; Osuna-
Garcia et al,, 2010; Magwaza and Tesfay,
2015). Avocados have a high oil content by the
time the fruits have reached maximum maturity
(Barmore, 1976; Osuna-Garcia et al., 2010;
Blakey, 2011). However, there is not a
comparable relationship between maturity and
oil content for all cultivars of avocados.
Depending on the variety and the growth
conditions, the oil contents of avocado cultivars
ranges from 8-30% (Quifiones-Islas et
al., 2013).

Avocado cultivars consist of three different
species all belonging to the Persea subgenus
(West-Indian, Guatemalan and Mexican), and
the fat contents of the various species’ fruits is

found to be at different levels. For example, the
oil contents of West-Indian avocados ranged
between 2.5-8% cultivars, while Guatemalan
cultivars yield 10-13% and 15-25% in the
Mexican cultivars. Fruits growing in cooler
subtropical climates boast higher oil contents
which continue to increase when harvest is
delayed. Accordingly, oil contents of the Hass
and Fuerte cultivars can increase up to 25-30%
until the start of next season's blooming
(Knight, 2002).

The percentages of the oil content and dry
weight determined for the Fuerte, Bacon and
Zutano cultivars in this study increased from the
first harvest until the Ilast harvest and
statistically significant differences were found.
These results are consistent with the other dry
weight and oil content studies reported above.

The fruit develpoment curve of the avocado is a
single sigmoid shaped structure (Offer, 1986;
Demirkol, 1997; Undurraga et al., 1987; Scora
et al., 2002). In a study of six different avocado
cultivars in Chile, an increase in fruit volume
depending on the fruit weight of the Fuerte,
Bacon and Zutano cultivars was noted in
observations made at 15-day intervals from
anthesis to maturity (Undurraga et al., 1987).
The fruit growth values of the Fuerte, Bacon
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and Zutano cultivars were determined to
increase from the time of small fruit spill until
fruit harvesting time in similiar studies
conducted in the Mediterranean regions of
Turkey (Demirkol, 1997; Ozdemir et al., 2009).
In another study conducted in California
between 1994-1996, the fruit development of
the Hass cultivar grafted onto Duke 7 clonal
rootstocks was examined by Mickelbart et al.
(2012). According to observations made up to
12-14 months after fruit set (130th day of the
year), maximum fruit growth rate (fruit volume)
was found during the time period ending around
the middle of August (230th day of the year),
then slowed down substantially from the middle
of August to the harvest.

Fruit volume values of the Fuerte, Bacon and
Zutano cultivars increased in statistically
significant levels from the first harvest until the
last harvest. When compared to other studies,
similar results to this study were obtained,
especially during in the 2012-13 harvest period,
when the fruit volume increase occurred more
markedly. The fruit density values of the Fuerte
and Zutano cultivars were determined in
statistically  significant levels among the
harvesting times, but these values were not
consistent.

A correlation analysis was performed to
determine the relations of the fruit maturity
values of the different cultivars. The correlation
coefficients (r) calculated for the Fuerte, Bacon
and Zutano cultivars are given in Table 7-9,
respectively. As seen in Tables; correlations

Table 7. The correlation coefficients (r) of the Fuerte cultivar

between fruit length and fruit width along with
fruit weight were found to be strong (r = 0.90)
and the development of fruits in all cultivars
continued as a whole. When the correlation
coefficients (r) of the Fuerte cultivar were
analyzed (Table 7), in the 2010-11 harvest
period, a linear relationship emerged between
harvest time and dry weight (0.80), dry weight
and oil contents of flesh (0.76), and harvest
time and oil contents of flesh (0.96). Moreover,
a high degree of correlation between harvest
time and oil contents of fruit flesh was noted. In
addition, a high level of positive correlation
between fruit length and fruit weight (0.96), fruit
length and fruit width (0.92), and fruit width and
fruit weight (0.96) was determined. However, a
negative relationship between seed weight and
fruit flesh (-0.90) was observed.

The Bacon cultivar, throughout the 2010-11 and
2012-13 harvest periods (Table 8), displayed a
strong correlation between harvesting time and
dry weight (respectively 0.91 and 0.88), dry
weight and oil contents of flesh (respectively
0.97 and 0.96), and harvesting time and oil
contents of flesh (respectively 0.92 and 0.85).
Also, a positive linear relationship among these
factors was determined. In addition, the study
observed a high level of correlation between
fruit length and fruit weight (respectively 0.95
and 0.91), fruit length and fruit width
(respectively 0.89 and 0.84), and fruit width and
fruit weight (0.98 in both periods). Again, a
negative correlation was observed between
seed weight and fruit flesh (respectively -0.93
and -0.94).

Variables

Correlation coefficients (r)

X Y

2010-11 harvest period

Fruit length (mm)

Fruit width (mm)

Fruit width (mm)

Oil contents of flesh (%)
Oil contents of flesh (%)
Dry weight (%)

Dry weight (%)

Dry weight (%)

Dry weight (%)

Fruit volume (ml)

Fruit volume (ml)

Fruit volume (ml)

Seed weight (%)

Fruit flesh / seed ratio (%)
Fruit flesh / seed ratio (%)

Fruit weight (g)
Fruit weight (g)
Fruit length (mm)
Harvest time
Fruit width (mm)
Harvesting time
Fruit weight (g)
Fruit width (mm)
Oil contents of flesh (%) 0.76
Fruit weight (g)
Fruit length (mm)
Fruit width (mm)
Fruit flesh (%)
Fruit flesh (%)
Seed weight (%)

0.96
0.96
0.92
0.96
0.71
0.80
0.72
0.74

0.97
0.96
0.98
-0.90
0.92
-0.98
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Table 8. The correlation coefficients (r) of the Bacon cultivar

Variables Correlation coefficients (r)

X Y 2010-11 harvest period 2012-13 harvest period
Fruit weight (g) Harvest time 0.85 0.81
Fruit length (mm) Harvest time 0.79 0.69
Fruit length (mm) Fruit weight (g) 0.95 0.91
Fruit width (mm) Harvest time 0.87 0.79
Fruit width (mm) Fruit weight (g) 0.98 0.98
Fruit width (mm) Fruit length (mm) 0.89 0.84
Oil contents of flesh (%) Harvest time 0.92 0.85
Qil contents of flesh (%) Fruit weight (g) 0.86 0.74
Oil contents of flesh (%) Fruit length (mm) 0.80 0.57
Oil contents of flesh (%) Fruit width (mm) 0.87 0.77
Dry weight (%) Harvest time 0.91 0.88
Dry weight (%) Fruit weight (g) 0.86 0.86
Dry weight (%) Fruit length (mm) 0.79 0.70
Dry weight (%) Fruit width (mm) 0.87 0.88
Dry weight (%) Qil contents of flesh (%) 0.97 0.96
Fruit volume (ml) Harvest time 0.84 0.77
Fruit volume (ml) Fruit weight (g) 1.00 0.99
Fruit volume (ml) Fruit length (mm) 0.96 0.94
Fruit volume (ml) Fruit width (mm) 0.98 0.97
Fruit volume (ml) Oil Contents of flesh (%) 0.85 0.71
Fruit volume (ml) Dry weight (%) 0.85 0.83
Seed weight (%) Fruit flesh ratio (%) -0.93 -0.94
Fruit flesh / seed ratio (%) Fruit flesh ratio (%) 0.94 0.94
Fruit flesh / seed ratio (%) Seed weight (%) -0.99 -0.99
Fruit density (gmi™) Fruit length (mm) 0.36 -0.76

Table 9. The correlation coefficients (r) of the Zutano cultivar

Variables Correlation coefficients (r)

X Y 2010-11 harvest period  2012-13 harvest period
Fruit weight (g) Harvest time 0.65 0.85
Fruit length (mm) Harvest time 0.64 0.79
Fruit length (mm) Fruit weight (g) 0.94 0.97
Fruit width (mm) Harvest time 0.60 0.86
Fruit width (mm) Fruit weight (g) 0.98 0.99
Fruit width (mm) Fruit length (mm) 0.88 0.95
Oil contents of flesh (%) Harvest time 0.96 0.80
Oil contents of flesh (%) Fruit weight (g) 0.61 0.73
Oil contents of flesh (%) Fruit width (mm) 0.58 0.73
Dry weight (%) Harvest time 0.93 0.68
Dry weight (%) Oil contents of flesh (%) 0.96 0.95
Fruit volume (ml) Harvest time 0.64 0.84
Fruit volume (ml) Fruit weight (g) 1.00 1.00
Fruit volume (ml) Fruit length (mm) 0.94 0.98
Fruit volume (ml) Fruit width (mm) 0.98 0.99
Fruit volume (ml) Qil contents of flesh (%) 0.60 0.71
Fruit density (gml'l) Fruit weight (g) -0.56 -0.74
Fruit density (gml'l) Fruit length (mm) -0.60 -0.78
Fruit density (gml'l) Fruit width (mm) -0.61 -0.78
Fruit density (gml™) Fruit volume (ml) -0.63 -0.78
Seed weight (%) Fruit flesh (%) -0.92 -0.93
Fruit flesh / seed ratio (%) Fruit flesh (%) 0.91 0.97
Fruit flesh / seed ratio (%) Seed weight (%) -0.98 -0.95
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In the Zutano cultivar (Table 9); in the 2010-
2011 and 2012-13 harvest periods, a high level
of correlation between dry weight and
harvesting time (respectively 0.93 and 0.63),
dry weight and oil contents of flesh (respectively
0.96 and 0.95), and harvesting time and oil
contents of flesh (respectively 0.96 and 0.80)
was found. Furthermore, a strong correlation
was found between fruit length and fruit weight
(respectively 0.94 and 0.97), fruit width and fruit
weight (respectively 0.98 and 0.99), and fruit
length and fruit width (respectively 0.88 and
0.95). These pairs exhibited positive linear
relationships and during harvest periods.
However, a negative relationship between seed
weight and fruit flesh was noted (respectively -
0.92 and -0.93).The oil and dry weight ratios of
fruit flesh that are used as maturity indices for
the different avocado cultivars are calculated
according to typical values of the cultivars and
harvesting time (Vakis et al., 1985; Hofman et
al., 2002; Magwaza and Tesfay, 2015). The
close relationship between the oil content and
the dry weight ratios of the avocado increases
during the fruit development process (Lee and
Coggins, 1982; Undurraga et al.,, 1987;
Requejo-Tapia et al., 1999; Carvalho et al.,
2014; Magwaza and Tesfay, 2015). This data
supports the findings obtained from this study.
Also, these results were compatible with other
studies that reported relationships between
harvesting time and characteristic pomological
values (Offer, 1986; Demirkol, 1997; Scora et
al., 2002; Pak et al., 2003) and between the dry
weight ratio of fruit flesh and several aspects of
fruit quality (Pak et al., 2003; Gamble et al.,
2010). They stated that fruit volume increased
during harvest periods.

4. Conclusions

In this study, the physical and chemical
properties of the fruits of Fuerte, Bacon and
Zutano avocado cultivars which are intensively
grown in the Mediterranean region were
analyzed throughout their respective harvest
periods. Certain relationships between the
physical and chemical properties of the
avocados became evident during the course of
this study.

As a result; the fruit development of the Fuerte,
Bacon and Zutano cultivars continued up until a
certain point during the harvest period while the
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fruit weight increased, on average, by over 50%
from the time of the first harvest. Fruit
development decreased when harvest times
were delayed.

The dry weight and oil content of the Fuerte
cultivar increased by 200.3% and 288.8%,
respectively, between October and June of the
2010-2011 harvest period. While the dry weight
and oil content of the Bacon cultivar increased
by 144.7% and 317.3%, respectively, between
October and April of the 2010-2011 harvest
period, they also increased by 151.0% and
274.1%, respectively, between October and
January of the 2012-2013 harvest period.
However, while the dry weight and oil content of
the Zutano cultivar increased by 151.9% and
301.5%, respectively, between October and
April of the 2010-2011 harvest period, they
increased by 125.9% and 186.3%, respectively,
between October and February of the 2012-
2013 harvest period.

In the Fuerte, Bacon and Zutano cultivars very
strong positive correlations were found between
some pomological properties used as maturity
index in avocado fruits. However, a strong
negative correlation between fruit flesh and
seed weight was also determined. While a quite
strong correlation (r=0.76) between dry weight
and oil content in the Fuerte cultivar was noted,
this correlation was found to be at a much
higher level (r = 95) in the Bacon and Zutano
cultivars.

As a result of this study; in terms of fruit dry
weight and oil content in the Antalya region,
while the optimal harvest time of the Fuerte
cultivar is determined to be the period between
November and May, the optimal harvest time of
the Bacon and Zutano cultivars is determined to
be the period between November and January.
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