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Abstract 
The cultivation and production of avocado has been increasing rapidly in the Mediterranean coastal region of Turkey in recent years. Adaptation 
studies of avocado in Turkey began in the early 1970’s with the introduction of ‘Fuerte’, ‘Hass’, ‘Bacon’ and ‘Zutano’ cultivars. In the 1980’s, 38 new 
cultivars were subsequently brought from California and Corsica, increasing the number of cultivars available for trial to 42. Trees were established 
for evaluation in Serik, Antalya between 1989–1991.  In 1997, tree and fruit characteristics, flowering and harvest date and yield were assessed and 
12 cultivars were eliminated from the study. Evaluations continued with thirty cultivars until 2004 when the studies were concluded. Experiment 
results showed that ‘Hass’, ‘Fuerte’, ‘Bacon’, ‘Ettinger’ and ‘Zutano’ avocado cultivars can be grown commercially in subtropical conditions in 
Antalya, Turkey. 
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Introduction 
Avocado (Persea americana Mill.) is a native tree of Central 
American countries, the northern coast of South America and the 
West Indies. It has been reported that avocado, an evergreen, 
subtropical fruit species, has been grown on five continents and 
up to 50 countries 1, 2 . Avocado production for 2008 was over 3.4 
million tons and Mexico, Indonesia, U.S.A, Brazil, Colombia, 
Dominican Republic, Spain and Chile are the leading producing 
countries in the world 3 . 

Limited cultivation areas, high nutritional value and a distinctive 
flavor are the causes for high prices for avocados in world markets. 
Increasing consumption of this fruit in Western European 
countries has led to greater export to the region 4, 5. As a 
consequence of increased worldwide export and consumption, 
avocado producing countries have initiated studies to develop 
high quality and high yielding selections and production of 
selected, superior cultivars is becoming more common in those 
countries. 

In Mexico, the leading country in world avocado production 
(comprising 45% of world total production), 90% of commercial 
plantations are comprised of ‘Hass’ cultivar, followed by ‘Fuerte’6, 
7 . In Israel, ‘Ettinger’, ‘Fuerte’, ‘Hass’, ‘Nabal’, ‘Reed’ and ‘Benik’ 
cultivars are recommended for avocado production 8. In California, 
which is the most important avocado production region of the 
USA, ‘Bacon’, Fuerte’, ‘Zutano’, ‘Hass’ and ‘Reed’ cultivars are 
recommended for commercial production, and ‘Jim’, ‘Santana’, 
‘Pinkerton’, ‘Gwen’ and ‘Whitsell’ have also been tested 9, 10 . In 
Spain, significant increases in the areas under production and in 
production amounts have been observed, and ‘Hass’, ‘Fuerte’, 
‘Bacon’, ‘Zutano’ and ‘Reed’ are the main cultivars 11. In New Zealand, 
avocado is the third largest export fresh fruit crop after kiwifruit 

and apples and Hass is the leading cultivar for export 12 . Eighteen 
avocado cultivars were tested in different climatic and soil 
conditions in Greece, and ‘Fuerte’, ‘Hass’, ‘Zutano’, ‘Bacon’ and 
‘Reed’ were reported to have given promising results 13 . On Corsica 
in France, an adaptation study of 63 avocado cultivars for yield, 
quality, harvest time and consumer acceptance identified seven 
cultivars (‘Bacon’, ‘Fuca’, ‘Fuerte’, ‘Hass’, ‘Nowels’, ‘Regina’ and 
‘Zutano’) recommended for production 4. 

Although commercial avocado production started very recently 
in Turkey, proximity to large consumer markets and favorable 
climactic and soil conditions seem to be important advantages. In 
order to determine appropriate commercial cultivation areas of 
avocado in Turkey, four cultivars (‘Fuerte’, ‘Hass’, ‘Bacon’ and 
‘Zutano’) were brought from California in the beginning of the 
1970´s with the aid of the Food and Agriculture Organization (FAO). 
Experiments were conducted with these cultivars in Mediterranean 
coastal region, mainly Antalya, Dalaman, Alata, Adana and 
Iskenderun. During the introduction trials, two experiments were 
conducted in Antalya and Alanya between 1969 and 1983 and it 
was concluded that the ‘Fuerte’, ‘Hass’, ‘Bacon’ and ‘Zutano’ 
cultivars could be successfully grown commercially in these 
regions 14. In subsequent years, promising results from these 
cultivars in Dalaman, Antalya, Adana and Iskenderun were also 
reported by different researchers 15-17. During these studies, some 
areas on the Mediterranean coastline were considered to have a 
high potential for avocado production. Consequently, besides 
‘Bacon’, ‘Fuerte’, ‘Hass’ and ‘Zutano’ and 38 additional new 
cultivars introduced from Corsica and California in the 1980’s were 
tested in coastal Mediterranean (subtropical) conditions in two 
sites in Antalya, Turkey. Trial I included 27 cultivars that were 
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planted in 1988, and Trial II included 15 cultivars planted in 1991. 
Interim assessments of fruit properties, tree growth, yield and 
susceptibility to cold were completed in 1997 and, consequently, 
12 cultivars were eliminated from the evaluations 18-20. 
Subsequently, tree and fruit properties, yield and cold 
susceptibility were assessed on 11 cultivars in Trial I and on 4 
cultivars in Trial II 21. 

In this paper, we summarized the adaptation performance of 29 
avocado cultivars grown across two trials in the subtropical coastal 
Mediterranean region of Antalya, Turkey. 

Materials and Methods 
The research was carried out in the West Mediterranean 
Agricultural Research Institute (BATEM) in Antalya, Turkey. Trees 
were established at 7 m x 7 m planting distance. The soil within the 
orchard was loamy, with an organic content of 1.1%, a pH 8.2, lime 
content 18.5%, and an EC value of 230 µmhos. 

Trial I, comprising 15 cultivars, was established in 1988 and 
Trial II, comprising 14 cultivars (with, in addition, ‘Hass’ in 
common between the two trials) was established in 1991. One tree 
of each cultivar was included in each of seven replicates (blocks) 
in a completely randomized block layout at each of the two sites. 

Determination of fruit properties: In order to determine fruit 
properties, fruits were harvested randomly from each tree within 
each of the seven replicates a minimum of 25 fruits were taken at 
each sampling time. Fruit characteristics were determined according 
to the following criteria: 
Taste: 5 very good, 4 good, 3 medium, 2 bad and 1 very bad. 
Fruit shape: compressed from the poles, sphere-like, long 
sphere-like, ellipsoid, nearly reverse ovoid, reverse ovoid, pear, 
mace, rhomboidal and other. 
Peel surface: very smooth, smooth, medium, rough, very rough. 
Peel thickness: very thin, thin, medium, thick, and very thick. 
Fruit pulp color: whitish, pale green creme, yellow. 
Fruit maturity: assessed by based on oil content of the fruit 22-24. 
Harvest period: assessed as harvest period of mature fruits which 
reached an oil content of 8%. 
Fruit pulp ratio: assessed by using following formula22. 

Furthermore, mean yield (fruit number/tree and kg/tree), cumulative 
yield (kg/year and number/year) and yield/tree volume (kg/m3) 
were determined for each cultivar. 

Experimental design and statistical analysis: Analysis of 
variance and Duncan’s multiple range test were performed using 
SAS to evaluate the significance of differences between values at 
 p<0.05. 

Results and Discussion 
The highest individual mean fruit weight in Trial I was from the 
cultivars ‘Reed’ (313 g) and ‘Fuerte’ (300 g), and the lowest mean 
fruit weight was from ‘Hass’ (162 g) (Table 1). In Trial II, the highest 
fruit weight was with ‘Jerma’ (663 g), and the lowest was with 
‘Hass’ (172 g) (Table 2). 

The greatest fruit length in Trial I was 139 mm (‘Pinkerton’) and 
‘Reed’ had the greatest fruit width (81 mm). ‘Hass’ had both the 

shortest fruit length (91 mm) and the smallest width (60 mm) (Table 
1). In Trial II, the greatest fruit length was 153 mm (‘Gottfried’) and 
the greatest fruit width was with ‘Jerma’ (98 mm). ‘Hass’ again had 
the smallest fruit overall. 

In Trial I, ‘Reed’ had the lowest total oil concentration with 
6.4% and the lowest total dry weight (18.0%). In this trial, the 
highest total oil concentration of 19.1% was found with ‘Fuerte’. 
It has been established that there is a measurable relationship 
between percent dry matter and physiological maturity of 
avocados. The use of the percent dry matter as a maturity indicator 
for avocado is widely accepted 25 . The greatest total dry weights 
in Trial I were found with ‘Rincon’, ‘Wurtz’ and ‘Fuerte’ cultivars 
(30.3%, 29.9% and 29.4%, respectively) (Table 1). In Trial II, the 
lowest total oil concentration (8.1%) was found in ‘Jerma’ and the 
greatest one (15.0%) in ‘Sharwil’. In this trial the lowest total dry 
weight was 17.8% in ‘Benedict’ and highest in ‘Ryan’ (28.9%) 
(Table 2). The minimum oil content necessary for marketing 
avocado fruit is 8%. After maturation, values greater than 20% 
can occur. These values occur in the period between harvesting, 
when commercial maturity is reached and full maturation, when 
the oil content increases and change occurs in the oil 

weight of total fruit - weight of seed and skin 

                                                                         x 100 

total fruit weight 

Cultivars Fruit 

Weight 

(g) 

Fruit 

Length 

(mm) 

Fruit 

Width 

(mm) 

Total 

Oil 

(mm) 

Total Dry

Weight 

(%) 

Fruit Pulp

Ratio 

(%) 

Benedict 221 ız 134 c 62 g 9.32 c 17.84 d 67.24 cd

Gottfried  332 e 153 a 69 e 9.84 bc 18.81 d 74.10 b 

Hass  172 k 91 h 60 h 16.20 a 28.12 a 65.42 e 

Jalna 218 ı 113 e 62 g 12.04 b 21.20 c 67.83 cd

Jerma  663 a 143 b 98 a 8.12 c 18.92 d 78.24 a 

Jim 211 i 113 e 64 fg 13.34 ab 22.84 bc 70.33 c 

Lula  342 c 114 e 79 c 8.91 c 23.12 bc 58.81 f 

Puebla  201 j 96 gh 65 f 13.13 ab 24.33 b 68.52 cd

Ryan 219 ı 113 e 65 f 15.70 a 28.90 a 64.80 e 

Santana  338 d 141 bc 73 d 10.94 bc 21.41 c 77.32 a 

Sharwil  226 h 113 e 65 f 15.03 ab 25.44 b 69.84 c 

Shawn T.6  290 g 132 cd 68 ef 11.12 b 21.43 c 72.61 b 

Simpson  392 b 102 f 82 b 11.43 b 24.12 b 69.32 c 

SRA-2  321 f 117 d 73 d 15.83 a 24.70 b 69.04 c 

Susan  220 ı 98 g 69 e 14.10 ab 22.32 c 72.13 b 

Table 2. Fruit properties of different avocado cultivars grown in 
parcel II between 1994–2003. 

zDifferent letters indicate significant differences among means according to Duncan’s multiple range 
test (p<0.05). 

Table 1. Fruit properties of different avocado cultivars grown in 
parcel I between 1998–2003. 

zDifferent letters indicate significant differences among means according to Duncan’s multiple range 
test (p<0.05). 

 

Cultivars Fruit 

Weight 

(g)      

Fruit 

Length 

(mm) 

Fruit 

Width 

(mm) 

Total

Oil 

(%) 

Total Dry

Weight 

(%) 

Fruit Pulp

Ratio 

(%) 

Bacon 252 f z 105 e 68 bc 15.43 b 25.43 c 70.24 bc 

Clifton 217 ı 102 f 65 cd 13.41 c 22.12 cd 72.53 b 

Corano 230 h 108 d 65 cd 11.80 cd 23.43 c 69.04 c 

Edranol 239 g 118 c 66 c 11.73 cd 22.04 cd 74.01 ab 

Ettinger 284 c 130 b 68 bc 16.52 b 27.32 b 72.53 b 

Fuerte 300 b 129 b 69 b 19.10 a 29.43 a 76.52 a 

Hass 162 j 91 g 60 d 15.73 b 27.51 b 64.51 d 

Nowels 199 i 102 f 64 cd 16.54 b 24.94 c 70.64 bc 

Pinkerton 276 d 139 a 67 c 14.83 bc 25.23 c 73.13 ab 

Reed 313 a 93 g 81 a 6.41 d 18.04 d 69.70 bc 

Regina 218 ı 103ef 65 cd 15.44 b 25.52 c 72.44 b 

Rincon 231 h 117 c 66 c 19.04 a 30.34 a 67.72 c 

Stewart 200 i 105 e 64 cd 10.63 cd 19.94 d 76.21 a 

Wurtz 257 e 131 b 66 c 15.82 b 29.93 a 68.83 c 

Zutano 282 c 118 c 70 b 14.12 bc 23.31 c 70.64 bc 
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composition26 . Most avocado producing countries set a minimum 
maturity standard to ensure unacceptably immature fruit are not 
marketed. The minimum maturity standards based on percent dry 
matter developed for California are: ‘Bacon’, 18.5%; ‘Fuerte’, 19.9%; 
‘Gwen’, 25.9%; ‘Hass’, 21.6%; ‘Pinkerton’, 23.0%; ‘Reed’, 19.8%; 
and ‘Zutano’, 18.8% 27 . 

In Trial I, the highest fruit pulp ratio was found in ‘Fuerte” 
(76.5%) and the lowest with ‘Hass’(64.5%) (Table 1). In Trial II, 
‘Jerma’ had the highest fruit pulp ratio (78.2%) and ‘Lula’ had the 
lowest (58.8%)  (Table 2). 

The taste of the tested cultivars varied from bad to very good 
and ‘Hass’, ‘Ettinger’ and ‘Reed’ had the highest scores. The 
increase in dry matter generally results the increase in consumer 
liking scores, and increased intent to purchase from ‘unsure’ for 
‘immature’ avocados with 20% dry matter 28 . In terms of harvest 
period, most of the cultivars have a relatively very short harvest 
period, whereas, ‘Hass’ can be harvested for a longer period 
(Tables 3 and 4). All of the other fruit properties were consistent 
with those determined for these cultivars in other studies. 

Differences among cultivars for yield in both Trials I and II were 
found to be statistically significant. The highest mean fruit 
number per tree in Trial I was with ‘Hass’ (587), the lowest one 
with ‘Reed’ (74). In Trial I, the highest mean yield was 79.4 kg/tree 
for ‘Bacon’ and the lowest one for ‘Reed’ (22.5 kg/tree). The 
highest cumulative fruit number per tree was in ‘Hass’ (3188) and 

with ‘Nowels’ (2637), and the lowest one with ‘Reed’ (260). The 
greatest cumulative yield per tree was found with ‘Bacon’ (419 kg/ 
tree) and the least one with ‘Reed’ (78 kg/tree) (Table 5). While the 
greatest yield per unit tree volume in 2001 was in ‘Pinkerton’ with 
2.01 kg/m3, the least yield per tree volume was in ‘Edranol’ with 
0.07 kg/m3 (Table 5). 

The highest mean number per tree in Trial II was with ‘Hass’ 
(334) and the lowest one with ‘Jerma’ (9) (Table 6). The greatest 
cumulative number per tree was with ‘Hass’ (1503) and the least 
one with ‘Jerma’ (20). The highest cumulative yield per tree was 
with ‘Susan’ (301 kg) and the lowest one with ‘Jerma’ (13 kg) 
(Table 6). The greatest yield per unit tree volume among cultivars 
in parcel II in year 2001 was found in ‘Sharwil’ with 1.94 kg/m3 and 
the least one was in ‘Gottfried’ with 0.05 kg/m3. 

It is well known that fruit quality is one of the most important 
factors that determine the desirability of avocados during 
marketing. Among the cultivars tested in Trial I the largest fruit 
size was found with both ‘Reed’ and ‘Fuerte’ and the smallest one 
with ‘Hass’. While in Trial II, ‘Jerma’, ‘Simpson’, ‘Santana’ and 
‘Lula’ were all found to have large fruit, again ‘Hass’ had the 
smallest fruit. These results are similar to those of other researchers  21, 27, 29, 30. 
It has previously been reported that a close relationship exists 
between total oil concentration and percent dry matter and  this 
can be used as a fruit maturity index for avocados 23. In our research 
total oil concentration showed a large variation from 6.4% to 19.1% 

among cultivars. Our study demonstrated that 
there is a measurable relationship between 
percent dry matter and physiological maturity 
of the avocado. Although there is variability from 
year to year and site to site, it is possible to 
assign a dry matter value for fruit of marketable 
maturity. 

In terms of yield per unit tree, ‘Pinkerton’ and 
‘Corona’ gave the greatest volume among the 
cultivars in parcel I, and ‘Sharwil’ and ‘Ryan’ in 
parcel II. 

Conclusions 
The following characteristics can be used from 
the two trials to summarize the main properties 
of each of the cultivars that have commercial 
potential: 

‘Hass’: This cultivar has the smallest fruit size. 
Its fruit is reverse ovoid shaped, the cortex color 
is blackish purple, cortex surface very rough, 
cortex medium thick and peeling was easy. The 
oil concentration was 15–17% and the dry matter 
content 27–29%. The harvest period was 
between February and June. 

‘Fuerte’: Average fruit weight was 300 g, the 
fruit was reverse ovoid shaped, cortex green 
colored and surface hazy and smooth to rough 
and sometimes in-between.The cortex was 
comparatively thick and peeling was easy. Fruit 
pulp color is light yellow and fibreless. 

‘Bacon’: Average fruit weight was 253 g, fruit 

Fruit Properties Cultivars 

Fruit 

Shape 

Peel 

Surface 

Peel 

Thickness 

Peel Color Taste Harvest 

Bacon Reverse ovoid Smooth Thin Creme 4 Early Nov.-Jan. 

Clifton Reverse ovoid Very smooth Very thin Whitish 4 Late Sep.- Oct. 

Corona N.R. Ovoid Rough Medium Yellow 4 Dec.-Jan. 

Edranol Pear Medium Medium Yellow 4 Nov.-Jan. 

Ettinger N.R. Ovoid Smooth Thin Whitish 5 Nov.- Dec. 

Fuerte Reverse ovoid Medium Medium Yellow 4 Early Nov.-April 

Hass N.R. Ovoid Very rough Medium Yellow 5 Feb.- une 

Nowels Reverse ovoid Medium Medium Yellow 3 Oct.-Dec. 

Pinkerton Pear Very rough Medium Creme 4 Jan.-Feb. 

Reed Spheroid Medium Medium Yellow 5 Feb.-April 

Regina Pear Rough Medium Creme 4 Dec.-Feb. 

Rincon N.R. Ovoid Smooth Thin Creme 3 Nov.-April 

Stewart Reverse ovoid Very smooth Thin Yellow 3 Early Oct.-Nov 

Wurtz Pear Smooth Thick Yellow 4 March-May 

Zutano Reverse ovoid Smooth Thin Creme 4 Early Nov.- Dec. 

Table 3. Other fruit properties of different avocado cultivars grown in parcel I. 

Fruit Properties Cultivars 

Fruit 

Shape 

Peel 

Surface 

Peel 

Thickness 

Peel 

Color 

TasteHarvest 

Benedict Pear Very smooth Very thin Creme 3 Late  Sep.- Oct. 

Gottfried Pear Very smooth Very thin Yellow 3 Late Aug.-Sep. 

Hass N.R. Ovoid Very rough Medium Yellow 5 Feb.-June 

Jalna Pear Very smooth Thin Yellow 3 Late Sep.-mid Nov.

Jerma Reverse ovoid Rough Very thick Creme 3 Nov.-Dec. 

Jim Pear Smooth Thin Creme 3 Nov.-Dec. 

Lula Rhomboidal Medium Medium Pale green 2 Nov.-Dec. 

Puebla Reverse ovoid Smooth Thick Yellow 2 Nov. - Dec. 

Ryan Pear Medium Medium Yellow 4 March -May 

Santana Pear Medium Medium Creme 4 Mid Oct.-Dec. 

Sharwil Pear Medium Thick Yellow 3 Nov.-Dec. 

ShawnT.6 Pear Rough Medium Yellow 4 Nov.-Dec. 

Simpson Long spherical Smooth Medium Creme 3 Mid Nov.-Jan. 

SRA-2 Pear Very smooth Thin Creme 3 Mid Oct.- Dec. 

Susan Reverse ovoid Smooth Thin Yellow 4 Late Oct.-Dec. 

Table 4.   Other fruit properties of different avocado cultivars grown in parcel II. 
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was reverse ovoid shaped, the cortex was dark green, cortex 
surface smooth and comparably thin and easy to peel. Fruit pulp 
light yellow, creme colored and lightly fibered. Oil concentration 
was 15.4 % and dry matter content 25.4 %. 

‘Zutano’: Average fruit weight was 283 g, fruit was reverse ovoid 
shaped, cortex color is bright green. Cortex surface smooth, thin 
and peeling was not easy. Fruit pulp pale yellow creme colored 
and harvest can occur in early November–late December. 

‘Ettinger’: Average fruit weight was 284 g, fruit was comparably 
reverse ovoid shaped, bright green colored, cortex surface smooth, 
cortex fairly thin and easy to peel. Fruit pulp pale yellow creme 
colored. Oil concentration was 16.5% and dry matter content 27.3%. 
This is a high quality cultivar and taste was rated highly. 

We conclude that ‘Hass’, ‘Fuerte’, ‘Bacon’, ‘Ettinger’ and 
‘Zutano’ avocado cultivars can be grown commercially in 
Mediterranean ecological conditions in Antalya, Turkey. 
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Mean yield Cumulative yield Yield/tree volumeCultivars 

number/tree kg/tree number/tree kg/tree kg/m3 

Benedict 94 hz 19.4 g 629 i 129 ı 0.92 g 

Gottfried 39 i 14.6 h 72 m 26 l 0.05 i 

Hass II 334 a  44.2 a 1503 a 198 e 0.82 g 

Jalna 190 b 31.2 de 1088 d 178 f 0.85 g 

Jerma 9 k 6.0 i 20 n 13 m 0.07 i 

Jim 149 d 29.4 e 1234 c 243 b 1.50 c 

Lula 124 e 41.9 b 587 j 197 e 1.29 e 

Puebla 110 g 18.6 g 648 ı 142 h 1.35 d 

Ryan 116 f 25.6 f 743 f 127 i 1.67 b 

Santana 86 ı 26.8 f 669 h 206 c 1.53 c 

Sharwil 123 e 26.2 f 723 g 153 g 1.94 a 

Shawn T.6 147 d 35.4 c 844 e 202 d 0.28 ı 

Simpson 36 j 14.8 h 139 l 57 j 0.53 h 

SRA-2 35 j 9.7 ı 147 k 40 k 0.57 h 

Susan 162 c  32.7 d 1494 b 301 a 1.13 f 

Table 6. Mean and cumulative yields of different avocado cultivars 
grown in parcel  I between 1994–2003. 

zDifferent letters indicate significant differences among means according to Duncan’s multiple range test 
(p<0.05). 
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