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Abgract
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 inthe early 1970’ swith theintroduction of ‘ Fuerte', ‘Hass, ‘Bacon’ and ‘ Zutano’ cultivars. Inthe 1980’s, 38 new
cultivarswere subsequently brought from Californiaand Corsica, increasing the number of cultivarsavailablefor trial to 42. Treeswere established
for evaluation in Serik, Antalyabetween 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 conditionsin

Antalya, Turkey.
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Introduction

Avocado (Persea americana Mill.) is a native tree of Centra

American countries, the northern coast of South Americaand 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®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
countriesin theworld?.

Limited cultivation aress, high nutritional valueand adistinctive
flavor arethe causesfor high pricesfor avocadosin world markets.
Increasing consumption of this fruit in Western European
countries has led to greater export to the region 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 cultivarsis 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' &
".Inlsrad, ‘Ettinger’, ‘ Fuerte', ‘Hass, ‘Nabd’, ' Reed’ and‘Benik’
cultivarsare recommended for avocado production®. In California,
which is the most important avocado production region of the
USA, ‘Bacon’, Fuerte', ' Zutano’, ‘Hass' and ‘ Reed’ cultivarsare
recommended for commercia production, and *Jim’, ‘ Santana’,
‘Pinkerton’, ‘Gwen' and ‘Whitsell’ have also beentested ®%°. In
Spain, significant increases in the areas under production and in
production amounts have been observed, and ‘Hass, ‘Fuerte,
‘Bacon’,‘ Zutano' and‘ Reed arethemaincultivars™. InNew Zealand,
avocado isthethird largest export fresh fruit crop after kiwifruit
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and applesand Hassistheleading cultivar for export 2. Eighteen
avocado cultivars were tested in different climatic and soil
conditionsin Greece, and ‘ Fuerte’, ‘Hass', ‘ Zutano’, ' Bacon’ and
‘Reed’ werereported to havegiven promising results®*. On Corsica
in France, an adaptation study of 63 avocado cultivarsfor yield,
quality, harvest time and consumer acceptance identified seven
cultivars(‘ Bacon', ' Fuca , ‘ Fuerte', ‘Hass , ‘Nowels', ‘Regina’ and
‘Zutano’) recommended for production 4.

Although commercia avocado production started very recently
in Turkey, proximity to large consumer markets and favorable
climactic and soil conditions seem to beimportant advantages. In
order to determine appropriate commercial cultivation areas of
avocado in Turkey, four cultivars (‘ Fuerte’, ‘Hass', ‘Bacon’ and
‘Zutano’) were brought from Californiain the beginning of the
1970 swiththeaid of theFood and Agriculture Organization (FAO).
Experimentswere conducted with these cultivarsin Mediterranean
coastal region, mainly Antalya, Dalaman, Alata, Adana and
I skenderun. During theintroduction trial s, two experimentswere
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 commercialy in these
regions . In subsequent years, promising results from these
cultivarsin Dalaman, Antalya, Adana and | skenderun were also
reported by different researchers?>*. 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
cultivarsintroduced from Corsicaand Californiain the 1980’ swere
tested in coastal Mediterranean (subtropical) conditions in two
sitesin Antalya, Turkey. Tria | included 27 cultivars that were
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plantedin 1988, and Trid Il 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 1820,
Subsequently, tree and fruit properties, yield and cold
susceptibility were assessed on 11 cultivarsin Tria | and on 4
cultivarsinTria 1l 2.,

Inthis paper, we summarized the adaptation performance of 29
avocado cultivarsgrown acrosstwo trialsin the subtropical coastal
Mediterranean region of Antalya, Turkey.

Materialsand M ethods
The research was carried out in the West Mediterranean
Agricultural Research Indtitute (BATEM) inAntalya, Turkey. Trees
wereestablished at 7 m x 7 m planting distance. The soil withinthe
orchard wasloamy, with an organic content of 1.1%, apH 8.2, lime
content 18.5%, and an EC value of 230 umhos.

Trial 1, comprising 15 cultivars, was established in 1988 and
Tria 11, comprising 14 cultivars (with, in addition, ‘Hass' in
common between thetwo trials) was established in 1991. Onetree
of each cultivar wasincluded in each of seven replicates (blocks)
in acompletely randomized block layout at each of the two sites.

Determination of fruit properties: In order to determine fruit
properties, fruitswere harvested randomly from each tree within
each of the seven replicates aminimum of 25 fruitsweretaken at
each sampling time. Fruit characteristicswere determined according
tothefollowing criteria

Taste: 5very 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.

Pedl surface: very smooth, smooth, medium, rough, very rough.
Pedl thickness: very thin, thin, medium, thick, and very thick.
Fruit pulp color: whitish, palegreen creme, yellow.

Fruit maturity: assessed by based on oil content of the fruit 224,
Harvest period: assessed asharvest period of mature fruitswhich
reached an oil content of 8%.

Fruit pulp ratio: assessed by using following formula?.

weight of total fruit - weight of seed and skin
x 100

total fruit weight

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

Experimental design and statistical analysis: Analysis of
variance and Duncan’s multiple range test were performed using
SASto evaluate the significance of differencesbetween valuesat
p<0.05.

Resultsand Discussion

The highest individual mean fruit weight in Trial | wasfrom the
cultivars‘Reed’ (313 g) and‘ Fuerte’ (300 g), and thelowest mean
fruit weight wasfrom‘Hass (162 g) (Tablel). InTrid 11, thehighest
fruit weight was with ‘Jerma (663 g), and the lowest was with
‘Hass (172 ) (Table2).

Thegreatest fruitlengthin Trial | was 139 mm (‘ Pinkerton’) and
‘Reed’ had the greatest fruit width (81 mm). ‘Hass' had both the
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Table 1. Fruit properties of different avocado cultivarsgrownin
parcel | between 1998-2003.

Cultivars  Fruit Fruit Fruit Total Total Dry Fruit Pulp

Weight Length Width Oil Weight Ratio

(® (mm) (mm) (%) () (%)
Bacon 252 f* 105¢ 68bc 1543b 2543c¢ 70.24 bc
Clifton 2171 102f 65cd 1341c 22.12c¢d 72.53Db
Corano 230 h 108d 65cd 11.80cd 23.43c¢c 69.04c
Edranol 239g 118c¢ 66c 11.73 cd 22.04cd 74.01 ab
Ettinger 284c¢ 130b 68bc 16.52b 27.32b 72.53b
Fuerte 300b  129b 69b 19.10a 2943a 76.52a
Hass 162] 91g 60d 1573b 27.51b 64.51d
Nowels 199 i 102f 64cd 16.54b 24.94c 70.64 be
Pinkerton 276d 139a 67c 1483bc 2523 c¢ 73.13ab
Reed 313 a 93 g 8la 641d 18.04d 69.70 bc
Regina 2181  103ef 65cd 1544b 25.52c 72.44b
Rincon 231h 117c¢ 66c 19.04a 3034a 67.72c
Stewart 200 i 105¢ 64cd 10.63cd 1994d 76.21a
Wurtz 257e 131b 66c 1582b 2993a 68.83c
Zutano 282c 118c¢ 70b  14.12bc 23.31c  70.64 bc

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

Table 2. Fruit properties of different avocado cultivarsgrownin
parcel |1 between 1994-2003.

Cultivars Fruit  Fruit  Fruit Total Total Dry Fruit Pulp
Weight Length Width Oil Weight Ratio
() (mm) (mm) (mm) (%) (%)
Benedict 22117 134c¢ 62g 932c¢c 17.84d 67.24cd
Gottfried 332e 153a 69e¢ 9.84bc 18.81d 74.10b
Hass 172k 91h 60h 1620a 28.12a 6542¢
Jalna 2181 113e 62g 12.04b 21.20c 67.83cd
Jerma 663a 143b 98a 8.12¢ 1892d 78.24a
Jim 2111 113e 64fg 1334ab 22.84bc 70.33c
Lula 342c¢c 1l4e 79c 891 ¢ 23.12bc 5881 f
Puebla 201j 96gh 65f 13.13ab 24.33b 68.52 cd
Ryan 2191 113e 65f 15.70a 28.90a 64.80¢
Santana 338d 141 bc 73d 10.94bc 2141c 77.32a
Sharwil 226h 113e 65f 1503ab 2544b 69.84c
Shawn T.6 290g 132cd 68ef 11.12b 2143c 72.61Db
Simpson 392b 102f 82b 11.43b 24.12b 69.32¢
SRA-2 321 f 117d 73d 15.83a 24.70b 69.04 ¢
Susan 2201 98g 69e 14.10ab 22.32c¢c 72.13b

“Different |etters indicate significant differences among means according to Duncan’s multiple range
test (p<0.05).

shortest fruit length (91 mm) and the smallest width (60 mm) (Table
1). InTrid I1, thegreatest fruit lengthwas 153 mm (* Gottfried') and
thegreatest fruit widthwaswith ‘ Jerma (98 mm). ‘ Hass' again had
thesmallest fruit overall.

InTrial |, ‘Reed’ had the lowest total oil concentration with
6.4% and the lowest total dry weight (18.0%). In thistrial, the
highest total oil concentration of 19.1% wasfound 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 asamaturity indicator
for avocado iswidely accepted . The greatest total dry weights
inTrial | werefound with‘Rincon’, ‘Wurtz' and ‘ Fuerte' cultivars
(30.3%, 29.9% and 29.4%, respectively) (Table 1). InTrid Il, the
lowest total oil concentration (8.1%) wasfoundin‘Jerma and the
greatest one (15.0%) in‘ Sharwil’. Inthistrial thelowest 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 isreached and full maturation, when
the oil content increases and change occurs in the oil
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composition? . Most avocado producing countries set aminimum
maturity standard to ensure unacceptably immature fruit are not
marketed. The minimum maturity standards based on percent dry
matter developed for Cdiforniaare; ‘Bacon’, 18.5%; Fuerte, 19.9%;
‘Gwen, 25.9%; ‘Hass, 21.6%; Pinkerton’, 23.0%; 'Reed’, 19.8%;
and'Zutano, 18.8% 7.

In Trial |, the highest fruit pulp ratio was found in ‘ Fuerte”
(76.5%) and the lowest with ‘ Hass' (64.5%) (Table 1). InTrial Il,
‘Jerma had the highest fruit pulpratio (78.2%) and ‘ Lula had the
lowest (58.8%) (Table2).

The taste of the tested cultivars varied from bad to very good
and ‘Hass, ‘Ettinger’ and ‘Reed’ had the highest scores. The
increasein dry matter generally resultstheincrease in consumer
liking scores, and increased intent to purchase from ‘unsure’ for
‘immature’ avocadoswith 20% dry matter 2. Intermsof harvest
period, most of the cultivars have arelatively very short harvest
period, whereas, ‘Hass' can be harvested for a longer period
(Tables3 and 4). All of the other fruit properties were consistent
with those determined for these cultivarsin other studies.

Differencesamong cultivarsfor yieldinboth Trialsl and Il were
found to be statistically significant. The highest mean fruit
number per treein Trial | waswith ‘Hass' (587), the lowest one
with‘Reed’ (74). InTria |, thehighest meanyield was 79.4 kg/tree
for ‘Bacon’ and the lowest one for ‘Reed’ (22.5 kg/tree). The
highest cumulativefruit number per treewasin ‘Hass' (3188) and

Table 3. Other fruit properties of different avocado cultivarsgrowninparcel |.

with ‘Nowels' (2637), and thelowest onewith ‘ Reed’ (260). The
greatest cumulativeyield per treewasfound with ‘Bacon’ (419 kg/
tree) andtheleast onewith ‘ Reed’ (78 kg/tree) (Table5). Whilethe
greatest yield per unit treevolumein 2001 wasin ‘ Pinkerton’ with
2.01 kg/m?®, theleast yield per tree volumewasin ‘ Edranol’ with
0.07 kg/m? (Tableb).

The highest mean number per treein Trial |1 waswith ‘Hass
(334) and the lowest onewith * Jerma (9) (Table 6). The greatest
cumulative number per treewaswith ‘ Hass' (1503) and the least
onewith ‘Jerma’ (20). The highest cumulativeyield per treewas
with ‘Susan’ (301 kg) and the lowest one with ‘Jerma’ (13 kg)
(Table6). Thegreatest yield per unit tree volume among cultivars
inparce 1l inyear 2001 wasfoundin‘ Sharwil’ with 1.94 kg/m? and
theleast onewasin ‘ Gottfried’ with 0.05 kg/m?.

Itiswell known that fruit quality is one of the most important
factors that determine the desirability of avocados during
marketing. Among the cultivarstested in Tria | the largest fruit
sizewasfound with both‘ Reed’ and ‘ Fuerte’ and the smallest one
with‘Hass'. WhileinTrial Il, ‘ Jerma, * Simpson’, ‘ Santana’ and
‘Lula were al found to have large fruit, again ‘Hass' had the
smdles fruit. Theseresultsares milar tothoseof other resear 22230,
It has previously been reported that a close relationship exists
between total oil concentration and percent dry matter and this
can beused asafruit maturity index for avocados?. In our research
total il concentration showed alarge variation from 6.4%1019.1%
among cultivars. Our study demonstrated that
there is a measurable relationship between
percent dry matter and physiological maturity

Cultivars Fruit Properties of theavocado. Although thereisvariability from
Fruit Peel Pegl Peel Color Taste Harvest year to year and site to site, it is possible to
Shape Surface Thickness assign adry matter value for fruit of marketable
Bacon Reverse ovoid Smooth Thin Creme 4 Early Nov.-Jan. g . y
Clifton  Reverse ovoid Very smooth Very thin ~ Whitish 4  Late Sep.- Oct. maturity.
Corona N.R.Ovoid Rough Medium  Yellow 4 Dec.-Jan. Intermsof yield per unit tree, ‘ Pinkerton’ and
Edranol Pear Medium Medium Yellow 4 Nov.-Jan. ‘Corona gave the greatest volume among the
Ettinger N.R.Ovoid Smooth Thin Whitish 5 Nov.- Dec. . . ‘ - ‘ )
Fuerte  Reverse ovoid Medium Medium Yellow 4 Early Nov.-April cultivarsinparcel I, and* Sharwil’ and*Ryan’in
Hass N.R. Ovoid Veryrough Medium Yellow 5 Feb.-une parcel I1.
Nowels Reverse ovoid Medium Medium Yellow 3 Oct.-Dec.
Pinkerton Pear Veryrough  Medium Creme 4 Jan.-Feb. Concdlusions
Reed Spheroid Medium Medium Yellow 5 Feb.-April . L
Regina  Pear Rough Medium Creme 4 Dec.-Feb. Thefoll 0\_NI ng character!sxl cscan pe used fr‘?m
Rincon N.R.Ovoid Smooth Thin Creme 3 Nov.-April thetwo trialsto summarize the main properties
Stewart Reverse ovoid Very smooth Thin Yellow 3 Early Oct-Nov of each of the cultivars that have commercial
Wurtz Pear Smooth Thick Yellow 4 March-May potential:
Zutano  Reverse ovoid Smooth Thin Creme 4  Early Nov.- Dec. ’
‘Hass': Thiscultivar hasthe smallest fruit size.
Table4. Other fruit propertiesof different avocado cultivarsgrownin parcel 1. Itsfruit isreverse ovoid shaped, the cortex color
Cultivars Fruit Properties is blackish purple, cortex surface very rough,
Fruit Peel Peel Peel Taste Harvest cortex medium thick and peeling was easy. The
__ Shape Surface Thickness _ Color oil concentration was 15-17% and the dry matter
Benedict Pear Very smooth Very thin  Creme 3 Late Sep.- Oct. o .
Gottfried Pear Very smooth Very thin ~ Yellow 3 LaeAug.-Sep. content 27-29%. The harvest period was
Hass N.R.Ovoid  Veryrough Medium Yellow 5 Feb.-June between Februar Yy and June.
Jalna Pear Very smooth Thin Yellow 3 Late Sep.-mid Nov.
Jf:rma Reverse ovoid Rough Vel"y thick Creme 3 Nov.-Dec. ‘Fuerte’: Average fruit weight was 300 g, the
Jim Pear Smooth Thin Creme 3 Nov.-Dec. . .
Lula Rhomboidal Medium Medium Pale green 2 Nov.-Dec. fruit was reverse ovoid Shaoed- cortex green
Puebla  Reverse ovoid Smooth Thick Yellow 2 Nov. - Dec. colored and surface hazy and smooth to rough
Ryan Pear Megium Megium Yellow 4 Madrch -May and sometimes in-between.The cortex was
Santana Pear Medium Medium Creme 4 Mid Oct.-Dec. : ; ; ;
Sharwil Pear Medium Thick Yellow 3 Nov.-Dec. comparatl\{ely thick and peel : n_g was easy. Fruit
ShawnT.6 Pear Rough Medium Yellow 4 Nov.-Dec. pu' p coloris| 'ght yel low and fibreless.
Simpson Long spherical Smooth Medium Creme 3 Mid Nov.-Jan.
SRA-2 Pear Very smooth Thin Creme 3 Mid Oct.- Dec. ‘Bacon’: Average fruit wei ght was 253 o} fruit
Susan Reverse ovoid Smooth Thin Yellow 4 LateOct.-Dec.
590 Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012



Table5. Mean and cumulativeyields of different avocado
cultivarsgrownin parcel | between 1998-2003.

Cultivars Mean yield Cumulative yield  Yield/tree volume
number/tree kg/tree number/tree  kg/tree kg/m®
Bacon 306d* 79.4a 1621d 419 a 1.05de
Clifton 240f 459f 1410¢ 269 e 0.89¢
Corano 241 f 499e¢ 1207 £ 249 f 1.35b
Edranol 182h 39.6h 852 h 184 h 0.071i
Ettinger 1611 425¢g 832h 218 g 1.22 be
Fuerte 190 g 519e¢ 1109 g 302d 0.39h
Hass 587a 769b 3188 a 417 a 098¢
Nowels 488b 719c¢ 2636b 388b 1.14 ¢
Pinkerton 1155 28.11 542 i 1321 2.0l a
Reed 741 22.5] 260 k 78 k 0.56 g
Regina 376 ¢ 70.5cd 1830c 342¢ 0.88¢
Rincon 1521 30.11 7421 1461 1.08 de
Stewart 306d 54.3d 1837 ¢ 326 cd 0.82¢
Wurtz 100k 24.1j 502 ] 120j 0.261
Zutano 282 ¢ 79.1 a 1411e 395b 1.26 b

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

Table6. Mean and cumulativeyie dsof different avocado cultivars
growninparcel | between 1994-2003.

Cultivars Mean yield Cumulative yield Yield/tree volume
number/tree kg/tree  number/tree kg/tree kg/m’
Benedict 94 h* 194¢g 6291 1291 092¢
Gottfried 391 14.6h 72 m 261 0.051i
Hass 11 334 a 442 a 1503a 198e 082¢g
Jalna 190 b 31.2de 1088 d 178 f 085¢g
Jerma 9k 6.0 1 20 n 13 m 0.07 1
Jim 149d 294¢e 1234c  243b 1.50 ¢
Lula 124 ¢ 419b 587 197 ¢ 1.29¢
Puebla 110g 186¢g 648 1 142 h 1.35d
Ryan 116 f 25.6 f 743 f 1271 1.67 b
Santana 861 26.8 f 669 h 206 ¢ 1.53 ¢
Sharwil 123 ¢ 262 f 723 g 153 g 1.94 a
Shawn T.6 147d 354c¢ 844 ¢ 202d 0.281
Simpson 36 14.8h 1391 57j 0.53 h
SRA-2 35j 9.71 147k 40 k 0.57h
Susan 162 ¢ 32.7d 1494b  30la 1.13 f

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

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’: Averagefruit weight was 283 g, fruit wasreverseovoid
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—| ate December.

‘Ettinger’: Averagefruit 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. Qil concentrationwas 16.5% and dry matter content 27.3%.
Thisisahigh quality cultivar and taste wasrated highly.

We conclude that ‘Hass', ‘Fuerte’, ‘Bacon’, ‘Ettinger’ and
‘Zutano’ avocado cultivars can be grown commercialy in
Mediterranean ecological conditionsin Antalya, Turkey.
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