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ABSTRACT

The subtropical ecology of the Mediterranean regiomurkey has an important potential based on
precocity for both stone and soft fruits. The aifrihds study is to determine the yield and fruitadjty
properties of some apple cultivars on dwarf (M)l @emi-dwarf (MM106) rootstocks under the sub-
tropical ecological conditions. Harvesting dateglgiand pomological characteristics of apple culti-
vars ‘Vista Bella’, ‘Jerseymac’, ‘Starking Deliciey ‘Golden Delicious’, and ‘Granny Smith’ were
determined. The highest yield per tree was recoffdech trees on rootstocks MM106, whereas the
highest yield per hectare was detected from M9stoeks. Fruit quality varied dependent on cultivars
but rootstocks were effective only on TSS and fekin color such as L*, b*C, andh®. There was
not found any effect of rootstocks on the otheitfeharacteristics such as fruit weight, pH, fruit
length, and firmness. Result of this study revedleat summer apple cultivars were found to be very
promising on both rootstocks (M9 and MM106) in thebtropical ecological conditions of the Medi-
terranean region in Turkey.
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INTRODUCTION

The cultivated appleylalus domesticd8orkh, be- of the most widely cultivated plants in the worldiw
longs to theRosaaceadRose) family, and the sub- more than 7,500 known cultivars and rootstocks.
family of Pomoideagalong with pear, quince, loquat  Turkey is one of the major apple producing coun-
and medlar [Ozbek 1978]. Although Anatolia, Cautries, with approximately 3,128,000 tones apple- pro
casia, Turkistan, and Europe are origin for the dduction in 2013 [FAO 2013]. Most of the known
mestic apple Nlalus domesticaBorkh.), it is also apple cultivars grown in Turkey are winter varistie
grown in continental climates in the Northern anisuch as Golden Delicious, Starking Delicious, Gran-
Southern Hemispheres now. Apple has been culny Smith and Amasya. In newly planted apple or-
vated since ancient times and it is one of the machards, new cultivars are harvested between Juthe an
important fruit for human consumption. For som«October. By increasing production of mid-season
reasons, such as its great variety in colors, favo apple cultivars, Mondial Gala and Galaxy Gala may
flesh textures, and other features [Mukhtar et asupply more profit and also prevent the accumutatio
2010, Bozbga and Pirlakk012] the apple tree is oneof crops in the late season. However, in recentsyea
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early varieties (such as Vista Bella, JerseymaarkSt the apple cultivars in the region of ecological dien

Earliest, Anna etc.) are grown in Hatay, Adana, Metions. For this reason, the aim of our three-yéaa\s

sin and Antalya provinces that have subtropical cowas to determine the effect of two different root-

ditions in Turkey. stocks (M9 and MM106) yield and pomological
Dwarfing rootstocks have become widely accepcharacteristics of five apple cultivars in the sapi-

able in the industry as a tool to increase orcledicl cal ecological conditions of Mediterranean region i

ciency because they influence the size of tredd yieTurkey.

and planting density per unit area [Barritt etl&195].

Modern orchards planting systems are based ontigIMATERIALS AND METHODS

tree densities ranging from 1,000 to 6,000 treas pe

hectare and some up to 10,000 trees per hectiPlant material

[Robinson 2003]. However, increasing planting den- The experiment was conducted at Yayfadala-

sity alone does not increase the yield, as plantirtay (latitude 35°58'04"N, longitude 36°00'55"Hj-a

density and yield are not linearly related antude 766 m) in the orchard of private sector ansl th

a threshold can be found beyond which a furthewas conducted during three successive seasons in

increase in density may not result in greater yiel2013, 2014 and 2015. Regular agricultural practices

[Webster 2001, Hampson et al. 2002]. Clonal dwarwere applied in orchards. Hatay province has typica

ing apple rootstocks control scion growth by the reMediterranean climate that yearly average tempera-

duction of canopy spread, branches compression etures are ranged from 8.2 to 27.7°C. The maximum

tree height. M9 has been introduced as a dwarf trsummer temperatures reach between June and Sep-

induces excellent yield, precocity, efficiency antember, and fruit ripening period are varied betwee

large fruit size. Although semi-dwarfing MM10629.2 and 31.9°C. Majority of precipitation occurs

causes high yield efficiency, fruit size can be kgna during the winter and spring seasons with 1144 mm

than M9 [Ferree and Warrington 2003]. As the effeqper year [TSMS 2015] (tab. 1).

of rootstocks on quality parameters have not been The experiment was conducted on six year old ap-

fully documented so far, we have tried to fill thy@p. ple cultivars consisting of ‘Golden Delicious’, &8kin

As defined by Alhinai and Roper [2004], that theDelicious’, ‘Granny Smith’, ‘Jerseymac’ and ‘Vista

effects of rootstock on fruit quality vary undeffei- Bella’ grafted on dwarf (M9) and semi-dwarf

ent climatic conditions and they are not stableer€éh (MM2106) rootstocks. Trees were planted in 2007 with

is, however, no universal rootstock for all kinds ofour replications at a distance 3 x 1.25 and 350 2n

soil, climatic conditions, or the various appleteul for M9 and MM106 rootstocks, respectively.

vars [Czynczyk et al. 2009]. In temperature regions

of Turkey, the effect of clonal rootstocks on grbwt Yield and fruit quality analysis

and fruit characteristics of Golden Delicious, &tar  All of the fruit samples were taken during the ma-

ing Delicious and Granny Smith apple cultivars haturity stage which was visually determined and har-

been compared in some researches {kret al. vesting date of the cultivars also was determined.

2000, Tekinta et al. 2006, Baytekin and Ak¢a 2011,0n the experimental trees, the number of fruits was

Kuglkeker et al. 2011, Bozpa and Pirlak 2012]. counted, yielded (harvested and weighted per tree i

However, some trials aim to compare their effect okilograms) and weighted. Trunk diameter was meas-

yield and fruit properties of summer and winter lapp ured at a height of 20 cm and was converted toKrun

cultivars are still lacking more information in sub Cross Sectional Area (TCSA/@m Average and

tropical conditions of Mediterranean region of Turcumulative yield per tree and yield efficiency afcl

key. The region is very critical due to suitablenglte  scion-stock combination were calculated according t

conditions for earliness fruit culture such as egri  harvesting data. The plant yield efficiency (kg ®m

peach, plum, sweet cherry, apple and pear. Hehcewas stated as the ratio of total cumulative yieldg

is important to record on yield and fruit propestef per final TCSA.
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Table 1. Meteorological data of Hatay province in the subitalpclimate of the eastern Mediterranean regiomwokey
(mean of 1975-2015 years)

Temperature (°C)

Month Tot?rlnr;i)nfall
minimum maximum average

January 4.5 12.3 8.2 182.8
February 55 145 9.8 164.1
March 8.5 14.8 13.2 141.9
April 12.2 22.7 17.2 102.7
May 16.3 26.5 21.2 92.9

June 20.8 29.2 24.8 20.4
July 23.8 31.2 27.2 24.8

August 24.5 31.9 27.7 5.9

September 21.1 31.1 25.5 42.1
October 15.4 27.6 20.8 77.5
November 9.3 20.1 14.0 115.2
December 5.9 13.9 9.6 173.7

A total of thirty fruits were taken randomly fromrameter that has been indicated to be effective in
four directions of trees (north-south-east-west)e T predicting visual color appearance [Francis 1980].
used pomological methods were taken from Pirlak et
al. [2003]. Fruit weight (g) was measured with alsc pata analysis
which is sensitive to 0.01 g (Precisa XB 2200 C). The data were analyzed by using SAS software and
Fruit length (mm) and diameter (mm), were measprocedures [SAS 2005]. Analysis of variance
ured by a digital calibrator (Mitutoyo, 0-150 mm).  (ANOVA) tables were constructed with Fisher's Least

Total soluble solids (TSS) content was determinesignificant Difference (LSD) method at p < 0.05.
with a hand-held refractometer (NOW, 0-32% Brix)

and pH measurements were performed using a [RESULT AND DISCUSSION
meter (WTW InoLab pH meter). Acidity (expressed
as malic acid %) was determined by titrating with In general, the fruits were ripened towards the end
0.1 N NaOH up to pH 8.10. Seed numbers per foof June for Jerseymac cultivars and the first wefek
fruit were counted. The flesh firmness was measurduly for Vista Bella cultivar (tab. 2). Harvest daif
using hand penetrometer with 11 mm probe. Ththe fruits which was the first of the September for
firmness was performed in two opposite areas of tlGolden Delicious and Starking Delicious cultivars,
equatorial part of the each fruit. was approximately the same during the entire ex-
The skin color of the fruits was measured by usperimental period whereas the maturity date for
ing a Minolta chroma meter (Chroma Meter CR—-30(Granny Smith was in the second half of the Septem-
Minolta Co., Osaka, Japan). Thirty fruits of eaclber (tab. 2). Ozturk et al. [2011] indicated that-J
cultivar were randomly selected and were measurseymac and Wista Bella cultivars on MM106 are
on the two opposite skin surfaces of fruits. Colomatured in the end of July under East Anatolia éond
characters were expressed as L* &% and h®. tions. In addition, Ozturk and Ozturk [2016] ind®a
The L* values indicate darkness and high L* valuethat Jerseymac on MM106 is ripened on 8 July under
represent lightness. Negative a* values indicagegr Black Sea Region ecological conditions. Ozongun and
color and positive a* values indicate red colorDolunay (2011) showed that Jerseymac and Vista
The C value shows color intensity. Th& is a pa- Bella are harvested in middle of the July in thedig
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Table 2. Harvest date of apple cultivars on M9 and MM106 staitks (means of 2013— 2015)

Cultivars
Rootstocks Jerseymac Vista Golden Starking Granny
Bella Delicious Delicious Smith
M9 18 June 6 July 9 September 13 September 27 18bpte
MM106 17 June 30 June 9 September 13 September  ef@@ér8ber

Isparta ecology which is between middle Anatolifruit numbers 10.4 and 51.9 per tree for Vista 8ell
and Mediterranean region of Turkey. In additionFruits numbers under subtropical climate condi-
Imrak et al [2009] indicated that summer appldions, in our study, were higher than those rembrte
cultivars grown in subtropical ecology of Turkeyby Racsco et al. [2004]. Inducing precocity, in-
10-15 days are earlier than European apple grocreasing the efficiency of tree yields assimilated
ing countries. Our results showed that summer afrom shoot growth for fruit production, increasing
ple cultivars are harvested about 10-15 days agophotosynthesis and yield efficiency shoot growth,
subtropical conditions of Mediterranean region oincreasing the exposure to the light in canopy,
Turkey (tab. 2). augmenting competition between vegetative and

As shown in Table 3, Starking Delicious and Jelproductive growth [Webster 2001, McAfee and
seymac cultivars revealed a good vigor and growRom 2003] and enhancing setting are some of the
performance with larger trunk diameter (52.23 anadvantages to use the dwarfing rootstock [Costes
51.12 mm, respectively) and high trunk crossand Garcia-Villanueva 2007, Seleznyova et al.
sectional area (21.57 and 21.41, respectively). Ho\2008]. Moreover, Haak [2003] reported that trees
ever, as expected, the average trunk diameterrend on the dwarfing rootstocks yielded one third lesser
trunk cross-sectional area on MM106 rootstocthan the trees on the medium rootstock MM106.
(49.87 mm and 20.15 mm, respectively) were largdn this study, higher yield was obtained from the
than the ones that were obtained from M9 rootstoscions grafted on MM106 rootstock but the ratio in
(45.63 mm and 16.98 mm, respectively). Number cyield increase was not as high as reported by Haak
fruits per tree or yield per three of Golden Deligs [2003]. In fact, many researchers have reportet tha
and Granny Smith cultivars were higher than thGolden Delicious and Granny Smith are productive
other cultivars. MM106 rootstock had the highecultivars [Seferglu et al. 2006, Soylu et al. 2003].
values for both fruit number and kg per tree (56.1Higher yield per crh trunk was obtained from
and 7.8%g tre€" respectively) whereas, there waGolden Delicious (0.72 kg c¢ff) and Granny Smith
more yield in cultivars on M9 in hectare (16.17th (0.62 kg cm?) but there was no statistically signifi-
than MM106 (tab. 3). In addition, the yield effioey cant differences found between rootstocks (tab. 3).
was not significantly affected based on rootstockSoylu et al. [2003] reported that 7 year old Granny
Racsco et al. (2004) indicated that the maximuiSmith on MM106 rootstock produce 26.4 kg free
yield values are obtained from M9 compared tand 0.39 kg cif trunk in Marmara region of Tur-
MM106. The number of fruits per tree was calculatekey. Seferoglu et al. [2006] reported a cumulative
as 15.3 and 63.9 in 2002 and 2003, respectivety, fyield as 12.7 kg trékfor 2001 and 2002 years and
Granny Smith cultivar on M9 and those fruit numbera yield of 0.33 kg cif trunk in Aegean region of
for Vista Bella were 6.1 and 48.2 per tree. For thTurkey. The average yield obtained from a tree was
MM106 rootstock the reported fruit numbers are 10.smaller than those of previous studies, but yied p
and 46.4 per tree for Granny Smith and reportecn? trunk was higher in this study (tab. 3).
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Table 3. Effect of apple cultivars and rootstocks on yielttgmeters under subtropical ecological conditionseahs of

2013-2015)

Characteristics
Variable Trunk . Number
circumfer- TCSA of fruit/ kg tree? kg cn? t hat
(cn”)
ence (cm) tree
Granny Smith 4492 c 16.42b 56.01 b 9.71a 0.62a 20.62a
Golden Delicious 4419 c 16.07 b 64.68 a 9.78 a 287 2196 a
Cultivar Starking Delicious 5223 a 2157 a 44.00 ¢ 5.76 b 270 11.83b
Vista Bella 46.31 bc 17.35b 4592 c 4.64 bc 0.25b 9.68Db
Jerseymac 51.12 ab 2141 a 42.60 c 421c 0.21b 21 .
M9 45.63 b 16.98 b 4517 b 5.82b 0.40a 16.17 a
Rootstock
MM106 49.87 a 20.15a 56.11 a 7.89a 0.43 a 13.15b
LSD cultivar 5.87 3.81 7.21 1.45 0.21 3.14
LSD rootstock 3.71 2.41 4.56 0.92 0.13 1.98

The letters in differ columns shown statisticallyrsficant at p < 0.05

* Trunk Cross Sectional Area

Table 4. Effect of apple cultivars and rootstocks on yielitgmmeters under subtropical ecological conditi@usn{ulative

data of 2013-2015)

. Characteristics
Variable T > T
kg tree” kg cm tha
Granny Smith 29.12 a 1.85a 62.03 a
Golden Delicious 28.72 ab 2.08 a 69.05 a
Cultivar Starking Delicious 22.35b 1.30b 50.35a
Vista Bella 1391¢c 0.76 c 27.08 b
Jerseymac 12.61c 0.63¢c 25.15b
M9 19.49 a 1.37 a 54.80 a
Rootstock
MM106 23.20a 1.28 a 38.66 b
LSD cultivar 6.70 0.46 18.75
LSD rootstock 4.24 0.29 11.86

Explanations as in Table 3

Higher yield for per hectare was harvested from Granny Smith, Golden Delicious, and Starking
the Golden Delicious (21.96 t Hp and Granny Delicious reached higher cumulative yield paranseter
Smith (20.62 t hd) on both rootstocks. Averagewhereas it was lower in summer apple cultivars. Cu-
yield of the cultivars on M9 (16.17 t Hawas sig- mulative yield parameters such as vield per tre an
nificantly higher than that of MM106 (13.15 ta vyield for per cross sectional area were not fouad s
This finding shared similarities with the reports otistically significant between rootstocks; howevibe
many researches on same the rootstocks [Dodenccumulative yield per hectare in M9 (54.80 thavas
et al. 2012, Ozongun et al. 2016]. higher than MM106 (38.66 t i (tab. 4).
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The rootstocks did not have any effect on the The TTS content of the cultivars was the highest
fruit weight, fruit width, fruit length, flesh firm in M9 (13.75%) compared with MM106 (12.50%).
ness, acidity and pH except for TSS in all theg@st The values of flesh firmness were the highest for
cultivars. The highest fruit weight, width and léimg Granny Smith and Golden Delicious cultivars 38.64
values were recorded in Granny Smith whereas tland 38.44 N, respectively (tab. 6). Fallahi et al.
lowest fruit size was detected in the Jerseym¢g2002] showed that fruit firmness of apple cultivés
cultivar. Ozturk and Ozturk [2016] indicated thainot varied based on the rootstocks. Golden Deliciou
fruit weight is 122.2 g for Golden Delicious,and Starking Delicious cultivars had the highesSTT
163.6 g for Granny Smith, and 112.3 g for Jersexcontents with 14.83 and 14.58%, respectively while
mac on MM106 (tab. 5). the acidity values were lowest in the cultivarstudiz

Table 5. Effect of apple cultivars and rootstocks on therabgeristics of fruit quality (means of 2013—-2015)

Variable Fruit weight Fruit width Fruit length
(@ (mm) (mm)

Granny Smith 193.10 a 76.28 a 69.69 a

Golden Delicious 152.10 b 69.70 ab 64.07 ab
Cultivar Starking Delicious 131.07 b 66.14 b 59.61 bc

Vista Bella 103.79 ¢ 63.73 b 5454 c

Jerseymac 98.06 c 52.76 c 42.73d

M9 135.35a 64.50 a 58.75 a
Rootstock

MM106 135.90 a 66.95 a 57.50 a
LSD cultivar 23.71 9.10 7.63
LSD rootstock 15.00 5.76 4.83

Explanations as in Table 3

Table 6. Effect of apple cultivars and rootstocks on therabgeristics of fruit quality (means of 2013—-2015)

Variable Flesh firmness Number TSS pH Acidity
(N) of seeds (%) (%)

Granny Smith 38.64 a 8.04 a 13.17 ab 3.14c 1.27 a

Golden Delicious 38.44 a 8.40 a 1483 a 3.46 ab 52 6.
Cultivar Starking Delicious 33.14b 6.35b 14.58 a .673 0.49c

Vista Bella 35.99 ab 8.30a 11.67 bc 3.19c 1.09b

Jerseymac 23.24c 6.94b 11.38¢c 3.30 bc 0.95b
Rootstock M9 34.03 a 7.66 a 13.75a 341a 0.82 a

MM106 33.73a 754 a 1250 b 3.29a 0.91a
LSD cultivar 4.02 1.09 1.66 0.21 0.17
LSD rootstock 2.55 0.69 1.05 0.13 0.11

Explanations as in Table 3

8 www.hortorumcultus.actapol.net
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Table 7. Effect of apple cultivars and rootstocks on therabgeristics of fruit skin color (means of 2013-3p1

Variable L a b C H
Granny Smith 64.03 ab -20.36 b 40.13 a 45.04 ab 9116
Golden Delicious 72.27 a -18.01b 4541 a 49.03a 11.7Ba
Cultivar Starking Delicious 58.18 bc 8.77 a 32.22b 36.22bc 73.99b
Vista Bella 46.84 d 8.76 a 22.16¢c 28.90 c 61.66 c
Jerseymac 50.34 cd 14.64 a 18.27 ¢ 29.98 ¢ 49.24d
Rootstock M9 53.60 b -1.81a 27.81b 33.10b 79.70 b
MM106 63.06 a -0.67 a 35.47 a 4257 a 85.73 a
LSD cultivar 10.06 7.47 6.87 10.26 8.61
LSD rootstock 6.36 4.73 4.34 6.49 5.45

Explanations as in Table 3

and Ozturk [2016] indicated that TSS content ifruits received more light and the accumulation of
13.00% for Golden Delicious, 11.37% for Grannyanthocyanins decrease the growth. Yildirm et al.
Smith, and 12.80% for Jerseymac on MM106. Th[2016] indicated that less apple load results in in
TSS content was also affected by rootstocks, aad tcreased more red-colored apples. In addition, Mille
cultivars had the more TSS content on M9 (13.75%and Racsko [2011] assessed that there is a tendency
in this study. The results of this study showed thto have poorer fruit quality with increasing vigof
parallelism with the findings of Fallahi et al. [2Z] the rootstocks, except flesh firmness.
that apple cultivars have more TSS content on M9
rootstocks. Starking Delicious had the highest pFCONCLUSIONS
Higher number of seeds was detected in Golden De-
licious, Vista Bella and Granny Smith (tab. 6). Apple is most important of the deciduous tree
The color of fruit skin of apple cultivars signifi- fruits in terms of production. In the past it wangr-
cantly differed depending on cultivar and roots®ckally regarded as a crop of the temperate zonessbut
(tab. 7). In general, fruit species, lower L, C did increasingly cultivated under subtropical condition
values are associated with darker fruit skin colcThis has been made possible by selection of early
whereas higher values of these variables consistscultivars and rootstocks and by both technological
fruit skin lighter color [Caliskan et al. 2012]. 8en innovations and modification to standard temperate
Delicious had the lightest fruits with the high &lwe zone practices.
(72.27). The fruit skin a* value, which indicatesdr This study revealed that summer apple cultivars
color, was positive for Jerseymac (14.64), Starkinsuch as Vista Bella and Jerseymac grafted on M9 and
Delicious (8.77), and Vista Bella (8.76) whilst theMM106 rootstocks, respectively, have higher eco-
value was negative (green color) for Granny Smitnomic potential based on precocity in the subtrlpic
(-20.36) and Golden Delicious (—18.01). Goldeecology. However, winter apple cultivars have some
Delicious with the highest b* value (45.41) had thrisks such as insufficiency of chilling requirement
yellow fruit skin color. Vista Bella and Jerseymacand sunburn on the fruit skin in the subtropical-ec
cultivars had the darkest skin color with lower Llogical conditions. Based on our result in thisdgtu
C andhe® values. In addition, the cultivars were thewe can conclude that Vista Bella and Jerseymac are
darkest on M9 which had lower L, C amd skin promising cultivars for the precocity apple growing
color values (tab. 7). The result revealed that thin the subtropical ecology.

www.hortorumcultus.actapol.net 9
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