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Hiiseyin CELIK, Ebru ACAR

DETERMINATION OF YIELD AND QUALITY CHARACTERISTICS
OF BLUEBERRIES GROWN IN POT AND RAISED-BED IN SOILLESS
CULTURE

ABSTRACT

Like other Vacciniums, blueberries love acidic soils for growing. But new and
alternative soilless growing systems developed for new areas with ecological ad-
vantages. Blueberries have small bushy plants and they began to be grown in pot
and raised-bed using special substrates. In the present study, yield and berry chara-
cteristics of five northern highbush blueberry cultivars (‘Bluecrop; ‘Brigitta, ‘Deni-
se Blue] ‘Patriot, and ‘Blugold’) were studied under soilless culture. They planted in
pot with acidic peat moss and raised beds under open-air conditions. Plant pheno-
logy, growth, development, yield, and berry quality characteristics of the cultivars
were determined. Budburst begins at the end of the last week of February for both
growing areas in all cultivars. Raised-bed growing cultivars bloomed earlier than
pot-grown ones. Fruit coloring starts within the second week of June. Pot-grown
blueberry cultivars were the best yielded than raised-bed ones and ‘Patriot’ had the
highestyield (955.14 g/bush) while ‘Bluegold’ had thelargest berries (17.45 mm). Ra-
ised-bed-grown cultivars gave higher %TSS and lower acidity than pot-grown ones.

Keywords: Blueberry, Vaccinium Corymbosum, Yield, TSS, Firmness, Berry Weight.
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TOPRAKSIZ ORTAMDA SAKSI VE MASURADA YETISTIRILEN
MAVIYEMISLERIN VERIM VE KALITE OZELLIKLERININ
BELIRLENMESI
0z

Diger Vacciniumlar gibi maviyemisler de yetismek i¢in asidik topraklar1 sever.
Ancak ekolojik avantajlar1 olan yeni alanlar i¢in yeni ve alternatif topraksiz ye-
tistirme sistemleri gelistirilmistir. Maviyemisler kii¢iik ve ¢alims: bitkilere sahip
olduklarindan 6zel substratlar kullanilarak saks1 ve yiikseltilmis seddelerde yetisti-
rilmeye baglanmistir. Bu ¢aligmada, bes adet kuzeyli yiiksek boylu maviyemis ¢esi-
di (‘Bluecrop; ‘Brigitta, ‘Denise Blue, ‘Patriot’ ve ‘Blugold’) topraksiz kiiltiir altinda
saks1 ve masuralarda yetistirilerek verim ve kalite 6zellikleri incelenmistir. A¢ik
arazi kogullarinda asidik torf iceren saksi ve yiikseltilmis masuralara dikilen mavi-
yemislerde bitki fenolojisi, bityiime-gelisme, verim ve meyve kalitesi 6zellikleri be-

lirlenmistir. Tim cesitlerde, her iki yetistirme alani i¢in de tomurcuklanma $ubat
ayinin son haftasinin sonunda baglamigtir. Yiikseltilmis masuralarda bityiiyen ma-
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viyemis ¢esitlerinde ¢iceklenme saksida yetisenlere gore daha erken gerceklesmis-
tir. Meyvelerdeki renklenme genelde Haziran ayinin ikinci haftasinda baglamustir.
Saksida vyetistirilen maviyemis ¢esitlerinin verimi masuralarda yetisenlere gore
daha yiitksek olmugtur. Saksida yetisen ‘Patriot’ ¢esidi en ytiksek verime (955.14 g/
cal1) sahipken ‘Bluegold’ en bityitk meyvelere (17.45 mm) sahip olmustur. Masura-
da yetisen maviyemis cesitleri saksida yetistirilenlere gore daha ytiksek kurumadde
icermis ve asitlikleri de dusiik kalmigtir.

Anahtar Kelimeler: Maviyemis, Vaccinium Corymbosum, Verim, SCKM, Sertlik,
Tane Agirhigr.

ik

1. INTRODUCTION

Blueberries have many health benefits and they are classified in the Vaccinium
genus of the Ericaceae family with cranberry, lingonberry, Caucasian whortleberry
and bilberry. Actually, blueberry is a “superfood” with its high nutritional content,
vitamins and minerals (Kalt et al., 2020). The cultivation of Vacciniums, which can
grow in acidic soils, has been limited until recent years. Since blueberries, which
have increasing demand worldwide, grow in acidic and non-calcareous soils, their
cultivation in soil has not spread much. Because it is not possible to find natural
acidic soils everywhere in the world. For this reason, the production of highbush
blueberries is rapidly increasing worldwide by using special and acidic environ-
ments in pot or raised soil beds. Blueberries grown in soilless environments may
have high productivity after the year of planting. The nutrients and moisture con-
tent of the pot grown blueberries can be kept under full control, and the bushes
can develop well without stresses and they produce quality fruit (Fang et al., 2020;
Heller and Nunez, 2022). Since the number of plants per unit area can be increa-
sed 2-3 times compared to planting in the soil, the yield also increases (Celik and
Seydioglu, 2019). Acidic peat and coconut-fiber with high-water holding capacity,
provides a very suitable growing environment for soilless blueberry cultivation
(Fang et al., 2020; Schreiber and Nunez, 2021). On the other hand, peat-containing
mixtures become widely used in both pot or raised soil beds. These substrates have
good cation exchange capacity, low phytotoxic substances with low volume densi-
ties, so they are widely used to increase fruit yield and quality (Meng et al., 2022).
In the last decade, blueberries have become one of the main berry fruits worl-
dwide. Commercially produced highbush (Vaccinium corymbosum L.), lowbush
(Vaccinium angustifolium Ait.) and rabbiteye (Vaccinium ashei L.) blueberries are
increasing in both Europe and Tiirkiye in terms of planting areas and production.
Data shown that 1.860.000 tons of blueberries produced in an area of 248.548 he-
ctares in the world and China ranks first with 525.310 tons, while Peru (299.670
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tons), USA (277.630 tons), Chile (166.350 tons), Canada (76.150 tons), Mexico
(75.870 tons), Spain (69.190 tons), Poland (68.500 tons), Morocco (47.070 tons)
and South Africa (30.500 tons) are among the top ten countries (Brazelton et al.,
2023; Celik, 2024). The blueberry planting area that we brought to Tiirkiye in the
early 2000s was 5 decares and production was 2 tons until 2003, while in 2023 the
area reached 5454 decares and production reached 10315 tons. Blueberry produc-
tion continues in soil in 15 provinces and in pot as soilless culture in 18 provinces
in the Black Sea, Thrace, Marmara, Aegean, Mediterranean, Central Anatolia and
Southeastern Anatolia regions of Tiirkiye. Blueberry, which grows in soil in pro-
vinces where soil conditions are suitable, is grown intensively in pot in the Medi-
terranean Region where soil conditions are not suitable but very early or very late
fruit harvest is made by taking advantage of the ecology (Celik, 2018; Celik, 2024;
Unal et al., 2023).

Blueberry soilless culture getting increase in Mediterranean climate under
greenhouse and in open air under different-colored and anti-hail shade-net for
earliness both local and foreign market. Because world blueberry consumption is
increasing day by day and the price of blueberries is increasing in parallel with the
increase in demand (Celik, 2024; Unal et al., 2023). Although blueberries were
cultivated in the early 1900s, the first studies on the adaptation and fruit characte-
ristics of northern highbush blueberry cultivars in Tiirkiye were started in Rize in
the 2000s. With these studies, the cultivation of the northern highbush blueberry
species introduced and developed along Black Sea Region with natural acidic soils
(Celik, 2019). While productivity in blueberries depends on climatic and ecologi-
cal conditions, quality is related to soils (Retamales and Hancock, 2018). Low or
high temperatures during the winter dormancy of blueberries and flowering time
and water deficiency can reduce fruit set, decrease size and yield. All these adverse
conditions can also have an adverse effect on the number and differentiation of
flower buds (Pavlovski, 2010). Blueberries, which love acidic soils, differ from ot-
her fruit species because blueberry roots, which work together with mycorrhizae,
do not have absorbent hairs. Blueberries can grow well in sandy, sandy-loam and
fertile soils that are well-drained, airy, rich in organic matter and have a pH value
between 4.2-5.5 (Strik and Fin, 2008). Iancu et al. (2010) determined that the use
of manure and peatmoss into raised-bed during blueberry planting increased the
%TSS. Strik et al. (2012) stated that the planting system had no effect on berry
firmness, but firmness increased in blueberries fertilized with high levels of fish
waste, and also yield per plant with firmness increased in blueberries planted in
raised-bed compared to flat planting. Celik (2003) and Celik (2009) stated that
northern highbush blueberry varieties planted in the acidic soils showed medium
vigor and their yield per plant varied between 455.21 g (Berkeley) and 2567.80
g (Ivanhoe). He also found that the berry weight varied between 0.94 g (North-
land) and 2.41 g (Ivanhoe). It is evidence that yield per bush, %TSS, acidity and
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ripening periods may vary according to the blueberry variety and altitude (Celik,
2009a; Celik, 2009b; Celik and Acar, 2021). Heiberg and Lunde (2006) determined
that plant height and fruit yield were significantly affected in blueberry grown in
peat, sand, pine bark and perlite environments mixed in different ratios. The re-
searchers revealed that the components in the growth and cultivation areas of the
‘Bluecrop’ and ‘Nui’ blueberry varieties showed different reactions and that these
varieties developed better in pot. Substrate temperatures (Spiers, 1995), ratio of
pine bark, sphagnum peat moss, coco coir, Douglas fir bark, perlite and adequ-
ate water and nutrients (Voogt et al., 2014), physical and chemical properties of
substrates (Retamales and Hancock, 2018) may affects to the pot or raised-bed
growing blueberries. We know that harvest time may be delayed in pot cultivation
and blueberry harvested from pot can be stored in higher quality compared to ot-
hers (Eldik, 2015). Today both northern and southern highbush blueberries could
be grown in pot with soilless culture in anywhere (Celik and Seydioglu, 2019; Hiz
etal., 2019; Fang et al., 2020; Celik and Acar, 2021). Fisher (2012) attributed the su-
itability of southern highbush blueberries for cultivation in pot and they found that
they form strong and abundant branches, form thin and abundant leaves, have a
compact appearance and bloom abundantly, and are also advantageous in terms of
resistance to diseases. The substrates used in pot consist of a mixture of substances
such as low pH peat, sawdust or coniferous sawdust (Ochmian et al., 2010), pine
bark (Krewer et al., 2002; Nicolas et al., 2016; Mejia et al., 2016), coal ash, compost
and leaf compost or shredded coconut shells and perlite (Black and Zimmerman,
2002). Researchers recommended the varieties ‘Bluecrop’ and ‘Nui’ for growing
blueberries in pot in greenhouses. Smolarz (1985) stated that the harvest season
can also be changed by growing blueberries in pot.

The main purpose of this study is to determine the growth and development
performances as well as yield and quality characteristics of some northern high-
bush blueberry varieties grown in pot and raised-bed in open fields. For this aim, 5
northern highbush blueberry varieties (‘Bluecrop; ‘Brigitta, ‘Denise Blue, ‘Patriot’
and ‘Blugold’) were used and they planted both in pot and raised beds with soilless
culture techniques.

2. MATERIAL AND METHODS

This study was carried out in the Research and Application area of the Faculty
of Agriculture, Ondokuz Mayis University. The experiment was carried out at an
altitude of 195 m above sea level and 2.8 km from the sea level at 41°21°52 N lati-
tude and 36°11°29 E longitude. In the experiment, 3-year-old northern highbush
blueberry varieties ‘Bluecrop, ‘Brigitta, ‘Denise Blue, ‘Patriot’ and ‘Blugold’ were
planted in 50 L pot and raised-bed covered with mulch made of black woven jute
material. Lithuanian acidic peatmoss was used as a medium both in the pot and
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in the raised-bed. The pH value of the Lithuanian acidic peat used in the pot and
raised-bed experiment is 4.5-4.8 and the salt ratio is below 0.2. There is no NPK
in this substrate containing trace elements and iron. Raised-bed were prepared
to be 60 cm wide and 40 cm high. Plants were planted in raised-bed with 2x1 m
distances between and in rows, while potted plants were placed in the trial area at
the same intervals and distances (Fig. 1). During the trial, drip irrigation was done
with pH-adjusted water, and from May on, the plants were shaded with a green
shade cover that provided 35% shade, while bird control was also provided. The
trial was conducted between 2017 and 2019.

Figure 1. Blueberry varieties grown in pot and raised-bed with black fabric mulch

The substrate used for both raised-bed and pot was mixed with 100 g of slow-re-
leased fertilizer (Osmocote-Pro, 17-11-10+2Mg0+Te, 8-9 months) per plant, while
additional fertilization was made with ammonium sulphate and compound fer-
tilizer (10:10:10) as 3 times with a total of 50 g per plant in May, June and July.
The experiment was established according to the split plot design in randomized
blocks with 3 replications and 5 plants in each replication. In the experiment, the
cultivation area was placed in the main plots and the varieties were placed in the
sub-plots. Phenological stages, yield, berry weight (g), firmness (N) and diameter
(mm), and TSS (%), acidity (%) and pH were determined. The flower, fruit and leaf
bud development phenology were determined by Celik (2012) schema. The data
obtained from the experiment were subjected to variance analysis with the SPSS
16.0 for Windows package program, and the differences between the means were
separated with the DUNCAN multiple range test at the p<0.05 level.
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3. RESULTS AND DISCUSSION

3.1. Phenology

The flower and leaf buds and berry growth phenological stages for both pot and
raised-bed planted northern highbush blueberry cultivars are given at the Table
1. In both potted and raised-bed planted blueberries, flower bud burst in the last
week of February. There are 3- or 4-days difference in flower bud bursting times
between cultivars. The earliest bud burst was on February 24 at the ‘Bluecrop, ‘Pat-
riot’ and ‘Bluegold’ varieties grown in both pot and raised-bed. Pot planted ‘Bri-
gitta’ variety show the latest flower bud burst on March 2. Full bloom occurred
in April in both potted and raised-bed plants. However, the raised-bed planted
varieties were earlier for full bloom than the pot planted ones. This may be due to
the pot being oriented north and the raised-bed being oriented south. Because,
while full bloom occurred on April 3 (‘Bluecrop;, ‘Bluegold’), April 5 (‘Denise Blue’)
and April 12 (‘Brigitta’) in raised-bed planted blueberries, it was observed that the
pot planted blueberries bloomed later, such as on April 10 (‘Bluecrop’ and ‘Patriot’)
or even April 19 (‘Denise Blue’ and ‘Brigitta’). Berry coloring known as veraison
occurred in the first week of June for raised-bed grown cultivars and second week
of June for the pot planted ones.

The earliest berry colored cultivar was ‘Patriot’ (29 may) grown in raised bad
and the latest one was ‘Brigitta’ (19 June) grown in pot (Table 1). It is known that
full bloom and ripening with coloring may vary depending on variety, chilling
requirement, ecology and direction (Celik, 2012; Celik and Agaoglu, 2013). Re-
tamales and Hancock (2018) also showed that flower buds of blueberry burst ear-
ly than leaf buds and this situation may be affected by ecology, cultivar and chill
hours. They also revealed that the leaf bud burst may start 7-12 days after the flower
bud burst and it differs according to the varieties. Researcher also found that the
bursting in the leaf buds of the blueberries grown in pot may be earlier than those
in the raised-bed. They believe that this is due to the sun and temperature. Conver-
sely, we determined that full bloom, berry set, veraison and blue color in berries
occurred earlier in blueberry cultivars grown in the raised-bed than those in pot.
This situation is literally about sun exposure, shade and direction (Retamales and
Hancock, 2018; Celik, 2012; Celik and Agaoglu, 2013). It is also known that day
length and sunny hours does not only affect flower bud formation, it also affects
the uniform flowering, berry development and maturation. These conditions also
effect to flowering time and bud bursting may decrease %50 when sun duration
decreases from 10 to 8 hours (Darnell and Davies, 1990). Celik (2018) also found
that there were differences between the varieties in terms of phenological stages,
earliness, maturity, coloration, berry content and harvest time. This situation is
also reported by Ciordia et al. (2002).
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Table 1. Phenological stages of flower bud, leaf bud and berry development of
southern highbush blueberry cultivars grown in pot and raised-bed*

Flower bud Flower Full Leaf bud Leaf bud Berry Berry
Cultivars burst bud tight bloom late green shoot green fruit fruit
cluster tip expansion set coloring
Pot
Bluecrop 24 February 02 March 10 April 28 February 14 March 18 April 12 June
Bluegold 24 February 07 March 12 April 03 March 28 March 24 April 16 June
Patriot 24 February 02 March 10 April 03 March 28 March 18 April 12 June
Denise Blue 27 February 08 March 19 April 10 March 01 April 28 April 03 July
Brigitta 02 March 10 March 19 April 3 March 28 March 28 April 19 June
Raised-bed
Bluecrop 24 February 02 March 03 April 01 March 09 March 12 April 02 June
Bluegold 24 February 02 March 03 April 06 March 14 March 12 April 02 June
Patriot 24 February 02 March 12 April 01 March 13 March 21 April 29 May

Denise Blue 27 February 06 March 05 April 06 March 15 March 18 May 02 June
Brigitta 27 February 08 March 12 April 06 March 15 March 21 April 07 June

*: Determined according to the scale specified by Celik (2012).

3.2.Yield, Berry Weight, Firmness and Diameter

It was found that there were significant differences in yield per plant, berry we-
ight, firmness and diameter values in pot and raised-bed grown blueberry varieties
according to the growing location and varieties. Chiabrando et al. (2009) proved
that firmness is one of the most attribute in quality traits, when blueberries arrive
at market. Lobos et al. (2018) also stated that there may be a significant difference
in firmness between the berries that are picked when they have reached their full
blue color and the fruits that are kept on the bush. Firmness is still the most rele-
vant quality trait for fresh blueberries (Contador et al., 2015) and firmness is the
major barrier that limits export to distant markets (NeSmith et al., 2002)

The yield per plant of potted blueberry varieties was much higher than those
grown in the raised-bed and ‘Denise Blue’ variety ranked first with 955.14 g yield
per plant. This variety was followed by pot grown ‘Patriot’ (937.41 g), ‘Bluecrop’
(921.84 g) and ‘Bluegold’ (918.08 g) varieties. While the most productive variety
in raised-bed grown blueberry varieties was ‘Denise Blue’ with 649.15 g. yield, the
yield of other varieties was very low. The least productive variety based on growing
environment and varieties was ‘Bluegold’ variety grown in raised-bed with 178.87
g. On the other hand, it was found that the total yield in the pot (871.29 g/plant)
was higher than the total yield in the raised-bed (329.43 g/plant). When the blue-
berry varieties were considered in terms of total yield, it was found that the ‘Deni-
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se Blue’ variety had the highest (802.14 g/plant) and the ‘Brigitta’ variety had the
lowest (461.57 g/plant) total yield; this was followed by the ‘Bluegold’ (548.47 g/
plant) and ‘Patriot’ varieties (590.41 g/plant) (Table 2, Figure 1 and Figure 2). The
most important criterion examined in the adaptation abilities of blueberry varie-
ties is the yield value obtained per plant (Celik, 2012; Celik and Agaoglu, 2013; Re-
tamales and Hancock, 2018). Celik (2009b), stated that the yield in blueberries may
vary according to the varieties and he determined that the ‘Ivanhoe’ variety was
the highest yielding variety (2567.80 g/plant) while the ‘Berkeley’ was the lowest
yielding variety (455.21 g/plant) in the Ikizdere district of Rize with the ‘Berkeley),
‘Ivanhoe, ‘Jersey, ‘Northland’ and ‘Rekord’ varieties of high-growing blueberries
of northern highbush. Heiberg and Stabhaug (2006) observed that the ‘Bluecrop’
variety, which they grew in pot using different environments for three years, yiel-
ded 326 g of fruit per plant. They also determined that varieties reacted differently
according to the growing place and that blueberries grown in pot developed better
and were more productive. In blueberries, yield per plant can be affected by factors
such as variety, plant age, pH, plant nutrition, substrate type, ecology, mulch type,
photoperiod, number of shoots and flower buds, and berry weight (Austin and
Bondari, 1990; Heiberg and Stabhaug, 2006; Celik, 2009a; Celik, 2009b; Retamales
and Hancock, 2018).

In the present study, we determined that the berry weight of blueberries grown
in pot was higher than those grown in raised-bed. Accordingly, the largest fruits
were obtained from the ‘Denise Blue’ variety grown in pot with 2.72 g, followed by
‘Patriot’ (2.27 g) grown in pot and ‘Denis Blue’ (2.17 g) grown in raised-bed. On
the other hand, the ‘Bluecrop;, ‘Bluegold’ and ‘Patriot’ varieties grown in raised-bed
were ranked as the varieties with the lowest fruit weights with 1.14, 1.22 and 1.32
g, respectively (Table 2). When the average fruit weights of the varieties were taken
into consideration, it was determined that the ‘Denise Blue’ variety had the largest
fruits with 2.44 g, while the ‘Bluecrop’ variety had the lowest fruit weight with 1.29
g (Figure 3). The berry firmness measured in Newtons also varies according to
the blueberry growing environment and varieties, while the hardest berries (88.68
N) were obtained from the ‘Brigitta’ variety grown in pot, while the ‘Denise Blue’
variety grown in pot had the softest fruits with 52.45 N. This situation was interpre-
ted as a variety characteristic. Berry size also appears as diameter and is measured
with different scales and circles. Accordingly, the variety with the highest berry
diameter was the ‘Patriot’ variety grown in pot with 17.45 mm. It was determined
that the fruit diameter of the varieties grown in pot was higher than those grown in
raised-bed, and the ‘Bluecrop’ variety grown in raised-bed produced the smallest
berry diameter with 13.53 mm (Table 2, Fig. 3 and 4).
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Table 2. Yield and berry characteristics of northern highbush blueberry varie-
ties grown in pot and raised-bed

Growing Cultivars Yield (g/bush) Berry weight Firmness (N) Berry diameter
Location (8) (mm)**
Bluecrop 921.84 + 54.08 a* 1.43 £ 0.06 d* 85.00 £ 4.51 a* 13.55+0.23 d*
Bluegold 918.08 £70.94 a 1.75+£0.10 ¢ 79.44 £ 2.58 ab 14.83 +0.38d
Pot Patriot 937.41 £87.84a 227 +0.18b 8729+54a 1745+ 0.16 a
Denise Blue 955.14 £ 55.37 a 2.72+0.18a 52.45+4.84c 17.09 £ 0.57 ab
Brigitta 624.01 £ 24.08 b 2.01 +0.07 be 88.68 +4.77a 16.61 + 0.26 abc
Bluecrop 276.62 + 41.48 ¢ 1.14+0.04d 85.64+246a 13.53+0.23d
Bluegold 178.87 £34.57 ¢ 1.22+0.04d 71.98 £+4.41b 13.67+0.33d
Raised-bed Patriot 243.42 £5543 ¢ 1.32+0.09d 85.71+239a 14.33 £ 0.33 de
Denise Blue 649.15 £ 43.18 b 2.17+0.02b 71.61 +£3.68 b 15.96 £ 0.07 ¢
Brigitta 299.14 £34.28 ¢ 2.05+0.04 be 70.9+4.59b 16.33 £ 0.33 bc

*There is no statistical difference at p<0.05 level between the means indicated with the same letter in the columns.

**Measured using the size scale developed by Banados (2008).

+ values are standard deviation values, n=15
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Figure 1. Yield (g/bush) and berry firmness (N) of blueberry varieties grown in
raised-bed and pot (+ values are standard deviation values, n=15)
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According to the studies, berry weight, firmness and berry diameter may vary
depending on blueberry varieties, growing environments and technical and cul-
tural processes (Celik, 2018; Celik and Acar, 2021). All varieties were classified as
medium-large berry diameter according to the Banados (2008) circle. In fact, it
is reported that fruit diameter may differ according to varieties (Zee et al., 2006)
and may also vary according to region, environment and management conditions.
Celik et al. (2020) reported that the fruit diameter of organically grown blueberries
ranged between 14.22-20.43 mm and the fruit weight ranged between 1.76-4.22 g.
Sterne et al. (2012) observed that ‘Patriot” had the largest fruit size with a diameter
of 15.00-16.00 mm in Lithuanian conditions. Our findings also resembled to this.
Suzuki et al. (1998) found that there were correlative relationships between fruit
weight and seed number, flowering and harvest dates, and growth period length
in ‘Bluecrop’ and ‘Northland’ blueberry varieties grown in greenhouses and pot.
When all these are taken into consideration, the diameter determining the berry
size in blueberries may vary according to variety, region, ecological and soil con-
ditions. There are significant differences in the size of blueberry fruits among both
highbush and rabbiteye varieties (Giindiiz et al., 2015). Researchers who stated that
large fruits are collected cheaper and preferred by consumers have also determined
that large fruits receive higher scores from the panels. Therefore, large fruits are
much more suitable for fresh consumption.

In the present study, berry firmness changes between 88.68 N (pot grown Bri-
gitta) and 52.45 N (pot grown Denise Blue) (Table 2). On the other hand, potted
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blueberry bushes showed a little bit higher firmness than raised bed ones (Fig. 2).
This means that blueberry firmness could be affected by cultivars and growing
environment. This affection also determined by Ehlenfeldt and Martin (2002) and
NeSmith (2004 and 2006). Ehlenfeldt and Martin (2002) noted that berry hardness
may vary according to harvest date, year and stage of ripeness of the berry (green,
pink, purple, blue). The researchers also stated that there were significant diffe-
rences in berry firmness among 87 blueberry cultivars and firmness values ran-
ged from 80.40 (‘Herbert’) to 189.00 (‘Pearl River’) (Ehlenfeldt and Martin, 2002).
According to the researchers, more than 50% of blueberries offered for fresh con-
sumption are harvested by hand, and the firmness of the fruits is economically very
important. We believe that hard-fleshed berry fruits like blueberry, can be easily har-
vested by machine. Firm fruits may also be kept on the bushes for a long time. Silva
et al. (2005) stated that blueberry fruits need to be hard in order to be sent to distant
markets. It was determined that the fruit firmness of the ‘Bluecrop’ variety was the
lowest with 254 N compared to ‘Climax’ (565 N), Premier’ (406 N), ‘Tifblue’ (475 N)
and ‘Jersey’ (326 N). In our study pot or raised bed grown ‘Bluecrop2 variety showed
lower hardness than Silva et al. (2005) findings. This may be affected by environment
and growing substrates. Lopez et al. (2010) also stated that the firmness of blueberry
fruits will decrease as the temperature increases. Retamales and Hancock (2018), in-
dicate that the quality of blueberries is determined by the size, color, dry matter con-
tent, pH and acidity values of the fruit, as well as tasting tests conducted with tasting
panels, and they stated that in quality standards, the berry firmness should be more
than 70 g/mm and its color should be blue. Firmness is important in blueberries and
determines consumer preference, attraction and post-harvest deterioration in fruits.
Fruits with high hardness are more durable during harvest and remain intact for a
longer time in transportation, and hard fruits can be kept on the plant for a longer
time (Retamales and Hancock, 2018, Saftner et al., 2008)

3.3.TSS, Acidity and pH

In the presented study, the TSS, acidity and pH contents of blueberry varieties
grown in pot and raised-bed varied according to the growing condition and varie-
ties (Table 3, Figures 3 and 4). While the ‘Patriot’ variety grown in raised-bed had
the highest TSS value with 12.43%, the ‘Bluecrop’ variety in the same group had the
lowest TSS value with 8.27%, followed by the ‘Bluegold’ variety with 8.47% (Tab-
le 3). However, when the growing condition is taken into consideration, the TSS
value of blueberry varieties grown in pot was higher than the varieties grown in
raised-bed with 10.42% (Figure 4). The %TSS values of the ‘Bluecrop’ (8.27%) and
‘Bluegold’ (8.47%) varieties grown in raised beds remained at the lowest level (Table
3). The %TSS content of blueberries is important in terms of taste (Celik, 2012; Ce-
lik and Agaoglu, 2013). This situation was also stated by Yang et al. (2009), and the
researchers determined that the ‘Bluecrop’ variety had the lowest dry matter value
with 12.3%. In addition, Saftner et al. (2008) stated that harvest maturity and plant
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habitus were also effective on coloration and fruit content (TSS, acidity, pH and fir-
mness) in blueberries and they determined that the amount of fruit dry matter was
more flexible in fully developed blueberries. Celik, (2009) reported that the yield per
plant in blueberries varied between 455.21 g. (‘Berkeley’) and 2567.80 g. (‘Ivanhoe’)
and it was determined that the TSS amount was between 10.04% (‘Northland’) and
11.01% (‘Jersey’) with the altitude also affecting this. On the other hand, Pinto et al.
(2017) determined that the pot size, growing place and the media used in the pot
affected the TSS and fruit diameter. Retamales and Hancock (2018), indicated that
the quality of blueberries is determined by the size, color, dry matte, pH and acidity
values of the fruit as well as taste conducted with the panelist. They also state that the
dry matter should be greater than ten points in quality standards. When the varieties
used in the experiment are taken into consideration, we can say that ‘Patriot, ‘Denise
Blue’ and ‘Brigitta’ are above this value and the other varieties are almost close to this
limit. On the other hand, it can be said that the higher dry matter amounts of blue-
berry varieties grown in raised-bed than those grown in pot are again due to sunny
hours, temperature and direction. Researchers stated that the dry matter content in
blueberries can vary depending on the species, season, location and year, and they
found that dry matter value is much more stable than acidity or firmness. (Giindiiz et
al., 2015; Retamales and Hancock, 2018). It is difficult to obtain fruits with the TSS
content desired by consumers in blueberries because there is no sugar accumulation
in the harvested blueberries (Retamales and Hancock, 2018). According to Saftner
et al. (2008), the TSS values of the ‘Bluecrop’ and ‘Bluegold’ varieties were 11.5%
and 13.2%. Hancock et al. (2008) found that the TSS values of highbush blueberry
varieties ranged from 9.5% (‘Bluecrop’) to 12.7% (‘Brigitta’). This proves that the TSS
% value may vary depending on variety, region, ecology, altitude and temperature.

Table 3. Berry properties of northern highbush blueberry varieties grown dif-
ferent growing area

Growing Area  Cultivars TSS (%) Acidity (%) pH
Bluecrop 10.63 + 0.47 ab* 9.10+0.60b 2.56+0.50 ¢
Bluegold 9.87 £ 0.30 be 9.00+£0.30 b 2.53+0.01c

Pot Patriot 10.63 £ 0.96 ab 9.30+£0.40b 2.55+0.05¢
Denise Blue 11.3+0.31 ab 6.36 +£0.43 cd 2.74+0.05b
Brigitta 9.67 £0.22 bc 11.96 +0.38 a 243 +0.02¢
Bluecrop 827+1.19¢ 8.53+0.53b 2.57+0.03 ¢
Bluegold 8.47+0.70 ¢ 6.53+0.65 cd 2.76 £0.01b

Raised-bed Patriot 1243 +0.12a 8.10+0.72b 2.86 +0.07 ab
Denise Blue 10.43+0.49b 5.13£0.56 d 2.94+0.07a
Brigitta 10.87 £ 0.09 ab 7.80 + 0.00 be 2.76 £0.02 b

*There is no statistical difference at p<0.05 level between the means indicated with the same letter in the columns.
+ values are standard deviation values.
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The acidity taken into account in terms of TSS-acid values, known as sweet-
ness-sourness in blueberries, is expressed as citric acid (%). Acidity values, such
as dry matter content of blueberry varieties, can also be affected by many factors
such as variety, ecology, harvest time, pruning, irrigation and fertilization (Celik,
2012; Celik and Agaoglu, 2013; Trehane, 2004). Because in addition to varieties,
plant nutrition management practices also have important effects on the fruit qu-
ality traits of blueberry (Wilber and Williamson, 2008; Bolanos-Alcantara et al.,
2019). In our study, acidity vary by cultivars like other studies (Celik, 2009a; Celik
2009b). Retamales and Hancock (2018), state that acidity in terms of citric acid
should be between 0.3-1.3% in quality standards. In this respect, the acidity values
of the blueberries in the trial were higher. This situation was due to ecology and
especially sun exposure. In addition, Giindiiz et al. (2015) said that organic acids
could be determine the taste in highbush blueberries, and they change from year
to year and location. Variety and harvest date, sun exposure and growth-develop-
ment factors in the plant can also affect acidity (Saftner et al. 2008, Retamales and
Hancock, 2018).

The ‘Brigitta’ variety grown in pot was found to have the highest acidity value
with 11.96%, while the ‘Denise Blue’ variety grown in raised-bed was found to
have the lowest acidity value with 5.13%. The acidity value of blueberry varieties
also varied according to the growing location, and it was found that blueberry va-
rieties grown in pot were more acidic, with the ‘Brigitta’ variety having the highest
acidity value of 9.88%, while the ‘Denise Blue’ variety had the lowest acidity value
of 5.75%. According to Saftner et al. (2008), the acidity values of the ‘Bluecrop’ and
‘Bluegold’ varieties were 0.46% and 0.64%, respectively. Our findings are higher
than these and this proved that growing conditions, sunny days, pot and/or raised
bed and substrates may affect the TSS ratio. Ates and Celik (2016) found that the
TSS% in some northern highbush blueberry varieties varied between 7.00-14.67.

In terms of pH value, the ‘Denise Blue’ variety grown in raised-bed had the hig-
hest pH value with 2.94, while the ‘Brigitta’ variety grown in pot had the lowest pH
value with 2.43. The pH value, which varies according to the varieties, was found
to be the highest in the ‘Denise Blue’ variety with 2.85 and the lowest in the ‘Blu-
ecrop variety with 2.57. Stringer et al. (2010), who compared the characteristics of
the ‘Prince’ rabbiteye blueberry variety with the ‘Brightwell’ and ‘Climax’ varieties,
also determined that this variety gave a pH of 3.27. Retamales and Hancock (2018)
state that the pH should be between 2.25-4.25 in quality standards. Researchers
who say that the pH value of blueberry fruits is related to eating quality and taste
indicate that light, temperature, nutrients and water are also effective on fruit qua-
lity. Pertuzatti et al. (2016) stated that the pH value in blueberry varieties was diffe-
rent in both the whole fruit and fruit pulp, and determined that the pH was betwe-
en 2.87 and 3.57 depending on the variety. Our results obtained from these studies
are similar in terms of many criteria. Although there are significant differences
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between the cultivation type and blueberry varieties in terms of flowering, yield,
berry weight, dry matter, acidity and pH. It is known that all these factors are also
affected by climatic conditions (Baptista et al. 2006; Ciordia et al. 2002; NeSmith,
2006). Our findings regarding fruit quality criteria were similar to some studies
in many respects. Studies have reported that especially fruit quality criteria show
significant differences according to varieties (Ciordia et al. 2002; Celik, 2020).

4. CONCLUSIONS

In the present study, five different northern highbush blueberry varieties were
grown outdoors and in peat in both pot and raised-bed, fertilized with slow-rele-
ased-fertilizers and irrigated with drip irrigation to reveal their growth, develop-
ment, yield and quality characteristics in Samsun ecological conditions. According
to the results, the flower bud bursting of raised-bed grown blueberry varieties oc-
curred at almost the same period as the varieties grown in pot and at the end of
February. The leaf buds of pot grown blueberries started later than those grown in
raised-bed. On the other hand, flowering in blueberry grown in raised-bed started
earlier than in pot grown ones. It was determined that veraison started much ear-
lier in blueberry varieties grown in raised-bed than in pot grown ones. The time
of the first harvest and harvest period in blueberry grown in pot and raised-bed
differed to the varieties. The harvest in raised-bed grown blueberries was much
earlier than in pot and started in the second week of June and continued until the
first weeks of August. On the other hand, the harvest of blueberry varieties grown
in pot started at the end of June and continued until the end of August, and the
harvest periods were longer than those in raised-bed. Similarly, it was determined
that the dates of full bloom, fruit set, veraison and formation of blue color in fruits
occurred earlier in blueberry varieties grown in raised-bed than in pot. On the
other hand, it was determined that TSS, acidity and pH value of fruits were better
for some varieties in raised-bed and for others in pot. The increase in demand for
blueberries has led to an increase in demand for new, technological and intensive
production systems. Intensive cultivation of blueberries in open areas or even in
the ground can pose a high risk in terms of fruit production and quality depending
on climatic factors. This situation is also affected by the fact that acidic soils are not
very common. For this reason, in regions that do not have suitable soil for blueber-
ries but have ecological advantages, the substrates used for blueberry cultivation
in pot and/or raised-bed are gaining importance as they will determine various
physiological responses that will bring differences in yield and quality.

According to these results, it was revealed that blueberry can be grown in pot
using acidified peat in areas where soil pH value is limiting. In raised-bed with ad-
justed acidity, it was determined that high pH conditions in the soil due to infiltra-
tion can negatively affect pH values and this had the negative effects on growth, de-
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velopment and yield. In order to bring the harvest time earlier, new studies should
be conducted on the possibilities of putting blueberry grown in pot under cover,
and on the direction, color and shade ratios of shading material and laying and/or
removal periods of covers in order to extend the harvest period to a longer period.

Conflict of Interest

The authors declare that there is no conflict of interest.

Ethics

This study does not require ethics committee approval.

Author Contribution Rates

Design of Study: HC (75%), EA (25%)
Data Acquisition: HC (30%), EA (70%)
Data Analysis: HC (70%), EA (30%)
Writing up: HC (100%)

Submission and Revision: HC (100%)

REFERENCES

Ates, S, Celik, H., 2016. Dogu Karadeniz bolgesinde organik olarak yetismekte olan bazi yiksek boylu maviyemis
cesitlerinin pomolojik ve kimyasal 6zellikleri. Uluslararasi Katilimli V. Ulusal UzGms( Meyveler Sempoz-
yumu, 27-30 Eyliil 2016, Adana, Ozet Kitabi, 42p.

Austin, M.E, Bondari, K., 1990. Fruit quality characteristics of five rabbiteye blueberry cultivars and clones, ISHS
Acta Hortic,, 345.

Banados, P, 2008. Blueberry Largeness Chart, Pontifica Universidad Catolica De Chile, Facultat De Agronomia,
Laboratorio de investigacion Y. Desarrolo En Berriess U.C.

Baptista, M.C, Oliveira, PB, Lopes-Da-Fonseca, L., Oliveira, C.M., 2006. Early ripening of southern highbush blue-
berries under mild winter conditions. Acta Hortic, 715, 191-196

Black, B.L, Zimmerman, R.H, 2002. Industrial and municipal by products as substrates to highbush blueberry
production. Acta Hortic. 574. pp: 267-272.

Bolanos-Alcantara, M.N,, Pineda-Pineda, |, Castro-Brindis, R, Vargas-Hernandez, M., Avitia-Garcia, E, 2019. Nitra-
te/ammonium ratio and electrical conductivity in blueberry quality. ISHS Acta Hortic. 1265. DOI: 1017660/
ActaHortic.2019.1265.33

Brazelton, C, Fain, C, Ogg, M, 2023. Global state of the blueberry industry report, 2023. 1BO, 226p.

Celik, H, 2003. Bazi yiksek cali maviyemis cesitlerinin Rize'deki performanslarinin saptanmasi izerine
arastirmalar-1. Ulusal Kivi ve Uz(imsU Meyveler Sempozyumu, 23-25 Ekim 2003, Ordu, Bildiriler Kitab,
454-460p.

Celik, H, 2009a. Yield and berry characteristics of some northern highbush blueberries grown at different
altitudes in Trkiye. ISHS Acta Hortic,, 838: 63-67.

Celik, H, 2009b. The performance of some northern highbush blueberry (Vaccinium corymbosum L) varieties in
North eastern part of Anatolia, Anadolu J. of Agric. Sci.: 24(3): 141-146.

Celik, H, 2012. Yiksek Boylu Maviyemis (Highbush Blueberry) Yetistiriciligi, Gifimey Mesleki Yayinlar Serisi-1lI,
ISBN: 978-605-88510-9-2, 152p

Celik, H, 2018. Yield and berry characteristics of pot grown blueberries. 2nd International UNIDOKAP Black Sea
Symposium on Biodiversity”. Samsun, Trkiye, 28-30 November 2018, Atatlirk Congress Center Ondokuz
Mayis University. Proceedings Book: 304-309.

ANAJAS, 2025, Cilt 40, Sayi 2, Sayfa 293-310



Hiiseyin CELIK, Ebru ACAR

Celik, H,, 2019. Maviyemisin Trkiye'deki sertiveni. BAHCE, 48 (Ozel Sayi-1): 17-29.

Celik, H., 2024. Maviyemis Uretim ve ekonomisi. HarmanTime Dergisi, Nisan-2024, 12(135): 60-66.

Celik, H., Acar, E, 2021. Determination of phenological stages and the change of yield potential according to
harvest in blueberries grown in outdoors in pot and raised-bed. Ill. Balkan Agriculture Congress Proce-
edings Book, 803-819.

Celik, H, Agaoglu. Y.S, 2013. Maviyemis, Uzimsi Meyveler. 6. Bolim, Editor: Agaoglu, V.S, Gercekcioglu, R, 245-377.
Tomurcukbag Ltd. Sti, Egitim Yay. No: 1, Ankara.

Celik, H,, Ates, S, Islam, A, 2020. Correlation between fruit size and picking scar size in some organically grown
highbush blueberries (Vaccinium corymbosum L). Akademik Ziraat Dergisi, 9(1): 17-22. https://doi.
0rg/10.29278/320.655226

Celik, H, Seydioglu, Y., 2019. Saksida yetisen yiksek boylu maviyemislerin fenolojik safhalar ile bazi kalite 6zel-
likleri. BRHCE, 48 (Ozel Sayi-1): 141-148.

Chiabrando, V, Giacalone, G, Rolle, L, 2009. Mechanical behavior and quality traits of highbush blueberry during
postharvest storage. J. Sci. Food Agric. 89, 989-992. https://doi.org/10.1002/jsfa.3544.

Ciordia,M. Diaz,M.B. Garcfa,).C,2002.Blueberryculturebothinpotandunderitalian-typetunnels.ActaHortic, 123-127.

Contador, L, Shinya, P, Infante, R, 2015. Texture phenotyping in fresh fleshy fruit. Sci. Hortic. 193, 40-46. https:/
doi.org/10.016/j.scienta.2015.06.025

Darnell, R.L, Davies, F.S,, 1990. Chilling accumulation, budbreak and fruit set of young rabbiteye blueberry plants.
HortScience 26-5(6): 635-638.

Ehlenfeldt, M. K, Martin Jr. R. B, 2002. A survey of fruit firmness in highbush blueberry and species-introgressed
blueberry cultivars. Hortscience. 37:386-389.

Eldik, W, 2015. Development in field-scale blueberry production. The Fruit Grower, January, pp: 23-24.

Fang, Y, Nunez, G.H. Silva, M.N.D,, Phillips, D.A, Munoz, PR, 2020. A review for southern highbush blueberry alter-
native production systems. Agronomy, 10, 1531. https:/doi.org/10.3390/agronomy10101531

Fisher, G., 2012. Blueberries as ornamental edibles. GPN Magazine, February, 22-27.

GUNnduz, K, Serce, S, Hancock, J.F, 2015. Variation among highbush and rabbiteye cultivars of blueberry for fruit
quality and phytochemical characteristics. J. Food Comp Anal 38: 69-79.

Hancock, J.F, Lyrene, P, Finn, C.E, Vorsa, N, Lobos, G.A., 2008. Blueberry and Cranberry. J.F. Hancock (Ed.), Tempe-
rate Fruit Crop Breeding: Germplasm to Genomics, Springer Kluwer Academic Publishers Dordrecht, The
Netherlands, pp. 115-150

Heiberg N, Lunde, R, 2006. Effect of growth media on highbush blueberries Grownin pot. Acta Hortic. 71. pp: 219-223.

Heiberg, N, Stabhaug, E,, 2006. First results from cultivar trials with highbush blueberry in Norway. Acta Hortic.
715: 307-311.

Heller, C.R, Nunez, G.H, 2022. Preplant fertilization increases substrate microbial respiration but does not affect
southern highbush blueberry establishment in a coconut coir-based substrate. HortScience 57, 17-21.
https://doi.org/10.21273/ hortsci16220-21.

Hiz, A, Gozlekgi, S, Unal, N, Oymak, H., 2019. Antalya ilinde saksida yetistiriciligi yapilan bazi maviyemis cesit-
lerinde dollenme biyolojisi Gizerine bir arastirma. VI. Ulusal Uziimst Meyveler Semp. Ozet Kitapgidl, 55p.

lancu, M, Ancu, I, Mladin, P, 2010. The Influence of Planting Substrate on Yield of Seven Blueberry Cultivars.
Bulletin UASVM Horticulture, 67(1): 122-126.

Kalt, W, Cassidy, A, Howard, LR, Krikorian, R, Stull, A, Tremblay, F, Zamora-Ros, F, 2019. Recent research on
the health benefits of blueberries and their anthocyanins. Adv. Nutr. 11:224-236. https:/doi.org/10.1093/
advances/nmz065.

Krewer, G, Ruter, J, NeSmith, D.S,, Clark, J, Otts, T, Scarborough, S, Mullinix, B., 2002. Performance of low-cost
organic materials as blueberry substrates and soil amendments. Acta Hortic. 574. Pp: 273-279

Lobos, G, Bravo,C,Vald'es,M, Graell )., Lara, |, Beaudry, R, Moggia, C, 2018 Within-plantvariabilityinblueberry(Vacci-
niumcorymbosum L.): maturity at harvestand position withinthe canopy influence fruit firmness at harvest
and postharvest. Postharvest Biol. Technol. 146, 26-35. https://doi.org/101016/j. postharvbio.2018.08.004.

Lopez, J, Uribe, E, Vega-Galvez, A, Miranda, M, Vergara, J,, Gonzalez, E., Di Scala, K, 2010. Effect of air temperature
on drying kinetics, vitamin C, antioxidant activity, total phenolic content, non-enzymatic browning and
firmness of blueberries variety O'Neil. Food and Bioprocess Technology 3(5): 772-777.

Lyrene, PM, Sherman, W.B, 2000. Star southern highbush blueberry. HortScience. 35, 956- 957.

Mejia, L, Darnell, R, Williamson, J,. 2016. Use of pine bark in soil management of southern highbush blueberries.
Xl Int. Vaccinium Symp,, Abstract Book: 65p.

Meng, XY, Wang, QP, Lv, Z, Cai, Y.F, Zhu, M.C, Li, J.L, Ma, XG, Cui, ZJ, Ren, L.H, 2022. Novel seedling substrate
made by different types of biogas residues: feasibility, carbon emission reduction and economic benefit
potential. Ind. Crops Prod. 184 https://doi.org/10.1016/j.indcrop.2022.115028.

https:/doi.org/10.7161/0muanajas 1603639 d



Determination of Yield and Quality Characteristics of Blueberries Grown...

NeSmith, D.S. 2006. Fruit development period of several rabbiteye blueberry cultivars, Acta Hortic,, 715; 137-142

NeSmith, D.S,, 2004. Blueberry cultivar development at The University of Georgia. A Progress Report for 2004. 18p.

NeSmith,D.S, Prussia,S, Tetteh, M.K, Krewer, G, 2002. Firmnesslossesofrabbiteyeblueberries(VacciniumasheiReade)
during harvesting and handling. Acta Hortic. 574, 287-293. https://doi.org/10.17660/ActaHortic.2002.574.43.

Nicolas, B.H.Z, Gutierrez, M.G.A., Bautista, PB, Juarez, N.A, Lopez, AV, Dominguez, V.J.M,, 2016. Physical and che-
mical characterization of pine bark for the production of blueberry (Vaccinium corymbosum L) in conta-
iners. Xl Int. Vaccinium Symp., Abstract Book: p: 80.

Ochmian, I, Grajkowski, ], Skupien, K, 2010. Effect of substrate type on the field performance and chemical com-
position of highbush blueberry cv. Patriot. Agric. Food Sci. 19 (1): 69-80

Pavlovski, N, 2010. Influence of Winter temperatures on the yielding ability of highbush blueberries (Vaccinium
corymbosum L) cultivars in Belarus. Int. ). of Fruit Science, 10:157-165.

Pertuzatti, P.B, Hermosin-Gutiérrez, |, & Teixeira Godoy, H. (2016). Chapter 1: Market, cultivars, chemical composition
and antioxidant properties. In Malcolm Marsh (Ed.) Blueberries. Ed. (pp.1-31). New York: NS Science Publish.

Pinto, RM, Mota, M., Oliveria, C.M, Oliveria, PB,, 2017. Effect of substrate type and pot size on blueberry growth
and yield: first year results. ISHS, Acta Hortic. 1180. DOI: 10.17660/ActaHortic.20171180.73

Retamales,).B, Hancock,).F,2018.Blueberries2nd Edition. CropProduction ScienceinHorticulture. CABIPublish.425p.

Saftner, R, Polashock, |, Ehlenfeldt, M, Vinyard, B, 2008. Instrumental and sensory quality characteristics of
blueberry fruit from twelve cultivars, Postharvest Biology and Technology, 49(1), 19-26. https./doi.or-
9/101016/}.postharvbio.2008.01.008.

Schreiber, M.J,, Nunez, G.H,, 2021. Calcium carbonate can be used to manage soilless substrate pH for blueberry
production. Horticulturae 7, 0-8. https:/doi.org/ 10.3390/horticulturae7040074.

Silva, J.L, Marroquin, £, Matta, F.B, Garner Jr,, .0, Stojanovic, J., 2005. Physiochemical, carbohydrate and sensory
characteristics of highbush and rabbiteye blueberry cultivars. J. Sci. Food Agric. 85, 1815-1821.

Smolarz, K, 1985. Growth of potted highbush plants as affected by medium and nitrogen nutrition. Acta Hortic.
165: 237-240

Spiers, J.M. 1995. Substrate temperatures influence root and shoot growth of southern highbush and rabbiteye
blueberries. HortScience 30:1029-1030

Sterne, D, Liepniece, M., Abolins, M., 2012. Productivity of some blueberry cultivars under Latvia conditions. Acta
Hortic. 926, 185-189. https://doi.org/10.17660/ActaHortic.2012.926.26

Strik, B, Bryla, D, Larco, H,, Julian, J., 2012. Organic highbush blueberry production systems research - Management
of plant nutrition, irrigation requirements, weeds and economic sustainability. Acta Hort. 933: 215-222.

Strik, B.C, Finn, C.E, 2008. Blueberry cultivars for Oregon, Oregon State Univ. Growing Small Fruits, EC-1304, 12p.

Stringer, S, Spiers, |.M,, Marshall, D.A.,, Draper, A.D,, 2010. ‘Prince’ Rabbiteye Blueberry. HortScience 45(1):144-145.

Suzuki, A, Shimizu, T, Aaoba, K, 1998. Effects of leaf/fruit ratio and pollen density on highbush blueberry fruit
quality and maturation. Journal of the Japanese Society for Horticultural Science. 67(5):739-743.

Trehane, J, 2004. Blueberries, Cranberries and Other Vaccinums. Timber Pres, Portland, Cambridge, 256p.

Unal, N, Okatan, V, Kalkan, P, 2023. Phenological developmental stages and fruit quality properties of different
blueberry cultivars grown under soilless conditions. V. Balkan Agr. Congres, Proceed. Book: 458-466.

Voogt, W, Dijk, P, Douven, F, Maas, R, 2014. Development of a soilless growing system for blueberries (Vaccinium
corymbosum): nutrient demand and nutrient solution. Acta Horticulturae1017:215-222.

Wilber, W.L, Williamson, J.G,, 2008. Effects of fertilizer rate on growth and fruiting of containerized southern
highbush blueberry. HortScience. 43(1):143-145.

Yang, W.Q, Harpole, J, Finn, C.E, Strik, B.C, 2009. Evaluating berry firmness and total soluble solids of newly
released highbush blueberry cultivars. ISHS Acta Hortic. 810, 863-868

Zee, F, Hummer, K, Nishijima, W, Kai, R, Strauss, A., Yamasaki, M., Hamasaki, R, 2006. Preliminary yields of Sout-
hern highbush blueberry in Waimea, Hawai'i. F&EN-12. Coop. Ext. Serv. Bull/CTAHR, University of Hawaii
at Manoa, Honolulu, Hawaii.

ANAJAS, 2025, Cilt 40, Sayi 2, Sayfa 293-310



