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Abstract

Grape growers may occasionally face difficulties in grape skin coloration and low total soluble solids content in growing
of early ripening table grape cultivars. In order to overcome these difficulties, it can be utilized from foliar biostimulants
treatments. The purpose of this study, carried out 2015 growing season in Tekirdag, Turkey, was to compare the effects of
doses of two different biostimulants, enhancing table grape quality characteristics of cv. Tarsus Beyazi, cv. Trakya Ilkeren
and cv. Yalova Incisi. For this aim, it was focused on three different doses for both biostimulants, including 0, 1750 and
3500ppm (respectively, Control, BSt A-1 and BSt A-2) for first biostimulant and 0, 3500 and 4500 ppm (respectively,
Control, BSt B-1 and BSt B-2) for second biostimulant. As a result, present research demonstrated that BSt B-2 and
BSt A-2 treatments especially enhanced most of table grape quality characteristics in cv. Tarsus Beyazi, cv. Trakya Ilkeren
and cv. Yalova Incisi.
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Einfluss von Biostimulatoren auf Ertrag und Qualitatskriterien von frithreifenden Tafeltraubensorten
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Introduction

Plant biostimulants are diverse substances and microor-
ganisms improving plant growth (Calvo et al. 2014) and
are biological molecules working by increasing specific
metabolic and physiological expression in plants (Crouch
and Vanstaden 1993).

Biostimulants can be of natural or synthetic origin and
consist of different organic and inorganic components. Free
amino acids, seaweed and fruit extracts, effective microor-
ganism, humic substances and chitosan are classified as
natural biostimulants (Calvo et al. 2014). However, syn-
thetic biostimulants are composed of plant growth regu-
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lators, phenolic compounds, inorganic salts, essential ele-
ments and other substances having stimulating characteris-
tics for plants (Przybysz et al. 2014).

Biostimulants may be soil or leaf-applied depending on
their composition and desired results (Kunicki et al. 2010).

Biostimulants have various beneficial effects, including
enhancement of root growth and increase of fruits and seeds
harvested (Zurawicz et al. 2004), increases degree of fruit
ripening (Fornes et al. 2002).

Plant biostimulants are also known to enhance fruit size,
appearance and quality by having direct effects on fruit
growth and development or indirectly by regulating crop
load, plant vigor and canopy architecture (Looney 1993).

Turkey is leading country with the high potential of table
grape production in the world and is the second largest
producer of table grapes with 2,132,602 tons of table grape
production after China (Anonymous 2014).

Mediterranean region of Turkey mainly attracts atten-
tion with the growing of early ripening table grape culti-
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vars, while early ripening table grapes can be also grown in
other regions of Turkey at certain rate. Early ripening grape
cultivars commonly grown in the appropriate ecologies of
Turkey can be given as cultivars of Ora, Prima, Trakya
Ilkeren, Uslu, Tarsus Beyazi, Yalova Incisi, Flame Seed-
less, Superrior Seedless and Ergin Cekirdeksizi (Kamiloglu
2014; Soylemezoglu et al. 2015).

Grape growers can experience problems of low total sol-
uble solids content and insufficient coloration of grape skin
in early table grape growing (Kok et al. 2010).

In commercial grape growing, different methods such as
canopy management techniques, sprinkler cooling, spray-
ing of various biostimulants and plant growth regulators are
used for enhancing quality characteristics of grapes (Win-
kler et al. 1974; Kok et al. 2010, 2013; Kok 2011, 2016a,
2016b; Kok and Bal 2016, 2017a, 2017b).

The purpose of present study was to evaluate effects
of various doses of two different biostimulants on yield
and table grape quality characteristics of early ripening cv.
Trakya Ilkeren, cv. Yalova Incisi and cv. Tarsus Beyazi.

Materials and Methods
Plant Material and Study Area

This study was performed during the 2015 growing sea-
son in a commercial vineyard (lat. 40°59'40.37"N; long.
27°31’54.21"E; 149m.a.s.1.) in Tekirdag, Turkey by using
12-year-old cv. Tarsus Beyazi, cv. Trakya Ilkeren and cv.
Yalova Incisi grapevines grafted on SBB rootstock.

In available research, it was utilized from three different
early ripening table grape cultivars, including cv. Tarsus
Beyaz1 (white color), cv. Trakya Ilkeren (blue-black color)
and Yalova Incisi (white color). All grapevines of these
three cultivars were trained to guyot training system and
were spaced 2.5mx 1.5m (intra and inter row). The vine-
yard was in charge of local standard viticulture practices for
cultivar and region. It was also applied a standard disease
control program for fungal diseases.

The climatic characteristics of current study area are
mostly mild and means of annual temperature, sunshine
duration per day, relative humidity, total precipitation were
respectively 15.5°C, 5.0h, 80.9% and 850.8 mm for 2015
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year. On the other hand, general attribute of vineyard soil
in research area is clay-loam with pH of 7.51.

Biostimulant Treatments and Treatment
Times

In current study, effects of different doses of two biostimu-
lants (BSt A and BSt B) on yield and quality characteristics
of early ripening table grape cultivars were evaluated. In-
gredients of both biostimulant were presented in Table 1.
Biostimulants were applied to grapevines at the stage of
grapes pea-size (7mm diameter) by repeating three times
with 10-day interval. For this purpose, it was chosen three
different doses of 0, 1750 and 3500 ppm (Control, BSt A-1
and BSt A-2) for first biostimulant and three different doses
of 0, 3500 and 4500 ppm (Control, BSt B-1 and BSt B-2)
for second biostimulant.

Measurement of Yield and Quality
Parameters

In present study, grape length (cm), grape width (cm), grape
weight (g), grape firmness (g mm™) and cluster length (cm),
cluster width (cm), cluster weight (g) were measured as
yield parameters. Furthermore, total soluble solids content
(%), titratable acidity (gL"), juice pH, p-value (uW), total
phenolic compounds content (mg GAEkg!fw), color pa-
rameters (L*, a* and b* values) were determined as quality
parameters.

Harvest Time and Preparation of Grape
Sampling

During the 2015 growing season, early ripening grapes on
the grapevines of cv. Tarsus Beyazi, cv. Trakya Ilkeren and
cv. cv. Yalova Incisi were continuously observed and were
harvested when the control grapes reached total soluble
solids content of 13% for white grape cultivars and 16%
for colored grape cultivar.

After the grapes were harvested, samples of 250-grape
were collected from each treatment and were finally used
to determine total soluble solids content, total acidity, juice



Changes in Yield and Quality Characteristics of Some Early Ripening Table Grape Cultivars ( V. vinifera L.) in Response to Different... S13

pH, p-value of juice. Besides, it was utilized from 300-
grape samples to evaluate total phenolic compounds con-
tent. All grape samples were stored at —25 °C up to analysis
of total phenolic compounds content. Prior to the analysis,
grape samples were removed from —25 °C, allowed to thaw
overnight at 4°C and then homogenized in a commercial
laboratory blender for 20s.

Measurement of Grape Firmness

Grape firmness of table grapes was measured with an analog
penetrometer (FT 02, Wagner Instruments, Riverside, USA)
and measurement results were expressed as gmm-'.

Calculation of p-Value

P-value, including redox potential (mV), pH, p-value (uW)
and resistivity (‘QQ) were formulated with an equation de-
clared by Hoffmann (1991). In this research, p-values in
grape juice samples from different foliar spray treatments
were calculated according to equation informed above.

Color Measurement

The evaluation of skin color was performed by using
CIELab color system in which the L*, a*, b* values, de-
tected by reflectance spectrophotometry, describe a three-
dimensional color space, where L* is the vertical axis and
defines the lightness, from completely opaque (0) to com-
pletely transparent (100); a* and b* are the horizontal axes
and define, in order of the redness (or —a* of greenness),
and the yellowness (or —b* of blueness) (Bakker et al.
1986).

In this study, forty grapes, four replicates of ten grapes,
were chosen randomly from different sections of the clus-
ters at harvest times of grape cultivars for skin color mea-
surement. The color values, including L*, a*, b* were an-
alyzed by Hunter Lab D-9000 Colorimeter.

Analysis of Total Phenolic Compounds
Content

Total phenolic compounds content was found out by using
spectrophotometric methods explained by Singleton et al.
(1978). Results of analysis were expressed as milligrams
of gallic acid equivalent per kilogram of fresh weight
(mg GAEkg'fw).

Statistical Analysis

All statistical analyses were performed by using TARIST
statistical software. Means submitted to analysis of vari-
ance were separated by Fisher’s Least Significant Differ-
ence (LSD) multiple comparison test (p < 0.05) when the
ANOVA test was significant.

Results and Discussion
Yield Parameters

Table 2 shows effects of two different biostimulant doses
on yield components of three early ripening table grape
cultivars. One of the major factors, determining table grape
quality is grape size (Strydom 2014). In present study, both
biostimulant treatments significantly affected grape lengths
of cv. Tarsus Beyazi and cv. Trakya Ilkeren except for cv.
Yalova Incisi (P < 0.05). While the highest grape length
means were respectively determined for BSt A-1 treatments
in cv. Tarsus Beyazi (24.68cm) and cv. Trakya Ilkeren
(19.30mm) and for Control in Yalova Incisi (23.59 mm),
the lowest means were 14.70mm for BSt A-2 treatment in
cv. Tarsus Beyazi, 17.32mm for BSt B-2 treatment in cv.
Trakya Ilkeren and 22.27 mm for BSt A-1 treatment in cv.
Yalova Incisi (Table 2).

Data obtained from effects of biostimulant doses on
grape width of cultivars shown in Table 2 displayed that
biostimulant doses had significant effects on grape width
of cultivars (P < 0.05). Grape width increased from 13.93
(BSt B-2) to 18.16mm (Control) in cv. Tarsus Beyazi,
from 17.89 (BSt B-2) to 19.93 mm (Control) in cv. Trakya
Ilkeren; from 17.15 (BSt A-1) to 19.35mm (BSt B-2) in
cv. Yalova Incisi (Table 2).

Grape weights of cultivars were significantly influenced
by biostimulant doses (P < 0.05). The results of grape
weight in cultivars in Table 2 demonstrated that the high-
est means were 4.90g for Control treatment in cv. Tarsus
Beyazi, 5.40 g for Control treatment in cv. Trakya Ilkeren
and 6.38 g for BSt B-2 treatment in cv. Yalova Incisi and
the lowest means were recorded as 3.04 g for BSt B-2 treat-
ment in cv. Tarsus Beyazi, as 4.04 g for BSt B-2 treatment
in cv. Trakya Ilkeren and as 4.61 g for BSt A-1 in cv. Yalova
Incisi (Table 2).

The firmness of table grapes is one of the major factors,
determining their eating quality of grapes (Plessis 2008).
Table 2 shown that the biostumulant doses had significant
effects on grape firmness of cultivars (P < 0.05). While
BSt B-2 treatment was causing the highest grape firmness
in cv. Tarsus Beyazi (657.91g mm™") and cv. Trakya Ilk-
eren (868.75 g mm™'), the highest grape firmness mean was
obtained for Control (860.41 g mm™) in cv. Yalova Incisi.
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Table2 Effects of doses of two different biostimulants on yield parameters of some early ripening table grape cultivars
Grape Grape Grape Grape Cluster Cluster Cluster
length (mm) width (mm) weight (g) firmness (gmm™') length (cm) width (cm) weight (g)
Tarsus Control 24.17* 18.16* 4.90? 381.87° 11.95 7.30¢ 169.97°
Beyazi BSt A-1 24.68° 17.97% 4.73 473.95° 18.40 11.77° 371.57*
BSt A-2 14.70¢ 15.01%¢ 4.48® 540.00° 17.06 15.81* 435.06*
BSt B-1 19.69° 17.67% 3.69% 510.00° 16.27 7.40¢ 146.12°
BSt B-2 19.46° 13.93¢ 3.04¢ 657.91* 15.97 7.82¢ 188.37°
LSDs¢ 2.98 2.73 0.92 78.63 N.S. 3.72 163.45
Trakya Control 19.21% 19.93% 5.40* 503.75¢ 20.25% 15.22 381.12
Dlkeren  pgr a1 19.30° 18.74 4.67% 659.16° 23710 16.79 57331
BSt A-2 18.18% 18.13° 4.38P 730.41° 23.25% 16.76 456.57
BSt B-1 18.74% 18.75% 4.57° 669.58° 19.26° 16.78 468.78
BSt B-2 17.32¢ 17.89° 4.04° 868.75* 22.63% 16.38 458.66
LSDs% 1.06 1.22 0.79 121.69 3.09 N.S. N.S.
Yalova Control 23.59 17.73% 5.21° 860.41* 17.95° 10.00 278.75
Incisi BStA-1 2227 17.15¢ 4.61° 685.41° 20.77° 10.82 244.97
BSt A-2 2293 18.62% 5.39% 590.41b° 15.27¢ 8.22 169.45
BSt B-1 23.07 18.10% 4.62° 529.99¢ 17.60% 11.07 285.14
BSt B-2 22.54 19.35% 6.38* 679.16° 16.05% 10.45 308.75
LSDs% N.S. 0.99 0.97 136.04 2.63 N.S. N.S.

Means in columns followed by the same letter do not differ significantly by LSD multiple range test at 5% level
BSt A-1: 1750 ppm, BSt A-2: 3500 ppm, BSt B-1: 3500 ppm, BSt B-2: 4500 ppm, N.S. Not significant

The lowest grape firmness means were obtained from Con-
trol treatments in cv. Tarsus Beyazi (381.87 g mm") and cv.
Trakya Ilkeren (503.75 g mm™) and from BSt B-1 treatment
in cv. Yalova Incisi (529.99 g mm™) (Table 2).

Hanoock (2008) informs that cluster size is crucial for
acceptance of table grapes and cluster attributes of grapes
are influenced by numerous factors. In available study,
means of cluster length presented in Table 2 were only
found to be significant in cv. Trakya Ilkeren and cv. Yalova
Incisi (P < 0.05). Grapevines of cv. Tarsus Beyazi treated
with biostimulants doses shown variations from 11.95
(Control) to 18.40cm (BSt A-1). However, grapevines sub-
jected to different biostimulant doses exhibited the highest
cluster length means for BSt A-1 treatment (23.71cm) in
cv. Trakya Ilkeren and for BSt A-1 treatment (20.77 cm) in
cv. Yalova Beyazi. The lowest cluster length means were
recorded as 19.26cm for BSt B-1 treatment in cv. Trakya
Ilkeren and as 15.27 cm for BSt A-2 treatment in cv. Yalova
Incisi (Table 2).

Results in Table 2 indicated that cluster width was signif-
icantly increased by biostimulant doses in cv. Tarsus Beyazi
except for cv. Trakya Ilkeren and cv. Yalova Incisi (P <
0.05). BSt A-2 treatment resulted in the highest cluster
width for BSt A-2 treatment (15.81 cm) and the lowest mean
was 7.30cm for Control treatment in cv. Tarsus Beyazi.
While the highest cluster width means were 16.79 cm for
BSt A-1 treatment in cv. Trakya Ilkeren and 11.07 cm for
BSt B-1 treatment in cv. Yalova Beyazi; the lowest means
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were obtained from Control treatment (15.22cm) in cv.
Trakya Ilkeren and from BSt A-2 treatment (8.22cm) in
cv. Yalova Beyazi (Table 2).

Data pertaining to effects of biostimulant doses on clus-
ter weight of grape cultivars shown significant increase in
cv. Tarsus Beyazi (P < 0.05) whereas cluster weights were
not influenced by treatments of biostimulant in cv. Trakya
Ilkeren and cv. Yalova Incisi (Table 2). The highest in-
crease in cluster weight was observed in BSt A-2 treatment
of cv. Tarsus Beyaz1 (435.06g), in BSt A-1 treatment of
cv. Trakya Ilkeren (573.31g) and in BSt B-2 treatment of
cv. Yalova Incisi (308.75g). The lowest means of cluster
weight were obtained from BSt B-1 treatment (146.12g) in
cv. Tarsus Beyazi, from Control treatment (381.12g) in cv.
Trakya Ilkeren and from BSt A-2 treatment (169.45g) in
cv. Yalova Incisi (Table 2).

Quality Parameters

Effects of different biostimulant doses on quality param-
eters of three early ripening table grape cultivars are pre-
sented in Fig. 1. In grape growing, total soluble solids are
accepted as an indicator of ripeness and most of commer-
cial table grape cultivars are considered mature when total
soluble solids content ranges from 13 to 18%. As displayed
in Fig. 1, biostimulant doses had significant effects on total
soluble solids contents of cv. Trakya Ilkeren and cv. Yalova
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Fig. 1 Effects of biostimulant
doses on total soluble solids
contents of early ripening table
grape cultivars
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Incisi except for cv. Tarsus Beyazi (P < 0.05). In present
study, means of total soluble solids content ranged from
13.35 (Control) to 14.50% (Bst B-2) in cv. Tarsus Beyazi.
On the other hand, while the highest total soluble solids
content means were 17.70% for BSt B-2 treatment in cv.
Trakya Ilkeren and 15.01% for BSt B-2 treatment in cv.
Yalova Incisi; the lowest means were recorded as 16.07%
for Control treatment in cv. Trakya Ilkeren and as 13.02%
for Control treatment in cv. Yalova Incisi (Fig. 1).

The predominant nonvolatile organic acids in grapes are
tartaric acid and malic acid, accounting for 90% of titrat-
able acidity of grape juice and the acidity of grape juice
has a direct effect on grape sensory quality and physical,
biochemical and microbial stability (Boulton et al. 1998).
Regarding effects of biostimulant doses on titratable acid-
ity of cultivars represented in Fig. 2, significant differences
were only observed in cv. Yalova Incisi (P < 0.05). Titratable
acidity in grapes of cultivars from grapevines treated with
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Trakya Ilkeren Yalova Incisi
Cultivar
mBSt A-1 ®mBStA-2 BStB-1 mBStB-2

Control treatment caused in the highest titratable acidity in
cv. Tarsus Beyaz1 (6.29 gL ), cv. Trakya Ilkeren (7.02gL™")
and cv. Yalova Incisi (7.22gL"") and the lowest means
were obtained from BSt B-2 treatment (5.15gL™!) in cv.
Tarsus Beyazi, from BSt B-2 treatment (6.18 gL™) in cv.
Trakya Ilkeren and from BSt B-2 treatment (5.52gL") in
cv. Yalova Incisi (Fig. 2).

The color and taste of grapes are influenced by juice pH
and increases in pH values of grapes were observed towards
harvest period of grape cultivars (Celik 2011). Fig. 3 dis-
plays the results of pH juice in grapes of cultivars from bio-
stimulant treatments and there were significant differences
among the biostimulant doses in pH means of cv. Yalova
Incisi (P < 0.05). In current study, pH means changed from
3.19 (Cotrol) to 3.49 (BSt B-2) in cv. Tarsus Beyazi, from
3.54 (Control) to 3.69 (BSt B-2) in cv. Trakya Ilkeren and
from 3.28 (Control) to 3.47 (BSt B-2) in cv. Yalova Incisi
(Fig. 3).
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Fig.3 Effects of biostimulant
doses on pH juice of early

ripening table grape cultivars 3,9
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Grape quality is important for the consumer and one of
the methods used for determining of numerous fruits and
grape quality is calculation of p-value an electrochemical
parameter of quality. This method exhibits that products
with lower p-value have higher quality (Hoffmann 1991;
Kara et al. 2008, 2012; Kok 2016b; Kok and Bal 2016,
2017a,2017b). In point of p-values from biostimulant doses
illustrated in Fig. 4, there were no significant differences
among the cultivars except for cv. Yalova Incisi (P < 0.05).
Although p-values varied according to biostimulant doses
illustrated in Fig. 4, the highest p-value means were succes-
sively 137.21, 100.43 and 126.86 uW for Control treatments
in all cultivars and the lowest p-values were obtained from
BSt B-2 treatments in cv. Tarsus Beyazi1 (105.84 uW) and
from BSt A-1, BSt A-2, BSt B-1 and BSt B-2 treatments in
cv. Yalova Incisi (respectively, 115.50, 106.28, 115.81 and
107.03 uW) (Fig. 4).

Grapes, particularly the colored cultivars, comprise phe-
nolic compounds in their skin and seeds (Poudel et al.
2008). Phenolic compounds contribute color and sen-
sory attributes like bitterness and astringency of grape
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juice and wine (Isci et al. 2015). The statistical anal-
ysis indicated in Fig. 5 that total phenolic compounds
contents of cultivars were influenced by biostimulant
doses (P < 0.05). In existing study, BSt B-2 treatments
lead to the highest total phenolic compounds contents in
cv. Tarsus Beyazi (3469.70mg GAEkg'fw), cv. Trakya
Ilkeren (4611.94mgGAEkg'fw) and cv. Yalova Incisi
(2826.46 mg GAEkg'fw). However, the lowest total phe-
nolic compounds contents were respectively obtained from
Control treatment (3191.36 mg GAE kg' fw) in cv. Tarsus
Beyazi; from Control (4190.14 mg GAE kg' fw) and BSt
B-1 (4234.42mg GAE kg'fw) treatments in cv. Trakya
Ilkeren; from Control (2453.50 mg GAE kg! fw), BSt A-1
(2541.91 mg GAE kg fw) and BSt B-1 (2513.67 mg GAE
kg™' fw) treatments in cv. Yalova Incisi (Fig. 5).

Skin color has a key role in organoleptic qualities of
grape, affecting the market value of table grapes (Liang
et al. 2011). CIELab color system has been broadly used
to evaluate skin color of grape and other fruit species (Car-
reno et al. 1995; Lancaster et al. 1997). The L*, a* and b*
values from effects of different biostimulant doses on grape
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Fig.8 Effects of biostimulant
doses on b* value of early
ripening table grape cultivars 138
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cultivars are presented in Figs. 6, 7 and 8. As displayed in
Fig. 6, it was observed that there were significant differ-
ences among the biostimulant doses in terms of L* values
(P < 0.05) and L* values ranged from 35.35 (BSt A-2) to
39.04 (BSt B-1) in cv. Tarsus Beyazi, from 20.60 (BSt A-
2) to 23.48 (BSt B-2) in cv. Trakya Ilkeren and from 34.36
(BSt B-2) to 38.17 (Control) in cv. Yalova Incisi (Fig. 6).

Fig. 7 demonstrates that biostimulant doses have signif-
icant effects on a* values of cultivars except for cv. Yalova
Incisi (P < 0.05). The a* values of cv. Trakya Ilkeren as
red cultivar were the highest, changing from 0.52 (Control)
to 1.77 (BST B-2) while a* values of cv. Tarsus Beyazi
and cv. Yalova Incisi as green-yellow grape cultivars were
respectively the lowest, changing from -3.04 (BSt A-2) to
—1.53 (BSt B-1) in cv. Tarsus Beyazi and changing from
—2.38 (Control) to —1.28 (BSt B-1) treatment in cv. Yalova
Incisi (Fig. 7).

As presented in Fig. 8, b* values were not significantly
affected by biostimulant doses in cv. Trakya Ilkeren and
cv. Yalova Beyazi except for cv. Tarsus Beyazi (P<0.05).
The b* values of cv. Tarsus Beyazi and cv. Yalova Incisi as
green-yellow cultivars were successively the highest, vary-
ing from 11.35 (BSt A-2) to 17.77 (BSt B-1) in cv. Tarsus
Beyazi1 and varying from 12.15 (BSt A-2) to 14.85 (BSt B-
1) in cv. Yalova Incisi while b* values of cv. Trakya Ilk-
eren were the lowest, varying from —1.04 (Control) to —0.37
(BSt A-2) (Fig. 8).

Conclusions

In growing of early ripening table grape, problems derived
from uneven skin coloration and low total soluble solids
content can be encountered by grape growers. Results of
present study revealed that foliage sprayed both biostimu-
lants could mostly improve quality components of cv. Tar-
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-1,04 0,91 -0,37 -0,88 -0,90
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sus Beyazi, cv. Trakya Ilkeren and cv. Yalova Incisi al-
though dependent on the treatment dose. In current study,
table grape quality parameters of these early ripening grape
cultivars were especially favorably affected by both bio-
stimulant treatments in the following order of biostimulant
doses BSt B-2>BSt A-2>BSt A-1>BSt B-1> Control.
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peting interests.
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