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Abstract

This study was carried out in a cherry in 2017 in
Susehri, Sivas. Eight -years old “0900 Ziraat” sweet
cherry trees grafted on MaxMa 14 rootstocks were
used as the plant material of the study. In the
study, per 100 liters of water 250 gram of Azro
select, a foliar fertilizer which contains 35% po-
tassium and 5% nitrogen, and per 100 liters of
water 200 gram of Zinc salt (Zinc Sulphate Hepta
Hydrate) foliar fertilizer, which contains 22 %
Zinc, were applied. The treatment was done twice:
first, at the end of blooming, second, 15 days after
the first treatment. As a result of the study, fruit
weight, size, fruit firmness, SSC and vitamin C val-
ues of fruits obtained from potassium treated
trees were significantly higher whereas fruit color
values were lower. However, the effect of potassi-
um on the titratable acidity values was not signifi-
cant. With zinc application, while statistically sig-
nificant increase in the fruit size, SSC and vitamin
C values have not occurred, the highest values in
terms of flesh firmness, fruit color and titratable
acidity were recorded in the sweet cherries treat-
ed with zinc. The combination of zinc and potassi-
um led to an increase in fruit weight, fruit size, SSC
and titratable acidity, and decrease in vitamin C
and color values.

Key words: Sweet cherry, color, firmness, fruit
mass, soluble solids, vitamin C

Kiraz (Prunus avium) meyvelerinin kalite 6zel-
likleri ilizerine yaprak giibresi uygulamalarinin
rolii

0z

Calisma 2017 yilinda Sivas'in Susehri ilgesinde ya-
pildi. Calismada bitkisel materyal olarak MaxMa 14
anaci uizerine asilanmis sekiz yasindaki 0900 Ziraat
cesidine ait agaglar kullanildi. Calismada % 35 po-
tasyum % 5 azot iceren Azro select adli yaprak giib-
resi 100 litre suya 250; % 22 ¢inko iceren c¢inko tuzu
(Cinko Stilfat Hepta Hidrat) yaprak giibresi 100 litre
suya 200 gram gilibre oraninda uygulandi. Uygulan-
ma, ciceklenme sonu ve ilk uygulamadan 15 giin
sonra olacak sekilde iki kez yapildi. Calisma sonu-
cunda, potasyum uygulanmis agaglarda elde edilen
meyvelerin agirligl, boyutlari, meyve eti sertligi SSC
ve vitamin C degerleri 6nemli derecede daha yiiksek
iken, meyve rengi degerleri ise daha diistiktii. Ancak
titreedilebilir asitlik degerleri iizerine potasyumun
etkisi onemli degildir. Cinko uygulamasi ile meyve
biiyiikligii, SSC ve vitamin C degerlerinde istatistik-
sel anlamda 6nemli bir artis meydana gelmezken,
meyve eti sertligi, meyve rengi ve titreedilebilir asit-
lik bakimindan en yiiksek degerler ¢cinko uygulama-
sina ait meyvelerde kaydedildi. Cinko ve potasyum
kombinasyonu meyve agirligi, meyve boyutlar, SSC
ve titre edilebilir asitlik degerlerlerinde etkinin art-
masina, vitamin C ve renk degerlerinde ise etkinin
azalmasina neden olmustur.

Anahtar Kkelimeler: Kiraz, renk, sertlik, meyve
agirligy, suda ¢oziinebilir kuru madde, C vitamini
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Introduction

Cherry is one of the most valuable fruit species ac-
cepted by consumers because of its quality charac-
teristics, low calorie content and its high bioactive
compounds content such as antioxidants and phenol-
ic compounds and, hence, cherry production is in-
creasing year by year.

The fruit quality characteristics and chemical com-
position affecting the consumer preferences in cher-
ries vary according to ecological factors such as cli-
mate and soil, rootstock and variety used, and cul-
tural processes such as irrigation, fertilization and
pruning. However, high-yield and high-quality fruit
is possible when the plant sufficiently receives the
nutrients functioning in all metabolic events.

Plant nutrients are actively involved in plant physi-
ology: structure, energy metabolism, enzyme activi-
ty, and electron transport. Each nutrient element has
different functions in the plant and the deficiency of
a certain nutrient element can not be eliminated by
another nutrient element (Durner, 2013).

Potassium and zinc, which have significant effects on
fruit yield and quality, are nutrients that agricultural
soils lack often. Potassium is a macro nutrient that
acts as a catalyst and an enzyme activator in many
reactions in protein and carbohydrate metabolism.
Potassium, which plays a role in physiological pro-
cesses such as osmotic regulation, cell division and
growth, neutralization of organic acids, starch and
sugar formation, protein synthesis and transport of
sugars and photoassimilates (Liu et al., 2000), often
increases quality of the fruit and resistance of plant
against diseases. Previous studies have reported that
potassium treatment improves fruit color, fruit size
(Tiwari, 2005) and acidity (Alva et al., 2006) in or-
ange fruit. Lester et al. (2010) found that potassium
leaf treatment increased fruit yield, sugar and ascor-
bic acid content in sweet oranges and mandarins.

It is estimated that the deficiency of zinc is seen in
approximately 30% of the world agricultural soils
(Alloway, 2008). Zinc is an essential nutrient ele-
ment that affects many physiological, vegetative and
generative processes in plants (Marschner, 2011).
Zinc, which functions as a cofactor in the structure
and function of many enzymes (Jeffery et al., 1984;
Hacisalihoglu et al, 2003; Andreini and Bertini,
2012), plays a vital role in various processes such as
photosynthesis, regulation of carbohydrate metabo-
lism and regulation of phytohormones (Hacisa-
lihoglu et al., 2001; Krdmer and Clemens, 2006; Al-

loway, 2008; Broadley et al, 2007; Gupta et al,
2011).

Pandey et al. (2006) reported that pollen germina-
tion and pollen tube development were greater with
zinc treatment.It has been determined that zinc ap-
plication increased the fruit set in hazelnut (Solar
and Stampar, 2000), cherry (Usenik and Stampar,
2002) and walnut (Keshavarz et al., 2011). Zinc defi-
ciency causes decrease in leaves, shoots and photo-
synthesis rate and hence, it affects yield and quality
on fruit trees (Wang and Jin, 2005; Yan et al,, 2010).
Foliar zinc treatment in date palm, oranges and ap-
ples can significantly increase the zinc concentration,
fruit yield and quality (Rodriguez et al, 2005;
Neilsen et al., 2005; Khayyat et al.,, 2007; Zhang et al.,
2013).

The effects of plant nutrient elements on cherry cul-
tivation have been determined in many studies. Po-
tassium and zinc, which are what agricultural soils
lack frequently, are one of these nutrients. Although
the individual positive effects of nutrient elements
are known when they are used in sufficient quanti-
ties, it is not known how their effects will occur
when they are used together. The main purpose of
this study was to determine the effects of alone and
combined potasium and zinc treatments on fruit
quality in sweet cherry.

Materials and Methods
Plant material and experimental design

This study was carried out in a cherry in 2017 in
Susehri, Sivas. Eight-years old “0900 Ziraat” sweet
cherry trees grafted on MaxMa 14 rootstocks were
used as the plant material of the study. As a result of
soil analysis in the orchard, potassium and zinc defi-
ciencies were detected.

In the study, per 100 liters of water 250 gram of
Azro select, a foliar fertilizer which contains 35%
potassium and 5% nitrogen, and per 100 liters of
water 200 gram of Zinc salt (Zinc Sulphate Hepta
Hydrate) foliar fertilizer, which contains 22 % Zinc,
were applied. The treatment was done twice: first, at
the end of blooming, second, 15 days after the first
treatment. The study was laid out as three repeti-
tions according to randomized complete-block de-
sign and there were 3 trees in each repetition. In the
study, four different treatments were performed:
potassium, zinc, a combination of potassium and zinc
and control (only water). At the harvest time, 100
fruits from each tree were harvested to use in meas-
urements and analyzes.
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Fruit mass and sizes

For each repetition, the weights of 50 fruits were
determined by weighing with a digital scale with a
sensitivity of 0.01 g, and diameters of the 20 fruits
obtained from the same repetition were measured
with a digital caliper with a sensitivity of 0.01 mm.

Color characteristics and firmness

Fruit colors were measured using a colorimeter
(Minolta, model CR-400, Tokyo, Japan) which pro-
vided CIE L* a* and b* values. The chroma and hue
angle values were calculated with the formula C*=
(a*2+b*2)1/2, and h°= tan-1 b*/a*. Texture Analyz-
er, TA-TX Plus (Stable Microsystems, Godalming,
UK), operating at a penetration speed of 10 mm s-!
and a penetration depth of 3 mm, fitted with a 2.0
mm penetrometer probe, was used to measure flesh
firmness (N mm-1). Flesh firmness results were the
average of 10 measurements in each replication.

SSC, titratable acidity and vitamin C

SSC was measured with a digital refractometer (PAL-
1, McCormick Fruit Tech. Yakima, Wash) and ex-
pressed as percent. For titratable acidity, 10 ml ex-
tract was taken from each sample, 10 ml distilled
water was added and the value corresponding to
consumed sodium hydroxide (NaOH) during the
titration with 0.1 mol L1 sodium hydroxide to in-
crease the pH of samples to 8.1 was expressed in
malic acid equivalent (g malic acid 100 g1). For vit-
amin C content, sufficient amount of extract was
taken and volume was completed to 5 mL with the
addition of 0.5% oxalic acid. Ascorbic acid test strip
(Catalog no: 116981, Merck, Germany) was taken
from reclose tube, dipped into the solution for 2 s
and reflectometer set (Merck RQflex plus 10) was
started. The test strip was then shaken off to remove
excess liquid over it, waited for 8 s and reading was
performed until the end of 15th second. The result-
ant value was expressed as mg 100 g1,

Statistical analysis

The normal distribution of the data obtained from
the experiment was determined by the Kolmogorov-
Smirnov Test. The Levene test was used to check the
homogeneity of group/subgroup variances. After
analysis of the data by variance analysis, the signifi-
cance levels between the treatments were deter-
mined by Duncan multiple comparison test. Statisti-
cal analyzes were performed in the SAS package
program (SAS 9.1 version, USA).

Results and Discussion

Fruit size, fruit color and flesh firmness in sweet
cherry are significant characteristics that affect mar-
keting. It is known that plant nutrients and growth
regulators have a significant effect on vegetative
growth and fruit yield and quality of fruit species.
Potassium and zinc are important nutrients that
affect fruit quality characteristics. As a result of the
study we have done, potassium application in-
creased the size of the fruit and the fruit firmness,
while it had a negative effect on the fruit coloring. It
has been determined that the effect of zinc applica-
tion on fruit size is not significant compared to con-
trol application. However, 1t was determined that
the coloring of the fruit applied zinc is beter, and
effect of zinc application on fruit firmness is statisti-
cally significant. The combination of potassium and
zinc has caused increasing values of fruit size and
fruit firmness, but it has caused decreasing values of
fruit color (Table 1 and 2).

In the study, changes in properties such as fruit size,
flesh firmness and fruit color with potassium treat-
ment can be explained by potassium’s role in physio-
logical processes such as osmosis, cell division and
growth and protein synthesis (Liu et al.,, 2000). As a
matter of fact, Tiwari (2005) reported that potassi-
um application increased fruit color and size in or-
anges.

Table 1. Fruit mass, fruit sizes and firmness of sweet cherry fruits (Prunus avium) affected by foliar fertiliza-

tion treatments

Treatments Quality characteristics
Mass (g) Width (mm) Length (mm) Firmness (N)*
Control 7.75b 21.19b 21.01b 3413 ¢
K 8.96 a 22.46a 22.25a 4993 a
Zn 8.12b 21.43b 21.19b 4047 b
Zn+K 9.15a 22.84a 22.67a 50.07 a

* The scale ranges from 0 to 100 for very soft to very firm surfaces. n= 60 for the firmness (three replications x ten fruits x two different
measurements for each fruit). n= 60 for the mass and fruit sizes (three replications x twenty fruits)
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Table 2. Color characteristics of sweet cherry fruits (Prunus avium) affected by foliar fertilization treatments

Color characteristics

Treatments

a* Chroma Hue angle
Control 3241b 34.58b 19.79b
K 29.53 ¢ 31.15¢ 17.75b
Zn 35.65a 39.57 a 24.71a
Zn+K 30.19¢ 32.20c 18.50b

n= 60 for the color characteristics (three replications x ten fruits x two different measurements for each fruit). Means in columns with

the same letter do not differ according to Tukey's test at P<0.05.

The important role of zinc, which functions as a
cofactor in the structure and function of many en-
zymes (Jeffery et al., 1984; Hacisalihoglu et al., 2003;
Andreini and Bertini, 2012), in various processes
such as photosynthesis, carbohydrate metabolism
and regulation of phytohormones (Hacisalihoglu et
al,, 2001; Kramer and Clemens, 2006; Alloway, 2008;
Broadley et al.,, 2007; Gupta et al,, 2011) can justify
the influence of zinc on fruit quality characteristics
in the study. As a matter of fact, Rodriguez et al.
(2005); Neilsen et al. (2005); Khayyat et al. (2007);
Zhang et al. (2013) have reported that zinc applica-
tion can significantly improve fruit yield and quality
in date palm, oranges and apples.

In the study, SSC and vitamin C ratios were signifi-
cantly higher in fruits obtained from the trees treat-
ed with potassium compared to other treatments.
However, it was found that the effect of potassium
was not significant when compared to control with
respect to titratable acidity values (Table 3). Contra-
ry to the results of the study, Alva et al. (2006) re-
ported that potassium application caused an in-
crease in the titratable acidity in orange fruit. How-
ever, Lester et al. (2010) have determined that the
potassium foliar fertilizer increased fruit yield, sugar
and ascorbic acid content in sweet oranges and
mandarins. In the study, the highest titratable acidity
values were obtained with zinc application whereas
there was no significant difference between zinc

application and control application in terms of SSC
and vitamin C values (Table 3). In previous studies, it
has been determined that zinc foliar fertilizer in-
creases fruit yield and physico-biochemical quality of
fruits in “Washington Navel” orange (Dawood et al,,
2001) “Balady*(El-Baz, 2003) and "Kinnow” (Raz-
zaq et al,, 2013) mandarins. Khayyat et al. (2007)
reported that, foliar spraying of zinc sulfate could
increase palm fruit yield and fruit quality; and foliar
spraying of zinc sulfate before budbreak of apple
trees significantly increased the contents of soluble
sugar, vitamin C and fruit firmness (Hafez and El-
Metwally, 2007; Zhang et al,, 2013).

In the study, the highest fruit weight, fruit size, SSC
and titratable acidity values were recorded with zinc
and potassium combination. There was no statisti-
cally significant difference between zinc, the combi-
nation of potassium x zinc and control treatments in
terms of vitamin C values. Due to the adverse effect
of potassium, the combination of potassium and zinc
has reduced the color values. Ashraf et al. (2012)
have determined that potassium x zinc foliar ferti-
lizer increases SSC content of “Kinnow"” mandarins
(similar with our study results) and vitamin C con-
tent (contrary to the results of the study). Hafez and
El-Metwally (2007) and Eman et al. (2007) reported
that potassium x zinc foliar fertilizer significantly
increased fruit weight in Washington Navel oranges.

Table 3. Biochemical characteristics of sweet cherry fruits (Prunus avium) affected by foliar fertilization

treatments
Treatments Biochemical characteristics
SSC Titratable acidity Vitamin C
(%) (mg malic acid 100 g1) (mg 100 g'1)
Control 11.37b 0.45b 52.33b
K 12.47 a 0.44b 75.00 a
7Zn 11.40Db 0.51a 55.67 b
Zn+K 13.00 a 0.48a 48.00 b

n= 9 for the SSC, pH, titratable acidity and vitamin C (three replications x three different measurements for each replication). Means in
columns with the same letter do not differ according to Tukey's test at P<0.05.
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Nasir et al. (2016), reported that K and Zn treat-
ments significantly enhanced biochemical traits (SSC,
TA, vitamin C and sugar contents) of fruit. These
effects may have been the results of the direct incor-
poration of potassium into the transport of sugars
and carbohydrates (Zekri and Obreza, 2009), and the
role of zinc in the promotion of various enzymes
needed for biochemical reactions and zinc’s role in
photosynthesis (Alloway, 2008).

As a result, it has been determined that potassium
foliar fertilizer can be used to improve quality char-
acteristics such as fruit size, fruit firmness, SSC and
vitamin C, and zinc foliar fertilizer can be used to
improve quality characteristics such as fruit firm-
ness, fruit color and titratable acidity. It was also
found that potassium and zinc form a suitable com-
bination to improve the quality characteristics of the
fruit.
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