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Abstract. Selenium is an essential mineral for both humans and animals. Around
0.5-1 billion individuals globally suffer from selenium deficiency, which can result in
a range of illnesses. Hence, the cultivation of selenium-enriched agricultural items can
serve as a potent strategy to mitigate selenium deficiency. This study aimed to exam-
ine the effect of selenium on the quality, and phytochemical and mineral content of
red currant (Red Lake) and jostaberry. The study was conducted in 2022 and 2023.
Different doses of selenium (0, 4, and 8 mg-kg_l) were sprayed on the fruits three
times with 10-days intervals starting from the first formation of the fruits after flow-
ering. Upon completion of the study, various factors were assessed including cluster
and berry properties, water-soluble dry matter content, pH levels, titratable acid con-
tent, ascorbic acid levels, antioxidant activity, and total phenolics content. The min-
eral composition of the fruit peel, pulp, and seed was also measured. In jostaberry,
the highest values of cluster weight, cluster height, and 100-berry weight were ob-
tained with 8 mgkg™' selenium application. As the selenium dosage increased, the
levels of ascorbic acid, antioxidant activity, and total phenolic content increased, with
the highest values determined to be 0.063 mg-mL™", 63.23% DPPH, and 3752.22 mg-g~,
respectively, at 8 mg-kg™'. In the Red Lake variety, it has been determined that
the 4 mgvkg_1 dose is effective in terms of cluster weight, cluster width, and cluster
height attributes. The highest values for ascorbic acid, antioxidant activity, and
total phenolic content were determined to be 0.029 mg-mL™!, 53.42% DPPH, and
3117.17 mg-g~', respectively, at the 4 mg-kg™" dose. The selenium content was found
to be highest in the peel and pulp of jostaberry at 8 mg-kg™ ', and in Red Lake, it was
obtained at the 4 mg-kg™" application. As a result, an 8 mg-kg™' dose of selenium
could be recommended for jostaberry, and a 4 mg-kg™' dose could be recommended
for Red Lake.

Currant and jostaberry, both belonging to
the Ribes L. genus of the Grossulariaceae
family, yield grape-like fruits. The genus Ri-
bes encompasses ~150 species that are geo-
graphically spread across various regions of
the world (Ropelewska 2022). Commercially,
the preferred species include blackcurrant
(Ribes nigrum L.), redcurrant (Ribes rubrum
L.), reddish-black berry (Ribes biebersteinii
Berl.), east black sea currant (Ribes orientalis
L.), and alpine currant (Ribes alpinum L.).
The jostaberry (Ribes Xnidigrolaria Bauer)
is a crossbreed between a currant and a
gooseberry (Djordjevic et al. 2013; Sun et al.
2021).
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Blackcurrants, redcurrants, jostaberries, and
berries are recognized for their high content of
phenolic chemicals, specifically anthocyanins.
Anthocyanins are a subclass of flavonoid pig-
ments that give these fruits their intense purple
hue. Extensive research has been conducted
on these chemicals because of their potential
health advantages, which include antioxidant
and anti-inflammatory characteristics. Black-
currants and similar fruits are a valuable
addition to a healthy diet due to their high
anthocyanin content (Okatan 2020; Pereira
et al. 2018). Moreover, currants possess sub-
stantial quantities of flavonoids, particularly
anthocyanins, and flavonols, which have been
associated with improved blood circulation
and potential protection against diseases such
as breast cancer. The notable antioxidant
activity and phytoestrogenic qualities of se-
lenium further augment its potential in the
prevention of cardiovascular and neurologi-
cal disorders, cancer, and diabetes (Cortez
and Gonzalez de Mejia 2019; Nour et al.
2014; Sun et al. 2021).

The use of nutrients in agricultural produc-
tion is essential for improving both productiv-
ity and quality. The macronutrient elements,
notably nitrogen, phosphorus, potassium, cal-
cium, and magnesium, have crucial functions
in the metabolic processes of plants and facili-
tate plant growth. Micronutrient elements are
essential for plants in trace amounts and are
elements of critical importance for the growth,
development, and metabolism of plants (Fageria
2016). In the absence or excess of micronutri-
ent elements, not only is the growth and devel-
opment of plants adversely affected, but the
quality of the produce is also compromised.
Selenium is also one of these important micro-
elements (Gui et al. 2022).

It has been determined that selenium, when
used in appropriate doses, increases yield and
quality in beans (Aggarwal et al. 2011), pak
choi (Li et al. 2015), lamb’s lettuce (Hawry-
lak-Nowak et al. 2018), pomegranate (Zahedi
et al. 2019a), and grapes (Sucu and Yagci
2023; Yin et al. 2020; Zhu et al. 2019); af-
fects the taste of strawberries (Mimmo
et al. 2017); and positively impacts both
quality and shelf life in peaches and pears
(Pezzarossa et al. 2012). Selenium has also
been shown to protect plants from oxidative
damage, improve their antioxidant proper-
ties, and enhance resistance against abiotic
and biotic stresses in okra (Ali et al. 2020),
strawberries (Zahedi et al. 2019b), and cu-
cumbers (Balal et al. 2016; Shekari et al.
2019).

Selenium is widely recognized for being
very important for humans, protecting them
from various diseases through its antioxidant
effects. Selenium deficiency can cause vari-
ous health issues, including immune, thyroid,
and reproductive disorders, as well as cancer
and even death (Gupta and Gupta 2017;
Rezacovd et al. 2016). Selenium intake for
humans depends on the presence of selenium
in the soil and the consumption of products
high in selenium content (Winkel et al. 2015).
Consequently, recent years have seen an in-
crease in efforts to enhance the selenium con-
tent of products.

This study aimed to assess the quality and
phytochemical composition of selenium at
varying doses in jostaberry and red currant
varieties. In addition, the impact of selenium
on the mineral substance content in the peel,
pulp, and seed of these fruits, which has not
been previously investigated in these species,
was examined.

Materials and Methods

Plant material and experimental design.
The study was carried out on 4-year-old Red
Lake cultivar red currants and jostaberry plants
at the Agricultural Application and Research
Center (lat. 40°06'48.3"N, long. 30°00'08.4"E)
of Bilecik Seyh Edebali University during the
years 2022 to 2023.

Selenium application was applied by spray-
ing the fruits three times on the 10th (23.05.
2022/26.05.2023), 20th (02.06.2022/05.06.
2023), and 30th (12.06.2022/15.06.2023) days
after the initial formation of fruits following
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flowering in both years (Zhu et al. 2017).
Spraying was applied to all fruits until runoff,
with three repetitions, five plants in each
repetition.

In the experiment, three different doses of
selenium were applied: 0 (for the control group),
4, and 8 mg-kg'. Selenium was in the form
of sodium selenate (Na,SeO,4; Merck, Inc.,
Darmstadt, Germany), and it was prepared
with distilled water according to the respec-
tive doses.

Meteorological data and soil characteris-
tics. Figure 1 provides data on climate factors,
namely the monthly average temperature and
total precipitation amount. Data were obtained
from the Turkish State Meteorological Ser-
vice of Bilecik (Fig. 1). The trial area has a
loamy soil texture, with an organic matter
content of 2.86% and a pH of 7.80.

Botanical characteristics determination.
The fruits were harvested once all the berries
in the cluster reached the stage of maturity
(Mikulic-Petkovsek et al. 2012). For each
replication, 10 bunches were selected at ran-
dom. The width and length of each bunch
were measured in millimeters using a caliper
(OEM KMP200 Digital caliper). The weight
of each bunch and the weight of 100 berries
were measured in grams using a precision
scale that is sensitive to 0.01 g (Kern PNS600).
The grain width and length were measured in
mm by picking 30 berries and using a caliper
(OEM KMP200 Digital caliper).

Biochemical characteristics determination.
The amount of water-soluble dry matter was
determined by passing the fruits through coarse
filter paper after homogenizing them and drop-
ping the fruit juice onto a hand refractometer
(0-53 scale, Refractometer PAL—1) and the
results were expressed as “°Brix” (Cemeroglu
2007). The titratable acid content was quanti-
fied using the titratable acidity method, based
on the acidity of the fruit’s citric acid. The re-
sults were reported as a percentage. The pH
values were ascertained by use of a digital pH

1 2 3
130 . .

meter (HANNA edge® Dedicated pH/ORP
Meter) (Cemeroglu 2007).

Determination of phytochemical proper-
ties. Ascorbic acid content, total phenolic
substances, and antioxidant amounts were de-
termined only in 2023. By adopting the Jagota
and Dani (1982) methodology, it became pos-
sible to ascertain the ascorbic acid content.
The fruit extract was prepared by pulverizing
5 g of the fruit sample with 50 mL of distilled
water and combining it in a centrifuge spin-
ning at 3000 rpm A total of 200 pL of fruit
extract was combined with 800 pL of trichlo-
roacetic acid (TCA) solution, which had a
concentration of 10%. The mixture was then
placed on ice for 5 min and subsequently
centrifuged at a speed of 3000 rpm for 5 min.
Subsequently, a 2-mL aliquot of pure water
and Folin reagent was introduced to the ex-
tract, thoroughly mixed, and after 10 min,
the absorbance at 760 nm was quantified us-
ing a spectrophotometer (Pharo 300; Merck,
Darmstadt, Germany). The quantity of ascorbic
acid was determined using the standard graph
(Unal et al. 2023).

Total phenolic substance content was
determined by the Folin-Ciocalteu method
(Lépez et al. 2011) with some modifications.
A 100-pL aliquot of fruit extract, 2.8 mL of
pure water, 2 mL of 20% sodium carbonate,
and 50% Folin reagent were combined in the
tubes and stirred. Following incubation at
ambient temperature in a lightless setting for
1 h, the absorbance was measured using a
spectrophotometer at a wavelength of 765 nm
(Unal et al. 2023). The results were quantified
in terms of gallic acid equivalents (GAEs).

Level of antioxidants. The researchers
were Unal et al. (2022), the 2.2-diphenyl-1-
picrylhydrazyl (DPPH) technique used was
modified to reach a determination. Following
the homogenization of a 3-g fruit sample in
25 mL of methanol, the mixture was stored in
a dark environment at a temperature of 4 °C
for 12 h. On centrifugation at a speed of
15,000 rpm for 20 min, the liquid portion

(150 pL) was moved to a fresh tube and
combined with a DPPH solution (2.85 mL).
The samples were incubated for 24 h under
dark conditions at room temperature and read
in a spectrophotometer at 515 nm. Controls
were 2.85 mL DPPH and 50 pL distilled
water.

% Reactive oxygen scavenging capacity

= [(AbsDPPH — Abssample) / AbsDPPH]|
x 100

Determination of mineral composition. The
concentrations of iron, selenium, potassium,
calcium, magnesium, and phosphorus ele-
ments in the berry peel, pulp, and seed were
analyzed in wet-fired samples from both
years using the ICP-OES apparatus (Machat
et al. 2002).

Statistical analysis. The experiment was
carried out with three replications using a
randomized block design. The application
averages were compared using the least sig-
nificant difference multiple comparison test
after doing variance analysis. The statistical
analyses used the MSTAT-C software pro-
gram (version 2.10; Michigan State Univer-
sity, East Lansing, MI, USA).

Results and Discussion

Impact of selenium treatment on botanical
and biochemical characteristics. The results
indicate that selenium exerts a beneficial in-
fluence on the growth and productivity of
crops (Du et al. 2019; Marques et al. 2020;
Yan et al. 2021). Table 1 provides the plant
characteristics of the two varieties used in the
study. On analyzing the interaction table be-
tween variety and treatment, it was found that
applying 8 mg-kg™"' (7.65 g) of selenium to
jostaberry and 4 mgkg™' (3.77 g) of sele-
nium to the Red Lake variety increased bunch
weight. When examining the average doses
based on cluster characteristics (cluster weight,
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Fig. 1. The monthly average temperature and total precipitation for the years 2022 and 2023. P = precipitation; T = temperature.
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Table 1. Effect of selenium application on herbal and biochemical properties.

Cluster wt (g)

Cluster width (mm)

Cluster ht (mm)

Treatments (mg-kg™")

Treatments (mg-kg™")

Treatments (mg-kg™")

Control 4 8 Mean Control 4 8 Mean Control 4 8 Mean
Variety Jostaberry 6.96°  6.26°  7.65° 696" Jostaberry 3426 3132 34.05 33.21" Jostaberry 47.52 46.06 50.71 48.09P
Red Lake 2.61° 377 349  3290% RedLake 20.13 2253 2055 21.07° Red Lake 51.08 54.74 53.69 53.17%

Mean 4798 5014 5574 Mean 27.19 2693 27.30 Mean 4930 5040 52.20
Year 2022 6.53% 2022 29.374 2022 52.36
2023 3728 2023 24918 2023 48.91

100-berry-weight (g) Berry width (mm) Berry height (mm)

Treatments (mg-kg™") Treatments (mg-kg™") Treatments (mg-kg™")
Control 4 8 Mean Control 4 8 Mean Control 4 8 Mean
Variety Jostaberry 218.18° 249.70° 258.90° 242.26* Jostaberry 14.87° 1547° 15.47* 1527° Jostaberry 15.32° 15.98° 15.50* 15.60%
Red Lake 33.55° 37.60° 42.10° 37.75% Red Lake 9.30° 7.02° 7.84° 8.06" RedLake 8.46° 6.62¢ 698! 735°

Mean 125.86% 143.65% 150.50* Mean 12.08%  11.25 11.66® Mean 11.89% 11308 11.24B
Year 2022 164.31 2022 12.828 2022 12.814
2023 115.69% 2023 10.50* 2023 10.148

TSS (°Brix) Titratable acidity (g/L) pH

Treatments (mg-kg ") Treatments (mg-kg ") Treatments (mg-kg ")
Control 4 8 Mean Control 4 8 Mean Control 4 8 Mean
Variety Jostaberry 15.70*  15.75*  14.90° 15.45% Jostaberry 1.49°  1.80* 147 1.59* Jostaberry 2.82 279 277 279
Red Lake 10.87°  9.45¢  10.15° 10.16® Red Lake 1.65*® 129 147° 147% Red Lake 2.56 257  2.63 2.59°

Mean 13.28%  12.60%  12.53B Mean 1.57 1.55 147 Mean 269 268 270
Year 2022 12.81 2022 1.57% 2022 2.78%
2023 12.80 2023 1.48% 2023 2.60%

*The different lowercase letters indicate significant differences (P < 0.05) variety x treatments interaction.

differences (P < 0.05) in the average of variety, treatments, and year. TSS = total soluble solids.

width, and height), it was observed that the
8 mgkg™' dose of selenium application
stands out. The cluster weight of currant is a
crucial determinant of the total production
and commercial worth of currant crops.
Multiple studies have established the benefi-
cial impacts of using selenium in suitable
quantities on both the quantity and quality
of crops, including potatoes, peppers, beans,
turnips, grapes, tomato, apples, and pears
(Aggarwal et al. 2011; Haghighi et al. 2019;
Hawrylak-Nowak et al. 2018; Li et al. 2015;
Martinez-Damidn et al. 2019; Pezzarossa
et al. 2012; Sucu and Yagci 2023).

On analyzing the data for the interaction
between cluster width and treatments, no sig-
nificant statistical difference was found. The
jostaberry variety exhibited the widest cluster
width in the control application, measuring
3426 mm. On the other hand, the Red Lake
variety showed the widest cluster width of
22.53 mm when treated with a selenium dose
of 4 mgkg™". The cluster length was mea-
sured to be 50.71 mm in the jostaberry vari-
ety with a treatment of 8 mg-kg™" selenium,
and 54.74 mm in the ‘Red Lake’ variety with
a 4 mg-kg™" application. When analyzing the
average applied selenium doses, it was shown
that a dose of 8 mgkg™' yielded superior
outcomes in terms of cluster width data.

On analyzing the results on 100 berry
weight, it was shown that selenium doses
were efficacious in both cultivars compared
with the control application. There was no
significant disparity observed in the doses
administered to the Red Lake variety. The
optimal outcomes in both cultivars were
achieved with the administration of 8 mg-kg ™"
of selenium. Following examination of the
grain width and length values, no significant
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statistical distinction could be seen between
the administrations of 4- and 8-mgkg™
doses in the jostaberry variety. The jostaberry
had a fruit width of 15.47 mm at selenium
levels of 4 and 8 mg-kg™". In addition, at the
maximum dose of 4 mg-kg™", the fruit length
measured 15.98 mm. The Red Lake variety
showed the highest fruit width (9.30 mm) and
length (8.46 mm) when the control applica-
tion was used. It was shown that selenium
doses did not have any impact on fruit width
or length.

Nikolic et al. (2006) conducted a study to
assess the pomological characteristics of dif-
ferent black currant cultivars. They found
that the width of the fruit ranged from 10.99
to 1542 mm, and the length ranged from
10.96 to 14.70 mm. Okatan et al. (2015) con-
ducted a study to assess the physical qualities
of currant, jostaberry, and gooseberry. They
found that the fruit width of the Red Lake
variety was 8.69 mm and the jostaberry vari-
ety was 13.81 mm. The fruit length of the
Red Lake variety was 8.39 mm and the josta-
berry variety was 14.22 mm. Boran (2023),
in an adaptation study on blackcurrant varie-
ties, found that in the average data of 2 years,
the berry width was 7.08 to 8.33 mm. It was
determined that the berry height varied be-
tween 7.41 and 8.59 mm and that the Red
Lake variety had the lowest value in both cri-
teria (7.87 mm; 7.41 mm, respectively). The
study’s findings were found to be consistent
with earlier research, and in certain cases,
control methods were more prevalent. Al-
though ecological considerations were ini-
tially considered to be influential in this case,
it was ultimately concluded that the adminis-
tration of selenium had a beneficial impact on
plant traits.

The different capital letters indicate significant

Woznicki et al. (2015), in their study on
the impact of rainfall and chilly climate con-
ditions on yield and fruit quality in black cur-
rants, found variations in both cultivar and
years as a result of environmental factors.

Furthermore, certain varieties have exhib-
ited a negative association between tempera-
ture and fruit weight during the entire growth
season. After comparing the average values
of all the attributes listed in Table 1 for both
years, it was found that the data from the first
year (2022) had greater values. After analyz-
ing Fig. 1, it becomes evident that the temper-
ature rose while the precipitation declined
during the fruit ripening phase in the second
year (2023). It is hypothesized that this phe-
nomenon is responsible for the drop in aver-
age data.

Water-soluble solids content, pH level, and
titratable acid concentration are crucial ele-
ments that impact fruit quality (Eksi Karaagac
et al. 2020). On analysis of the quantities of
water-soluble dry matter, no significant dis-
tinction was observed between the control
group and the group treated with 4 mg-kg ™
selenium in jostaberry. The highest dose of
4 mgkg™' resulted in a sugar content of
15.75 °Brix. Statistically, no difference was
identified between the control group and the
application of 4 mg-kg~' selenium in josta-
berry grapes, and the highest Brix value of
15.75 was obtained at the 4 mg-kg™' dose.
Studies from the past have shown that the
sugar level in black currants is between 13.89
(Contessa et al. 2013) and 18.31 °Brix (Boran
2023), and in red currants it is between 7.4
and 11.92 °Brix (Eksi Karaagac et al. 2020;
Pantelidis et al. 2007). No significant statisti-
cal difference was seen between the dosage
applications in terms of the quantity of titratable
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acid. On analyzing the interaction between
variety and application, it was concluded that
the application of the 8 mg-kg™' dose did not
result in a significant variation among the dif-
ferent varieties. The highest acidity was de-
termined in the application of 4 mgkg™
selenium (1.80 g/L) in the jostaberry and in
the control (1.65 g/L) application in the Red
Lake variety.

After analyzing the pH readings, it was
concluded that the application of selenium did
not result in a significant statistical difference.
The control treatment in the jostaberry had
the highest pH value (2.82), whereas the Red
Lake variety had a pH value of 2.63 in the
8 mg-kg™' selenium application. Examining
earlier research, it was found that the pH
range for jostaberry ranged from 3.05 to 3.24,
and for red currants, it was between 2.86 and
3.45 (Mikulic-Petkovsek et al. 2015).

Impact of selenium treatment on phyto-
chemical characteristics. Selenium is a mi-
cronutrient that has a vital function in the
antioxidant defense mechanisms and many
physiological processes in plants. Evidence
suggests that the utilization of selenium can
enhance the antioxidant capacity of plants, as
well as improve phytochemical characteris-
tics such as phenolic compounds and vitamin
C (Andrejiova et al. 2019; Gul et al. 2017;
Zahedi et al. 2019a; Zhu et al. 2017).

The antioxidant activity and total phenolic
content of ascorbic acid produced in 2023 are
presented in Fig. 2. The application of sele-
nium in jostaberry increased ascorbic acid lev-
els, with the greatest amount seen at a dose of
8 mgkg™'. The administration of a 4 mg-kg ™"
dose of selenium resulted in the maximum
vitamin C content in red currants, but a drop
in vitamin C was found with an 8 mg-kg ™"
application.

The ascorbic acid concentration of black cur-
rants ranged from 52.97 to 2779.30 mg:100 g~
fresh weight (FW) in earlier research (Oka-
tan 2016). Similarly, the ascorbic acid con-
tent of red currants ranged from 35.41 to
1,410.60 mg-100 gfl FW (Aneta et al. 2013;
Okatan 2016; Pantelidis et al. 2007). Studies
have shown that jostaberries contain a signifi-
cant amount of ascorbic acid, ranging from
4271 + 27.97 mg100 g' FW (Donno
et al. 2018) to 450 mg-100 g~' (Kalugina
and Kalugina 2017) and 591 mg100 g~
(Eksi Karaagac et al. 2020). The specific va-
riety of jostaberries and the conditions in
which they are grown are likely factors that

= Red Lake = Jostaberry
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o

|
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o
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influence the variation in ascorbic acid con-
tent. Research has established that selenium
enhances the concentration of ascorbic acid
in several species, including green tea, to-
matoes, and table grapes (Puccinelli et al.
2019; Zhu et al. 2018).

Orsavova et al. (2019), stated that the high
ascorbic acid concentration in blackcurrant
fruits accounted for their antioxidant activity.
The results of our investigation align with the
existing literature. On examination of Fig. 2,
it becomes evident that the ascorbic content
and antioxidant values exhibit a high degree
of similarity. There was a rise in the level of
antioxidants when selenium dosages were
administered to jostaberry. However, in the
Red Lake variety, there was an increase at a
dosage of 4 mg-kg ™" and a decrease at a dos-
age of 8 mg-kg~'. Selenium possesses cru-
cial antioxidant qualities that are vital for both
humans and animals (Ramos et al. 2010).
Selenium is regarded as an antioxidant at
low levels but as a pro-oxidant in plants at
greater levels (Boghdady et al. 2017).

The study found that the jostaberry had the
highest total phenol concentration of 8 mg-kg ™'
(3752.223 mg GAE/100 g FW), whereas the
Red Lake variety had a total phenol level of
4 mgkg™' (3117.167 mg GAE/100 g FW)
when selenium was applied. Cristina et al.
(2013), revealed that the black currants had a
greater total phenol content (ranging from
205.20 to 334.31 mg GAE/100 g FW) com-
pared with the red currants (ranging from
95.21 to 150.0 mg GAE/100 g FW). In Oka-
tan’s study (2020), the total phenolic content
was found to be 1593.92 mg GAE/100 g FW
in jostaberry grapes and 8.45 mg GAE/100 g
FW in red currant grapes. Okatan (2020)
reported that the difference observed com-
pared with other studies is likely due to eco-
logical factors. This is probably attributed to
variations in environmental conditions such
as soil properties, climate conditions, cultiva-
tion methods, etc., in which the currant varie-
ties are grown. These factors can influence
the plant’s ability to produce and accumulate
phenolic compounds, resulting in different
phenolic content (Zduni¢ et al. 2016).

Impact of selenium application on mineral
material composition. To assess the impact of
various doses of selenium on jostaberry and
red currants, the mineral material content
in the peel, pulp, and seed was measured for
selenium, iron, potassium, magnesium, cal-
cium, and phosphorus (Fig. 3). According to

mRed Lake m Jostabarry
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Kostopoulou et al. (2015), the impact of sele-
nium on the mineral content of plants varies
depending on the species and their capacity
to store and tolerate selenium.

The Food and Nutrition Board determined
a safe and appropriate range for the recom-
mended daily intake of selenium for adult
humans in 1980, which is between 50 and
200 pg. The purpose of this range is to pro-
vide individuals with a guideline to maintain
optimal health while avoiding both defi-
ciency and excess. According to a separate
investigation, it has been determined that the
acceptable amount of a certain substance in
the human body is 40 pg per day. In addi-
tion, the recommended range for the concen-
tration of this substance in animal feed is
between 100 and 1000 pg/kg (Adams et al.
2002; Broadley et al. 2007). Exceeding these
quantities can lead to toxicity (Jung 2006).
On analyzing the interaction between vari-
ety and dose, based on the average of
2 years (as shown in Fig. 3), it was found
that the jostaberry exhibited the greatest se-
lenium concentration of 8 mg-kg™"' in both
the skin and seed, while the pulp contained
4 mgkg™'. The selenium levels obtained
fall within the boundaries indicated by the re-
searchers and do not reach a level that would
pose any toxicity concerns when consumed.

The application of selenium through spray-
ing resulted in the maximum increase in iron
content in the peel of both varieties, namely
at a dosage of 8 mg-kg~'. On analyzing the
seed mineral contents, it was found that ap-
plying 8 mg-kg™" of selenium enhanced the
iron (Fe) concentration in the jostaberry va-
riety. However, there was no significant dif-
ference observed in Red Lake. On analysis
of the pulp, it was determined that the high-
est concentration of Fe was observed in the
jostaberry treated with a 4 mgkg ' dose,
whereas the Red Lake variety had the highest
Fe concentration in the control group. On
examination of the results, it was found that
there was no consistent correlation between
the increase in dosage and the iron level.
Zeidan et al. (2010) highlighted the decrease
in iron levels following the use of selenium.
Fargasova et al. (2006) discovered that higher
amounts of selenium hindered the absorption
of metals such as zinc and iron. Longchamp
et al. (2016) found that the iron concentration
in the roots of maize plants increased when
they were exposed to a selenium selenite so-
lution with a concentration of 1 mg-L™". This

= Red Lake =Jostaberry

; d
8 mgke-l a
b
Akl _ b
c
Ceitiol -‘ G

1000 2000 3000 4000 5000

Selenium doses

=}

Total phenolics (mg ')

Fig. 2. The impact of different levels of selenium on ascorbic acid, antioxidant activity, and total phenolics. The difference between the averages shown with
the same letters is not significant at the P < 0.05 level.
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Fig. 3. The effect of selenium (Se) doses on mineral content. (A) Se content (mg-kg™"); (B) iron (Fe) content (mg-kg™'); (C) magnesium (Mg) content (mg-kg™");
(D) potassium (K) content (mg~kg’1); (E) calcium (Ca) content (mg-kg’l); and (F) phosphorus (P) content (mg-kg’l). The difference between the averages
shown with the same letters is not significant at the P =< 0.05 level.

increase in iron concentration was observed
in both the leaves and stems of the plants
when the selenium concentration in the solu-
tion was 0.01 mg-L™".

In this investigation, the impact of sele-
nium application on the magnesium content
exhibited variation based on the different vari-
eties. The highest concentration of magnesium
in the peel was achieved with an 8 mg-kg™"
dosage of the Red Lake variety, whereas the
seeds and fruit of the jostaberry showed the
highest magnesium content with a 4 mg-kg ™"

HorTScIENCE VoL. 59(8) Aucust 2024

dosage. Hawrylak-Nowak (2008) and Pazur-
kiewicz-Kocot et al. (2008) concluded that
the treatment of selenium did not result in any
changes in magnesium levels. However, our
investigation revealed that a concentration of
4 mg-kg™" in the peel and 8 mg-kg™' in the
seed and pulp yielded significant effectiveness.
On analyzing the impact of selenium on
potassium (K) levels (Fig. 3), it was found
that applying selenium to the peel and seed of
the jostaberry variety increased K content.
However, the control application in the pulp

yielded superior outcomes. It was concluded
that the use of selenium did not yield a bene-
ficial impact on the potassium levels in the
Red Lake variety.

Following analysis of the calcium content,
it was shown that the addition of selenium to
the peel of both varieties did not result in a
significant change; however, the calcium con-
tent showed an increase with higher doses of
selenium application. On analyzing the cal-
cium levels in the seed, it was found that the
application of selenium did not have any
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impact on jostaberry. The Red Lake vari-
ety had the maximum calcium content at a
dosage of 8 mg-kg™'. The jostaberry culti-
var exhibited the highest calcium level in
the pulp when treated with a selenium dos-
age of 4 mg-kg ™.

The impact of selenium application on
phosphorus levels was found to be greatest in
the control group of the Red Lake variety in
the peel. However, the highest values were
seen in the Red Lake variety in the seed. No
significant difference was detected compared
with the control group. On analysis of the
pulp content, it was shown that the adminis-
tration of 4 mg-kg™" selenium resulted in the
highest phosphorus level in the jostaberry
variety. Selenium is believed to alter the
permeability of membranes to certain cations,
hence influencing transport in plant cells
(Pazurkiewicz-Kocot et al. 2003).

Hawrylak-Nowak (2008) found that the
application of selenium in maize plants re-
sulted in elevated levels of calcium and phos-
phorus at high concentrations; however, there
was no impact on the magnesium content at
low doses. This study found that the mineral
composition of the skin, seed, and fruit of
blackcurrants varies. In addition, it was ob-
served that larger doses of selenium can alter
the levels of calcium and phosphorus content.

A study on grapes found that the applica-
tion of selenium increased the potassium and
calcium levels in grape berries while reduc-
ing the accumulation of heavy metals such
as lead, chromium, cadmium, arsenic, and
nickel. As a result, selenium was used to en-
hance the nutritional value of European and
American grape species (Rady et al. 2020).

Conclusion

Recent studies have prioritized enhanc-
ing the selenium levels in seeds and fruits
through the application of selenium via fo-
liage. This study demonstrates that selenium
can function as an essential micronutrient
during fruit development and that appropri-
ate dosages of this element can enhance the
cluster characteristics, and phytochemical
and mineral content of jostaberry and red
currant (Red Lake) grapes. The results will
also provide useful insights for studies aimed
at enhancing the quality and nutritional value
in the production of other berry fruits through
selenium application.

References Cited

Adams ML, Lonbi E, Zhao FJ, Mcgrath SP. 2002.
Evidence of low selenium concentrations in UK
bread-making wheat grain. J Sci Food Agr. 82:
1160-1165. https://doi.org/10.1002/jsfa.1167.

Aggarwal M, Sharma S, Kaur N, Pathania D,
Bhandhari K, Kaushal N, Kaur R, Singh K,
Srivastava A, Nayyar H. 2011. Exogenous pro-
line application reduces phytotoxic effects of
selenium by minimising oxidative stress and
improves growth in bean (Phaseolus vulgaris L.)
seedlings. Biol Trace Elem Res. 140(3):
354-367. https://doi.org/10.1007/s12011-010-
8699-9.

1054

Ali J, Jan IU, Ullah H. 2020. Selenium supplemen-
tation affects vegetative and yield attributes to
escalate drought tolerance in okra. Sarhad J
Agric. 36(1):120-129. https://doi.org/10.17582/
journal.sja/2020/36.1.120.129.

Andrejiova A, Hegedusova A, Adamec S, Hegediis
0O, Mezeyova I. 2019. Increasing of selenium
content and qualitative parameters in tomato
(Lycopersicon esculentum Mill.) After its foliar
application. Potravin Slovak J Food Sci. 13:
351-358. https://doi.org/10.5219/1097.

Aneta W, Jan O, Magdalena M, Joanna W. 2013.
Phenolic profile, antioxidant and antiprolifera-
tive activity of black and red currants (Ribes
spp.) from organic and conventional cultiva-
tion. Int J Food Sci Technol. 48(4):715-726.
https://doi.org/10.1111/jfs.12019.

Balal RM, Shahid MA, Javaid MM, Igbal Z,
Anjum MA, Garcia-Sanchez F, Mattson NS.
2016. The role of selenium in amelioration of
heat-induced oxidative damage in cucumber un-
der high temperature stress. Acta Physiol Plant.
38(6):1-14. https://doi.org/10.1007/s11738-016-
2174-y.

Boghdady MS, Desoky E, Azoz SN, Abdelaziz
DM. 2017. Effect of selenium on growth, phys-
iological aspects and productivity of faba bean
(Vicia faba L.). Egypt J Agron. 39(1):83-97.
https://doi.org/10.21608/agro.2017.662.1058.

Boran S. 2023. Adaptation of some currant
(Ribes spp.) cultivars to Tokat region. (Mas-
ter’s thesis). Tokat Gaziosmanpasa University,
Tokat, Turkiye.

Broadley MR, White PJ, Bryson RJ, Meacham
MC, Bowen HC, Johnson SE, Hawkesford MJ,
Mcgrath SP, Zhao FJ, Breward N, Harriman
M, Tucker M. 2007. Biofortification of UK
food crops with selenium. Proc Nutr Soc. 65:
169-181. https://doi.org/10.1079/PNS2006490.

Cemeroglu B. 2007. Gida Analizleri. Gida
Teknolojisi Yayinlari, 682 pp., Ankara (In
Turkish).

Contessa C, Mellano MG, Beccaro GL, Giusiano
A, Botta R. 2013. Total antioxidant capacity
and total phenolic and anthocyanin contents in
fruit species grown in Northwest Italy. Scientia
Hortic. 160:351-357. https://doi.org/10.1016/j.
scienta.2013.06.019.

Cortez RE, Gonzalez de Mejia E. 2019. Blackcur-
rants (Ribes nigrum): A review on chemistry,
processing, and health benefits. J Food Sci. 84:
2387-2401. https://doi.org/10.1111/1750-3841.
14781.

Cristina P, Alina I, Cristina M. 2013. Production
and quality potential of different black and red
currant cultivars in Baneasa Research Station
condition. J Hortic For Biotechnol. 17(4):76-79.

Djordjevic B, Savikin K, Zdunic G, Jankovic T,
Vulic T, Pljevljakusic D, Oparnica C. 2013.
Biochemical properties of the fresh and frozen
black currants and juices. ] Med Food. 16:
73-81. https://doi.org/10.1089/jmf.2011.0256.

Donno D, Mellano MG, Prgomet Z, Beccaro
GL. 2018. Advances in Ribes * nidigrolaria
Rud. Bauer & A. Bauer fruits as potential
source of natural molecules: A preliminary
study on physico-chemical traits of an underuti-
lized berry. Scientia Hortic. 237:20-27. https://
doi.org/10.1016/j.scienta.2018.03.065.

Du B, Luo H, He L, Zhang L, Liu Y, Mo Z,
Pan S, Tiani H, Duan M, Tang X. 2019.
Rice seed priming with sodium selenate: Ef-
fects on germination, seedling growth, and
biochemical attributes. Sci Rep. 9(1):4311.
https://doi.org/10.1038/s41598-019-40849-3.

Eksi Karaagac H, Cavus F, Kadioglu B, Ugur N,
Tokat E, Sahan Y. 2020. Evaluation of nutri-
tional, color and volatiles properties of currant

(Ribes spp.) cultivars in Turkey. Food Sci
Technol. 41:304-313. https://doi.org/10.1590/
fst.29119.

Fageria NK. 2016. The use of nutrients in crop
plants (1st ed). CRC Press (Taylor & Francis
Group), London, New York. https://doi.org/
10.1201/9781420075113.

Fargasova A, Pastierova J, Svetkova K. 2006. Ef-
fect of Se-metal pair combinations (Cd, Zn,
Cu, Pb) on photosynthetic pigments production
and metal accumulation in Sinapis alba L.
seedlings. Plant Soil Environ. 52:8-15.

Gui JY, Rao S, Huang X, Liu X, Cheng S, Xu F.
2022. Interaction between selenium and essen-
tial micronutrient elements in plants: A system-
atic review. Sci Total Environ. 853:158673.
https://doi.org/10.1016/j.scitotenv.2022.158673.

Gul H, Kinza S, Shinwari ZK, Hamayun M. 2017.
Effect of selenium on the biochemistry of Zea
mays under salt stress. Pak J Bot. 49:25-32.

Gupta M, Gupta S. 2017. An overview of selenium
uptake, metabolism, and toxicity in plants.
Front Plant Sci. 7:2074. https://doi.org/10.3389/
fpls.2016.02074.

Haghighi M, Ramezani MR, Rajaii N. 2019. Im-
proving oxidative damage, photosynthesis traits,
growth and flower dropping of pepper under
high temperature stress by selenium. Mol Biol
Rep. 46(1):497-503. https://doi.org/10.1007/
s11033-018-4502-3.

Hawrylak-Nowak B. 2008. Effect of selenium on
selected macronutrients in maize plants. J Elem.
13(4):513-519.

Hawrylak-Nowak B, Dresler S, Rubinowska K,
Matraszek-Gawron R, Woch W, Hasanuzza-
man M. 2018. Selenium biofortification enhances
the growth and alters the physiological response
of lamb’s lettuce grown under high temperature
stress. Plant Physiol Biochem. 127:446—456.
https://doi.org/10.1016/j.plaphy.2018.04.018.

Jagota S, Dani H. 1982. A new colorimetric tech-
nique for the estimation of vitamin C using
Folin phenol reagent. Anal Biochem. 127:178—
182. https://doi.org/10.1016/0003-2697(82)
90162-2.

Jung K. 2006. Tietz textbook of clinical chemistry and
molecular diagnostics, p 1214. In: CA Burtis, ER
Ashwood, DE Bruns (eds). Clinical chemistry
(4th ed). Saunders, St. Louis, MO, USA.

Kalugina I, Kalugina J. 2017. Structural and me-
chanical properties of the jostaberry jelly.
Ukrainian Journal of Food Science. 5(1):72-81.

Kostopoulou P, Parissi ZM, Abraham EM, Kara-

tassiou M, Kyriazopoulos AP, Barbayiannis N.

2015. Effect of selenium on mineral content

and nutritive value of Melilotus officinalis L. J

Plant Nutr. 38(12):1849-1861. https://doi.org/

10.1080/01904167.2015.1043376.

J, Lian D, Qi S, Feng P, Wu X. 2015. Effects

of selenite and selenate application on growth

and shoot selenium accumulation of pak choi

(Brassica chinensis L.) during successive plant-

ing conditions. Environ Sci Pollut Res Int.

22(14):11,076-11,086. hitps://doi.org/10.1007/
s11356-015-4344-7.

Longchamp M, Angeli N, Castrec-Rouelle M.
2016. Effects on the accumulation of calcium,
magnesium, iron, manganese, copper and zinc
of adding the two inorganic forms of selenium
to solution cultures of Zea mays. Plant Physiol
Biochem. 98:128-137. https://doi.org/10.1016/
j-plaphy.2015.11.013.

Lépez A, Rico M, Rivero A, Suarez de Tangil M.
2011. The effects of solvents on the phenolic
contents and antioxidant activity of Stypocaulon
scoparium algae extracts. Food Chem. 125:
1104-1109. https://doi.org/10.1016/j.foodchem.
2010.09.101.

L

[

HorTSciENcE VoL. 59(8) Aucust 2024

/0’ #7/PU-0u-AQq/sasuadl|/610° SUOWIWOIBAIBID//:SARY (/0" t/PU-ou-Ag/Sasual|/Bio°suowwosaAleald//:sdny)
8su82l| N-ON-AL DD 8y} Japun panguisip ajoie sseooe uado ue si siy| "sse00y uadQ BIA G0-ZL-GZ0gZ 1e Bio syse’sjeuinol//:sdiy wolj pspeojumoq


https://doi.org/10.1002/jsfa.1167
https://doi.org/10.1007/s12011-010-8699-9
https://doi.org/10.1007/s12011-010-8699-9
https://doi.org/10.17582/journal.sja/2020/36.1.120.129
https://doi.org/10.17582/journal.sja/2020/36.1.120.129
https://doi.org/10.5219/1097
https://doi.org/10.1111/ijfs.12019
https://doi.org/10.1007/s11738-016-2174-y
https://doi.org/10.1007/s11738-016-2174-y
https://doi.org/10.21608/agro.2017.662.1058
https://doi.org/10.1079/PNS2006490
https://doi.org/10.1016/j.scienta.2013.06.019
https://doi.org/10.1016/j.scienta.2013.06.019
https://doi.org/10.1111/1750-3841.14781
https://doi.org/10.1111/1750-3841.14781
https://doi.org/10.1089/jmf.2011.0256
https://doi.org/10.1016/j.scienta.2018.03.065
https://doi.org/10.1016/j.scienta.2018.03.065
https://doi.org/10.1038/s41598-019-40849-3
https://doi.org/10.1590/fst.29119
https://doi.org/10.1590/fst.29119
https://doi.org/10.1201/9781420075113
https://doi.org/10.1201/9781420075113
https://doi.org/10.1016/j.scitotenv.2022.158673
https://doi.org/10.3389/fpls.2016.02074
https://doi.org/10.3389/fpls.2016.02074
https://doi.org/10.1007/s11033-018-4502-3
https://doi.org/10.1007/s11033-018-4502-3
https://doi.org/10.1016/j.plaphy.2018.04.018
https://doi.org/10.1016/0003-2697(82)90162-2
https://doi.org/10.1016/0003-2697(82)90162-2
https://doi.org/10.1080/01904167.2015.1043376
https://doi.org/10.1080/01904167.2015.1043376
https://doi.org/10.1007/s11356-015-4344-7
https://doi.org/10.1007/s11356-015-4344-7
https://doi.org/10.1016/j.plaphy.2015.11.013
https://doi.org/10.1016/j.plaphy.2015.11.013
https://doi.org/10.1016/j.foodchem.2010.09.101
https://doi.org/10.1016/j.foodchem.2010.09.101

Machat J, Otruba V, Kanicky V. 2002. Spectral
and non-spectral interferences in the determina-
tion of selenium by inductively coupled plasma
atomic emission spectrometry. Journal of Ana-
lytical Atomic Spectrometry. 17:1096-1102.
https://doi.org/10.1039/b2021671.

Marques AC, Lidon FC, Coelho ARF, Pessoa CC,
Luis IC, Scotti-Campos P, Simoes M, Almeida
AS, Legoinha P, Pessoa MF, Galhano C,
Guerra MAM, Leitao RG, Ramalho JC, Se-
medo JMN, Bagulho A, Moreira J, Rodrigues
AP, Marques P, Silva C, Ribeiro-Barros A,
Silva MJ, Silva MM, Oliveira K, Ferreira D,
Pais IP, Reboredo FH. 2020. Quantification
and tissue localization of selenium in rice (Or-
yza sativa L., Poaceae) grains: A perspective of
agronomic biofortification. Plann Theory. 9:1-12.
https://doi.org/10.3390/plants9121670.

Martinez-Damian MT, Cano-Herndndez R, Mo-
reno-Pérez EDC, Sdnchez-del Castillo F, Cruz-
Alvarez O. 2019. Effect of preharvest growth bio-
regulators on physicochemical quality of saladette
tomato. Rev Chapingo Ser Hortic. 25(1):29-43.
https://doi.org/10.5154/r.rchsh.2018.06.013.

Mikulic-Petkovsek M, Rescic J, Schmitzer V,
Stampar F, Slatnar A, Koron D, Veberic R.
2015. Changes in fruit quality parameters of
four Ribes species during ripening. Food
Chem. 173:363-374. https://doi.org/10.1016/j.
foodchem.2014.10.011.

Mikulic-Petkovsek M, Schmitzer V, Slatnar A,
Stampar F, Veberic R. 2012. Composition of
sugars, organic acids, and total phenolics in 25
wild or cultivated berry species. J Food Sci.
77(10):1064-1070. https://doi.org/10.1111/j.
1750-3841.2012.02896.x.

Mimmo T, Tiziani R, Valentinuzzi F, Lucini L,
Nicoletto C, Sambo P, Scampicchio M, Pii Y,
Cesco S. 2017. Selenium biofortification in Fraga-
ria % ananassa: Implications on strawberry fruits
quality, content of bioactive health beneficial com-
pounds and metabolomic profile. Front Plant Sci.
8:1887. https://doi.org/10.3389/fpls.2017.01887.

Nikolic M, Vulic T, Milivojevic J, Dordevic B.
2006. Pomological characteristics of newly in-
troduced black currant cultivars (Ribes nigrum
L.). Proceedings of International Conference of
Perspectives in European Fruit Growing, Fac-
ulty of Horticulture in Lednice, Czech Repub-
lic. p 201-205.

Nour V, Trandafir I, Cosmulescu S. 2014. Antioxi-
dant capacity, phenolic compounds and miner-
als content of blackcurrant (Ribes nigrum L.)
leaves as influenced by harvesting date and ex-
traction method. Ind Crops Prod. 53:133-139.
https://doi.org/10.1016/j.indcrop.2013.12.022.

Okatan V. 2016. The effects of different growing
systems on the yield and quality of currant
cultivation (PhD Diss). Institute of Science,
Stileyman Demirel University, Isparta, Turkey.

Okatan V. 2020. Antioxidant properties and pheno-
lic profile of the most widely appreciated culti-
vated berry species: A comparative study. Folia
Hortic. 32(1):79-85. https://doi.org/10.2478/thort-
2020-0008.

Okatan V, Polat M, Askin MA, Colak AM.
2015. Determination of some physical proper-
ties of currant (Ribes spp.), jostaberry (Ribes x
nidigrolaria Bauer) and gooseberry (Ribes
grossularia L.) cultivars. Ziraat Fakiiltesi Der-
gisi 10(1):83-89.

Orsavova J, Hlavacova I, Micek J, Snopek L,
Misurcova L. 2019. Contribution of phenolic
compounds, ascorbic acid and vitamin E to an-
tioxidant activity of currant (Ribes L.) and
gooseberry (Ribes uva-crispa L.) fruits. Food
Chem. 284:323-333. https://doi.org/10.1016/j.
foodchem.2019.01.072.

HorTSciENCE VoL. 59(8) Aucust 2024

Pantelidis GE, Vasilakakis M, Manganaris GA,
Diamantidis G. 2007. Antioxidant capacity,
phenol, anthocyanin and ascorbic acid contents in
raspberries, blackberries, red currants, goose-
berries and Cornelian cherries. Food Chem.
102(3):777-783. https://doi.org/10.1016/j.
foodchem.2006.06.021.

Pazurkiewicz-Kocot K, Galas W, Kota A. 2003.
The effect of selenium on the accumulation of
some metals in Zea mays L. plants treated with
indole-3-acetic acid. Cell Mol Biol Lett. 8:
97-104.

Pazurkiewicz-Kocot K, Kita A, Pietruszka M.
2008. Effect of selenium on magnesium, iron,
manganese, copper, and zinc accumulation in
corn treated by indole-3-acetic acid. Commun
Soil Sci Plant Anal. 39(15-16):2303-2318.
https://doi.org/10.1080/00103620802292343.

Pereira AS, Domeles AOS, Bernardy K, Sasso
VM, Bernardy D, Possebom G, Rossata LV,
Tabaldi LA. 2018. Selenium and silicon reduce
cadmium uptake and mitigate cadmium toxicity
in Pfaffia glomerata (Spreng.) Pedersen plants
by activation antioxidant enzyme system. En-
viron Sci Pollut Res Int. 25:18548-18558.
https://doi.org/10.1007/s11356-018-2005-3.

Pezzarossa B, Remorini D, Gentile ML, Massai R.
2012. Effects of foliar and fruit addition of so-
dium selenate on selenium accumulation and
fruit quality. J Sci Food Agr. 92(4):781-786.
https://doi.org/10.1002/jsfa.4644.

Puccinelli M, Malorgio F, Terry LA, Tosetti R,
Rosellini I, Pezzarossa B. 2019. Effect of sele-
nium enrichment on metabolism of tomato
(Solanum lycopersicum) fruit during postharv-
est ripening. J Sci Food Agr. 99:2463-2472.
https://doi.org/10.1002/jsfa.9455.

Rady MM, Belal HE, Gadallah FM, Semida WM.
2020. Selenium application in two methods pro-
motes drought tolerance in Solanum lycopersi-
cum plant by inducing the antioxidant defense
system. Scientia Hortic. 266:109290. https://doi.
org/10.1016/j.scienta.2020.109290.

Ramos SJ, Faquin V, Guilherme LRG, Castro EM,
Avila FW, Carvalho GS, Bastos CEA, Oliveira
C. 2010. Selenium biofortification and antioxi-
dant activity in lettuce plants fed with selenate
and selenite. Plant Soil Environ. 56(12):
584-588. https://doi.org/10.17221/113/2010-PSE.

Rezécova K, Canova K, Bezrouk A, Rudolf E.
2016. Selenite induces DNA damage and spe-
cific mitochondrial degeneration in human blad-
der cancer cells. Toxicol In Vitro. 32:105-114.
https://doi.org/10.1016/j.tiv.2015.12.011.

Ropelewska E. 2022. Assessment of the influence
of storage conditions and time on red currants
(Ribes rubrum L.) using image processing
and traditional machine learning. Agriculture.
12(10):1730. https://doi.org/10.3390/agriculture
12101730.

Shekari L, Aroiee H, Mirshekari A, Nemati H.
2019. Protective role of selenium on cucumber
(Cucumis sativus L.) exposed to cadmium and
lead stress during reproductive stage role of
selenium on heavy metals stress. J Plant
Nutr. 42(5):529-542. https://doi.org/10.1080/
01904167.2018.1554075.

Sucu S, Yagci A. 2023. Effects of selenium treat-
ments on physical and chemical traits of some
grape cultivars. Erwerbs-Obstbau. 65:2055-2062.
https://doi.org/10.1007/s10341-023-00899-4.

Sun Q, Wang N, Xu W, Zhou H. 2021. Genus
Ribes Linn. (Grossulariaceae): A comprehen-
sive review of traditional uses, phytochemistry,
pharmacology and clinical applications. J Ethno-
pharmacol. 276:114166. https://doi.org/10.1016/j.
jep-2021.114166.

Unal D, Gurbanov R, Sevim G, Samgane G, Varis G,
Ozdemir-Kocak F, Tuney-Kizilkaya 1. 2023.
Dose-dependent plant-promoting effect of macro-
algae Stypopodium schimperi extracts in Solanum
lycopersicum and detection of phloroglucinol com-
position. J Soil Sci Plant Nutr. 23:2018-2029.
https://doi.org/10.1007/s42729-023-01156-z.

Unal D, Sevim G, Varis G, Tuney-Kizilkaya I, Unal
BT, Ozturk M, Hussain S. 2022. Ameliorative ef-
fect of Halopteris filicina extracts on growth pa-
rameters and genomic DNA template stability of
tomato (Solanum lycopersicum) under lead
chloride stress. Crop Pasture Sci. 78(3):917-926.
https://doi.org/10.1071/CP21455.

Winkel LH, Vriens B, Jones GD, Schneider LS,
Pilon-Smits E, Banuelos GS. 2015. Selenium
cycling across soil-plant-atmosphere interfaces:
A critical review. Nutrients. 7(6):4199-4239.
https://doi.org/10.3390/nu7064199.

Woznicki TL, Heide OM, Sensteby A, Wold AB,
Remberg SF. 2015. Yield and fruit quality of
black currant (Ribes nigrum L.) are favoured
by precipitation and cool summer conditions.
Acta Agric Scand B Soil Plant Sci. 65(8):
702-712. https://doi.org/10.1080/09064710.
2015.1052093.

Yan J, Chen X, Zhu T, Zhang Z, Fan J. 2021. Ef-
fects of selenium fertilizer application on yield
and selenium accumulation characteristics of
different japonica rice varieties. Sustain. 13:
10284. https://doi.org/10.3390/SU131810284.

Yin N, Mu L, Liang YL, Hao WL, Yin HF, Zhu
SM, An XIJ. 2020. Effects of foliar selenium
fertilizer on fruit yield, quality and selenium
content of three varieties of Vitis vinifera. Ying
Yong Sheng Tai Xue Bao. 31(3):953-958.
https://doi.org/10.13287/j.1001-9332.202003.
007.

Zahedi SM, Hosseini MS, Daneshvar Hakimi
Meybodi N, Teixeira da Silva JA. 2019a. Fo-
liar application of selenium and nano-selenium
affects pomegranate (Punica granatum cv. Ma-
lase Saveh) fruit yield and quality. S Afr J Bot.
124:350-358. https://doi.org/10.1016/j.sajb.
2019.05.019.

Zahedi SM, Abdelrahman M, Hosseini MS, Hovei-
zeh NF, Tran LSP. 2019b. Alleviation of the
effect of salinity on growth and yield of straw-
berry by foliar spray of selenium-nanoparticles.
Environ Pollut. 253:246-258. https://doi.org/
10.1016/j.envpol.2019.04.078.

Zduni¢ G, Savikin K, Pljevljakusi¢ D, Djordjevié
B. 2016. Black (Ribes nigrum L.) and red cur-
rant (Ribes rubrum L.) cultivars, p 101-126.
In: Simmonds MSJ, Preedy VR (eds). Nutri-
tional composition of fruit cultivars. Academic
Press, United Kingdom. https://doi.org/10.1016/
B978-0-12-408117-8.00005-2.

Zeidan MS, Manal FM, Hamouda HA. 2010. Ef-
fect of foliar fertilization of Fe, Mn and Zn on
wheat yield and quality in low sandy soils fer-
tility. World J Agric Sci. 6:696-699.

Zhu S, Liang Y, Gao D, An X, Kong F. 2017.
Spraying foliar selenium fertilizer on quality of
table grape (Vitis vinifera L.) from different
source varieties. Scientia Hortic. 218:87-94.
https://doi.org/10.1016/j.scienta.2017.02.025.

Zhu Z, Zhang Y, Liu J, Chen Y, Zhang X. 2018.
Exploring the effects of selenium treatment on
the nutritional quality of tomato fruit. Food
Chem. 252:9-15. https://doi.org/10.1016/].
foodchem.2018.01.064.

Zhu S, Liang Y, An X, Kong F, Yin H. 2019. Re-
sponse of fruit quality of table grape (Vitis vi-
nifera L.) to foliar selenium fertilizer under
different cultivation microclimates. Eur J Hortic
Sci. 84(6):332—-342. https://doi.org/10.17660/
eJHS.2019/84.6.2.

1055

/0’ #7/PU-0u-AQq/sasuadl|/610° SUOWIWOIBAIBID//:SARY (/0" t/PU-ou-Ag/Sasual|/Bio°suowwosaAleald//:sdny)
8su82l| N-ON-AL DD 8y} Japun panguisip ajoie sseooe uado ue si siy| "sse00y uadQ BIA G0-ZL-GZ0gZ 1e Bio syse’sjeuinol//:sdiy wolj pspeojumoq


https://doi.org/10.1039/b202167f
https://doi.org/10.3390/plants9121670
https://doi.org/10.5154/r.rchsh.2018.06.013
https://doi.org/10.1016/j.foodchem.2014.10.011
https://doi.org/10.1016/j.foodchem.2014.10.011
https://doi.org/10.1111/j.1750-3841.2012.02896.x
https://doi.org/10.1111/j.1750-3841.2012.02896.x
https://doi.org/10.3389/fpls.2017.01887
https://doi.org/10.1016/j.indcrop.2013.12.022
https://doi.org/10.2478/fhort-2020-0008
https://doi.org/10.2478/fhort-2020-0008
https://doi.org/10.1016/j.foodchem.2019.01.072
https://doi.org/10.1016/j.foodchem.2019.01.072
https://doi.org/10.1016/j.foodchem.2006.06.021
https://doi.org/10.1016/j.foodchem.2006.06.021
https://doi.org/10.1080/00103620802292343
https://doi.org/10.1007/s11356-018-2005-3
https://doi.org/10.1002/jsfa.4644
https://doi.org/10.1002/jsfa.9455
https://doi.org/10.1016/j.scienta.2020.109290
https://doi.org/10.1016/j.scienta.2020.109290
https://doi.org/10.17221/113/2010-PSE
https://doi.org/10.1016/j.tiv.2015.12.011
https://doi.org/10.3390/agriculture12101730
https://doi.org/10.3390/agriculture12101730
https://doi.org/10.1080/01904167.2018.1554075
https://doi.org/10.1080/01904167.2018.1554075
https://doi.org/10.1007/s10341-023-00899-4
https://doi.org/10.1016/j.jep.2021.114166
https://doi.org/10.1016/j.jep.2021.114166
https://doi.org/10.1007/s42729-023-01156-z
https://doi.org/10.1071/CP21455
https://doi.org/10.3390/nu7064199
https://doi.org/10.1080/09064710.2015.1052093
https://doi.org/10.1080/09064710.2015.1052093
https://doi.org/10.3390/SU131810284
https://doi.org/10.13287/j.1001-9332.202003.007
https://doi.org/10.13287/j.1001-9332.202003.007
https://doi.org/10.1016/j.sajb.2019.05.019
https://doi.org/10.1016/j.sajb.2019.05.019
https://doi.org/10.1016/j.envpol.2019.04.078
https://doi.org/10.1016/j.envpol.2019.04.078
https://doi.org/10.1016/B978-0-12-408117-8.00005-2
https://doi.org/10.1016/B978-0-12-408117-8.00005-2
https://doi.org/10.1016/j.scienta.2017.02.025
https://doi.org/10.1016/j.foodchem.2018.01.064
https://doi.org/10.1016/j.foodchem.2018.01.064
https://doi.org/10.17660/eJHS.2019/84.6.2
https://doi.org/10.17660/eJHS.2019/84.6.2

