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Arastirma Makalesi

oz
Makale Tarihgesi: Bu c¢alisma, sulu kosullar altinda 2011 ve 2012 yillar1 yazlik vejetasyon
Szgzlt?;mlzlggigg déneminde aspir (Carthamus tinctorius L.) gesitlerinin besin igerikleri
Online Yaymlanma: 18.07.2022 tizerine kiikiirt dozlarmm etkilerini belirlemek amaciyla yapilmistir. Arazi

denemeleri, Van Yiiziincii Y1l Universitesi Ziraat Fakiiltesi deneme alaninda
Tesadiif Bloklar1 ParselDeneme Deseni’ ne gore li¢ tekerriirlii olarak
! yiriitiilmiistiir. Faktor olarak {i¢ farkli kiikiirt dozu (0, 25, 50 kg/ha) ve ii¢
Aspir . . . . .
Carthamus tinctorius L. aspir ¢esidi kullanilmistir. Calismada aspir tohumunun makro ve mikro besin
Cesit elementi igerikleri incelenmistir. Kiikiirt uygulamalarinin tohumlarm Ca, Fe
Kukirt ve Mn igerikleri disginda K, Mg, Zn ve Cu gibi besin element igeriklerini
Besin igerigi énemli dlgiide etkilemedigi belirlenmistir. Ayrica aspir cesitleri arasinda Mg
ve Cu disinda, K, Ca, Fe, Mn ve Zn besin igerigi bakimindan istatistiksel
olarak onemli farkliliklar tespit edilmistir.

Anahtar Kelimeler:

Effects of Different Sulphur Doses on Nutrient Contents of Safflower (Carthamus tinctorius L.)
Cultivars

Research Article ABSTRACT

Article H_istoryi This study was carried out to determine the effects of sulphur doses on the

iece|ved..23.12.2021 nutrient contents of safflower (Carthamus tinctorius L.) cultivars under
ccepted: 18.02.2022 L L. . . . . .

Published online: 18.07.2022 irrigated conditions in the 2011- and 2012-years spring periods. Field trials

were conducted with a randomized complete block split-plot design with
three replications in the experimental area of Van Yuzuncu Y1l University,

Ki ds: . .

S;%V,Zf;ﬂe? Faculty of Agriculture. As a factor, three different sulphur doses (0, 25, 50 kg
Carthamus tinctorius L. ha') and three safflower cultivars were used. In the study, macro and
gulltir:/af micronutrient element contents of safflower seed were investigated. It was
ulphur

determined that wasn't affected significantly by nutrient element contents
such as K, Mg, Zn, and Cu except for Ca, Fe, and Mn contents of seed by
sulphur applications. In addition, statistically significant differences were
found among safflower varieties in terms of the nutrient content of K, Ca, Fe,
Mn, and Zn, except for Mg and Cu.

To Cite: Tuncturk R., Nohutcu L., Yolc1 MS., Selem E., Toprak T., Tuncturk M. Effects of Different Sulphur Doses on
Nutrient Contents of Safflower (Carthamus tinctorius L.) Cultivars. Osmaniye Korkut Ata Universitesi Fen Bilimleri
Enstitiisii Dergisi 2022; 5(2): 720-728.
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1. Introduction

Carthamus tinctorius L., belonging to the family Asteraceae, is a multipurpose oilseed crop grown
mainly for its high-quality edible oil (Beyyavas et al., 2011). The eastern part of the Mediterranean
region is regarded as the center of origin of the safflower genus (Ashri and Knowles, 1960). The seeds
of this plant contain 15-20 % protein, and 35-50 % oil (Rahamatalla et al., 2001). Safflower is an
important oilseed crop that has been widely cultivated as a source of edible oil and dyes in the world.
The average fatty acid composition of the safflower oil is about 78 % linoleic 10 % oleic 9 % stearic
and 5% palmitic acid (Yadav and Srivastava, 2013). Safflower is also grown for its flowers which are
used as cut flowers, in coloring and flavoring food, in textile dyes, as livestock forage, as a vegetable,
in herbal teas, and for medicinal purposes (Mohammadi et al., 2014). Safflower has a high degree of
tolerance to drought and salinity which possessing deep roots makes it able to meet its water
requirements from a lower layer of soil (Naderi and Bijanzadeh, 2014).

S is required by the plants in amounts similar to phosphorus (P) and is important to the plants for
protein formation and other functions (Rani et al. 2009). Sulphur application decreased soil reaction
and increased uptake of nutrients by plants (Yener, 1997). Sulfur is particularly effective in the root
development of plants. Although sulfur (S) has been an essential well macro element for plant growth
for more than two centuries, its use in agricultural production is hot common (Jianeng and Haibo,
2015). This study aimed to explore the effects of sulphur doses on some macro and micro nutrition

elements content of safflower cultivars.

2. Materials and Methods

The research was conducted in experimental areas of Van Yuzuncu Yil University, Faculty of
Agriculture, Field Crops Department in 2010 and 2011. Soil properties of the trial field were clay,
loam, high in clay (17.9 %), low in salt (0.021 %), and light alkaline (pH 8.4). Experimental soil had
low concentrations of organic material (1.85 %) and nitrogen (0.092 %). Available phosphorus content
of the soil was highly low (6.70 ppm) and available potassium content was sufficient (488 ppm).
Climatic data of the years in which the research was conducted were 377.4-516.9 mm rainfall, 11.20-
9.45 °C mean temperature, and 53.5 %- 56.5 % mean humidity, respectively. Seed sowings, in the
ratio of 30 kg/ha, by hand were realized in both experimental years. Field trials were designed in
factorial order according to randomized complete block design (RCBD) with three replications. As
factor, three different sulphur doses (0 kg/ha, 25 kg/ha, and 50 kg/ha) and three different safflower
cultivars (Dinger (C1), Remzibey (C2), and Yenice (C3)) were used. Seeds were sown by hand on
April 6, 2010, and April 19, 2011, in the experimental years. Each plot sizes were 3m x 1.8m = 5.4 m?
and row spacing was 30 cm in 6 rows. The area harvested was 2.4 m? and plants were harvested by
hand when seeds were ripened.

Nutrient element contents of the plant samples were determined as follows; dried plant samples were

ashed in a furnace with hydrochloric and nitric acid (AOAC). After this process, distilled water (50
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ml) was added to samples in a volumetric flask. All analyzes were repeated three times and standard
materials were used for chemical analyses. Atomic Absorption Spectrometry was used for the
determination of mineral compositions. All data were subjected to Analysis of Variance and the
significance of mean values was tested by Duncan Multiple Range Test using COSTAS (version 6.3)
software (Duzgunes et al., 1987).

3. Results and Discussion

Depending on the effects of the factors applied in the study, the averages of two years are given in
Tables 1, 2, 3, 4, 5, 6, and 7). The results of this study showed that, affected Fe and Mn contents of
seed by sulphur doses, while K, Ca, Mg, Zn, and Cu contents were not affected. However, concerning
Mg and Cu contents were no significant differences among cultivars while among cultivars in other
minerals (K, Ca, Fe, Mn, and Zn) were found significant differences. Effects on the Ca, Fe and Mn
contents were found significant while on effects the K, Mg, Zn, and Cu were not found significant. of
the sulphur doses and cultivar interaction (S x C).

Table 1. Effects of sulphur doses on K (%) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 0.49 0.54 0.56 0.53b
Remzibey (C2) 0.66 0.57 0.60 0.61a
Yenice (C3) 0.56 0.57 0.63 0.59ab
Means 0.57 0.56 0.60

LSD (0.05) 0.059

CV (%) 10.32

Sulphur Doses (S) ns

Cultivars (C) *

Sulphur Doses (S) X Cultivars (C) ns

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P < 0.01; * P <0.05.

On the K content, the differences among only cultivars were found statistically significant (5%), while
it was not found significant the effects of sulphur doses applications and sulphur x cultivars
interaction. The highest K content was obtained as 0.61 % from the Remzibey cultivar and also the
lowest value was determined as 0.53 % from the Dincer cultivar. With sulphur doses, K content was
recorded between 0.56-0.60%. Potassium regulates the osmotic pressure of the plant and it has an
important role in starch synthesis In similar studies related to the subject; Day et al. (2017) determined
that the K content was obtained between 45.4- 72.1 g/kg from the Remzibey cultivar, while K content
was obtained between 52.6-69.2 g/kg from the Yenice cultivar. In related to sulphur applications,
Yilmaz (2017) determined that the highest K content was obtained as 4.67 % from 20 kg S ha™.
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Table 2. Effects of sulphur doses on Ca (%) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 0.31d 0.38d 0.36d 0.35b
Remzibey (C2) 0.90 a 0.43d 0.56 ¢ 0.63a
Yenice (C3) 0.63 bc 0.46 d 0.66 b 0.58 a
Means 0.61a 0.42b 0.53a

LSD (0.05) 0.09

CV (%) 17.12

Sulphur Doses (S) **

Cultivars (C) **

Sulphur Doses (S) X Cultivars (C) **

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P <0.01 ;* P <0.05.

The effects of all trial factors and interaction on Ca content were found significant at the 1% level. In
terms of calcium content, the highest value was obtained as 0.61 % from 0 kg ha™ (control) sulphurs
doses. It is the same group with a 50 kg/ha sulphur dose. The lowest Ca content (0.42 %) was
determined from a 25 kg/ha sulphur dose. Also, among the cultivars, the highest value was recorded as
0.63 kg/ha from the Remzibey cultivars. However, it is seen that there is no statistically significant
difference between the C3 cultivar (Table 2). In relation to the Sulphur Doses (S) x Cultivars (C), the
best results were recorded as 0.90 % from the control group of sulphur, in the Remzibey variety.
Calcium functions as an essential plant nutrient and as a structural element in the plant cell wall
(Perochon et. al., 2011). Day et al. (2017) recorded that Ca content was determined between 7.7-11.0
g/kg from the Remzibey cultivar, while Ca content was obtained between 8.7-12.2 g/kg from the
Yenice cultivar. In addition, it was recorded that obtained from control (0 kg S ha™) applications as

1.22 % highest Ca content of canola plant, in a study carried out by Yilmaz (2007).

Table 3. Effects of sulphur doses on Mg (%) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 0.28 0.29 0.30 0.29
Remzibey (C2) 0.30 0.27 0.30 0.29
Yenice (C3) 0.30 0.27 0.33 0.30
Means 0.29 0.28 0.31

LSD (0.05) 0.04

CV (%) 16.80

Sulphur Doses (S) ns

Cultivars (C) ns

Sulphur Doses (S) X Cultivars (C) ns

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P <0.01; * P < 0.05.

Both factors used in the experiment did not significantly affect the magnesium content. In terms of

cultivars, Mg content was between 0.29-0.30 %, and sulfur applications were found between 0.28-
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0.31%. Yilmaz (2017), determined that Mg content was found between 0.23-0.24 % in canola plants.
It is slightly higher our research results than the findings of the researcher.

Table 4. Effects of sulphur doses on Fe (ppm) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/lha Means

Dincer (C1) 82.8¢g 90.0efg 94.9def 89.2c
Remzibey (C2) 120.2b 89.1fg 101.9cd 103.7b
Yenice (C3) 103.1¢c 95.1de 128.7a 108.9a
Means 102.0b 91.3c 108.5a

LSD (0.05) 5.08

CV (%) 5.05

Sulphur Doses (S) folal

Cultivars (C) *x

Sulphur Doses (S) X Cultivars (C) *x

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P <0.01 * P <0.05.

The effects of all trial factors and interaction on Fe content were found significant at the 1% level.
While the maximum Fe content was detected as 108.5 ppm from 50 kg/ha sulphur applications, the
minimum Fe content was obtained as 91.3 ppm from 25 kg/ha sulphur applications. According to
cultivars, the best results related to Fe content were determined as 108.9 ppm from the Yenice cultivar,
also the lowest value was determined as 89.2 ppm from the Dincer cultivar. Aytac et al., (2014)
recorded that the highest Fe content (61.53 mg/kg) was obtained from the UC-1 cultivar and the
lowest value (43.13 mg/kg) was obtained from the Remzibey cultivar. However, Naderi and
Bijanzadeh (2014) determined that the Fe content was obtained between 65.82-91.41 mg/kg in the two
different safflower cultivars. In the Sulphur Doses (S) x Cultivars (C) interaction the highest Fe
contents were recorded as 128.7 ppm from 50 kg/ha sulphur application in the Yenice variety. In a
study conducted on the canola plant by Yilmaz (2017), the highest Fe content (80.0 mg/kg) was
obtained from 40 kg/ha sulphur dose application, the lowest value (71.0 mg/kg) was obtained from the
control plot. Our research results were found to be considerably higher than the researcher's findings.

Table 5. Effects sulphur doses on Mn (ppm) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 226¢C 246¢C 25.0c 241D
Remzibey (C2) 27.7b 25.0c 23.6¢C 255b
Yenice (C3) 24.3cC 22.7¢C 349a 27.3a
Means 24.9Db 24.1b 27.8 a

LSD (0.05) 1.45

CV (%) 5.69

Sulphur Doses (S) **

Cultivars (C) **

Sulphur Doses (S) X Cultivars (C) **

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P < 0.01; * P <0.05
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The effects on the Mn content were found, statistically significant (1%) of cultivars, Sulphur doses,
and S x C interaction. In terms of sulphur fertilizer doses, the maximum Mn content (27.8 ppm) was
recorded from 50 kg/ha sulphur (S) applications. The minimum value was obtained as 24.1 ppm from
25 kg/ha sulphur (S) applications. However, it was determined that there are no statistically important
differences between control plots. In the study, the highest Mn content (27.3 ppm) was determined
from the Yenice cultivar, also the lowest value (24.1 ppm) was determined from the Dincer cultivar.
But, there are no statistically important differences between Dincer with Remzibey cultivars. About
the Sulphur Doses (S) x Cultivars (C), the best results were detected as 34.9 ppm from 50 kg/ha
sulphur applications in the Yenice variety. The other study conducted on the different safflower
cultivars (Dincer, Remzibey, Yenice, UC-1, and VV50/63) determined that the highest Mn content was
15.10 mg/kg from the Dincer cultivar and the lowest value (10.53 mg/kg) was obtained from Yenice
cultivar (Aytac et al., 2014). Naderi and Bijanzadeh (2014) determined that Mn content obtained
between 120.32-122.2 mg/kg in the two different safflower cultivars. While our research results were
higher than Aytac et al., (2007), it was found to be much lower than Naderi and Bjanzadeh (2014).

Table 6. Effects of sulphur doses on Zn (ppm) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 59.1 63.8 67.3 634D
Remzibey (C2) 72.3 83.0 74.2 76.5a
Yenice (C3) 67.1 68.3 65.8 67.0b
Means 66.2 71.7 69.1

LSD (0.05) 5.62

CV (%) 8.15

Sulphur Doses (S) ns

Cultivars (C) **

Sulphur Doses (S) X Cultivars (C) ns

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P <0.01; * P <0.05

Zinc is required for various chemical reactions such as protein and DNA synthesis, growth, and
immune system function (Maiti et al., 2016). On the zinc content, the differences among only cultivars
were found statistically significant (5%), while it was not found significant the effects of sulphur doses
applications and sulphur x cultivars interaction. In this research, the Zn ratio of the safflower cultivar
was determined between 66.2-71.7 ppm. The best result for zinc was detected at 76.5 ppm from the
Remzibey cultivar, the lowest results were obtained at 63.4 and 67.0 ppm from Dincer and Yenice
cultivars, respectively. Between both cultivars, there are no differences statistically. The study
conducted on the different safflower cultivars (Dincer, Remzibey, Yenice, UC-1, and V50/63)
determined that the highest Fe content was obtained as 46.73 mg/kg from the Remzibey cultivar and
the lowest value (34.37 mg/kg) was obtained from V50/63 cultivar (Aytac et al. 2014). Naderi and
Bijanzadeh (2014) recorded that Zn content obtained between 32.28-32.87 mg/kg in the two different
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safflower cultivars. Our research findings were found to be considerably higher than the researcher's

findings.

Table 7. Effects of sulphur doses on Cu (ppm) contents of safflower cultivars

Parameters Control (0 kg/ha) 25 kg/ha 50 kg/ha Means

Dincer (C1) 35.4 39.8 40.8 38.6
Remzibey (C2) 41.5 39.8 41.1 40.8
Yenice (C3) 41.8 36.8 45.9 415
Means 39.6 38.8 42.6

LSD (0.05) 5.51

CV (%) 13.67

Sulphur Doses (S) ns

Cultivars (C) ns

Sulphur Doses (S) X Cultivars (C) ns

Different letters above columns indicate significance levels of means according to
Duncan’s Multiple Range Test. ** P <0.01; * P < 0.05.

According to the results of this research, of none of the research factors, the effect on the content of
copper wasn't found to be statistically significant. Copper is an essential biometal for humans, animals,
and certain types of plants (Nikolica et. al., 2014). The Cu content was obtained between 38.8 and
42.6 ppm in the different sulphur doses applications. For cultivars, copper content was detected
between 38.6-41.5 ppm. The study conducted in the five different safflower cultivars (Remzibey,
Yenice, Dincer, UC-1, and V50/63) conducted by Aytac et al., (2014) recorded that the highest Cu
content (16.35 mg/kg) was obtained from UC-1 cultivar, while the lowest value (3.30 mg/kg’ from
V50/63 cultivar. Naderi and Bijanzadeh (2014) reported that Cu content was obtained between 15.31-
15.77 mg/kg in the two different safflower cultivars.

4. Conclusions

It was determined that was affected significantly the nutrient elements contents such as Ca, Fe, and
Mn except for K, Mg, Zn, and Cu by different sulphur doses applications. Only, it had been
determined that Mg and Cu weren't affected by both application factors. Also, it was recorded a
significant difference statistically among safflower cultivars in K, Ca, Fe, Mn, and Zn contents.
Minerals are of great importance for cell protection and healthy tooth, bone, and skin structure. Apart
from this, they play an important role in blood pressure, heart rhythm, muscle functions, maintaining
fluid balance in the body, reproduction, and many other functions. As a result of scientific research,
mineral loss and deficiency directly affect our health. As a result of the research, it was determined
that significant increases occurred in the Fe and Mn content especially the Yenice variety with sulfur

applications in safflower seed, which is an important oil plant.
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