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Plant nutrients are essential for plant physiology, although they
are required in small quantities. Along with detecting nutrient
shortages, it is crucial to study the varied impacts of nutrients
such as iron, sulfur, and selenium. This study specifically
investigated the combined effects of iron, sulfur, and selenium
fertilizers on the oil content and oil quality factors of peanuts
(Arachis hypogaea L.). The study was conducted in the Eastern
Mediterranean of Tiirkiye in 2021 and 2022, using a split-split-
plot design with three replications. The treatments of Fe (0% and
3%) were assigned to the main plots, S (0, 40, and 60 kg ha—1) to
the sub-plots, and Se (0, 20, and 40 ppm) to the sub-sub-plots.
Oil content was not significantly affected by the fertilizer
treatments, and the maximum values were obtained from the
applications of 40 kg sulfur per hectare and 20 ppm selenium.
Regarding the Oleic/Linoleic acids ratio, an important indicator
of oil quality, the highest values were observed in the treatments
of 40 to 60 kg sulfur per hectare and 20 to 40 ppm selenium. In
conclusion, iron application had no significant effect, while the
application of 40 to 60 kg ha™! sulfur and 20 to 40 ppm selenium
could improve the quality of peanut oil, as indicated by a low
iodine value (IV) and high oleic acid content and O/L ratio.
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1. INTRODUCTION

Peanuts (4rachis hypogaea L.), which are grown in a wide area around the world, are a very important source
of oil and protein. They belong to the legume family and are annual, summer-growing plants that thrive in warm
climates. This plant, which has an important place in the food and agriculture sector, provides producers with
significant income (Guvercin & Gok, 2022; Yilmaz et al., 2022). With serious commercial potential in both
national and international markets, this plant makes important contributions both as an oil source and as a snack.
The high levels of tocopherol in peanut oil, an antioxidant substance, prevent the oil from oxidizing and
deteriorating. In Tiirkiye, it is cultivated in regions influenced by the Mediterranean climate, in light-textured
agricultural soils with irrigation (Boydak et al., 2019; Haddadi et al., 2024).

In 1993, 26 million tons of peanuts were produced on 21 million hectares of fields worldwide, while in Tiirkiye,
70,000 tons were produced on 30,000 hectares of land. By 2023, both worldwide and in Tiirkiye, the area under
cultivation had increased by more than 50%, while production had increased by more than 150%. According to
current data, approximately one-third of production took place in China, followed by India and Nigeria with shares
of 19% and 8%, respectively. In terms of yield, while there was a 42% increase worldwide over 30 years, Turkey
had a 73% increase (FAQ, 2025). According to 2023 data, approximately 80% of Tiirkiye's production took place
in the Mediterranean Region, with Adana and Osmaniye standing out with shares of 48% and 24%, respectively
(TUIK, 2025)

Plants convert light energy into chemical energy through photosynthesis while continuously absorbing plant
nutrients from the soil. Therefore, the nutrients found in the root zone of plants are of vital importance for plant
life. In agricultural soils, the rate at which nutrient elements are removed from the soil exceeds the rate at which
they are naturally replenished. Therefore, it is necessary to add nutrient elements to the soil, especially in
agricultural areas. Otherwise, nutrient deficiency will occur (Turan & Horuz, 2012). Consequently, the process of
supplying nutrients to the soil, which we call fertilization, is one of the most important factors in plant nutrition
(Sadat Darakeh et al., 2021; Zhou et al., 2021). Although plants require minerals in the soil to be at proper levels,
inadequate soil properties or biotic and/or abiotic stress conditions can reduce the roots' ability to take up mineral
nutrients. When soil constraints (such as liming, inappropriate pH, and so on) minimize nutrient availability, foliar
sprays provide a more efficient solution for plant nutrition (Sahin & Isler, 2021; Zayed et al., 2011).

Iron (Fe) is one of the major plant nutrients that enhances biological nitrogen fixation and nodulation, leading
to improved yield. It is also vital for synthesizing protein, DNA, and RNA (Dogan et al., 2007; Guvercin & Gok,
2022). The symptoms of Fe deficiency occur in poor conditions, such as the soil that has a pH higher than 6.5 or
calcareous soil, and Fe solubility reaches its minimum. Besides, Fe deficiency affects the biological nitrogen
binding and bacterial activity (Chhonkar & Chandel, 1991; Ghasemian et al., 2010). Because of that, leaf
chlorophyll content and therefore photosynthesis are affected by deficiency. Accordingly, foliar fertilization is an
effective method because it is both fast and economical (Babaeian et al., 2011; Kinaci & Gulmezoglu, 2007; Nasri
etal., 2011).

Nano-Selenium applications demonstrate enhanced efficacy by optimizing the biochemical composition of
peanuts, reducing oxidative damage, and improving yield parameters (Hussein et al., 2019a; Petkovic et al., 2019).
Selenium (Se) alleviates cadmium toxicity in peanut plants, particularly when co-applied with biochar, leading to
improved plant growth and increased Se accumulation in seeds (Shao et al, 2022). Additionally, Se
supplementation has proven effective in enhancing peanut resilience to environmental stressors, including drought
and salinity, thereby promoting better crop performance under adverse conditions. Se biofortification in peanuts
not only enhances their antioxidant capacity but also elevates their nutritional value, offering dual benefits for both
agricultural productivity and human health (Deliboran et al., 2018; Topuz & Topal, 2021). Moreover, foliar-
applied Se is suggested instead of soil application due to greater efficiency. In addition, it reduces the negative
effect on the environment (Pezzarossa et al., 2012).

Sulfur (S) is one of the essential micronutrients that has been identified as a key factor in various aspects of
plant growth and development by optimizing plant growth, particularly in oil quality (Ariraman & Kalaichelvi,
2020; Brooks et al., 2023; Cannon et al., 2021; Vinothini et al., 2022). This element plays a fundamental role in
critical metabolic pathways, including photosynthetic processes, respiratory metabolism, biological nitrogen
fixation (Saleem et al., 2023; Sytar et al., 2012), and the biosynthesis of both proteins and lipids, all of which
collectively influence plant developmental progression (Erhunmwunse & Farmaha, 2023; Moreira & Moraes,
2016). It mediates structural modifications in oleic acid biosynthesis, resulting in an expanded fatty acid reservoir
that ultimately elevates lipid biosynthesis and seed oil content in oilseed crops (Mohammadi & Rokhzadi, 2012;
Zhou et al., 2021).
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Recent studies have demonstrated the significant physiological impacts of nutrient applications on peanut
cultivation. It was reported that Fe supplementation resulted in a marked stimulation of chlorophyll biosynthesis
and enhanced vegetative growth during pivotal phenological phases (Kur et al., 2019). Se, along with biochar
treatments, mitigated cadmium phytotoxicity while simultancously promoting biomass accumulation and
increasing Se enrichment in seeds, resulting in improved nutritional profiles (Shao et al., 2022). Furthermore, S
regulated multiple metabolic processes, including chlorophyll formation and protein anabolism, which collectively
determine both quantitative and qualitative parameters of groundnut yield (Vinothini et al., 2022). Toward this
end, the present study aimed to determine the effects of Fe, S, and Se and their combination on oil content and oil
quality factors of peanut, focusing on their interactions.

2. MATERIALS AND METHODS

Plant material

The study was conducted in Osmaniye, located in the Eastern Mediterranean region of Tiirkiye, under field
conditions, based on the 2021 and 2022 growing seasons. The peanut variety NC-7 (4rachis hypogaea L.) was
used as the plant material.

Soil properties

The physical and chemical properties of the soil in the experimental area are presented in Table 1. The soil had
a clayey-loam texture and exhibited a slightly alkaline reaction throughout the two years (pH: 7.98-8.03). These
elevated pH values are consistent with the high lime content observed in the soil (2021: 10.94%; 2022: 8.25%).
Regarding nutrient elements, the phosphorus (P) content was at a moderate level, while organic matter (OM) levels
(1.02-1.05%) were generally below accepted thresholds and were classified as low. Among the micronutrients, the
iron (Fe) content was also measured to be low (1.67-1.91 ppm). The low plant availability of iron was likely
constrained by the high soil pH and lime content. Furthermore, a notable decrease in zinc (Zn) content was
observed in 2022, dropping from 0.36 ppm to 0.19 ppm (Table 1).

Table 1. Soil characteristics of the experimental area

pH O.M. Lime P(kghas K (kgha Ca Mg Fe Zn

(%) (%) D) ) (ppm) (ppm) (ppm) _ (ppm)
2021 7.98 1.05 10.94 92.0 405.6 11,310 450.32 1.67 0.36
2022 8.03 1.02 8.25 93.6 349.1 10,182 445.10 1.91 0.19

O.M.: Organic Matter

Climatic features

The meteorological data, such as total precipitation and average temperature, were presented in Fig. 1. The
average temperatures for the experimental and long-term years increased from April to August, then decreased in
September. There were no significant differences between the years. In contrast to average temperature, even
though there were some fluctuations among months, the total precipitation for the second year of the study was
along to long-term values, but higher than the first year (TSMS, 2024).

Experimental design

Certified peanut (4rachis hypogaea L. cv. NC-7) cultivar was sown on May 15, 2021, and May 10, 2022, with
70 cm apart rows and 15 cm spacing between plants. Each sub-sub-plot was established with 4 rows and had 5 x
2.8 m = 14 m? total area. The experiment had a total of 54 plots. The experimental layout was split-split-plot in a
randomized complete block design with three replications. Two Fe-EDTA levels were applied in the main plots
as follows: control (0%) and 3%. Three sulfur doses were applied in the sub-plot as follows: control (0), 40 (40S),
and 60 (60S) kg per ha, while three selenium treatments were applied in sub-sub-plots as control (0), 20Se, and
40Se ppm. Di-ammonium phosphate (18% N, 46% P-Os) was applied at 250 kg ha™' as a bottom fertilizer before
sowing. Besides, S (total SO3 245% w/w and total S 98% w/w) was also given to the soil before sowing, while Fe
(water soluble Fe 6% w/w and Fe chelated 6% w/w) and Se (as a commercial water-soluble fertilizer containing
15% selenium) were applied at the R1 (beginning bloom) growth stage as foliar spraying. Post-emergence, manual
hoeing was performed, and furrow irrigation was applied. Mature plants were hand-harvested on October 10, 2021,
and October 15, 2022.
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Figure 1. Meteorological data of the studied years and long-term in Osmaniye, Tiirkiye. (P: Precipitation, T: Temperature, LT:
Long-term)

Oil extraction, fatty acid analyses, and oil quality parameters

The traditional Soxhlet method was used for extracting oil from plant material. The apparatus consisted of an
extraction chamber, a thimble, and a condenser, with the solvent material being diethyl ether. The fatty acid
composition procedure and temperature program were performed according to the method reported in the literature
(Sahin et al., 2022). The ratios of oleic and linoleic acids, as well as the iodine values, were calculated using the
formulas given below (Chowdhury et al., 2015).

lIodine Value (IV) = (% oleic acid x 0.8601) + (% linoleic acid x 1.7321)

AT oA , % oleic acid
Oleic Acid/Linoleic Acid (O/L) Ratio = % linoleic acid
0

Statistical analyses

Analysis of variance (ANOVA) was performed for each year, across combined years, and for the mean of years
based on a split—split—plot design using IBM SPSS Statistics v27 and RStudio v2024.09.1+394. The figures were
generated for the mean of the years regardless of the studied years separately, because there were no significant
effects between years. Means were compared using Duncan’s multiple-range test (Steel & Torrie, 1980).

3. RESULTS AND DISCUSSION

The investigation into the individual and interactive effects of Fe, S, and Se revealed their significant roles in
shaping peanut oil quality. As no significant year effect was observed, data from both years were combined and
analyzed according to the split-split-plot design. The detailed ANOVA results are presented in Tables 2 and 3.

Oil content

The oil content was found to be insignificant (p > 0.05) for all independent variables and their interactions
according to the results of ANOVA (Table 2). The control group for Fe had 49.53+0.12% oil content, while the
3% Fe treatment was 49.334+0.11% (Fig. 2a). The oil content ranged from 49.30+0.16% to 49.50+0.13% for S
treatments, and 40S came in first place with its highest value. On the other hand, the oil content varied between
49.28+0.14% and 49.5340.17 for Se treatments, and the highest value was observed in 20Se treatment. The average
value for oil content was 49.434+0.08%. Notably, the combinations of 40S x 0Se and 40S x 20Se without iron
application yielded the highest oil content values. Similar to the present study, it was found that oil content was
not significantly affected by Fe and S treatments (Bi et al., 2024; Kur et al., 2019). In contrast, oil content was
found to be significant in a study conducted with rapeseed (Gironde et al., 2014). The non-significant effect of Fe,
S, and Se on oil content can be primarily attributed to the physiological role of these elements and the genetic
regulation of oil biosynthesis. Oil accumulation is a genetically strongly programmed process governed by source-
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sink relationships. While these nutrients are crucial for overall plant metabolism and stress tolerance, they may not
directly regulate the final stages of oil synthesis under the conditions of this study. This finding aligns with studies
reporting non-significant effects of Fe and S on peanut oil content (Bi et al., 2024; Kur et al., 2019). Furthermore,
the variable impact of Se, which is highly dependent on peanut cultivar and application method (Hussein et al.,
2019b; Irmak, 2017), supports the conclusion that the genetic potential of the cultivar used here was likely a
determining factor, limiting the effect of mineral applications on oil content (Kumar & Sidhu, 2013).

Table 2. Mean square values for oil content, unsaturated fatty acid compositions, and O/L ratio

SoV df Qil content Oleic acid Linoleic acid Linolenic acid O/L Ratio
Y 1 0.69ns 0.11ns 2.48ns 0.03ns 0.02ns
R (Y) 4 0.22ns 0.41ns 0.80ns 0.01ns 0.01ns
Fe 1 1.07ns 14.77* 9.51** 0.01ns 0.22%*
FexY 1 0.23ns 0.06ns 0.03ns 0.01ns 0.01ns
Error 1 4 0.16 1.25 0.08 0.01 0.01
S 2 0.46ns 10.73%** 6.85%* 0.01ns 0.15%*
S x Fe 2 0.83ns 0.03ns 0.02ns 0.01ns 0.01ns
SxY 2 0.05ns 10.12%* 5.37% 0.01ns 0.13**
SxFexY 2 0.19ns 0.01ns 0.01ns 0.01ns 0.01ns
Error 2 16 0.47 1.25 1.08 0.01 0.02
Se 2 0.60ns 8.16%* 3.38%* 0.01ns 0.10%*
SexY 2 0.03ns 0.01ns 0.01ns 0.01ns 0.01ns
Se x Fe 2 0.30ns 1.70* 1.43% 0.04* 0.04**
Se xS 4 0.76ns 7.70%* 2.72%* 0.01* 0.09**
SexFexY 2 0.01ns 0.01ns 0.01ns 0.01ns 0.01ns
SexSxY 4 0.06ns 0.01ns 0.04ns 0.01ns 0.01ns
Se x Fe x S 4 0.33ns 7.82%* 9.13%* 0.03** 0.17**
SexFexSxY 4 0.21ns 3.92%* 4.58%* 0.02%* 0.08**
Error 3 48 1.34 0.49 0.31 0.01 0.01
CV (%) 1.27 2.31 4.45 6.32 6.91

SoV: Source of Variance; df: Degree of freedom; CV: Coefficient of variation; Y: Year; R: Replication; Fe: Iron; S: Sulfur;
Se: Selenium; ns: non-significant; * Significant at the p <0.05 level; ** Significant at the p < 0.01 level

Table 3. Mean square values for IV and saturated fatty acid compositions

SoV df v Palmitic Acid Stearic Acid Behenic Acid Arachidic Acid
Y 1 9.07ns 0.04ns 0.07ns 0.73ns 0.04ns
R (Y) 4 2.64ns 0.07ns 0.01ns 0.01ns 0.02ns
Fe 1 4.15% 0.01ns 0.01ns 0.23%* 0.18%*
FexY 1 0.01ns 0.04ns 0.01ns 0.09* 0.02ns
Error 1 4 0.29 0.01 0.01 0.01 0.01
S 2 3.95% 0.04ns 0.07** 1.35%%* 0.24%*
S x Fe 2 0.03ns 0.01ns 0.01ns 0.02ns 0.28%*
SxY 2 1.88ns 0.24* 0.02ns 0.20%* 0.21**
SxFexY 2 0.02ns 0.02ns 0.01ns 0.14%* 0.03*
Error 2 16 1.00 0.06 0.01 0.01 0.01
Se 2 1.14ns 0.32%* 0.06** 0.63** 0.07**
SexY 2 0.01ns 0.02ns 0.01ns 0.04** 0.11%*
Se x Fe 2 0.91ns 0.01** 0.01ns 0.06** 0.07**
Se xS 4 0.45ns 0.17** 0.06** 1.08%* 0.13**
SexFexY 2 0.02ns 0.03ns 0.01ns 0.10%* 0.01ns
SexSxY 4 0.11ns 0.02ns 0.01ns 0.01ns 0.04**
Se xFe x S 4 9.17** 0.77** 0.14%* 0.07** 0.30**
SexFexSxY 4 4.65%* 0.39** 0.07** 0.05%* 0.16**
Error 3 48 0.38 0.03 0.01 0.01 0.01
CV (%) 1.12 3.05 5.05 2.70 2.82

SoV: Source of Variance; df: Degree of freedom; CV: Coefficient of variation; Y: Year; R: Replication; Fe: Iron; S: Sulfur;
Se: Selenium; ns: non-significant; * Significant at the p < 0.05 level; ** Significant at the p < 0.01 level

Unsaturated fatty acids

The peanut consists of oleic, linoleic, and linolenic acids, which are essential unsaturated fatty acids. They are
the forerunners for plant hormones and take part in stress conditions (Chowdhury et al., 2015; Coniglio et al.,
2023; Mingrou et al., 2022). Oleic acid, one of the important monounsaturated fatty acids, was found to be
significant (p < 0.05) for Se, S x Se, and Fe x S x Se treatments but not for others, according to the results of
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ANOVA (Table 3). The 3% Fe treatment had 56.88+0.21%, while the control group for Fe was 57.62+0.28% (Fig.
2b). The oleic acid varied between 56.64+0.27% and 57.69+0.38% for S treatments, and the maximum value was
observed in 40S treatment. Besides, the oleic acid ranged from 56.87+0.26% to 57.79+0.38% for Se treatments,
and 20Se came in first place with its highest value. The average value for oleic acid was 57.25+0.18%. For the
triple interaction (Fe x S x Se), the combination of 0% Fe, 60 kg ha™' S, and 40 ppm Se produced the highest oleic
acid content (60.69%). It was reported that oleic acid was affected by genotypes and environmental conditions and
varied between 43.89% and 55.46% (Gomaa & Nassaar, 2018). In addition, it was stated that the oleic acid content
changes due to the effect of fertilizer type (Gironde et al., 2014; Hussein et al., 2019a). It was reported that S
application caused a decrease in fatty acid content (Gironde et al., 2014), contrary to expectations, while a foliar
application of 40 ppm Se caused an increase in some cultivars from 44.27% to 53.58% compared to the control
(Hussein et al., 2019b). On the other hand, it was determined that fertilizer applications with different contents
also affected the oleic acid content in various plants such as rapeseed and sesame (Mohammadi & Rokhzadi, 2012;
Raza et al., 2018). Similar to the present study, it was reported that Se applications increased the oleic acid content
in rapeseed plants (Liu et al., 2017).
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Figure 2. The 2-year average values of Fe x S x Se interaction for oil content, unsaturated fatty acids, and oil quality factors
(a: oil content, b: oleic acid, c: linoleic acid, d: linolenic acid, e: O/L ratio, f: [V)

Linoleic acid, one of the important polyunsaturated fatty acids, was found to be significant (p < 0.05) for Fe,
Se, S x Se, and Fe x S x Se treatments but not for others, according to the results (Gironde et al., 2014; Hussein et
al., 2019b) of ANOVA. However, the other important polyunsaturated fatty acid, linolenic acid, was found to be
significant (p < 0.05) for only Fe x S x Se treatment (Table 2). The 3% Fe and the control group were 25.03+0.17%
and 24.4440.23%, respectively (Fig. 2¢). Linoleic acid contents ranged from 24.47+0.17% to 25.24+0.22% for S
treatments, and 40S came in first place with its maximum value. On the contrary, linoleic acid contents varied
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between 24.38+0.33% and 24.92+0.21 for Se treatments, and the maximum value was observed in the control
group, followed by 20Se treatment with 24.90+0.20% value. The average value for linoleic acid content was
24.74+0.15%. The highest linoleic acid content (26.22%) was observed in the 3% Fe x 40 kg ha™* S x 0 ppm Se
treatment combination. It was reported that there is a negative correlation between linoleic acid content and oleic
acid content, which ranged from 24.11% to 37.17% depending on the variety and cultivation (Gomaa & Nassaar,
2018). Additionally, it was determined that S application caused a decrease in linoleic acid content, while Se
application increased. With these applications, linoleic acid content varied between 26.11% and 36.68% (Gironde
et al., 2014; Hussein et al., 2019b). While S-based fertilizer applications changed the linoleic acid content in
various species, Se-containing fertilizers were found to have no statistical effect (Liu et al., 2017; Mohammadi &
Rokhzadi, 2012). For linolenic acid contents, the 3% Fe treatment and the control group had similar values of
1.05+0.01% (Fig. 2d). Linolenic acid contents varied between 1.04+0.01% and 1.06+£0.01% for S treatments, and
the maximum value was observed in the 40S treatment. Additionally, linolenic acid contents ranged from
1.04+0.01% to 1.06+0.01% for the Se treatments, with 20Se achieving the highest value. The average value for
linolenic acid content was 1.05£0.01%. The Fe x S x Se triple interaction was critical, with the 0% Fe x 40 kg ha™!
S x 20 ppm Se combination producing the maximum linolenic acid content (1.13%). It was stated that, in addition
to oleic and linoleic acids, linolenic acid was one of the most important unsaturated fatty acids in peanuts, but it
was found in minor amounts, varying between 1.36% and 3.16% (Gomaa & Nassaar, 2018). Similar to the current
study, it was determined that Se applications had no significant effect on linolenic acid content, which varied
between 1.12% and 1.76% (Hussein et al., 2019b; Liu et al., 2017). In addition, studies conducted with different
species indicated that sulfur applications caused a decrease in linolenic acid content (Gironde et al., 2014).

Oil quality factors

A healthy life depends on the content of fatty acids in the consumption of peanuts. The rate of oleic to linoleic
acid (O/L Ratio) and IV define the quality of its oil. Besides, the degree of unsaturated fatty acids and the stability
of peanut oil are determined using I'V. The peanut, which has high oleic acid content, has a longer shelf life than
one with lower oleic acid content and has the best flavor quality or stability (Bilal et al., 2020; Gomaa & Nassaar,
2018; Zahran & Tawfeuk, 2019). O/L ratio was found to be significant (p < 0.05) for Fe, Se, S x Se, and Fe x S x
Se treatments but not for others, according to the results of ANOVA. However, IV was found to be significant (p
< 0.05) for only the Fe x S x Se treatment (Table 3). The 3% Fe and the control group were 2.28+0.02 and
2.37+0.03, respectively (Fig. 2e). O/L ratio ranged from 2.35+0.17 to 2.37£0.05 for S treatments, and 60S came
in first place with its highest value. In other respects, the O/L ratio varied between 2.29+0.03 and 2.38+0.05 for
Se treatments, and the highest value was observed in the 40Se treatment. The average value for the O/L ratio was
2.3240.02. Similar results were obtained for IV; the 3% Fe treatment had 92.28+0.18, while the control group had
91.89+0.19 (Fig. 2f). IV varied between 91.77+0.16 and 92.43+0.19 for S treatments, and the lowest value was
observed in the no S treatment. Besides, IV ranged from 92.05+0.18 to 92.284+0.19 for Se treatments, and the
minimum value was observed in 40Se with an average of 92.09+0.13. Analysis of the Fe x S x Se triple interaction
showed that the 0% Fe x 60 kg ha™' S x 40 ppm Se treatment produced the most desirable oil quality profile,
characterized by the highest O/L ratio (2.78) and the lowest IV (90.12). Although oleic acid and linoleic acid
values were given in the literature, some did not mention the O/L ratio. If this ratio were calculated, it could be
said that the O/L value generally varied between 1.2 and 2.3 (Gomaa & Nassaar, 2018). As expected, the higher
the oleic acid content of the varieties, the higher the O/L ratio. According to a study conducted by Zahran &
Tawfeuk (2019), the O/L ratio for peanut varied between 2.31 and 3.22. Hussein et al. (2019b) indicated that the
O/L ratio was highest at 2.05 and lowest at 1.19 in Se applications. Gomaa & Nassaar (2018) reported that IV was
affected by genotypes and environmental conditions, varying between 90.44 and 98.17. Similarly, Zahran &
Tawfeuk (2019) also indicated that IV ranged from 86.71 to 90.90 in terms of genotypes and treatments. Similar
results have been supported by studies conducted by Chowdhury et al. (2015) and Bilal et al. (2020).

Saturated fatty acids

Palmitic acid is one of the major fatty acids in peanuts, in addition to oleic and linoleic acids. Peanut oil also
consists of saturated acids, such as stearic acid, behenic acid, and arachidic acid in minor percentages (Mingrou et
al., 2022; Zahran & Tawfeuk, 2019). Palmitic acid was found to be significant (p < 0.05) for all independent
variables except F, S, and F x Se treatments according to the results of ANOVA (Table 3). The 3% Fe treatment
had 9.00+0.06%, while the control group for Fe was 8.984+0.04% (Fig. 3a). The palmitic acid varied between
8.97+0.05% and 9.02+0.07% for S treatments, and the maximum value was observed in the 40S treatment. Besides,
the palmitic acid ranged from 8.91+0.05% to 9.09+0.04% for Se treatments, and the control group came in first
place with its highest value, followed by 40Se treatment with the value of 8.96+0.07%. The average value for
palmitic acid was 8.99+0.03%. Among the triple interaction treatments, the 3% Fe x 40 kg ha™ S x 0 ppm Se
combination resulted in the highest palmitic acid content at 9.35%. It ranked third in terms of quantity among the
fatty acids found in peanut oil, varying between 12% and 15% (Gomaa & Nassaar, 2018; Zahran & Tawfeuk,
2019). It was reported that palmitic acid was not affected by S treatments (Gironde et al., 2014). However, foliar
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Se-based spraying was found to be efficient and affected the palmitic acid content, and it ranged from 10.60% to
13.49% (Hussein et al., 2019b). Even if similar results for S treatments were also observed in different species
(Mohammadi & Rokhzadi, 2012), some literature indicated that palmitic acid was found to be significant, in
contrast to the present study (Raza et al., 2018; Shah et al., 2013).

Stearic acid content was found to be significant (p < 0.05) for all independent variables except Fe, Fe x S, and
Fe x Se treatments according to the results of ANOVA (Table 3). The 3% Fe and the control group were
3.16+0.03% and 3.15+0.02%, respectively (Fig. 3b). Stearic acid contents ranged from 3.10+0.02% to 3.18+0.04%
for S treatments, and 60S came in first place with its highest value, followed by the control group (3.18+0.02%).
On the other hand, stearic acid contents varied between 3.10+£0.02% and 3.18+0.03% for Se treatments, and the
highest value was observed in the 40Se treatment. The average value for stearic acid content was 3.154+0.02%. The
maximum stearic acid content (3.37%) was recorded for the 3% Fe % 60 kg ha' S x 0 ppm Se treatment
combination in the Fe x S x Se triple interaction. Stearic acid was found in a lesser amount compared to palmitic
acid and was affected by S- and Se-based fertilizer. It was reported that the value of stearic acid varied between
1.76% and 2.75%. (Gironde et al., 2014; Hussein et al., 2019b).
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Figure 3. The 2-year average values of Fe x S x Se interaction for saturated fatty acids (a: palmitic acid, b: stearic acid, c:
behenic acid, d: arachidic acid)

The behenic acid and arachidic acid contents were found to be significant (p < 0.05) for all independent
variables and their interactions according to the results of ANOVA (Table 3). For behenic acid, the 3% Fe
treatment had 2.30+0.06%, while the control group for Fe was 2.214+0.06% (Fig. 3c). The behenic acid contents
varied between 2.14+0.04% and 2.48+0.02% for S treatments, and the maximum value was observed in the 40S
treatment. Besides, behenic acid contents ranged from 2.11+0.09% to 2.37+0.03% for Se treatments, and 20Se
came in first place with its highest value, followed by the control group with the value of 2.30+£0.06%. The average
value for behenic acid content was 2.26+0.04%. For arachidic acid, the 3% Fe and the control group were
1.60+0.04% and 1.51+0.03%, respectively (Fig. 3d). Arachidic acid contents ranged from 1.47+0.05% to
1.63+£0.03% for S treatments, and the control group came in first place with its highest value, followed by 40S
treatment (1.56+0.04%). On the other hand, arachidic acid contents varied between 1.53+0.03% and 1.61+0.03%
for Se treatments, and the highest value was observed in the 20Se treatment. The average value for arachidic acid
content was 1.56+0.02%. The 3% Fe x 40 kg ha™! S x 40 ppm Se treatment combination produced the highest
contents of both behenic acid (2.58%) and arachidic acid (1.88%) among all triple interactions. Peanut also
consisted of stearic acid, as well as behenic and arachidic acid contents, in minor portions. Behenic and arachidic
acids ranged from 0.97% to 2.06% and 1.75% to 2.75%, respectively, according to different Se doses (Hussein et
al., 2019b). Similarly, these acids were affected by S treatments (Gironde et al., 2014).
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4. CONCLUSION

Plant nutrients play a significant role in plant physiology, even when required in minor amounts. While most
studies focus on single fertilizer effects, this study investigated the combined effects of soil-applied sulfur and
foliar-applied iron and selenium on peanut oil content and quality. The results demonstrated that oil content was
not significantly affected by the applications. However, oil quality was improved. The highest oleic acid content
and O/L ratio, key indicators for oil stability, were achieved with soil applications of 40-60 kg S ha™* and foliar
applications of 20-40 ppm Se. The lowest iodine values (IV) were generally observed in the control groups for Fe
and S and the 40 ppm Se treatment. A limitation of this study is the absence of plant tissue analysis to directly
quantify the uptake of the applied nutrients, particularly for the foliar applications. Despite this, the consistent
improvements in oil quality parameters lead to the conclusion that the combined use of soil-applied sulfur (40-60
kg ha™') and foliar-applied selenium (20-40 ppm) is an effective strategy to enhance peanut oil quality. Future
studies incorporating nutrient uptake analysis will be valuable to confirm these findings and elucidate the
underlying physiological mechanisms.
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