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To investigate the effect of sulfur (S) and zinc (Zn) fertilizers on yield, fatty acid composition, and
micronutrients of two peanut cultivars, a factorial experiment in a randomized complete block
design with three replications was conducted in a farm in Guilan province, Astana Ashrafieh city in
2019 and 2020. The effects of S and Zn on peanut seed yield, fatty acids, and micronutrients were
significant at the 1% level. The simultaneous application of Zn foliar application at a rate of 2 per
thousand and S fertilizer at a rate of 40 kg ha™ produced the maximum grain yield of the Spanish
cultivar (with an average of 5770 kg ha'l). With an average of 5331 kg ha™, the North Carolina 2
(CN2) cultivar produced the maximum yield when treated with 60 kg ha™ of S and Zn foliar
application at 2 per thousand. In terms of the number of fatty acids that make up the oil structure
based on the average of the treatments tested, Oleic acid (56.9% in the Spanish cultivar and 61.1%
in the CN2 cultivar) and Linoleic acid (28.6%) had the highest amount. The highest amount of
palmitic acid was significantly higher in the treatment of the application of 40 kg ha™ of S with a
foliar application at 2 per thousand Zn (8.8%) and the lowest amount was found in the treatment
without S and Zn (7.2%). According to the results of this experiment, both S and Zn factors were
effective on most traits, so it is better to use Zn fertilizer if S is used to better absorb this element
and can be effective in the growth and development of peanut plants. Therefore, simultaneous use
of S fertilizer and Zn foliar application at high levels to improve the quality of fatty acids and grain

micronutrients in the Guilan region is recommended.

Introduction

The increase

cropping intensity and production of peanuts was approximately 47 million

accompanying changes in the soil and fertilizer-
management practices have altered the S and Zn
status of the soils and their availability. Peanut
(Arachis hypogaea L.) is cultivated as a human and
livestock food in tropical and subtropical climates,
and it may tend a significant source of protein and oil
(Sanderfur et al., 2017). Peanut nuts contain 43 to 55
% oil and 25 to 28 % protein, making them a good
source of edible oil (Boukid, 2022). World

metric tons in 2020, about 56% of the peanuts grown
were made into peanut butter (FAO, 2020),
demonstrating the plant's value as an oil plant (Akhtar
et al., 2014). About two-thirds of the world's peanut
crop is utilized to produce oil, demonstrating the
plant's value as an oil plant (Janila et al., 2013).
Proper plant nutrition is an important agricultural
practice that highly determines crop yield and its

quality. A proper plant nutrition practice not only
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provides an appropriate amount of all nutrients for the
plant but also keeps the right balance of nutrients in
the soil (ljaz et al., 2020). The importance of Zn on
improving plants growth and crop quality have been
reported in several studies (Keshavarz et al., 2011,
Hosseinifarahi et al., 2022; Maliha et al., 2022; Mohit
Rabary et al., 2022). Fertilizers enhance soil fertility
and optimize the important traits in plants,
particularly crops, to promote growth, production,
and quality (Yadav et al., 2022). The availability of
plant nutrients, particularly micronutrients, is critical
for enhancing the quality of food produced and
population health (Barman et al., 2022). Besides,
proper use of fertilizers is an approach to improve
postharvest quality of horticultural crops (Nazoori et
al., 2022). The peanut plant, like other plants,
requires various nutrients; however, unlike other pea
plants, peanut pods develop underground,
consequently receive the majority of its calcium
requirements directly from the soil via the growth of
pods and thrive in calcium-rich soils (Pegues et al.,
2019; He et al., 2018). Peanuts are deficient in
several elements such as sulfur (S), zinc (Zn), and
iron due to their cultivation on calcareous soils and
the large level of soil bicarbonate in them (Fei et al.,
2019). S is vital for seed quality and development in
oilseeds, and these plants often need more S for
appropriate growth and vyield. S is also vital in the
synthesis main and

metabolisms (Saini et al., 2017; Radwan, 2017). In

of the plant's secondary
peanuts, S plays a critical role in the creation of vital
amino acids cysteine, cysteine, and methionine,
nitrogen fixation, grain development, and oil and
protein biosynthesis (Aier and Nongmaithem, 2020).
Because S is involved in the synthesis of proteins,
oils, and many vitamins, it is oxidized and converted
to sulfate. S also plays an important role in the
formation of sulfolipids, which are found in cell
membranes and are responsible for the formation of
plant oils. S is a structural component of protein
disulfide bonds, amino acids, vitamins, and cofactors.
Most of the S in soil is present in organic matter and

hence not accessible to the plants (Narayan et al.,
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2022). Because the soils used to grow peanuts in
Gilan province include those near the river and along
the shore, these soils have a calcareous mother bed.
As a result, these soils are high in calcium
bicarbonate and dissolved calcium, and their pH is
often greater than 7, so peanuts during various phases
of development, particularly towards the conclusion
of the pod growth period. And the absence of S may
be seen in the early stages of grain development
beneath the soil (Abdzad Gohari and Sadeghipour
2019). According to research, consuming gypsum
may help eliminate S shortage in peanuts (El-Kader,
2010). In addition to supplying calcium, gypsum also
offers the S that peanuts need, which plays a
significant role in enhancing this plant's yield
(Kannan et al., 2017; Laxmanarayanan et al., 2020).
S ingestion, in general, promotes a nutrient-balanced
environment for peanuts, with one of the outcomes
being the maintenance of physiological iron activity
for chlorophyll production (Devi et al., 2012; Ruksar
et al., 2017). Yield, fatty acid composition, and
micronutrient content in seeds were tested in high-
yielding canola cultivars using varying levels of S,
and it was found that S administration boosts
micronutrient supply and absorption, as well as
quality and quality. (Mostafavi Rad et al., 2011).

Zn is an element that is lacking in the majority of
Iranian soils. Zn insufficiency is one of the world’s
most common and serious micronutrient deficits in
peanuts (Aboyeji et al., 2019). Although plants have
a modest demand for Zn, if there isn't enough of it,
they will experience physiological stress due to the
inefficiency of various enzyme systems and other Zn-
related metabolic activities. Zn is a necessary
component of plant development because it aids in
the synthesis of indole acetic acid and controls plant
growth (Pavithra et al., 2018; Meresa et al., 2020).
Carbonic anhydrase,

dehydrogenases, aldolases,

carboxypeptidase, superoxide dismutase, Arana

polymerase, ribose phosphate carboxylase, and
phospholipase all need Zn as a cofactor (Srivastava
and Gupta, 1996). Zn treatment in the form of soil

and foliar spraying, as well as their combination, has
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been shown to increase the yield components of
peanuts (Kamarki and Galavi, 2012). Zn treatment
changed the fatty acid composition of cotton,
reducing saturated fatty acids (palmitic, and stearic)
while increasing unsaturated fatty acids (oleic and
linoleic) (Zakaria et al., 2006). The influence of three
elements, S, Zn, and iron, on safflower growth and
yield, revealed that combining S with Zn and iron
considerably boosted safflower growth, yield, and
seed oil quantity (Ravi et al., 2008). Although
peanuts have been grown in Iran for over a century,
this plant has yet to be properly evaluated as a crop
for oil extraction (Safarlu and Hemmati, 2014). Due
to excessive rainfall in Gilan province, S seeping
from the soil horizon, no use of S fertilizers in peanut
agriculture, and soil S deficit, as well as a lack of
knowledge on the influence of S intake on peanut
development and production, The goal of this
research was to look into the effects of S and Zn
fertilizer levels on grain yield and peanut oil
production, as well as to determine the ideal fertilizer

composition for Gilan's climatic circumstances.
Materials and Methods

This experiment was conducted during two
growing seasons (2019 and 2020) in Gilan province
and Astana Ashrafieh city (latitude: 37° 05" N;
longitude: 48° 20" E; altitude: 15 m). The experiment
was a complete randomized block design in a
factorial arrangement with three replications.
Experimental factors were included: a) Zn foliar
fertilization (EDTA) at 0,
concentrations b) S fertilizer (CaSO,.2H,0) at 0, 20,
40 and 60 kg ha™ rates ¢) Two cultivars of Spanish
Flora (Spanish) and North Carolina 2 (NC2). Each

experimental unit was 4 mx2.5 with five rows. This

I-l

1 and 2 mg

area has a warm humid climate, with an average
annual rainfall of 1308.5 millimeters. Tables 1 and 2
indicate the average temperature and humidity, total
rainfall, and monthly sunlight hours throughout a
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two-year growth season, as well as the physical and
chemical qualities of the soil. Peanuts were planted
on May 15th in both years. Gilan Support Services
Company provided the peanut seeds. The seeds were
disinfected with the carboxy thiram fungicide at a rate
of 2 per thousand before being planted at a depth of 3
cm in the soil. Three rounds of weeding to manage
weeds and dirt surrounding the roots were done
throughout the plant development period and during
the maintenance stage. To supply the required S,
gypsum with the chemical formula CaS04.2H20
(containing 18% S and 22% calcium) was used as a
base (for the treatment of 20, 40, and 60 kg ha™ of S,
111, 222, and 333 kg ha™ of gypsum are required,
respectively) and was applied as a strip next to plants
at a depth of 5 cm at the time of sowing seeds with
other fertilizers, and Zn chelate (EDTA) was used to
supply Zn, which was sprayed for 2 liters per plot in
two stages (3 to 4 leaves and full flowering plants)
during the growing season on aerial parts The plants
were doused with pesticides. The peanut crop was
picked by hand and physiologically cared for in both
years (11 September). Ripe pods were picked and
peeled to evaluate grain yield after marginal effects
were removed. They were then dried for 48 hours at
48 degrees Celsius in an oven. Finally, grain yield
was computed in each plot using a scale with a one-
hundredth-gram precision. Gas chromatography was
used to determine the number of fatty acids present.
Varian ~ Company  manufactured  the  gas
apparatus this
investigation, type CP-3800 (USA). The amounts of

chromatographic utilized in
iron, manganese, Zn, and copper were determined
using atomic absorption spectroscopy (Flame AA-
7000) and hydrochloric acid dry combustion. SAS
software version 9.1 was used to analyze the data
once it was collected and recorded. The least
significant difference test (LSD) was used to compare
mean values at the 5% probability level. EXCEL

software was used to create the diagrams.
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Table 1. Meteorological information from the years 2019 and 2020 at the site of the project.

year climatic item 21Mar-20Apr 21Apri-16Ma 17May-16Jun 17Jun-18Jul 19Jul-18Agu 20Agu-19Sep
T Mean (°C) 13.7 19.4 231 28.1 27 251
Rainfall (mm) 20.4 37.2 48.7 30.8 68.4 13.8
2019
Humidity (%) 76 74 75 73 77 74
Sunny Hours(h) 145.9 170.4 230.3 295.4 164.9 209.7
T Mean (°C) 12.8 19.2 24.6 27.2 254 23
Rainfall (mm) 131 64.5 9.9 58.3 253 156
2020
Humidity (%) 85 73 67 76 71 83
Sunny Hours(h) 100.3 222 306.4 253.3 226.1 1235
Table 2. Physico-chemical characteristics of the soil.
Electrical Organic Total Phosphorus Potassium Soluble sulfate
Year Soil type pH 4
Conductivity(dS m™) Carbon (%)  Nitrogen (%) (mg kg™ (mg kg™) (meq L™)
2019 7.3 0.32 2 0.054 18.1 140 0.04
Loam
2020 7.4 0.3 1.9 0.053 195 131 0.06
Results
Seed yield

The interaction between cultivar, S fertilizer, and
Zn foliar application was significant (p < 0.05) on
grain yield (Table 3). The maximum grain yield of
the Spanish cultivar (an average of 5770 kg ha™) was
produced by Zn foliar application at 2 per thousand
and S fertilizer at a rate of 40 kg ha™ simultaneously.
The best yield of peanut seeds (NC2 cultivar) was
achieved using 60 kg ha™ of S in combination with a
foliar application at 2 per thousand Zn at an average
of 5331 kg ha™, while the lowest yield was produced
using no S and Zn foliar application at 2 per thousand
at an average of 3675 kg ha™* (Table 4).

Fatty acid composition

The simple effects of S and year, cultivar, and S
on Palmitic acid (p < 0.05) and the interaction impact
of S fertilizer and Zn foliar application on palmitic
acid (p < 0.05) were significant. Additionally, a
comparison of mean data revealed that the treatments
of 40 kg ha' of S with foliar application of 2 per
thousand Zn (8.77 %) and 60 kg ha™ of S with foliar
application of 1 per thousand Zn (8.76%) produced

the maximum amounts of Palmitic acid.
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The lowest amount of Palmitic acid was observed
in the treatment without S and Zn foliar application
with an average of 7.28%. The treatment without S
consumption and foliar application of 1 per thousand
Zn with an average of 3.84% had the highest amount
of Stearic acid. The lowest amount was observed in
the treatment of 60 kg ha™ of S and foliar application
of 1 per thousand Zn with an average of 2.82%
(Tables 3 and 4). The analysis of variance revealed
that the interaction impact of cultivar, S, and Zn
fertilizer on the quantity of Oleic and Linoleic acid
was statistically significant at the 5% probability
level (Table 3). Additionally, a comparison of the
mean data revealed that the highest concentration of
Oleic acid in the Spanish cultivar was obtained with
no S consumption and foliar application of 1 per
thousand Zn at an average of 56.9 %, while the
lowest concentration was obtained with 60 kg ha™ of
S and without Zn foliar application at an average of
50.4 % (Table 4).
concentration of Oleic acid was achieved in the CN2

However, the maximum
cultivar when 60 kg ha™ of S was combined with Zn
foliar application at 2 per thousand treatments,
yielding an average of 61.1 %. The lowest result was
50.2 % in the treatment without S intake and 1 per
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thousand Zn foliar applications, which was not
statistically significant in the treatment without S
consumption and 1 per thousand Zn foliar
applications. The largest concentrations of oleic fatty
acids were detected in the urea fertilizer and 40 kg
ha™ of S. Comparing average data revealed that in the
Spanish cultivar, plants treated with 60 kg ha™ of S
and foliar application of 2 per thousand Zn had the
greatest level of Linoleic acid at an average of 28.56
%.

The cultivar with the lowest level of Linoleic acid
included 20 kg ha™ of S and a foliar application of 1
per thousand Zn at an average of 24.41 %.
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However, the maximum level of this feature was
attained in the CN2 cultivar with no S consumption
and foliar application of 2 per thousand Zn at an
average of 28.48 %. The lowest quantity was seen
with a S treatment of 60 kg ha™ combined with a
foliar application of 1 per thousand Zn (with an
average of 23.43 %), which was statistically applied
with a S treatment of 20 kg ha™ alone. There was no
discernible difference between the groups.
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Table 3. Results of combined analysis of variance of seed yield, grain micronutrients, and composition of peanut fatty acids.
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SOV Seed Yield Fe Cu Mn Qil Palmitic acid Stearic acid Oleic acid Linoleic acid Behenic acid Arachidic acid
= R 0, 0, 0,
(kg ha™) (ppm) (PPM) (ppm) (%) (%) (%) (%) (%) (%) (%)
Year 1 11401 176.3 422" 18.4™ 2523 0.716™ 116" 108.9° 3.12" 0.940™ 0.279
Rep (Year) 4 147.4 4.602 0.166 13.18 59.32 0519 0.841 6.51 2.26 0.174 0.0152
C 1 29090 5.146" 0.696" 214.9" 12.39" 6.078™ 0.368" 0.375"™ 1.12™ 1.614™ 0.224"
S 3 521.9™ 6.403" 1717 126.1" 1234.48" 1.312" 0.1658™ 0.954"™ 0.316™ 0.199™ 0.0317™
Zn 2 18.29" 22.17" 427" 337.4" 265.6 1.216"™ 0.237™ 5.59" 27.8™ 0.089"™ 0.0264"
Y*C 1 1335.4™ 365 18.97 446" 19757 0.509" 0.286" 14.58" 6.09™ 0.231" 0.032"
C*S 3 1230™ 9.020" 6.685 512.77 32.03" 0.172" 0.0376™ 66.5" 4.26"™ 0.455™ 0.0695™
c*z 2 368.8™ 108.0 5.49"™ 289.7° 0.311" 0.192" 0.522" 25.4"™ 9.71™ 0.109"™ 0.0795™
Y*S 3 979"™ 21.6™ 0.667™ 33.18" 129.217 0.210™ 0.296™ 0.685"™ 4.29™ 0.315" 0.0171™
S*Z 6 737" 18.08™ 12.98™ 263.6™ 86.76" 0.260™ 0.601" 155" 2.36™ 0.166" 0.0289"
Y*Z 2 355.9" 5.70™ 3.72™ 8.06™ 9.84™ 0.359" 0.0477™ 3.14™ 4.41™ 0.0818™ 0.0061™
Y*C*S 3 5445 23.2"™ 0.416"™ 7.43™ 21.71" 1.127" 0.293" 459" 2.55"™ 0.0119™ 0.0125™
Y*C*Z 2 547.91™ 5.23™ 0.445" 14.7™ 8.31™ 0.379" 0.179" 1.42™ 3.73™ 0.067™ 0.0143™
Y*S*Z 6 180.7" 6.51"™ 1.16™ 3.68™ 19.06"™ 0.331" 0.095" 3.13™ 2.64™ 0.021™ 0.0050™
C*S*Z 6 1403.0" 36.55" 18.95” 446.9” 20.62™ 0.509™ 0.286" 145" 6.09” 0.231" 0.0329"
Y*C*S*Z 6 265.90™ 8.16™ 1.47™ 9.98"™ 19.12" 0.182" 0.108" 3.36™ 2.06™ 0.074™ 0.0102"™
Error 92 207.5 9.993 1.81 11.35 23.36 0.363 0.1481 3.658 2.77 0.0716 0.0115
CV (%) _ 19.1 12.35 16.71 9.95 12.01 7.01 11.07 3.54 6.38 9.54 7.12

ns, *, ** are non-significant, significant at 5% and 1% probability level, respectively
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Table 4. Comparison of the mean effect of the interaction of cultivar, different levels of S and Zn fertilizer on yield, grain
micronutrients, and composition of peanut fatty acids

Seed Yield Fe

Mn

Cultivar SxZn Cu Oleic acid Linoleic acid
(kg ha) epm)  (PPM (ppm) (%) (%)
S1Znl 5290 abc 27.250abc 6.01cd 22.22d 55.48ab 25.95abcd
S1Zn2 5243abcd 30.05a 7.92bc 35.56¢ 56.95a 24.91cd
S17Zn3 4193bcd 21.53d 11.2a 46.67b 55.49ab 26.14abcd
S2Zn1 4612abcd 24.75bcd 5.61cd 20.56de 51.77bc 27.74ab
S27Zn2 5256abc 29.30ab 9.53ab 53.33a 54.55abc 24.41d
_ S27Zn3 5002abcd 23.55cd 8.13bc 34.44c 54.38abc 26.74abcd
Spanish S3Zn1 5447ab 24.50bcd 9.51ab 21.39de 53.76abc 27.31abcc
S3Zn2 4626abcd 24.35bcd 9.24ab 45.56b 55.88ab 25.31bcd
S3Zn3 5770a 23.20cd 4.43d 16.67de 54.48abc 26.78abcd
S4znl 3975d 25.50abcd 11.61a 36.67c 50.40c 25.20bcd
S47Zn2 5275abc 24.25hcd 6.03cd 15.56e 51.60bc 25.20bcd
S4Zn3 4093cd 25.60abcd 9.50ab 36.94c 52.32bc 28.56a
S1Znl 4581abcd 25.6bcd 6.50de 24.44de 53.96¢d 25.2 bed
S1Zn2 3844d 20.7d 8.00cd 27.78cd 50.20e 26.88 abc
S1Zn3 3675d 29.ab 5.500e 23.61e 52.60d 28.48a
S27Zn1 5325abc 29.3ab 8.50bc 38.89b 55.40bc 23.52d
S2Zn2 4694abcd 23.0d 6.67de 38.79b 52.60d 26.8 abc
NC2 S2Zn3 5368abc 24.0cd 5.670e 29.67c 53.20d 26.8 abc
S3Znl 4400abcd 23.4d 6.330de 40.91b 56.96b 24.5cd
S3Zn2 4019bcd 24.0cd 11.00a 42.22ab 50.60e 24.83bcd
S37Zn3 3940cd 29.0abc 7.67cd 44.99a 52.80d 27.1abc
S4Znl 3962bcd 33.0a 9.82ab 40.75b 52.40d 26.1 abcd
S4Zn2 4494abcd 23.0d 10.12ab 45.31a 56.96b 23.43d
S47Zn3 5331a 25.4bcd 9.86ab 29.67c 61.12a 27.6ab

Zn fertilizer (Zn1: no foliar application, Zn2: 1 per thousand foliar application, Zn3: 2 per thousand foliar application)
S fertilizer (S1 without fertilizer: S2 20, $340, and S4 60 kg ha™), two cultivars of Spanish Flora (Spanish) and North Carolina 2

(NC2)

The interaction impact of S fertilizer and Zn foliar
application on the levels of Behenic acid and
Arachidic acid was significant (P<0.05) (Table 3).
The comparison of the mean of the data also revealed
that the highest amount of Behenic acid in the Spanish
cultivar was obtained with S treatment in 60 kg ha™
and a spray of 2 per thousand Zn with an average of
2.96 % and the lowest amount was obtained with S
treatment in 60 kg ha™ and no Zn foliar application
with an average of 2.21 %, which was not statistically
significant with S treatment in 60 kg ha™;
Additionally, the maximum concentration of Behenic
acid in the CN2 cultivar was obtained from plants
treated with 40 kg ha™ of S in combination with a

foliar spray of 1 per thousand Zn at an average
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concentration of 3.46 %. This feature had the lowest
average value of 2.18 % in S treatment in 60 kg ha™
with foliar spray of 2 per thousand Zn. Additionally, a
comparison of the mean data revealed that S treatment
in 60 kg ha™* with a foliar spray of 2 per thousand Zn
with an average of 1.6 % had the greatest level of
Arachidic acid in the Spanish cultivar. With certain S
and Zn therapies, this therapy was not statistically
significant. This feature had the lowest average value
of 1.61 % in the treatment without S ingestion and Zn
foliar spray. However, in the CN2 cultivar, plants
treated with 60 kg ha™ of Sand 1 per thousand Zn
foliar treatments had the greatest level of Arachidic
acid at an average of 4.97 %. The lowest quantity was

associated with S treatment in 60 kg ha™* with a 2 per
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thousand Zn sprays, which resulted in an average of
3.33 %.

The amount of oil

The interaction impact of S fertilizer and Zn foliar
application was significant (P<0.01) on the percentage
of oil (Table 3). The mean comparisons revealed that
the greatest percentage of oil was achieved when 40
kg ha™ of S was combined with a foliar spray of 1 per
thousand Zn, averaging 46.09 %. The treatment with
the lowest proportion of oil without S consumption
was followed by a foliar spray of 2 per thousand ZnZn
at a rate of 32.61 % on average (Table 4). The
simultaneous application of S and Zn at high
concentrations improved the oil content of peanuts in
this research. This is due to the presence of S in the
fatty acid composition; S increases the number of
fatty acids in the plant and hence the percentage of oil.

Micronutrients

The interaction impact of cultivar, S, and Zn
fertilizer on Fe (P<0.05), Cu, and Mn content
(P<0.01) of grain was (Table 3).

Additionally, the maximum concentration of iron

significant

grain in the Spanish cultivar was produced with 20 kg
ha™ of S treatment and without Zn spraying, with an
average of 30.05 ppm, and the lowest with no S
consumption. Additionally, a foliar treatment of Zn
foliar application at 2 per thousand was achieved
(with an average of 21.53 ppm). However, the
maximum concentration of iron grain was recorded in
cultivar CN2 when S treatment in 60 kg ha™ was
applied without Zn foliar spray, with an average of 33
ppm. The treatment without S consumption combined
with foliar application of one per thousand Zn had the
lowest average value of 20.7 %, followed by the
treatments with S consumption of 20 kg ha®
combined with foliar application of 1 per thousand Zn
and S consumption of 40 kg ha™ combined with foliar
application of one per thousand Zn. Without Zn foliar
treatment, there was no statistically significant change

per acre.
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A comparison of the mean values revealed that the
greatest Cu grain concentrations in the Spanish
cultivar were produced with treatments of 60 kg ha™
of S and without Zn spraying and S consumption with
Zn foliar application at 2 per thousand, with an
average of 61.11 and 11.2 ppm, respectively, with an
average of 4.43 ppm in the treatment of 40 kg ha™ of
S with Zn foliar application at 2 per thousand. The
maximum concentration of Cu of grain was related to
the CN2 cultivar when 40 kg ha™ of S was combined
with Zn foliar application at 1 per thousand, yielding
an average of 53.27 ppm. The lowest value was in the
treatment without S consumption with Zn foliar
application at 2 per thousand at an average of 5.5
ppm, followed by the treatment with 20 kg ha™ of S
and 2 per thousand Zn spraying at an average of 5.5
ppm; there was no statistically significant difference
between the treatments. The quantity of Cu and Zn
micronutrients in seeds climbed to a level of 40 kg
ha® of S, but reduced to a rate of 80 kg ha™ of S,
while the amount of iron and manganese in seeds
increased. The comparison of average data revealed
that the highest Mn concentration in the grain
belonged to the treatment of 20 kg ha™ of S with foliar
application of 1 per thousand Zn with an average of
53.33 ppm and the lowest concentration belonged to
the treatment of 20 kg ha™* of S with foliar application
of 1 per thousand Zn with an average of 53.33 ppm.
60 kg ha™ of S was used in conjunction with Zn foliar
application at 1 per thousand at an average
concentration of 1556 ppm. The highest Mn
concentrations in grain NC2 cultivar were obtained
with 60 kg ha® of S combined with a foliar
application of 1 per thousand Zn and 40 kg ha™ of S
combined with a foliar application of 2 per thousand
Zn, respectively, with an average of 45.31 and 44.99
ppm. This feature had the lowest average value of
23.61 ppm in the treatment without S application but
with Zn foliar application at 2 per thousand.
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Discussion

Grain and oil yields are critical in peanuts, and
nutrition plays a significant role in accomplishing
these goals. S and Zn applied in combination
improved grain yield because fruits or peanut pods
develop underground and may create a variety of
nutrients. Because these elements are absorbed
directly from the surrounding soil, their presence
around the pods and their absorption by the pods
throughout growth, pod development, and eventually
seed formation has a beneficial impact. It is critical
for enhancing peanut seed yields. Increased S levels
seem to boost S and other nutrient intake, particularly
phosphorus and calcium, with more photosynthetic
material being moved from shoots to developing pods
and seeds. These treatments have resulted in an
improvement in grain yield. Zn-containing or Zn-
activated enzymes are also involved in glucose
metabolism, protein synthesis, cell membrane
integrity maintenance, auxin control, and pollen
development in plants (Marschner, 1995). These
examples illustrate how Zn foliar treatment may be a
beneficial component in enhancing grain production.
Additionally,

benefits the production of protein, oil, and several

boosting yield via S consumption

vitamins, as well as the absorption of micronutrients
and the building of photosynthetic components
(Rahimian, 2011). The influence of micronutrients on
grain production may be explained by the fact that
these elements boost yield by enhancing the durability
of leaf surfaces, promoting photosynthesis, or
improving material distribution inside the grain. As a
result, micronutrients are
(Kamkar et al., 2011; Malakouti et al., 2008). In
another experiment, the maximum grain yield (1625

kg ha™) was produced with a 1000 kg ha' of S

mutually reinforcing

treatment per hectare, and the lowest grain yield (1273
kg ha™) with a 2000 kg ha™ of S (Shabani et al.,
2015). Application of 40 kg ha™ and 5 kg ha™
significantly increased the pod yield of peanuts (Singh
and Mann, 2007). Saffari et al. (2001) and Ravi et al.
(2010) reported that S had a substantial influence on
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safflower seed yield when compared to controls. S
intake increased grain production and peanut pod
yield significantly (Maleki et al., 2007). S, Zn, and Zn
consumption all had an increasing influence on the
quantity of Palmitic acid, and Zn treatments had a
greater effect on the amount of rising than the other
two elements (Shekhawat et al., 2012). Palmitic acid
production rose with S intake, with the greatest
increase occurring when 20 kg of S was applied at
planting time, 10 kg before flowering, and 10 kg after
flowering (Ahmad and Abdin, 2000). Zn and iron
foliar  applications increased  Palmitic  acid
significantly in canola as compared to the control
(Bybordi and Mamedov, 2000). The treatment with
the lowest amount of stearic acid and the Zn and S
treatment with an average of 15.5 mg g* had the
largest amount of Palmitic acid in rapeseed oil, while
the control treatment with an average of 12.7 mg g™
had the lowest amount (Habibi et al., 2014). Palmitic
and Stearic acids are significantly saturated acids,
while Oleic, Linoleic, and Linolenic acids are
significant unsaturated acids. Zn and manganese-
enhanced Oleic and Linoleic acids in safflower while
decreasing Stearic acid (Movahhedy-Dehnavy, 2009).

Peanut oil includes eight primary fatty acids, the
most significant of which is Oleic acid, owing to its
economic worth and health advantages (Yol et al.,
2017). Peanut genotypes vary in terms of fatty acid
content, although seeds generally contain 45 to 50%
Oleic acid and 30 to 40% Linoleic acid (Tillman and
Stalker, 2009). Between palmitic and oleic fatty acids,
there is a negative association. By increasing Oleic
acid, Palmitic acid is reduced. Additionally, an
inverse association has been seen between the
amounts of Oleic and Linoleic fatty acids in sunflower
and rapeseed (Mostafavirad et al., 2011). S treatment
raised the quantity of linoleic acid, which may be a
useful predictor of improved canola grain yield under
the impact of S treatments since linolenic acid is
required for photosynthesis

and pollen grain

formation (Mc Conn and Browse 1996). The synergist
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effect of fertilizers is another important criterion that
have been raised previously and studied thus far
(Norozi et al., 2019). For instance, S fertilizer
enhances the efficacy of urea fertilizer in the
production of oleic fatty acids, hence preserving the
fatty acid purity (Fismes et al., 2000). The fatty acids
Linoleic and oleic are the most plentiful in peanut oil.
Co-application of 125 kg nitrogen and 20 kg S
boosted Palmitic acid, Oleic acid, Linoleic acid, and
Linolenic acid in mustard seed while decreasing
Stearic acid, Erotic acid, and Glucosinolate (Al,
Shekhaw, 2012). When Zn sulfate intake in cotton
was raised from zero to sixty kg ha®, the level of
Linoleic acid rose from 53.4 to 54.5% (Zakaria et al.,
2006).
indicates that the oil

Increasing the proportion of Oleic acid
is more stable at high
temperatures and of greater quality for frying meals
while increasing the percentage of Linoleic fatty acid
indicates that the oil has a higher nutritional value in
direct nutrition (Rezvani Moghadam et al., 2014). Zn
intake had a substantial influence on Oleic acid and
final unsaturated fatty acids (Oleic and linoleic) in
cotton, owing to Zn's beneficial effect on basal
metabolic responses in tissues. Additionally, Zn
activates a significant number of plant enzymes, the
connection between the enzyme and the substrate, or
both (Zakaria et al., 2006). In both cultivars, S
enhanced unsaturated fatty acids (Oleic, Linoleic, and
Linolenic) (He et al., 2018). Additionally, the Oleic to
Linoleic ratio is critical for the stability of oxidative
damage during refining (James et al., 1983). S, Zn,
and barium all have a beneficial influence on the
quantity of unsaturated fatty acids, which justifies
their usage in boosting seed oil and, therefore, the
amount of usable unsaturated fatty acids and
decreasing Erosic acid in rapeseed (Habibi et al.,
2014). According to Ravi et al. (2010), S is involved
in the synthesis of glucosides and glycosinolates, as
well as the activation of enzymes, hence boosting the
oil content. The S shortage may inhibit the enzyme
acetyl-coenzyme A carboxylase, hence inhibiting the

manufacture of oil (Altaf et al., 2000). S deficiency
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reduces the yield of the raw material for fatty acid
biosynthesis and its biochemical route, which may
result in a drop in oil content (Marschner, 1995).
According to Tisdal et al. (1985), oilseeds respond to
trace quantities of S owing to S's function in amino
acid synthesis and fatty acid synthesis. S has been
shown to increase oil % in rapeseed by Rahimian
(2012) and safflower by Saffari et al. (2011).
However, in this experiment, using Zn on Blatter
surfaces boosted this feature even when S fertilizer
was not applied. Zn seems to be able to accelerate the
metabolism of lipids, consequently affecting the
proportion of oil in the diet (Kamraki and Golavi,
2012). Micronutrients improved the oil content in the
current research by satisfying the plant's requirements
on time. Nasri and Khalatbari (2008-2009) also
observed that foliar micronutrient spray (iron,
manganese, Zn, barium, and molybdenum) improved
the oil

demonstrate

content of canola. Numerous studies

that micronutrients influence the
proportion of oil in the diet. The rise in yield and
percentage of oil under micronutrient application
circumstances is because the oil yield is proportional
to the percentage of oil and grain yield, and since
micronutrients raised the percentage of oil and grain
production, they increased oil yield as well. Iron, Zn,
and manganese micronutrients applied to foliar have
been shown to considerably boost flaxseed oil yield
when compared to the control treatment (Bakry et al.,
2012). S application of 1000 kg is ideal for raising the
percentage of oil and yield, and S levels have been
shown to have a substantial effect on soybean yield at
the 1% probability level (Babaei et al., 2012). In one
experiment, S-containing treatments produced a larger
proportion of oil in oily flax than S-free treatments
(Shabani et al., 2015). S, Zn, and bar all have a
favorable influence on the quantity of seed oil, which
may be used to justify soil intake of these three
elements to increase grain production and,
subsequently, grain oil (Habibi et al., 2014). Iron and
manganese concentrations in seeds may increase as a

result of increased S application up to 80 kg ha™,
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perhaps owing to decreased acidity and availability, as
well as their absorption into the soil by the plant
(Mostafavirad et al., 2011).

Conclusions

Regarding the soil texture and climatic
circumstances of the area where this crop is grown, it
was discovered that applying S fertilizer and foliar
treatment simultaneously improve grain production
and quality. The maximum grain yield of the Spanish
cultivar (an average of 5770 kg ha™) was produced by
Zn foliar application at 2 per thousand and S fertilizer
at a rate of 40 kg ha™ simultaneously. The maximum
concentration of Oleic acid was produced in the CN2
cultivar when 60 kg ha™ of S was combined with Zn
foliar application at 2 per thousand, yielding an
average of 61.1%. The treatment without S
consumption and Zn foliar application at 1 per
thousand resulted in the lowest quantity, at 50.2% on
average. Because both S and Zn factors were effective
on the majority of features, it is preferable to use Zn
fertilizer in conjunction with S to increase the
absorption of this element, which may impact the
growth and development of peanut plants. As a result,
therefore, the simultaneous use of S fertilizer and Zn
foliar application at high levels to improve the quality
of fatty acids and grain micronutrients in the Guilan

region is recommended.
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