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ABSTRACT

The study was conducted in olive orchard belonging to the College of Agriculture / University of Kirkuk, Iraq, located
in the Sayyada area during the 2024 growing season to study the effect of spraying potassium at three concentrations (0,
1000 and 1500) mg L-1 and chelated iron at four concentrations (0, 100, 200 and 300) mg L-1 on some mineral content
traits of the leaves of 4-year-old Arbequina olive trees. Spraying was carried out on three dates during the growing season,
starting from 15/3 to 15/5, with a one-month interval between each spray. The results obtained can be summarized as
follows: spraying with a concentration of 1500 mg L-1 of potassium significantly influenced the levels of macronutrients
NPK, carbohydrates, and protein in the leaves, which reached (3.63, 0.72, 5.43, 6.10, 22.66)% respectively. Meanwhile,
concentrations of 1000 and 1500 mg L-1 of potassium had a significant effect on the iron content of the leaves, which
reached (131.44 and 132.86) mg kg-1 respectively. Spraying with chelated iron at concentrations of 200 and 300 mg L-1
led to a significant increase in the nitrogen and protein in the leaves, which reached (3.57, 3.73 and 22.34, 22.33)%
respectively. As for the spraying with a concentration of 300 mg L-1 of chelated iron, it significantly affected the increase
in the percentages of phosphorus, potassium, iron, and carbohydrates in the leaves, reaching (0.69%, 5.29%, 135.03 mg
kg-1, 6.60%) respectively. The interaction between the concentrations of the studied factors had a significant effect on
improving the studied traits.
Keywords: K2SO4 ¢« Fe-EDDHA <Olive <Olea europaea L, Arbequina.
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INTRODUCTION

Olive (Olea europaea L.) is a perennial evergreen plant belonging to the Oleaceae family, which grows between latitudes
of (30-45)° in both hemispheres. There is much evidence indicating that the cultivation of olive trees dates back over 6000
years. Throughout the successive centuries, olive trees have been viewed as part of the social and cultural traditions of every
country and region where they are grown [1]. The original habitat of the olive tree is located in a vast area of Asia Minor,
bounded by the Caucasus Mountains, extending through Iran and the coasts of Syria and Palestine. However, some historians
believe that the original home of the olive is Afghanistan due to the presence of several species that belong to the Oleaceae
family, which may relate to the cultivated olive variety [2]. From the eastern coast of the Mediterranean Sea, olive cultivation
spread around the Mediterranean basin. During this time, the selected agricultural varieties were hybridized with many wild
species to achieve the best adaptation to environmental conditions and to increase the diversity among cultivated species.
After about 3500 years of this spread, olives reached America through Spanish colonizers and missionaries, and immigrants
from the Mediterranean basin also introduced these trees to South Africa and Australia [1].
Potassium is one of the positively charged ions (monovalent) that plants require in large quantities, even though it does not
enter into any organic compound. It is a highly mobile element that moves to where it is needed within plant tissues; thus,
symptoms of deficiency first appear on the lower or older leaves rather than on the younger leaves [3]. Potassium affects vital
processes within the plant, especially respiration and photosynthesis. One of the most important roles potassium plays in the
plant is its involvement in the process of transpiration and the opening and closing of stomata. Potassium is also a key activator
of enzymes as well as playing a role in protein metabolism; it influences the formation of chlorophyll and the water content
of the leaves [4,5]. In this field, [6] noted that spraying 58-year-old Bashiqi olive trees with potassium sulfate at three
concentrations (0, 500 and 1000 mg L") resulted in a significant increase in the nitrogen and potassium content of the leaves,
which reached (1.239 and 1.293, 1.233 and 1.303)% respectively, compared to the non-sprayed treatment which was 1.189%.
However, no significant differences were found among the potassium concentrations used in the study regarding the
phosphorus content of the leaves.
Iron is a micronutrient that all living organisms need, and it is essential for the growth and development of all plants and
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cannot be replaced by another element. In the 19th century, iron was first identified as a nutrient for plants; it is a vital
component of many plant enzymes and is required for a large number of biological functions in the plant. It has two
fundamental roles in the vital activities within the plant: the first is the activation of oxidation-reduction enzymes through its
ability to lose and gain electrons, and the second is that it helps in the construction of the chlorophyll molecule, even though
it is not part of its structure. Additionally, plants need iron in physiological processes such as cell division, respiration, and
the process of photophosphorylation. Iron is also involved in forming the important cytochrome transport chain in both
photosynthesis and respiration, with 70% of the iron found within chloroplasts, highlighting its importance in the
photosynthesis process within the plant [9,10]. [11] in their study on the response of two-year-old Manzinillo olive seedlings
found that spraying with a concentration of (45 ml L") of nanoferric chelate resulted in a significant increase in the
carbohydrate content of the leaves, which reached 40.96%. Concentrations of (30 and 45) ml L' recorded the highest levels
of iron content in the leaves at 102.98 and 106.96 ppm respectively. The three concentrations used in the study (15, 30, and
45 ml L") of Nano ferric chelate had a significant effect on increasing nitrogen concentration and protein percentage in the
leaves. The values reached (1.86, 1.91, 1.89 and 11.64, 11.95, 11.85)% respectively compared to the control treatment which
reached (1.63 and 10.20)% respectively, while the concentrations used did not show any significant effect on the significant
increase of phosphorus and potassium percentages in the leaves compared to the control treatment. In the study by [12], when
spraying olive seedlings of the Sorani variety with iron at a concentration of 1000 mg L', a significant increase was observed
in the total carbohydrate percentage and the concentrations of the macronutrients NPK in the leaves, reaching (48.56, 3.09,
1.07, 0.40 and 1.29)% respectively compared to a concentration of 500 mg L' and the control treatment. [13] found that
spraying young Kishmishi grapevines aged 7 years with chelated iron at a concentration of 1 g L' resulted in a significant
superiority in the leaf content of macronutrients NPK and iron compared to a concentration of 0.5 g L' and the control
treatment. The aim of this study is to encourage an increase in the mineral content of the leaves of young Arbequina olive
trees, which will reflect in the future on accelerating the entry of the trees into the fruiting stage by increasing their
carbohydrate content through spraying with potassium and iron, and to determine the best concentration among the
concentrations of the factors used in the study either individually or interactively.

Materials and Methods

The experiment was conducted in olive orchard located at the Agricultural Research Station affiliated with the College of
Agriculture / University of Kirkuk, Iraq, situated in the Sayada area on latitude 35.38 North and longitude 44.34 East, from
15/3/2024 to 1/10/2024, on young Arbequina olive trees aged 4 years, planted at a distance of 4x4 meters. Homogeneous-
sized trees were selected, and pruning was performed at the beginning of the growing season along with all service operations
such as weeding, irrigation, and fertilization during the study period. The foliage of the trees was sprayed with three
concentrations of potassium in the form of potassium sulfate K2SO4 (0, 1000 and 1500) mg L' and chelated iron Fe-EDDHA
at four concentrations (0, 100, 200 and 300) mg L™, using a 5-liter handheld sprayer until fully wet. The spraying operation
was conducted shortly before sunrise.
The spraying was done on three dates: the first spray on March 15, the second spray on April 15, and the third spray on May
15 during the growing season for both factors. The substance used was the brightener at a concentration of 0.1% with the
spray solution to reduce the surface tension of the leaves. The experiment was designed according to a completely randomized
block design with three replications, two factors, and two trees per experimental unit, resulting in a total of 24 trees per
replication and a total of 72 trees in the experiment. The treatments were randomly distributed within each block. The data
from the experiment was statistically analyzed using an ANOVA TABLE with the computer following the [14] system for
agricultural experiments, and the means were compared using Duncan's Multiple Range Test at a significance level of 0.05
as mentioned by [15].

Studied characteristics: collected fully grown leaves from different areas and from all trees for the experimental units at the
end of the experiment, washed them several times with distilled water to remove the adhering dust, and placed them inside
perforated paper bags in an electric oven at a temperature of 70 °C for 48 hours until a constant weight was achieved. Then,
finely ground the leaves and took 0.2 g of the dry samples, which were digested using concentrated sulfuric acid (H>SO4) and
concentrated perchloric acid (HCIOs) in a ratio of 1:4 mL for each, respectively, according to what was mentioned by [16].
The following traits were studied:

1- Nitrogen (%): The nitrogen was determined using a Micro-Kjeldahl device according to the method mentioned by [17].
2-Phosphoru (%): Phosphorus was estimated using the colorimetric method and measuring light absorption at a wavelength
of 410 nanometers using the spectrophotometer (EMC V LAB-1 100) according to the method of [18].

3-Potassium (%): Potassium was estimated using the Flame photometer model (Elicocl-378) according to the method of [18].
4- Carbohydrates (%): Carbohydrates were estimated using the Spectrophotometer model (EMC V LAB-1 100) at a
wavelength of 490 nanometers according to [19].

5- Protein content in the leaves (%): It was calculated using the following equation: Protein percentage = Nitrogen
percentage x 6.25. Iron content in the leaves (mg kg™): It was estimated using the Atomic Absorption device according to the
method of [20].
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6- Iron content of leaves (mg kg™): It was estimated using the atomic absorption device according to the method of [20].

Results and Discussion

1- Nitrogen percentage in leaves (%): The results shown in Table (1) indicated that the nitrogen percentage in the leaves of
young olive trees significantly increased when sprayed with potassium and iron. The spray with a concentration of 1500 mg
L of potassium in the form of potassium sulfate resulted in a significant increase in this percentage, recording the highest
value of 3.63% compared to other concentrations, while the control treatment recorded the lowest percentage at 2.84%.
Spraying with concentrations of (200 and 300) mg L' of iron in the form of chelated iron also led to a significant increase in
the same trait, reaching (3.57 and 3.73)%, respectively, compared to the concentrations (0, 100) mg Fe L', which recorded
(2.72 and 2.99)% respectively. As for the interaction between potassium and iron concentrations, it had a significant effect
on increasing the nitrogen percentage in the leaves. The treatment with a spray concentration of 1500 mg L' of potassium
combined with a spray concentration of 300 mg Fe L! of chelated iron recorded the highest percentage at 4.1%, significantly
exceeding the other treatments, while the control treatment recorded the lowest percentage at 2.15%.

Table (1) Effect of spraying potassium and chelated iron on the nitrogen content (%) in the leaves of young
olive trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K>SO4 (Mg L) Average
Mg L 0 1000 1500 Fe-EDDHA
0 2.15¢g 3.07d 2.92 ef 272 ¢
100 2.57 fg 2.86 ef 3.54 be 2.99b
200 3.15 cde 3.65b 3.92 ab 3.57a
300 3.48 bed 3.59 be 4.12a 373a
Average KoSOq4 2.84c 3290 3.63a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly
according to the Duncan's multiple range test at a significance level of 0.05%.

2-Phosphorus percentage in leaves (%): The results of the statistical analysis in Table (2) showed that spraying young olive
trees of the Arbequina variety with a concentration of 1500 mg L' of potassium in the form of potassium sulfate led to a
significant increase in the percentage of phosphorus in the leaves, which reached 0.72% compared to the lowest percentage
0f 0.63% in the control treatment. Spraying with a concentration of 300 mg Fe L' of chelated iron also resulted in a significant
increase in the same trait, recording the highest percentage of 0.69%, with a significant difference from the control treatment
of 6.15%. The interaction results between the concentrations of potassium and iron showed a significant effect on the
percentage of phosphorus in the leaves of the trees, as the spraying with a concentration of 1500 mg K L' of potassium sulfate
combined with the spraying of 300 mg Fe L' of chelated iron recorded the highest percentage of 0.75%, significantly
surpassing the other interactions, while the control treatment recorded the lowest percentage of 0.62%.

Table (2) Effect of potassium and chelated iron spraying on the phosphorus percentage in the leaves (%) of young
olive trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K»SOs (Mg L) Average
Mg L! 0 1000 1500 Fe-EDDHA
0 0.62¢ 0.65d 0.69 ¢ 0.65c
100 0.64d 0.62 de 0.72b 0.66 bc
200 0.63 de 0.67 ¢ 0.72b 0.67b
300 0.64d 0.67 ¢ 0.75a 0.69 a
Average K>SOy 0.63 ¢ 0.65b 0.72 a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly

according to the Duncan's multiple range test at a significance level of 0.05%.
3-Potassium percentage in leaves (%): The results shown in Table (3) indicated that spraying young olive trees of the
Arbequina variety with a concentration of 1500 mg L' of potassium led to a significant increase in the percentage of potassium
in the leaves, recording the highest percentage of 5.43% compared to the lowest percentage recorded in the control treatment,
which was 4.83%. Meanwhile, spraying with a concentration of 300 mg Fe L' of chelated iron resulted in a significant
increase in the same trait, recording the highest percentage of 5.29% compared to the other concentrations, with an increase
rate of 8.17% over the control treatment.As for the interaction between the potassium and iron concentrations, it had a
significant effect in increasing the percentage of potassium in the leaves of the trees, as the interaction treatment spraying
with a concentration of 1500 mg L' of potassium combined with the spraying at a concentration of 300 mg L™! of iron recorded
the highest percentage of 5.84%, significantly exceeding the other interactions, while the control treatment recorded the lowest
percentage of 4.72%.
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Table (3) Effect of potassium and chelated iron spraying on the potassium percentage in the leaves (%) of young
olive trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K2SOs (Mg LY Average
Mg L"! 0 1000 1500 Fe-EDDHA
0 472 ¢ 4.87 de 5.09 cd 4.89 ¢
100 4.87de 4.92 de 523 ¢ 5.00 be
200 4.82de 4.50 cde 5540 5120
300 491 de 513 cd 584a 529a
Average KxSOy 4.83 ¢ 4.98b 543 a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly
according to the Duncan's multiple range test at a significance level of 0.05%.

4-Total carbohydrates percentage in leaves (%): The results of Table (6) showed that spraying young olive trees of the
Arbequina variety with a concentration of 1500 mg L' of potassium recorded the highest percentage of total carbohydrates
in the leaves, reaching 6.10%, which did not significantly differ from the concentration of 1000 mg K L', as it reached 6.05%.
Both surpassed the control treatment, which recorded the lowest percentage of 5.65%. Meanwhile, spraying with a
concentration of 300 mg L' of iron resulted in a significant increase in the same trait, recording the highest percentage of
6.60% compared to other concentrations, while the control treatment recorded the lowest percentage of 5.39%. As for the
results of the interaction between potassium and iron concentrations, they had a significant effect on percentage of total
carbohydrates in the leaves, as the interaction treatment at a concentration of 1500 mg L' of potassium combined with a
concentration of 300 mg L™! of iron recorded the highest percentage of 7.15%, significantly surpassing the other interaction
treatments, while the control treatment recorded the lowest percentage of 5.20%.

Table (4) Effect of potassium and chelated iron spraying on the total carbohydrate ratio in the leaves (%) of young

olive trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K»SOs (Mg L) Average
Mg L! 0 1000 1500 Fe-EDDHA
0 5.20d 5.45cd 5.53cd 539¢
100 572 cd 593 cd 5.43 cd 5.69 be
200 5.85cd 598 cd 6.28 cb 6.04b
300 5.82cd 6.83 ab 7.15a 6.60 a
Average KbSOy 5.65b 6.05a 6.10 a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly
according to the Duncan's multiple range test at a significance level of 0.05%.

5- Iron content in leaves (mg kg™): The results clearly shown in Table (5) indicated that spraying Arbequina olive trees with
potassium at concentrations of (1000 and 1500) mg L' as K2S04 led to a significant increase in the leaf iron content reaching
(131.44 and 132.86) mg kg!, respectively, compared to the control treatment which reached 129.00 mg kg''. Meanwhile,
spraying with a concentration of 300 mg L' of iron in the form of Fe-EDTA resulted in a significant increase in the same
property, recording the highest percentage of 135.03 mg kg™! compared to the other concentrations, while the control treatment
recorded the lowest percentage of 128.42 mg kg!. The results of the interaction between potassium and iron concentrations
showed a significant effect on the iron content in the leaves of olive trees, where the interaction treatment at a potassium
concentration of 1500 mg L' combined with a 300 mg L"! iron concentration recorded the highest percentage of 137.86 mg
kg!, significantly outperforming the other interaction treatments, whereas the control treatment recorded the lowest
percentage of 123.69 mg kg™

Table (5) Effect of spraying potassium and chelated iron on the iron content in the leaves (mg kg™!) of young olive

trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K2SOs (Mg L) Average
Mg L"! 0 1000 1500 Fe-EDDHA
0 123.69 f 129.71 cd 131.88 bed 128.42 ¢
100 130.75 cd 133.56 abc 129.24 de 131.18 b
200 125.70 ef 130.48 cd 133.10 bed 129.76 be
300 135.88 ab 132.00 bed 13722 a 135.03 a
Average KxSOy 129.00 b 13144 a 132.86 a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly
according to the Duncan's multiple range test at a significance level of 0.05%.
6- Protein percentage in leaves (%): The results shown in Table (4) revealed that spraying trees with a concentration of
1500 mg L! of potassium in the form of potassium sulfate led to a significant increase in the protein percentage in the leaves,
reaching 22.66% compared to other concentrations, with an increase of 5.63% over the control treatment. Spraying with
concentrations of (200 and 300) mg L™ of iron also resulted in a significant increase in the same trait, reaching (22.34 and
23.33)% respectively compared to other concentrations, while the control treatment recorded the lowest percentage at 16.97%.
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The interaction between potassium and iron concentrations was significant in increasing the protein percentage in the leaves,
as the interaction treatment with a concentration of 1500 mg L' of potassium sulfate combined with spraying at a
concentration of 300 mg L™! of chelated iron recorded the highest percentage of 25.75%, which was not significantly different
from the treatment of spraying with a concentration of 1500 mg L! of potassium combined with spraying at a concentration
of 200 mg L' of iron, which reached 24.50%, both of which significantly surpassed the other interaction treatments, while
the control treatment recorded the lowest percentage for this trait13.46%.
Table (6) Effect of potassium and chelated iron spraying on the protein percentage in the leaves (%) of young olive
trees Olea europaea L. cv. Arbequina.

Fe-EDDHA K2SOs (Mg L) Average
Mg L' 0 1000 1500 Fe-EDDHA
0 1346 g 19.21 de 18.25 ef 1697 ¢
100 16.08 fg 17.89 ef 22.15bc 18.70 b
200 19.71 cde 22.81Db 24.50 ab 2234 a
300 21.77 bed 22.48 be 25.75a 2333 a
Average KbSOy4 17.76 ¢ 20.59b 22.66 a

The values with similar letters for each factor or their interactions, considered separately, do not differ significantly
according to the Duncan's multiple range test at a significance level of 0.05%.

The reason for the improvement observed in the content of the papers from mineral elements may be attributed to the increased
metabolic activities of the plants and the role of potassium in increasing the plant's content of sugar and starch, which enhances
the effectiveness of the enzymatic systems, as it is responsible for activating approximately 60-80 clear enzymes from the
growth enzymes responsible for photosynthesis and energy compounds and chlorophyll production, leading to an increase in
most traits [21]. Additionally, potassium plays a role in the metabolism of amino acids and proteins, as it affects the
availability of nutrients like nitrogen, having a role in the movement of this element within the plant. Potassium acts as a co-
ion with the negatively charged nitrate ion during its transfer from the root system to the shoot system, where nitrate is reduced
to ammonia to contribute to the formation of amino acids and proteins [22]. Potassium deficiency also negatively affects the
distribution of processed carbohydrates in the leaves and their transport to other parts of the plant [23]. [24] indicated that
potassium deficiency in the plant adversely affects the efficiency of energy transfer in chloroplasts and mitochondria,
impacting the synthesis of sugars, starches, fats, ascorbic acid, and the formation of the cuticle in the leaves. This is consistent
with the results of [6, 7, 8].

The increase in the content of the leaves from mineral elements when spraying with iron may be attributed to the role of iron
in many vital processes within the plant, including the formation of nucleic acids, proteins, and enzymes that promote
increased cell division and cell elongation, leading to an increase in plant tissue growth. Additionally, it enhances the
absorption of water and nutrients by the roots, which in turn drives the plant towards vegetative growth, as well as increases
the number and length of roots where cytokinins are produced, which are then transported to the leaves, thus stimulating cell
division and differentiation of plant cells that lead to increased vegetative growth, leaf area, and greater carbohydrate
accumulation [9]. Furthermore, increased vegetative growth leads to enhanced absorption of elements by the plant, as noted
by [25]. These results are consistent with findings by [11, 12, 13, 26, 27].

Conclusion

We conclude from the results of the tables above that spraying young olive trees of the Arbequina variety with a
concentration of 1500 mg L' of potassium in the form of potassium sulfate and a concentration of 300 mg L™! of iron in the
form of chelated iron has improved the content of the tree leaves in macro-nutrients, iron, and carbohydrates significantly,
both individually and in combination.
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