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ABSTRACT

This experience was conducted in Horticultural orchards at the University of Duhok, College of Agricultural
Engineering Sciences, which is situated in Sumel City, Duhok Governorate, Kurdistan region of Iraq during
growing season of 2025., to investigate the effects of three dosages of liquid vermicompost (0, 50 and 100 ml
plant-1) and three doses of foliar potassium spray (0, 1 and 2 g L-1) and boron (0, 20 and 40 mg L-1) on the
contents of the leaves and the increase in yield of the field-grown strawberry variety "Rubygem.” The following
parameters were noted throughout the experiment: leaf protein content percentage, Zn (mg kg -1), length of
flowering period (Day), juice density (g cm-3), total yield (kg h-1), distorter fruits percentage, fruit anthocyanins
content (mg 100 gm-1 fruit flesh weight), glucose (g 100 g-1 on fresh weight). The data were collected and
organized according to factorial randomized complete block design with four replications, then the data were
analyzed by SAS program, treatment means was compared for statistical significance using Duncan’s Multiple
Range Test at a p<0.05 probability level, addition of vermicompost, potassium and boron rates, especially at (100
ml plant-1 vermicompost, 2 g L-1 potassium and 20 and 40 mg L-1 boron) resulted in a significant increase in
most of the studied parameters. High rates of interaction between vermicompost, potassium, and boron produced
leaf protein content percentage (13.048 %), Zn (41.488 mg kg -1), length of flowering period (94.750 Day), juice
density (1.308 g cm-3), hectare yield (8800.816 kg h-1), distorter fruits percentage (24.585 %), fruit anthocyanin
content (24.811mg 100 gm-1 fruit flesh weight) and glucose (1.925 g 100 g-1 on fresh weight).
Keywords: Strawberry, Vermicompost, Potassium oxide, Boric acid.
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INTRODUCTION

The strawberry (Fragaria x ananassa Duch.) is a member of the Rosaceae family, encompassing over 100 genera
and 2,500 species. It is one of the most significant crops with diminutive fruits, following grapes, cultivated worldwide
in diverse environments due to the availability of many adapted cultivars and capacity to thrive in diverse
environmental conditions, [1]. The global strawberry market showed strong growth, with estimates placing its value
around $95.02 billion in 2024 to $105.52 billion in 2025 [2]. The strawberry plant is a universally esteemed fruit crop,
distinguished by its alluring fragrance, vivid red hue, succulent texture, and outstanding nutritional value. It is a
substantial source of vitamins, antioxidants, flavonoids, and phenolic compounds, which enhance its significant
commercial and dietary value [3]. Growing organic strawberries is beneficial since it offers a healthy, clean, and
chemical-free food supply that is especially appealing to kids. Ensuring sufficient plant nutrition, however, is one of
the major obstacles in organic farming. Consequently, a lot of research has been done to improve the effectiveness of
several organic sources, like vermicompost, farm manure, and various Biofertilizers, for use in organic strawberry
growing [4].Vermicompost has become one of the best organic fertilizers and soil conditioners. In addition to being a
source of macro and micronutrients, vermicompost—the stable, humus-rich byproduct of the vermicomposting
process involving earthworms—is also a storehouse of helpful microorganisms, plant growth hormones, and humic
compounds. By enhancing soil structure, water-holding capacity, and microbial activity, its application creates a
rhizosphere that is conducive to plant growth [5]. Research has repeatedly shown that applying vermicompost to
strawberries promotes vegetative development, fruit yield, and metrics including ascorbic acid concentration and total
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soluble solids (TSS) [6].

While healthy soil serves as the basis for plant growth, it is crucial to precisely manage essential nutrients during
crucial growth phases. Two such elements that are essential to the production and quality of strawberries are potassium
(K) and boron (B). For photosynthesis, sugar translocation, and fruit growth, potassium is an essential osmotic
regulator and enzyme activator. Improved fruit size, firmness, color, and sugar content are all closely correlated with
enough K intakes [7]. Potassium has a considerable function in maintaining cell turgor, stimulates its elongation and
boosting protein and carbohydrate synthesis [8].Despite being needed in small levels, boron is essential for a number
of physiological processes, such as fruit set, pollen tube growth, cell wall synthesis and integrity, and glucose
metabolism. Even temporary boron deficit can result in poor fruit set, deformed fruits, and large output losses [9]. As
a heavy non-metal micronutrient, boron is crucial to fruit production. The plant absorbs it as boric acid (H3BO3) for
the translocation of sugar; boron is required for plant reproduction and pollen grain germination. In addition to its role
in the transport of carbohydrates through membranes as the borate sugar complex, boron also aids in the production
of fruit. Using growth regulators and trace nutrients, erratic efforts have been made to increase strawberry output and
quality [10].

The availability of macro and micronutrients is crucial for plant growth since their absence causes a major imbalance
in yield and growth. Some of these components are present in the soil in significant amounts, but the plant's access to
these nutrients barely meets its requirements for normal growth [11].

It has been demonstrated that foliar fertilization is an effective way to provide these essential nutrients, particularly
during times of high demand like flowering and fruit development. By overcoming soil-related limitations like PH
fixation or immobilization, it enables the quick repair of nutritional deficits. We hypothesize that the synergistic effect
of a vermicompost-amended rhizosphere and timely foliar potassium and boron nutrition will unlock superior plant
performance, yield, and fruit quality in strawberry [12]. Therefore, the present study is designed to evaluate the
following goals:

1. To assess the effects of vermicompost and foliar potassium and boron application, both separately and in
combination, on strawberry plant vegetative growth.

2. To evaluate how they affect the mineral content of leaves of strawberry plants.

3. To ascertain how they affect the criteria of fruit quality and total yield of plants.

Materials and Methods

This experience was conducted in horticultural orchards at the University of Duhok, College of Agricultural
Engineering Sciences, which is situated in Sumel City, Duhok Governorate, Kurdistan region of Iraq during growing
season of 2025. Situated between latitude 36° 51' 38.077" N and longitude 42° 52' 02.998" E, this location is 535
meters above sea level. The field climate under study is semi-arid, with hot, dry summers and wet, cold winters. The
Rubygem cultivar strawberry plants under investigation were chosen from the College of Agricultural Engineering
Sciences' orchard. They were uniform in growth, crown diameter, and vigor, and they were sprayed with fungicide
prior to treatments. The remaining leaves were joined prior to planting, and runners were removed once a week. The
irrigation system used drip irrigation, with one dripper per plant, and the plants are two years old. The soil type is clay
loam. Ten randomly selected samples of the strawberry field soil were gathered from different parts of the field at a
depth of 0 to 25 cm. The samples were well mixed, allowed to air dry, and then put through a 2 mm sieve before being
examined by the College of Agricultural Engineering Sciences. The strawberry field soil's physical and chemical
characteristics (clay 49.7%, silt 35.2%, sand 15.1%, total N 1.242%, available P 2.013 ppm, available K 2.151 ppm),
with a planting distance of 40 by 75 cm, were determined. Next, a fungicide (Kriptanol SL) was used to sterilize the
field's soil. The study was conducted during growing season of 2025 to determine the impact of liquid vermicompost
(total organic matter 20%, total nitrogen 1%, organic nitrogen 1%), foliar spraying potassium (pure potassium oxide)
and boron (boric acid -17% Boron) on the contents in leaves and the increase in yield of strawberries (Fragaria x
ananassa Duch.) cv. "Rubygem™ grown in field conditions. Thus, three elements are included in the experiment: As
stated by [6], the first one involves treating the strawberry plants with three levels of liquid vermicompost (0, 50, and
100 ml plant™) twice (8/3/2025, 1/4/2025), with intervals applied per season (in spring) on the ground surrounding
each plant. According to [13], the second factor is plants sprayed with potassium oxide (K20) (0, 1, and 2 g L%) three
times (13/3/2025, 3-16/4/2025). The third factor is that plants are sprayed with boric acid (H3BO3) (0, 20, and 40 mg
L) three times (17/3/2025), (6-20/4/2025), As stated by [14], (beginning of each growth, flowering, and fruiting
commenced), and Tween-20, which is added to solutions as a wetting agent at a concentration of 0.1%. The treatment
means were compared using the Duncan Multiple Range Test at the significant level of 5%, and the data were analyzed
using the SAS program [15]. The experimental units were set up as factorial experiment 3x3x3 in RCBD, with 5
plants for each experimental unit and 27 experimental units with 135 plants for each replication, totaling 540 plants.
These data were registered.
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Leaf protein content percentage: The following formula was used to calculate the protein % in strawberry leaves,
According to [16].

Protein percentage = Nitrogen percentage x 6.25

Zn (mg kg 1): The following formula was used to calculate Zn in strawberry leaves, According to [17].
Zn(mgkgl)=CxV xDF/W

Length of flowering period (Day): estimated the duration of the plant's blossoming from the beginning to the last day.
Juice density (g cm): juice for the same volume / Water weight (g) for the same volume (cm?), Complying with [18].
Total yield (kg h'?): Total yield per plant x (10000 m?) / Area of one plant

Distorter fruits percentage: Weight of distorter fruits / Total weight of the experimental unit x 100

Fruit anthocyanin content (mg 100 gm fruit flesh weight): The following formula is used to compute the total
anthocyanin, as stated by [19].

Anthocyanin (mg 100 ml): Absorbance at 520 x volume composed of the color-measuring extracts x total volume /
98.2 x weight of sample.

Glucose (g 100 g* on fresh weight): The following formula was used to calculate Glucose in fruits, According to [20].
Glucose (g 100 g FW) = (C HPLC x V total x D / W sample x 1000) x 100

Results
Leaf protein content percentage

The data in table (1) show that the leaf protein content by adding vermicompost dosages of 100 and 50 ml plant-*
had a substantial impact on the leaf protein content % of strawberry plants, in contrast to the control treatment. In
comparison to the values of other treatments, the same table demonstrated a considerable impact of potassium foliar
spray on the plant's leaf protein content %. Table 1 show that the "Rubygem™ cultivar's leaf protein content % was
significantly impacted by boron spraying by 20 mg L™ spraying was superior.
The results showed that the interaction of vermicompost + potassium in table 1 had a significant impact on the
percentage of leaf protein content. The highest percentage of leaf protein content was found in the interactions of 100
ml plant* vermicompost + 2 g L* potassium, as opposed to the value that was fixed at the other treatments. When
compared to other interaction treatments, the combination of 100 ml plant* vermicompost + 40 mg L™! boron and 100
ml plant™ vermicompost + 20 mg L boron yielded the highest values (12.570%, 12.479%) for leaf protein content
percentage. The "Rubygem" plant's leaf protein content percentage was strongly impacted by the composition of
potassium and boron, as shown in table 1. However, the interaction of 2 g L™ potassium + 40 mg L™ boron produced
the highest range (12.521%) when compared to all other interactions.
Regarding the experiment factor interactions, the results showed that the interactions of 100 ml plant™ vermicompost
+ 2 g L potassium + 20 mg L* boron confirmed the highest percentage of leaf protein content (13.048%), while the
interactions of 0 ml plant® vermicompost + 1 g L™ potassium + 0 mg L* boron confirmed the lowest value (9.858%).

Table (1) Response of leaf protein content percentage of the strawberry plant to the addition of vermicompost and foliar
application with potassium and boron

Vermicompost Potassium Boron mg L Vermicompost Vermicompost
ml plant? gL? 0 20 0 *Potassium
0 0 10.808hc 11.130a-c 12.306ab 11.415ab 11.516b
1 9.858¢c 10.956a-c 12.095ab 10.970b
2 12.672ab 11.459a-c 12.358ab 12.163a
50 0 11.530a-c 12.161ab 12.353ab 12.015ab 12.053ab
1 11.323a-c 12.166ab 12.050ab 11.846ab
2 11.514a-c 12.469ab 12.913ab 12.298a
100 0 11.506a-c 12.025ab 12.639ab 12.057ab 12.203a
1 11.111a-c 12.364ab 12.780ab 12.085ab
2 12.066ab 13.048a 12.292ab 12.469a
Vermicompost 0 11.113c 11.182bc 12.253ab Potassium
* Boron 50 11.456a-c 12.265ab 12.439a
100 11.561a-c 12.479a 12.570a
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Potassium 0 11.281bc 11.772a-c 12.433a 0 11.829ab
* Boron 1 10.764c 11.829a-c 12.308ab 1 11.634b
2 12.084ab 12.326ab 12.521a 2 12.310a

Boron 11.376b 11.975a 12.421a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Leaf zinc content (mg kg™)

The findings in table 2 shows that, in contrast to the control treatment, the dosage of vermicompost 100 ml plant™

considerably affected the leaf zinc content (mg kg™) on the strawberry plants. When compared to the values of other
treatments, the same table demonstrated a significant effect of potassium foliar spray on the leaf zinc content (mg
kg™), with the application of 1 and 2 g L™* being superior to the control. Table 2 shows that the "Rubygem" cultivar's
leaf  zinc  concentration (mg kg™) was not significantly affected by boron  spraying.
Table 2 vermicompost + potassium interaction showed a significant impact on leaf zinc content (mg kg™). The results
showed that the combination of 100 ml plant™ vermicompost + 2 g L™ potassium produced the highest leaf zinc
content (mg kg™) when compared to the value fixed at the other treatments. In comparison to other interaction
treatments, the combination of 100 ml plant™ vermicompost + 20 mg L™t boron produced the highest value (40.490
mg kg™) of leaf zinc content (mg kg™). The "Rubygem" plant's leaf zinc content (mg kg™) was strongly impacted by
the mix of potassium and boron, as shown in table 2. However, compared to all other interactions, the combination of
2 g L™ potassium and 20 mg L™ boron produced the highest range (38.493 mg kg™).
Regarding the experiment factor interactions, the results showed that the interactions of 100 ml plant™ vermicompost
+ 2 g L™ potassium + 20 mg L1 boron confirmed the maximum leaf zinc content (mg kg™) (41.488 mg kg™), while
the interactions of 0 ml plant™ vermicompost + 0 g L™ potassium + 20 mg L™ boron confirmed the lowest value
(24.935 mg kg™).

Table (2) Response of leaf zinc content (mg kg™) of the strawberry plant to the addition of vermicompost and foliar application
with potassium and boron

Vermicompost Potassium Boron mg L Vermicompost Vermicompost
ml plant? gL? *Potassium
0 20 40
0 0 26.833e-g 24.935¢g 28.003d-g 26.590d 31.782c
1 35.710a-d 31.069b-g 36.864a-c 34.547bc
2 28.203c-g 35.324a-¢ 39.100ab 34.209bc
50 0 26.135fg 31.688b-g 37.925ab 31.916¢c 34.655b
1 38.648ab 26.707e-g 38.087ab 34.481bc
2 40.015ab 38.666ab 34.029a-f 37.570ab
100 0 38.203ab 41.213a 39.371ab 39.595a 39.602a
1 38.716ab 38.770ab 37.685ab 38.390ab
2 39.534ab 41.488a 41.444a 40.822a
Vermicompost 0 30.249d 30.442d 34.656b-d Potassium
* Boron 50 34.932b-d 32.354cd 36.680a-C
100 38.817ab 40.490a 39.500ab
Potassium 0 30.390c 32.612bc 35.099a-c 0 32.700b
* Boron 1 37.691a 32.182hc 37.545a 1 35.806a
2 35.917ab 38.493a 38.191a 2 37.534a
Boron 34.666a 34.429a 36.945a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
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Length of flowering period (day)

Table 3 shows that, in contrast to the control treatment, the dose of vermicompost 100 ml plant™ had a significant
impact on the length of blooming period (day) on the strawberry plants. In comparison to the values of the other
treatments, the same table demonstrated a substantial effect of potassium foliar spray on the length of the blooming
period (day) especially at 2 g L™ Table 3 shows that boron spraying had no discernible effect on the "Rubygem"
cultivar's blooming period (day).

Table 3 showed that the combination of vermicompost and potassium had a significant impact on the length of the
flowering period. The results showed that the combination of 100 ml plant™ vermicompost + 2 g L™ potassium
produced the longest flowering period (day) when compared to the value fixed at the other treatments. In comparison
to other interaction treatments, the combination of 100 ml plant™ vermicompost + 40 mg L™* boron produced the
largest value (92.833 days) for the length of blooming period (day) due to the vermicompost and boron interaction.
The duration of the blooming period (day) of the "Rubygem" plant was considerably affected by the composition of
potassium and boron, as shown in table 3. However, the interaction of 2 g L™ potassium + 40 mg L™t boron produced
the highest range (92.167 days) when compared to all other interactions.

Regarding the experiment factors' interactions, the results showed that the interactions of 100 ml plant™ vermicompost
+ 2 g L™t potassium + 40 mg L™t boron confirmed the longest flowering period (day) (94.750 days), while the
interactions of O ml plant™ vermicompost + 0 g L™t potassium + 0 mg L™t boron confirmed the lowest value (82.250
days).

Table (3) Response of length of flowering period (day) of the strawberry plant to the addition of vermicompost and foliar
application with potassium and boron

Vermicompost Potassium Boron mg L* Vermicompost Vermicompost
ml plant! gLt 0 50 0 *Potassium
0 0 82.250h 82.500gh 83.750f-h 82.833d 86.528b
1 85.250e-h 90.500a-e 85.250e-h 87.000c
2 92.500a-d 86.500d-h 90.250a-f 89.750a-c
50 0 87.250b-h 85.500e-h 86.750c-h 86.500c 88.278b
1 86.500d-h 89.500a-f 89.000a-g 88.333bc
2 88.250a-h 90.250a-f 91.500a-e 90.000a-c
100 0 93.500ab 88.000b-h 93.000a-d 91.500ab 92.194a
1 93.000a-d 91.750a-¢ 90.750a-¢ 91.833ab
2 91.750a-e 93.250a-c 94.750a 93.250a
Vermicompost 0 86.667¢ 86.500c 86.417c Potassium
* Boron 50 87.333c 88.417bc 89.083bc
100 92.750a 91.000ab 92.833a
Potassium 0 87.667bc 85.333c 87.833bc 0 86.944c
* Boron 1 88.250bc 90.583ab 88.333bc 1 89.056h
90.833ab 90.000ab 92.167a 2 91.000a
Boron 88.917a 88.639a 89.444a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Juice density (g cm™)

Table 4 shows that, in contrast to the control treatment, the dose of vermicompost 100 ml plant™ had a substantial
impact on the strawberry plants' juice density (g cm-3). According to the same data, there was no discernible effect of
potassium foliar spray on strawberry fruit juice density (g cm). Table 4 shows that the strawberry "Rubygem"
cultivar's juice density (g cm3) was significantly affected by boron spraying when compared to the control especially
spraying at 40 mg L™
Table 4 vermicompost + potassium interaction showed a significant impact on juice density (g cm). The results
showed that the combination of 100 ml plant™ vermicompost + 2 g L™* potassium had the highest juice density (g cm"
%) when compared to the values recorded at the other treatments. Juice density (g cm®) has been greatly boosted by
the interaction between vermicompost and boron; the combination of 200 ml plant™ vermicompost + 40 mg L™t boron

268



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 2, 2026 Online ISSN: 2958-6585

produced the highest value (1.158 g cm) when compared to the control treatment. The juice density (g cm™) of the
"Rubygem" plant was considerably impacted by the composition of potassium and boron, as shown in table 4.
However, the interaction of 2 g L™ potassium + 40 mg L™ boron produced the largest range (1.113 g cm?) in
comparison to all other interactions.

In terms of the experiment factor interactions, the results revealed that the interactions of 100 ml plant™ vermicompost
+2 g L™ potassium + 40 mg L1 boron confirmed the highest juice density (g cm) (1.308 g cm™®), as the interactions

of 0 ml plant™ vermicompost + 1 g L™ potassium + 0 mg L2 boron confirmed the lowest value (0.953 g cm).

Table (4) Response of juice density (g cm) of the strawberry plant to the addition of vermicompost and foliar application with

potassium and boron

Vermicompost Potassium Boron mg L* Vermicompost Vermicompost
ml plant! gL? *Potassium
0 20 40
0 0 1.015¢c-e 1.078bc 1.080bc 1.058bc 1.041b
1 0.953e 1.053 b-d 1.073bc 1.026¢
2 1.068 b-d 1.093bc 0.960e 1.040bc
50 0 1.055 b-d 0.985de 1.078bc 1.039bc 1.044b
1 1.070bc 1.040 b-d 1.068 b-d 1.059bc
2 0.950e 1.078bc 1.073bc 1.033bc
100 0 1.063 b-d 1.100bc 1.063 b-d 1.075b 1.099a
1 1.055 b-d 1.080bc 1.103b 1.079b
2 1.065 b-d 1.055b-d 1.308a 1.143a
Vermicompost 0 1.012d 1.074b 1.038b-d Potassium
* Boron 50 1.025¢d 1.034b-d 1.073b
100 1.061bc 1.078b 1.158a
Potassium 0 1.044bc 1.054bc 1.073ab 1.057a
* Boron 1 1.026¢ 1.0580c 1.081ab 1 1.055a
1.028c 1.075ab 1.113a 1.072a
Boron 1.033c 1.062b 1.089%a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Total yield (kg ha™)

In contrary to the control treatment, the inclusion of vermicompost 100 and 50 ml plant™ had a substantial impact

on the strawberry plants' total production (kg ha™), as shown in table 5. In regard to the results of other treatments,
the same table suggested a substantial impact of potassium foliar spray on the total yield (kg ha™) spraying with 2 g
L™t was more effected. Table 5 demonstrates that the "Rubygem" cultivar's total yield (kg ha™) had no significant
impact by boron spraying.The results revealed that the vermicompost + potassium interaction in table 5 had a major
effect on hectare yield (kg ha™). In comparison to the control, the highest total yield (kg ha™) was found in the
interactions of 100 ml plant™ vermicompost + 2 g L™ potassium.
The interaction involving vermicompost and boron has greatly enhanced total yield (kg ha™); the combination of 100
ml plant™ vermicompost + 20 mg L™ boron achieved the highest value (7152.972 kg ha™) if compared to other
interaction treatments. The composition of potassium and boron, as can be seen in table 5, had a significant impact on
the total yield (kg ha™) of the "Rubygem" plant. But the interaction of 1 g L™t potassium + 20 mg L™t boron and 2 g
L™t potassium + 40 mg L™ boron produced the maximum ranges (6039.698 and 6143.787 kg ha™t) in comparison to
the control. The maximum total yield (kg ha™) (8800.816 and 8689.265 kg.ha™*) was confirmed from the interactions
of 100 ml plant™ vermicompost + 2 g L™* potassium + 40 mg L™* boron and 100 ml plant™ vermicompost + 0 g L™*
potassium + 20 mg L™t boron, contrary to the interactions of 0 ml plant™ vermicompost + 0 g L™ potassium + 0 mg
L™t boron confirmed the lowest value (1910.609 kg ha™).
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Table (5) Response of total yield (kg ha™) of the strawberry plant to the addition of vermicompost and foliar application
with potassium and boron

Vermicompost Potassium Boron mg L Vermicompost Vermicompost
ml plant? gL? 0 20 20 *Potassium
0 0 1910.609j 2656.382ij 3405.846g-i 2657.612f 3792.204c
1 3723.4529-i 5553.105c-e 2564.218ij 3946.925e
2 5752.272cd 4273.411e-h 4290.545e-h 4772.076¢d
50 0 4463.955d-g 4291.653e-h 4105.615f-h 4287.074de 4624.016b
1 5401.781c-f 6033.358bc 4451.566d-g 5295.568bc
2 4455.165d-g 3073.052h-j 5340.000c-f 4289.406de
100 0 6450.768bc 8689.265a 5762.624cd 6967.552a 6733.143a
1 5328.495¢-f 6532.631bc 5704.731cd 5855.285b
2 7091.937b 6237.020bc 8800.816a 7376.591a
Vermicompost 0 3795.444de 4160.966¢d 3420.203e Potassium
* Boron 50 4773.633¢ 4466.021cd 4632.394¢
100 6290.400b 7152.972a 6756.057ab
Potassium 0 4275.110d 5212.433bc 4424.695d 0 4637.413c
* Boron 4817.909cd 6039.698a 4240.172d 1 5032.593b
5766.458ab 4527.828cd 6143.787a 2 5479.357a
Boron 4953.159a 5259.986a 4936.218a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.

Distorted fruits percentage

There are notable variations amongst the treatments, as table 6 illustrates. The proportion of deformed fruits was
dramatically reduced by increasing the amount of vermicompost; strawberry plant dosages with 100 ml plant™
vermicompost recorded the lowest percentage of damaged fruits (12.385%) compared to the control group, which had
the highest percentage (19.754%). Additionally, Table 6 showed that potassium at a concentration of 1 g L™ produced
the lowest proportion of deformed fruits (15.860%), while the control group recorded the greatest percentage
(18.156%). Table 6 data collection showed that the boron spraying had the lowest percentage of deformed fruits
(15.913% and 16.756%) at 20 mg L™t and 40 mg L%, whereas the control group had the greatest proportion (18.031%).
Table 6 suggested that the interactions between potassium and vermicompost had an impact on the distorted fruit
percentage values. The proportion of discolored fruits was highest at 0 ml plant™ vermicompost + 2 g L™ potassium
and lowest at 100 ml plant™ vermicompost + 2 g L™ potassium. Table 6 makes it evident that the interactions between
vermicompost and boron caused notable variations in the proportion of deformed fruits. In comparison to the control
(19.186%), it was found that 100 ml plant™ vermicompost + 40 mg L™t boron recorded the lowest values (11.363%)
and a significant influence on deformed fruits. The combination of 1 g L™ potassium + 40 mg L™t boron was the most
effective way to reduce the percentage of distorted fruits when compared to 0 g L™ potassium + 0 mg L2 boron.
Table 6 showed the effects of three factors on the percentage of strawberry distorted fruits. The interactions of 100 ml
plant™ vermicompost + 1 g L™ potassium + 40 mg L™ boron and 100 ml plant™ vermicompost + 2 g L™ potassium
+ 20 mg L1 boron produced the lowest significant value of distorted fruits percentage (9.063% and 9.318%), while 0
ml plant™ vermicompost + 0 g L™ potassium + 40 mg L™* boron produced the highest value (24.585%).

Table (6) Response of distorted fruits percentage of the strawberry plant to the addition of vermicompost and foliar application
with potassium and boron

Vermicompost ~ Potassium Boron mg L* Vermicompost Vermicompost
-1 -1 *| 1
ml plant gL 0 50 20 Potassium
0 0 19.220b-e 18.880c-e 24.585a 20.895ab 19.754a
1 17.045c-f 15.983d-g 17.698 c-e 16.908cd
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2 21.293a-d 18.798 c-e 24.288ab 21.459a
50 0 22.110a-c 16.270d-g 17.978 c-e 18.786a-c 18.560a
1 24.325ab 17.790 c-e 13.683e-h 18.599a-c
2 17.853 c-e 18.550 c-e 18.485 c-e 18.296hc
100 0 14.445e-h 15.625d-g 14.290e-h 14.787de 12.385b
1 15.158e-g 12.000f-h 9.063h 12.073ef
2 10.833gh 9.318h 10.738gh 10.296f
Vermicompost 0 19.186bc 17.887c 22.190a Potassium
* Boron 50 21.429ab 17.537¢c 16.715¢
100 13.478d 12.314d 11.363d
Potassium 0 18.592a 16.925ab 18.951a 0 18.156a
* Boron 1 18.843a 15.258bc 13.481c 1 15.860b
2 16.659ab 15.555hc 17.837ab 2 16.684ab
Boron 18.031a 15.913b 16.756ab

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Fruit anthocyanin content (mg 100 gm™ fruit flesh weight)

As compared to the 50 ml plant™ and control treatment, the use of vermicompost 100 ml plant™ considerably
affected the fruit anthocyanin content (mg 100 gm fruit flesh weight) on the strawberry plants, as shown data in table
7. According to the same findings, fruit anthocyanin concentration (mg 100 gm fruit flesh weight) was significantly
influenced by potassium foliar spray, with 2 g L™ being the most effective. Table 7 shows that the "Rubygem"
cultivar's fruit anthocyanin concentration (mg 100 gm fruit flesh weight) was not significantly affected by boron
spraying.

Fruit anthocyanin content (mg 100 gm™ fruit flesh weight) significantly changed by the interaction of
vermicompost + potassium in table 7. The results showed that the highest fruit anthocyanin content (mg 100 gm-* fruit
flesh weight) was present from the interactions of 100 ml plant™ vermicompost + 2 g L™ potassium, compared to the
value obtained at the other treatments. Compared to other interaction treatments, the combination of 100 ml plant™
vermicompost + 40 mg L™ boron produced the highest value (20.569 mg 100 gm-1 fruit flesh weight) for the
vermicompost and boron interaction. The "Rubygem" plant's fruit anthocyanin content (mg 100 gm fruit flesh
weight) had a major effect by the composition of potassium and boron, as shown in table 7. Nonetheless, compared
to all other interactions, the combination of 2 g L™ potassium and 40 mg L™t boron produced the highest range (21.054
mg 100 gm™ fruit flesh weight).

In terms of the experiment factor interactions, the results showed that the interactions of 100 ml plant™
vermicompost + 2 g L™ potassium + 40 mg L2 boron confirmed the highest fruit anthocyanin content (mg 100 gm-!
fruit flesh weight) (24.811 mg 100 gm fruit flesh weight), while the interactions of 50 ml plant™ vermicompost + 1
g L1 potassium + 20 mg L™t boron confirmed the lowest value (12.736 mg 100 gm* fruit flesh weight).

Table (7) Response of fruit anthocyanin content (mg 100 gm™ fruit flesh weight) of the strawberry plant to the addition of
vermicompost and foliar application with potassium and boron

Vermicompost Potassium Boron mg L* Vermicompost Vermicompost

ml plant? gL? 0 20 20 *Potassium

0 0 14.852b-d 19.257a-d 13.021cd 15.710c 17.826ab
1 16.063b-d 20.132a-d 16.989a-d 17.728a-c
2 21.871ab 17.263a-d 20.987a-c 20.040a-c

50 0 15.859b-d 14.832b-d 16.734a-d 15.808c 16.106b

1 15.208b-d 12.736d 19.186a-d 15.710c

2 16.185hb-d 16.846a-d 17.365a-d 16.799hc

100 0 21.464ab 20.234a-d 19.725a-d 20.474ab 19.466a
1 15.635h-d 16.551b-d 17.171a-d 16.453hc
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18.738a-d 20.864a-d 24.811a 21.471a
Vermicompost 0 17.595ab 18.884ab 16.999%ab Potassium

* Boron 50 15.751b 14.804b 17.762ab
100 18.613ab 19.216ab 20.569a

Potassium 0 17.392ab 18.107ab 16.493b 0 17.331ab

* Boron 1 15.635b 16.473b 17.782ab 1 16.630b

18.931ab 18.324ab 21.054a 2 19.437a
Boron 17.319a 17.635a 18.443a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Glucose (g 100 g on fresh weight)

In contrast to the control and 50 ml plant® vermicompost treatments, the addition of 100 ml vermicompost
considerably affected the glucose (g 100 g* on fresh weight) content on the strawberry plants, as shown in table 8
data. In comparison to control treatments, the same table demonstrated a substantial impact of potassium foliar spray
on the glucose content (g 100 g on fresh weight) recorded 1.752 g 100 g* on fresh weight as compare to control
value. Table 8 shows that the "Rubygem" cultivar's glucose content (g 100 g* on fresh weight) was not significantly
affected by boron spraying.

The results showed that the interaction of vermicompost + potassium in table 8 had a significant impact on the
amount of glucose (g 100 g* on fresh weight). The highest amount of glucose (g 100 g* on fresh weight) was found
in the interactions of 100 ml plant™ vermicompost + 2 g L™ potassium, as opposed to the value that was fixed at the
other treatments. The interaction between vermicompost and boron has greatly enhanced the amount of glucose (g
100 g* on fresh weight); the combination of 100 ml plant™ vermicompost + 40 mg L™ boron produced the highest
value (1.780 g 100 g™* on fresh weight) compared to the control. The "Rubygem" plant's glucose content (g 100 g on
fresh weight) was significantly altered by the composition of potassium and boron, as shown in table 8. However, the
combination of 2 g L™ potassium and 40 mg L1 boron produced the highest ranges (1.778 g 100 g* on fresh weight)
in relation to the control.

Regarding the experiment factor interactions, the results showed that the interactions of 100 ml plant™
vermicompost + 2 g L™ potassium + 40 mg L™ boron confirmed the highest glucose (g 100 g* on fresh weight)
content (1.925 g 100 g on fresh weight), while the interactions of 0 ml plant™ vermicompost + 0 g L™ potassium +
0 mg L% boron confirmed the lowest value (1.590 g 100 g* on fresh weight).

Table (8) Response of glucose (g 100 g on fresh weight) of the strawberry plant to the addition of vermicompost and
foliar application with potassium and boron

Vermicompost Potassium Boron mg L* Vermicompost Vermicompost
ml plant? gLt 0 20 0 *Potassium
0 0 1.590d 1.698b-d 1.738b-d 1.675b 1.687b
1 1.720b-d 1.678b-d 1.733b-d 1.710b
2 1.680b-d 1.673b-d 1.675b-d 1.676b
50 0 1.638cd 1.665b-d 1.663b-d 1.655b 1.708b
1 1.705b-d 1.673b-d 1.808a-c 1.728b
2 1.818ab 1.668b-d 1.735b-d 1.740b
100 0 1.690b-d 1.698b-d 1.718b-d 1.702b 1.759a
1 1.770a-c 1.733b-d 1.698b-d 1.733b
2 1.828ab 1.770a-c 1.925a 1.841a
Vermicompost 0 1.663c 1.683bc 1.715a-c Potassium
* Boron 50 1.720a-C 1.668bc 1.735a-c
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100 1.763ab 1.733a-c 1.780a
Potassium 0 1.639b 1.687ab 1.706ab 0 1.677b
* Boron 1 1.732ab 1.694ab 1.746a 1 1.724ab
2 1.775a 1.703ab 1.778a 2 1.752a

Boron 1.715a 1.695a 1.743a

Means within a column, row and their interactions followed with the same letters are not significantly different from
each other according to Duncan’s multiple ranges test at significant level of 5%.
Discussion

The results of the study clearly demonstrate that applying vermicompost, potassium, and boron individually and
together significantly increases the mineral content, yield, and fruit quality of strawberry "Rubygem" leaves. The
highest quantity of vermicompost (100 ml plant™) usually had the most obvious positive impacts, often in combination
with potassium (2 g L™) and boron (40 mg L™2).

Vermicompost multifarious involvement in soil health and plant nutrition explains its exceptional performance.
Vermicompost is a rich source of humic chemicals, macro and micronutrients, and beneficial microorganisms that
improve strawberry plant development, quality, and yield [21]. It improves soil structure, boosts water-holding
capacity, and enhances nutrient availability and uptake [22 and 23]. Because the enhanced rhizosphere environment
promoted better nitrogen metabolism and micronutrient assimilation, this explains the notable rise in strawberry leaf
protein and zinc content. Better vegetative growth, a requirement for increased output, was directly correlated with
the better nutritional condition. The significant increase in hectare production with the best-integrated treatments
serves as proof of this. The longer flowering period, which offers a longer window for fruit set and development, was
probably caused by vermicompost's role in encouraging root development and plant vigor [24 and 25]. Researchers
concluded that the application of vermicompost to the plants shown an increase in nitrogen in the leaves, which was
evidence of improved biological nitrogen fixation. The dissolved nutrient made the nutrient more accessible for the
plant to absorb, and the enzyme complex created [26]. Strawberry fruits have higher levels of sweetness (fructose,
glucose, and total sugars) because vermicompost can make micronutrients readily available to plants [27].

Potassium used topically was equally important. Potassium is an essential regulator of many physiological
processes, such as osmoregulation, enzyme activation, and the transport of photosynthesis, which helps to improve
the nutrient content of strawberry leaves and the transport of sugar [28]. The role of Potassium in sugar production
and translocation into the fruits is directly responsible for the notable rise in juice density and glucose content upon
application [29]. Additionally, because potassium is a key component in photosynthesis, translocation and sugar
biosynthesis, stomata adjustment and anion cation equilibrium, plant water relations, osmotic regulation, root growth,
cell and vegetative growth of plants, and other processes, it is known to improve fruit firmness, quality, and coloration,
which is consistent with the observed higher juice density [30]. Potassium is a key component in photosynthesis,
translocation and sugar biosynthesis, stomata adjustment and anion cation equilibrium, plant water relations, osmotic
regulation, root growth, plant cell and vegetative growth, fruit quality and marketable yield, total yield, enhancing the
efficiency of nutrient utilization, especially nitrogen, and playing additional roles in plant defense and tolerance to
biotic and abiotic stress [31 and 32].

One important conclusion is that using vermicompost, potassium, and boron significantly reduced the percentage
of deformed fruits. Boron shortages during flower growth and fruit set are frequently associated with fruit
malformation in strawberries. Boron increases transport sugar to the flower bud, giving it energy and producing longer
pollen tubes that improve fertilization [33 and 34]. The foliar treatment of boron and the soil application of
vermicompost, a source of accessible boron and a medium that enhances the uptake of other nutrients like potassium,
guaranteed a sufficient supply of this vital element during the crucial flowering phase. This reduced distortion by
promoting effective fertilization and the growth of well-formed fruits [34].

The availability of sugars carried by boron, which is up-regulated by abiotic stressors and particular nutrients, may
have an impact on the notable increase in fruit anthocyanins [36]. The enhanced plant health and metabolic activity,
fueled by an ideal nutrition supply, probably promoted the phenylpropanoid pathway, resulting in increased
anthocyanin formation, while the high glucose content supplied the required substrate [37]. Boron's physiological
pattern and role in protein metabolism, translocation of sugar during enhancement of the plant flowering and fruiting
stages, synthesis of pectin, re-synthesis of adenosine triphosphate (ATP), and maintaining the proper water relation
within the strawberry plant are some of the reasons why boron foliar application helps to increase flowering period. It
also plays a major role in pollination, fruit set, and yield per plant [38].
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Conclusion

In conclusion, the combination of foliar-applied potassium and boron with soil-applied vermicompost produces a
synergistic effect that maximizes the physiological performance of the strawberry plant "Rubygem." improves fruit
development, nutrient availability and uptake. Consequently, the applying of 100 ml plant™ vermicompost in addition
to foliar sprays of 2 g L™ potassium and 40 mg L™ boron is advised in order to maximize strawberry production and
quality.
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