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1. Introduction

The grapevine (Vitis vinifera L.) is one of the most significant fruits produced globally, utilized
for both fresh consumption and the production of raisins. It occupies more area globally than any other
fruit crop and accounts for roughly half of all consumption worldwide. Grapes rank as the third most
cultivated fruit in Egypt, following mangoes and citrus (Mostafa et al., 2023). The grape cultivation
region in Egypt encompasses 186735 feddans, with a productive area of 175245 feddans, resulting in an
aggregate production of 1715410 ton. The cultivated land in Minia Governorate amounted to 21098
feddans, with a productive area of 20852 feddans, resulting in a total of 205244 ton (MALR, 2023).

Balancing productivity and fruit quality is a primary objective in viticulture, particularly
challenging due to the impacts of climate change and weather variability (James et al., 2022). The
development of the grapevine and, consequently, the production of high-quality grapes can be
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significantly influenced by the application of modern agro-technical measures, with a particular
emphasis on nutrition. This involves the administration of optimal doses and types of fertilizers during
the appropriate period (Stojanova, 2023).

Effective management of vineyard nutritional requirements necessitates a visual evaluation of
grapevines, their growth patterns, and the nutrient status of plant tissues and soil to formulate a suitable
fertilization strategy. Vineyards exhibit distinct combinations of soil type, grapevine age, canopy
architecture, and cultivars, leading to variability in nutritional requirements both among different
vineyards and within specific locations of a single vineyard (Arrobas et al. 2014).

Nutrition should be correlated with the phenophases of plant development, as the grapevine, a
perennial crop, requires substantial quantities of nutrients that are utilized differently during various
phenophases. The unavailability of nutrients for plants frequently results in the administration of
nutrients through the soil not yielding the anticipated results. Therefore, the effective cultivation of the
grapevine and the production of high-quality grapes are contingent upon the intake of physiologically
active substances through the leaf (Stojanova et al., 2024). The hydrolytic processes in the reproductive
organs are stimulated, the photosynthetic processes are accelerated, and an additional influx of nutrients
and their migration into the growth and fruiting organs are created during foliar feeding, when the
grapevine is supplied with sufficient amounts of macro and microelements in an active form at specific
concentrations (Stojanova, 2018).

The roots of plants absorb nutrients that are found naturally in the soil. An excessive amount of
nutrients causes the vine to grow quickly, creating a dense canopy that either overshadows the fruit or
exhibits a wide range of toxicity. However, over time, soil nutrients are lost and must be restored using
mineral fertilizers in order to increase grape output and quality. Chlorosis, which causes leaves to turn
yellow instead of purple, is a typical symptom associated with a shortage of nutrients. This results in
limited photosynthesis and makes it difficult for grapes to develop properly, lowering quality and yield.
Using the right fertilizers, especially a blended formulation that offers both macro and micronutrients,
can solve the issue (Gur et al., 2022). NPK levels have the most instantaneous impact, which can
increase the yield and quality of the berries (Michopoulos and Solomou, 2019 and Fiaz et al., 2021).

Nitrogen, phosphorus, and potassium are the primary macronutrients that directly influence plant
growth and the development of various plant structures. Nutrients such as nitrogen and potassium exhibit
significant mobility, allowing for rapid translocation from older to younger leaves when the demand in
the young leaves or fruiting bodies exceeds the supply from the soil. This can lead to chlorosis and
necrosis (Michopoulos and Solomou, 2019 and Jegadeeswari et al., 2020). Nevertheless, the situation
is different for micronutrients, as they are typically applied directly to the vegetative portion through
foliar sprays and are necessary in trace quantities. In general, these nutrients interact with one another
to influence numerous pathways within the plant (Kumar et al., 2021). An effective fertilizer
management program is dependent on selecting the appropriate fertilizer to meet the specific shortage
detected in the vineyard, the correct rate of nutrient demand, and the timing of fertilizer application
(Rahaman et al., 2019). Collectively, these benefits include soil and environmental conservation, as
well as improved grape quality and production.

This systematic approach seeks to found the suitable concentration for macro and micro nutrients
management on Yyield, fruit quality, and berries biochemical properties of Flame Seedless grapevines,
addressing gaps in synergistic interactions between macro- and micronutrients under Minia Governorate
field conditions.

2. Materials and Methods
2.1. Description of the experimental site

Field examination spanning two years (2022-2023) have been done in the vine region of Minia
Governorate, West of Samalout Center, which possesses agro-ecologically advantageous circumstances

Future of Hort., 1 (2025) 83-93 84 of 93



El-Sayed et al., 2025

for cultivating Flame Seedless grapevine. Clay soils are the soil type in the experimental site (Table A),
as determined by Wilde et al. (1985). In both seasons, a cane pruning system was implemented during
the second week of December, resulting in 80 eyes per vine (8 canes x 8 eyes per cane + 8 renewal spurs
x 2 eyes) with a row spacing of 2 x 3 m.

With regular fertilization, the thirty vines that were selected were consistently robust and
vigorous, exhibiting no visible signs of nutrient shortages. Water from the Nile Rivier was used to
irrigate the vineyard using a surface irrigation system.

Table (A). Examined soil properties

Soil characters 2022/2023
Sand 2.10
Particle size distribution (%) Silt 34.85
Clay 63.05
Texture class Clay
EC ppm (1:2.5 extract) 291
pH (1:2.5 extract) 7.82
Organic matter % 2.23
CaCO3 % 2.51
Total N (%) 0.15
Available P (ppm) 5.08
Available K (ppm) 491.0
Soil nutrients Zn (ppm) 23
Fe (ppm) 2.5
Mn (ppm) 3.1
Cu (ppm) 0.11

2.2. Treatments and design of the experimental

The experiment has been conducted according the method of complete randomized block design
with one vine/treatment and three repetitions. The treatments were organized in the following manner:

1- T1 (control spray with tap water).

2- T2:Zn (50 ppm) + B (50 ppm) + Fe (100 ppm).
3- T3:Zn (75 ppm) + B (75 ppm) + Fe (150 ppm).
4- T4: Zn (100 ppm) + B (100 ppm) + Fe (200 ppm).
5- T5: N (0.5%) + P (0.5%) + K (0.5%).

6- T6: N (0.75%) + P (0.75%) + K (0.75%).

7- T7: N (1.0%) + P (1.0%) + K (1.0%).

8- T8: T2 +T5.
9- T9: T3 +T6.
10-T10: T4+ T7.

At three distinct intervals: at the onset of growth, immediately following berry set, and one month
thereafter, each treatment was administered with the studied dosages of macronutrients, including
nitrogen in the form of ammonia (46.0% N), P in the form of phosphoric (85.0%), and K in the form of
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potassium sulfate (50.0%), and micronutrients, including Fe in the form of ferrous sulfate (19.7%), Zn
in the form of zinc sulfate (21.0%) and B in the form of borax (11.5%). The applying of macro and
micro applications was separated by a week in early morning hours.

2.3. Data recorded

The subsequent parameters were analyzed to ascertain the effects of the aforementioned
treatments:

2.3.1. Yield and physical attributes of clusters

Ten clusters per vine were chosen as typical random samples, and the following parameters were
determined: Clusters number/vine, cluster weight (g), yield (kg)/vine was assessed in kg for each
tree/replicate by multiply the previous parameters, cluster dimensions (length and shoulder in (cm)) and
berry setting (%) was computed as the following: packed 5 flower clusters per vine in perforated paper
bags before bloom, which are discharged during berry set which computed as follows:

Number of berries /cluster
Total number of flower /cluster

Fruit berry Setting% =

2.3.2. Physical characteristics of berries

To calculate the shot berry proportion, divide the percentage of berries in each cluster by the total
number of berries across all clusters, then multiply by 100, berry weight (g) and berry dimensions
(longitudinal and equatorial).

2.3.3. Chemical characteristics of berries according to (A.O.A.C., 2000)

TSS% in berry juice measured with a handheld refractometer, titrating 5 ml of berry juice against
0.1 N NaOH with phenolphthalein determined the titratable acidity percentage. TSS/acidity ratio of
berry juice was calculated, reducing sugar% and the total anthocyanin content in berry skin was
evaluated using a spectrophotometer, adhering to the methodology established by Yilidz and Dikmen
(1990).

4. Data Analysis

The new LSD technique was employed to analyze the data at a significance level of 5%, as
described by Mead et al. (1993).

3. Results and Discussion
3.1. Yield and physical attributes of clusters

The data presented in Table (1) indicate that the yield metrics encompass berry setting percentage,
number of clusters per vine, average cluster weight (g), and measurements of cluster length and width
(cm), alongside yield (kg/vine) were significantly influenced by different concentrations of macro and/or
micro nutrient foliar applications. The application of both fertilizers to the vines three times led to a
significant increase in yield traits relative to the control treatment. An incremental improvement of these
characteristics was noted with increasing concentrations. The yield parameters remained relatively
stable as concentrations increased from 0.75% to 1.0% for NPK and from 75 ppm to 150 ppm and 150
ppm to 200 ppm for Zn, B, and Fe. The vines treated with macronutrients exhibited the highest values
at 1.0% (T7), followed by 0.75% (T6). When the treatments were combined, the percentage of berry
setting in yield parameters of Flame seedless vines increased relative to the control and other treatments.
During the two seasons, no significant differences were observed between the two highest
concentrations. The highest mean values were observed with the combination of T10 (1.0% NPK + 150
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ppm Zn/B + 200 ppm Fe), followed by T9 (0.75% NPK + 100 ppm Zn/B + 150 ppm Fe). The untreated
plants exhibited the lowest mean values of traits. The findings were consistent across both seasons.

The enhancement of grapevine yield and its key components, including cluster number per vine,
weight, yield in kg per vine, berry setting percentage, cluster length, and shoulder dimensions, has been
demonstrated in numerous scientific studies by the application of both macronutrient (NPK) and
micronutrient (Zn, B, Fe) fertilization.

Using NPK fertilizers has been demonstrated to greatly boost grape yields by promoting
vegetative growth, nitrogen uptake, and reproductive development. Nitrogen is especially important for
making proteins and chlorophyll, which helps shoots and leaves grow quickly. This process facilitates
the development of leaves and branches, resulting in a greater number of fruitful shoots and clusters per
vine (Khalil et al., 2018). Potassium controls the balance of water and the activation of enzymes, both
of which help fruit set and berry development. Phosphorus is important for transferring energy and
growing roots (Imam and Al-Obaidi, 2020). Research has found that increasing NPK doses, can lead
to higher cluster numbers, greater cluster weight, and increased overall yield. For example, a study by
Wassel et al. (2024b) reported that vines receiving Min-NK and bio-P, produced the highest values for
cluster weight, number/vine, yield per vine, and yield per hectare.

Micronutrients are equally important for optimizing grape yield and quality. Zinc is involved in
enzyme activation and auxin synthesis, which influence flower development and fruit set. Boron is
essential for pollen viability, fertilization, and cell wall formation, directly affecting berry set and cluster
formation. Iron is critical for chlorophyll synthesis and energy transfer within the plant (Brunetto et al.,
2015; Khalil et al., 2018 and Abd Sattar et al., 2024). Foliar application of these micronutrients, either
alone or in combination, has been shown to significantly enhance berry set percentage, increase the
number of clusters per vine, and improve cluster weight compared to untreated controls (Abd Sattar et
al., 2024).

The combined application of NPK and micronutrients often produces a synergistic effect,
resulting in greater increases in yield and its components than when either is applied alone (Khalil et
al., 2018 & 2021). Studies have shown that vines treated with both macronutrients and micronutrients
not only exhibit higher berry set percentages but also achieve the greatest increases in cluster number
and weight, reflecting improved fruit set and development throughout the growing season (Khalil et al.,
2018 & 2021and Masoud et al., 2025).

Table (1). Impact of applying some macro and micro nutrients on berry setting%o, cluster length
and cluster shoulder of Flame Seedless grapevines across 2022 and 2023 seasons

aracteristics Berry Cluster Yield/vine Cluster Cluster Yield/vine
setting % no./vine (kg) no./vine weight (g) (kg)

Treatments 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023
T1 123 | 12.6 | 17.0 | 17.6 | 10.7 | 10.9 | 27.0 | 27.0 | 342.0 | 345.0 | 9.2 | 93

T2 139 | 14.1 | 182 | 187 | 11.3 | 11.4 | 27.0 | 29.0 | 355.0 | 357.0 | 9.6 | 104
T3 155 | 157 | 19.0 | 19.6 | 11.8 | 11.9 | 27.0 | 31.0 | 364.0 | 366.0 | 9.8 | 11.3
T4 16.7 | 17.0 | 194 | 20.2 | 12.0 | 12.1 | 27.0 | 32.0 | 369.0 | 375.0 | 99 | 12.0
T5 154 | 15.6 | 188 | 194 | 11.7 | 11.9 | 27.0 | 31.0 | 364.0 | 366.0 | 9.8 | 11.3
T6 16.8 | 17.1 | 19.5 | 20.2 | 12.1 | 12.3 | 27.0 | 33.0 | 372.0 | 375.0 | 10.0 | 124
T7 18.1 | 183 | 20.0 | 20.8 | 12.2 | 12.5 | 27.0 | 34.0 | 377.0 | 381.0 | 10.1 | 13.0
T8 169 | 17.0 | 19.5 | 20.2 | 12.0 | 12.7 | 27.0 | 33.0 | 373.0 | 374.0 | 10.1 | 123
T9 18.3 | 185 | 20.1 | 209 | 124 | 12.7 | 27.0 | 35.0 | 381.0 | 383.0 | 10.3 | 134
T10 19.6 | 19.8 | 20.6 | 21.5 | 12.6 | 129 | 27.0 | 36.0 | 387.0 | 390.0 | 10.4 | 14.0
New LSD ats5% 1.4 14 | 0.6 0.7 0.3 03 | NS | 13 7.0 8.0 02 | 08
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3.2. Physical characteristics of berries

The effects of different concentrations of macro and micro nutrients on the physical characteristics
of berries 'Flame seedless' grapevines grown in clay within the EI-Minia Governorate during the 2022
and 2023 seasons are detailed in Table 2. The data obtained indicate that the application of 'Flame
seedless' grapevine with macro or micronutrients at varying levels, administered three times, led to a
significant decrease in the percentage of shot berries and increase in berries equatorial, longitudinal,
average berry weight compared to the control treatment. Furthermore, the reduction in the occurrence
of this unfavorable phenomenon and increase in the others was directly related to the rise in the dosage
of macro or micronutrients. Nonetheless, the traits remained largely unchanged as the levels of both
fertilizers increased from medium to high. The most effective treatment involved the foliar application
of 1.0% of each nutrient, N, P, and K, followed by 0.75%, with no significant difference observed
between the two concentrations. The table clearly indicates that the highest dose T10 (NPK at 1.0% for
each component + 150 ppm Zn/B + 200 ppm Fe) significantly reduced the percentage of shot berries,
yielding the lowest values of 5.5% in both seasons, respectively and highest berries equatorial (3.86 and
3.91 cm), longitudinal (1.90 and 1.92 cm), average berry weight (1.61 and 1.69 g) in both seasons,
respectively. The medium concentration at T9 (NPK at 0.75% for each component + 100 ppm Zn/B +
150 ppm Fe) recorded values of (6.0 and 5.9% for shot berries), (3.79 and 3.84 cm for berries equatorial),
(1.87 and 1.90 cm for berries longitudinal and (1.60 and 1.66 g for berries weight) with no noticeable
change, whereas the control vines exhibited the highest significant values. This information pertains to
the impact of the dual combination of macro and micro nutrients on shot berries percentage.

Table (2). Impact of applying some macro and micro nutrients on berries physical quality of
Flame Seedless grapevines across 2022 and 2023 seasons

Charscrsis | shoverries s | Seiebeny | emtofirn | s by
Treatments 2022 2023 2022 2023 2022 2023 2022 2023
T1 8.7 8.5 3.40 3.48 1.68 1.73 1.44 1.48
T2 7.9 7.8 3.51 3.58 1.73 1.78 1.49 1.53
T3 7.3 7.1 3.60 3.67 1.79 1.82 1.54 1.57
T4 6.8 6.7 3.67 3.74 1.82 1.84 1.56 1.60
TS 7.3 7.2 3.61 3.67 1.78 1.82 1.53 1.57
T6 6.6 6.5 3.70 3.75 1.83 1.86 1.58 1.62
T7 6.2 6.2 3.76 3.81 1.85 1.87 1.60 1.65
T8 6.7 6.6 3.71 3.75 1.82 1.86 1.56 1.61
T9 6.0 5.9 3.79 3.84 1.87 1.90 1.60 1.66
T10 5.5 5.5 3.86 3.91 1.90 1.92 1.61 1.69
New LSD at 5% 0.6 0.5 0.08 0.08 0.04 0.03 0.03 0.04

The simultaneous foliar application of NPK along with Zn, B, and Fe typically yields more
significant enhancements in berry physical characteristics compared to the application of either
macronutrients or micronutrients in isolation. The synergistic effects are due to the complementary roles
of these nutrients in cell division, sugar transport, and hormone regulation during berry development.
Research indicates that integrated nutrient management results in increased berry size, greater berry
weight, and a reduced percentage of shot berries, thereby improving both yield and fruit quality.
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Nitrogen is essential for vegetative growth and protein synthesis, which indirectly supports berry
development. Phosphorus is vital for energy transfer and cell division, which are critical during fruit set
and berry growth. Together, N and P application has been associated with increased berry size and
improved fruit set, leading to a higher proportion of marketable berries (Poposka et al., 2023).
Potassium foliar applications have been demonstrated to enhance fruit expansion and berry weight and
diameter. For example, research on ‘Red Roomy’ grapevines showed that foliar K, in some cases in
combination, resulted in consistent increases in the size, juice content and overall quality of berries.
Potassium plays multiple roles in cell division and expansion, enzyme function, and sugar transport, all
of which serve to promote bigger and heavier berries (Mostafa et al., 2023). The same study also found
that adding potassium fertilizer made the cluster weight go up and the number of little or underdeveloped
berries go down. This is probably because potassium helps plants make sugar and move it to developing
fruits (Chen et al., 2022).

Zinc plays a vital role in hormone synthesis and enzyme activation, both of which contribute to
berry growth and development. Foliar zinc application enhances berry diameter and weight while
decreasing the occurrence of shot berries by improving fertilization and early berry development
(Christensen, 2002). Boron is critical for the growth of pollen tubes and the establishment of fruit.
Adequate boron nutrition enhances fertilization, increases berry set percentage, and reduces the
incidence of shot berries%. Research indicates that boron foliar applications decrease berry
abnormalities and enhance uniformity in berry size (Masoud et al., 2025). Iron plays a critical role in
chlorophyll synthesis and energy production, both essential for berry development. Foliar iron
application is associated with improvements in berry size, sugar content, and overall berry color and
guality. Studies indicate that iron fertilization enhances the accumulation of advantageous compounds
in berry skin, thereby improving overall fruit quality (Wang et al., 2024).

3.3. Berry chemical characteristics

Data regarding the impact of various macro and micronutrients at different concentrations on the
TSS%, TSS/total acidity, acidity, reducing sugar, and total anthocyanin of ‘Flame seedless’ grapevines
during the 2022 and 2023 seasons (Table 3) indicated that applying macro or micro-nutrients three times
to ‘Flame seedless’ resulted in a significant increase in berry chemical parameters compared to the
control treatment in both experimental seasons. The data obtained clearly indicate that the enhancement
of berries chemical traits occurred gradually and in parallel with the increasing concentrations of NPK.
In the analysis, the vines that underwent three sprays with the highest concentration (T7; 1.0%) exhibited
the highest TSS%, TSS/total acidity, reducing sugar, and total anthocyanin recording (21.3-21.7%, 36.6-
37.5, 17.2-17.7% and 27.6-27.8 mg/100g, respectively in two seasons, and reduction in total acidity
recording 0.582- 0.578% during two seasons. This was closely followed by T6, which utilized NPK at
a concentration of 0.75% for each element. In contrast, untreated vines (T1) exhibit the lowest TSS%
(19.1-19.4%), TSS/total acidity (26.6-27.1), reducing sugar (15.4-16.0%), and total anthocyanin (25.3-
25.5 mg/100g), with a rise in acidity (0.719-0.715%). The data presented in the Table indicate that the
dual application of macro and micro-nutrients through foliar spray on Flame seedless vines, at various
concentrations, significantly enhanced the chemical quality of the berries in comparison to the untreated
vines. The highest mean value of the chemical parameters was recorded with T10 (NPK at 1.0% for
each component + 150 ppm Zn/B + 200 ppm Fe), followed by T9 (NPK at 0.75% for each component
+ 100 ppm Zn/B + 150 ppm Fe), with no significant difference observed between the two.

Research indicates that foliar application of macronutrients (NPK) and micronutrients (Zn, B, Fe)
significantly enhances the chemical quality attributes of grape berries. The observed enhancements
include increased total soluble solids (TSS), optimized acidity, a higher TSS/acidity ratio, elevated
reducing sugar content, and greater anthocyanin accumulation, all of which are essential for fruit flavor,
marketability, and nutritional value.
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The application of potassium, an essential element of NPK fertilizers, significantly affects the
enhancement of total soluble solids (TSS) and the reduction of sugar content in grape berries. Potassium
enhances the movement and concentration of sugars in fruit, leading to sweeter berries with elevated
TSS values, which serve as a significant measure of fruit ripeness and consumer preference (Ben
Yahmed and Ben Mimoun 2018). Nitrogen and phosphorus enhance sugar synthesis and energy
transfer, thereby improving berry sweetness and quality (Khalil et al., 2018). Foliar sprays with
micronutrients, particularly iron, zinc and boron, improve photosynthetic activity and carbohydrate
metabolism, resulting in increased total soluble solids and reducing sugar levels (Ali et al., 2021). Fruit
acidity represents a significant quality parameter influenced by nutrient management. The application
of potassium reduces berry acidity by facilitating the neutralization of organic acids during ripening.
Additionally, boron and zinc affect acid metabolism, contributing to an optimal acid balance (Singh
and Usha, 2001). Anthocyanins, which cause the red and purple coloring in grape skins, are essential
for both visual appeal and antioxidant activity. Potassium promotes anthocyanin production, resulting
in deeper berry color and more nutritional value (EI-Badawy, 2019). Furthermore, foliar boron and zinc
administration has been found to boost anthocyanin content by promoting the enzymatic pathways
involved in pigment formation (Abou-Zaid and Shaaban, 2019). Iron spraying boosted the quantities
of soluble sugars and anthocyanins in berries, according to Shi et al. (2017).

Table (3). Impact of applying some macro and micro nutrients on berries chemical quality of
Flame Seedless grapevines across 2022 and 2023 seasons

Characteristics TSS% ".l"o.tal TSS/ ac.idity Reducing an tl;r(())ct;;nin
acidity% ratio sugar% mg/100g FW
Treatments 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023 | 2022 | 2023
T1 191 | 194 | 0719 | 0.715 | 26.6 | 27.1 | 154 | 160 | 253 | 255
T2 19.8 | 20.0 | 0.680 | 0.675 | 29.1 | 29.6 | 160 | 165 | 26.1 | 262
T3 204 | 205 | 0.641 | 0.635 | 31.8 | 323 | 165 | 169 | 26.7 | 269
T4 208 | 20.8 | 0.619 | 0.610 | 33.6 | 34.1 | 168 | 172 | 27.1 | 272
T5 20.5 | 20.7 | 0.645 | 0.640 | 31.8 | 323 | 165 | 17.0 | 26.7 | 26.8
T6 21.0 | 213 | 0.610 | 0.605 | 344 | 352 | 17.0 | 174 | 273 | 274
T7 213 | 21.7 | 0582 | 0578 | 36.6 | 375 | 172 | 17.7 | 27.6 | 27.8
T8 21.1 | 213 | 0.615 | 0.605 | 343 | 352 | 169 | 174 | 272 | 274
T9 217 | 219 | 0580 | 0575 | 37.3 | 381 | 174 | 17.9 | 27.8 | 28.1
T10 22.1 | 223 | 0.551 | 0.547 | 40.1 | 40.8 | 17.7 | 182 | 282 | 284
New LSD acs5% 05 | 05 | 003 | 003 | 29 | 28 | 04 | 04 | 05 | 05
4. Conclusion

Based on the current field trials, applying foliar sprays thrice through the growing; the onset of
growth, immediately following berry set, and one months thereafter at rate of 0.75% NPK + 100 ppm
Zn/B + 150 ppm Fe is superior to higher rates for Flame Seedless grapevines under Minia conditions.
This approach achieves optimal vine health and productivity while ensuring better economic returns for
growers.

Future of Hort., 1 (2025) 83-93 90 of 93



El-Sayed et al., 2025

References

A.O.A.C. (2000). Association of official Agricultural Chemists, Official methods of analysis, 16" Ed.,
Washington, DC, USA.

Abd Sattar, E. K., Ali, M. A. and Mostafa, M. (2024). Applied foliar of micronutrients and plant-
derived compounds on grape quality parameter in superior cultivar. Quantum Journal of Engineering,
Science and Technology, 5(2), 38-47.

Abou-Zaid, E. A. and Shaaban, M. M. (2019). Growth, yield and berries quality in Red Roomy
grapevines improved under different foliar application of Spirulina algae, zinc and boron. Middle East
J. Agric. Res., 8(2), 654-661.

Ali, 1., Wang, X., Abbas, W. M., Hassan, M. U., Shafique, M., Tareen, M. J., Fiaz, S., Ahmed, W.
and Qayyum, A. (2021). Quality responses of table grapes ‘Flame Seedless’ as effected by foliarly
applied micronutrients. Horticulturae, 7(11), 462.

Arrobas, M., Ferreira, 1. Q., Freitas, S., Verdial, J. and Rodrigues, M. A. (2014). Guidelines for
fertilizer use in vineyards based on nutrient content of grapevine parts. Scientia Horticulturae, 172, 191-
198.

Ben Yahmed, J. and Ben Mimoun, M. (2018). Effects of foliar application and fertigation of potassium
on yield and fruit quality of'Superior Seedless' grapevine. In XXX International Horticultural Congress
IHC2018: International Symposium on Water and Nutrient Relations and Management of 1253 (pp.
367-372).

Brunetto, G., Melo, G. W. B. D., Toselli, M., Quartieri, M. and Tagliavini, M. (2015). The role of
mineral nutrition on yields and fruit quality in grapevine, pear and apple. Revista Brasileira de
Fruticultura, 37, 1089-1104.

Chen, T., Xu, T., Shen, L., Zhang, T., Wang, L., Chen, Z., Wu, Y. and Yang, J. (2022). Effects of
girdling and foliar fertilization with K on physicochemical parameters, phenolic and volatile
composition in ‘Hanxiangmi’ table grape. Horticulturae, 8(5), 388.

Christensen, P. (2002). Foliar fertilization of grapevines. Wine Business Monthly, September.

El-Badawy, H. E. M. (2019). Implication of using potassium and magnesium fertilization to improve
growth, yield and quality of crimson seedless grapes (Vitis vinifera L.). Journal of Plant
Production, 10(2), 133-141.

Fiaz, M., Wang, C., Zia Ul Hag, M., Haider, M. S., Zheng, T., Menggqing, G., Jia, H., Jiu, S. and
Fang, J. (2021). Molecular evaluation of kyoho grape leaf and berry characteristics influenced by
different NPK fertilizers. Plants, 10(8), 1578.

Gur, L., Cohen, Y., Frenkel, O., Schweitzer, R., Shlisel, M. and Reuveni, M. (2022). Mixtures of
macro and micronutrients control grape powdery mildew and alter berry metabolites. Plants, 11(7), 978.

Imam, N. M. A. A, & Al-Obaidi, H. S. F. (2020). Effect of mineral nutrition with NPK and organic
with humic acid on the vegetative growth of seedlings of three grape cultivars Vitis vinifera L. Euphrates
J. Agric. Sci., 12(2), 619-633.

James, A., Mahinda, A., Mwamahonje, A., Rweyemamu, E. W., Mrema, E., Aloys, K., Swai, E.,
Mpore, F.J. and Massawe, C. (2022). A review on the influence of fertilizers application on grape
yield and quality in the tropics. Journal of Plant Nutrition, DOI: 10.1080/01904167.2022.2160761.

Jegadeeswari, D., Chitdeshwari, T. and Shukla, A. K. (2020). Effect of multi-nutrients application
on the yield and quality of grapes variety muscat. Journal of Experimental Biology and Agricultural
Sciences, 8 (4):426-33. doi: 10.18006/2020.8(4).426.433.

Khalil, A., Nazir, N., Din, S., Sharma, M. K. and Kumar, A. (2021). Effect of fertilizer and
micronutrients on leaf and fruit mineral status of Grapes cv. Sahebi. In Biological Forum-An
International Journal, 13 (1), 270-276.

Future of Hort., 1 (2025) 83-93 91 of 93



El-Sayed et al., 2025

Khalil, A., Sharma, M. K., Nazir, N., Bhat, R., Sundouri, A. S., Banday, S. and Javied, K. (2018).
Impact of fertilizer and micronutrients levels on Growth, Yield and Quality of Grape cv. Sahebi. Current
Journal of Applied Science and Technology, 27(5), 1-8.

Kumar, S., Kumar, S. and Mohapatra, T. (2021). Interaction between macro-and micro-nutrients in
plants. Frontiers in Plant Science, 12, 665583.

MALR, (2023). Ministry of Agriculture and Land Reclamation Publishes. Economic Affairs Sector.

Masoud, A. A., Ibrahim, R. A., Hamdy, F. A. M. and Hussein, A. S. (2025). Effect of some mineral
and nano-fertilizers on yield and berries quality of Thompson seedless grape cultivar. Assiut Journal of
Agricultural Sciences, 56 (3), DOI: 10.21608/ajas.2025.367353.1470.

Mead, R., Curnow, R. N. and Harted, A. M. (1993). Statistical methods in Agricultural and
Experimental Biology. 2™ Ed. Chapman & Hall, London pp. 10-44.

Michopoulos, P. and Solomou, A. (2019). Effects of conventional and organic (manure) fertilization
on soil, plant tissue nutrients and berry yields in vineyards. The use of the original native soil as a
control. Journal of Plant Nutrition, 42(18), 2287-2298.

Mostafa, R. A., Ibrahim, R. A., Abdel-Salam, M. M. and Sholkamy, F. H. (2023). Impact of Various
Potassium Fertilizers on Yield and Berries Characteristics of Red Roomy Grape Cultivar. Assiut Journal
of Agricultural Sciences, 54(4), 247-259.

Mostafa, R. A., Ibrahim, R. A., Abdel-Salam, M. M. and Sholkamy, F. H. (2023). Impact of VVarious
Potassium Fertilizers on Yield and Berries Characteristics of Red Roomy Grape Cultivar. Assiut Journal
of Agricultural Sciences, 54(4), 247-259.

Poposka, H., Mukaetov, D., Nedelkovski, D. and Gjorgjijevski, M. T. (2023). Effect of foliar calcium
and nitrogen treatments on yield and fruit quality of table grapes cv.‘Cardinal ‘. Agro-knowledge
Journal, 24(3), 91-104.

Rahaman, D. M., Baby, T., Oczkowski, A., Paul, M., Zheng, L., Schmidtke, L. M., Holzapfel, B.P.,
Walker, R.R. and Rogiers, S. Y. (2019). Grapevine nutritional disorder detection using image
processing. In Image and Video Technology: 9th Pacific-Rim Symposium, PSIVT 2019, Sydney, NSW,
Australia, November 18-22, 2019, Proceedings 9 (pp. 184-196). Springer International Publishing.

Shi, P., Li, B., Chen, H., Song, C., Meng, J., Xi, Z. and Zhang, Z. (2017). Iron supply affects
anthocyanin content and related gene expression in berries of Vitis vinifera cv. Cabernet
Sauvignon. Molecules, 22(2), 283.

Singh, B., & Usha, K. (2001). Effect of macro and micro-nutrient spray on fruit yield and quality of
grape (Vitis vinifera L.) cv. Perlette. In International Symposium on Foliar Nutrition of Perennial Fruit
Plants, 594 (pp. 197-202).

Stojanova, M. T., Satana, A. Stojanova, M. and Lalevié¢, B. (2024). The influence of soil and foliar
fertilization on the chemical composition of ‘Cardinal " grapevine leaves and clusters. Modern Trends in
Agricultural Production, Rural Development and Environmental Protection, 111-120.

Stojanova, T.M. (2018). Plant nutrition, Textbook. Academic Press, Skopje.
Stojanova, T.M. (2023). Nutrition of grapevine, Textbook. Academic Thought, Skopje.

Wang, Y., Ma, H., Fu, X., Wang, H. and Wang, R. (2024). Optimizing grape growth, berry quality
and phenolic compounds with foliar co-application of iron and calcium. South African Journal of
Botany, 169, 146-154.

Wassel, A. M. M., Hassan, E. A. and Ahmed, S. E. (2024). Response superior grape yield and quality
to organic and inorganic fertilization. Scientific Journal of Agricultural Sciences, 6(3), 45-59.

Wilde, S.A., Corey, R.B., Lyer, J.G. and Voigt, G.K. (1985). Soil and Plant Analysis for tree culture.
Published by Mohan Primlani, oxford, IBH, Publishing Co., New Delhi, 1-142.

Yilidz, F. and Dikem, D. (1990). The extraction of anthocyanin from black grape skin. Doga
Degisi, 14(1), 57-66.

Future of Hort., 1 (2025) 83-93 92 of 93


https://dx.doi.org/10.21608/ajas.2025.367353.1470

El-Sayed et al., 2025

sl g g pSll palinlly 80l (AL Gudbiw andd Gual) Cila S 2352 9 A3alil) Gl
Sl ae Gua o g a6 598 4 - L) daa daaa
raa — Lial) daaly — Ao N AS — piband) and

sl

Liiall Adadlas chogllan 3 e o @i duald 4e H3a YoYY 5 YYY e (DA 4glia 4 a3 <y ol
e daaiaa g ol W jia W) s jrall 5 5 I paliall (e 4dlisg cl 5 i e SO Bl il s Al
Omand ) sl s prall 5 Sl pualiall @l yiiall 85l Gl of gl @ pedal | Galans ad Caie 33 ea 5 dpaln)
J sanall cagiiall (i ye il O cagiiall )55 chaSI/ adliall s (il dsi) Jie J seanall clia 35S
Db sill 5 Gaa s il e JSE 9% 35S 5 (sl (3l die adll el cilas s J 5 55 45 )i (aaSIL 4s SI1/
e 1%, V0 38 5 leh das salall (e da Yoo ae s sl @l alall e 3a Vv pe asauliad)
Ssas 0w Gslall (Ao a0 ae 5o ol @l Gsalall (86 5a VO e asanlisll 5 ) s gl 5 (s sl
MLA“ A\M@M\w‘jU’-l\_\aj")Lﬂjd)bju‘)}J‘JJPDJ#\QM@‘M%‘WQW&J&
o) ae i GO0 S (5 ginall 5 4) il ey Sl (6 gine cdua gaall/AdSH 2g1Al liall o sall (4 A1)
5 oSN Cldeall alalSial) 3 ,laY1 o ) bl jais QU 5 2SN dca seall 5 3 giinll/e jpaall cilall A b
Lial) Adadlae Cagyls Caad dann ald Cuie Ba a9 Aall) st (5 jaall

_udqwﬁlé;.dc}m,; ¢J pana (5 yra palic (5 S yalic :ag\am‘&l.dﬁ\

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution
THE FUTURE JOUI’na|S 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise

Future of Hort., 1 (2025) 83-93 93 of 93


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

