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Abstract: This study investigates the impact of foliar application of
potassium sulfate and selected amino acids (tryptophan, methionine,
and cystine) on the yield and quality attributes of ‘Superior’ grapevines
in Minia Governorate, Egypt, across the 2023 and 2024 growing
seasons. Thirty uniform grapevines were subjected to ten treatments
with 3 replicates in Complete Randomize Bloch Design, including
varying concentrations (0.05, 0.1 and 0.2%) each of potassium sulfate,
amino acids, and their combinations, applied thrice during growth
stages. Results demonstrated that both potassium sulfate and amino
acid treatments significantly enhanced cluster and berry
characteristics, yield per vine, and berry quality compared to untreated
control. The combination of 0.1% potassium sulfate and amino acids,
applied three times during the season, was identified as the most cost-
effective treatment, resulting in substantial increases in cluster
number, berry size, weight, juice percentage, total soluble solids, and
reducing sugar content, while reducing berry acidity and shot berry
percentage. Higher concentrations (0.2%) yielded similar
improvements, but without significant differences from the 0.1%
treatment. The findings underscore the synergistic benefits of
integrating potassium sulfate and amino acids as foliar sprays to
optimize grapevine productivity and fruit quality, offering a practical
strategy for sustainable viticulture under semi-arid Egyptian
conditions.

Key words: Potassium sulphate, amino acids, yield, quality and
Superior grapevines.

The grapevine (Vitis vinifera L.) is a globally significant fruit crop, widely grown for both fresh
eating and raisin production. It covers more cultivation area worldwide than any other fruit and accounts
for about half of the total fruit consumption globally. In Egypt, grapes rank as the third most cultivated
fruit after mangoes and citrus (Mostafa et al., 2023). The total grape-growing area in Egypt is 186735
feddans, with 175245 feddans being productive, resulting in an annual production of approximately
1715410 tons. Specifically, in the Minia Governorate, grape cultivation spans 21098 feddans, of which
20852 feddans are productive, producing around 205244 tons of grapes (MALR, 2023).
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Climate change is exerting unprecedented pressure on viticulture, with rising temperatures,
altered precipitation patterns, and increased frequency of extreme weather events threatening both
grapevine productivity worldwide. The adaptability of grapevine has historically enabled its cultivation
across diverse climates, but current and projected climate trends necessitate the rapid development and
deployment of adaptation strategies to ensure the sustainability of grape production (Pastore et al.,
2022). Agronomic methods are central to short- and medium-term adaptation in viticulture. These
strategies can be flexibly implemented and adjusted at the vineyard level to mitigate the immediate
impacts of climate variability (Naulleau et al., 2021).

Biostimulants comprise a wide array of natural substances and microorganisms that are applied
in agriculture to improve plant growth and productivity beyond what is achieved with conventional
fertilization alone. These products, including amino acids, act by modulating various physiological and
metabolic pathways within plants, thereby enhancing nutrient uptake, stress tolerance, and overall crop
performance (du Jardin, 2015; Rouphael and Colla, 2020). Tryptophan, cysteine, and methionine are
amino acids that are indispensable in the metabolism of plants. They function as precursors for essential
secondary metabolites in plant cells and as transporters of organic nitrogen within the plant's organelles
(Dinkeloo et al., 2018). Numerous studies on grapevines have shown that the foliar spray of amino acids
to the foliage is essential for the promotion of development, the enhancement of the nutritional state of
the vines, the production of more fruit, and the enhancement of the quality of the berries (Hussein, 2017;
Mohamed, 2017 and Ali et al., 2025 a & b).

Tryptophan, an aromatic amino acid synthesized via the shikimate pathway beginning with
chorismate, plays a pivotal role in plant physiology (Tzin and Galili, 2010). Recent studies have
reinforced the importance of tryptophan as a precursor for indole-3-acetic acid (IAA), a principal auxin
that regulates plant growth and development (Zhao, 2010). Foliar application of tryptophan has been
shown to stimulate vegetative growth, enhance chlorophyll and carotenoid content, and increase overall
productivity in several crops (Fouad et al., 2022 and Mira et al., 2024). Moreover, tryptophan
application helps prevent premature flower and fruit drop by supporting the enzymatic pathways
involved in auxin biosynthesis, thereby improving fruit set and retention (Saburi et al., 2014 and Fouad
etal., 2022).

Methionine is a fundamental sulfur-containing amino acid that serves as a cornerstone in various
plant metabolic processes. It is essential for protein assembly and central carbon metabolism, acting as
the initiating amino acid during protein synthesis and linking amino acid biosynthesis to broader
metabolic pathways (Watanabe et al., 2021). Methionine’s methyl group is transferred to S-
adenosylmethionine (SAM), a key methyl donor involved in numerous biological reactions, including
DNA and histone methylation, which are critical for gene regulation and epigenetic control (Niedziela
et al., 2025). Additionally, methionine is indispensable for the biosynthesis of chlorophyll, polyamines,
glucosinolates, and several secondary metabolites, all of which contribute to plant growth, stress
tolerance, and defense mechanisms (Shahid et al., 2023). The involvement of methionine in cell wall
formation and cellular energy production further highlights its central role in plant development and
adaptation (Watanabe et al., 2021).

Cysteine is amino acid, distinguished by its thiol, amino, and carboxylic acid groups, which make
it highly reactive and central to numerous plant metabolic processes. Its thiol group enables cysteine to
function as a strong antioxidant, efficiently neutralizing reactive oxygen species (ROS) and thereby
protecting plant tissues from oxidative stress caused by environmental challenges (Carballal and
Banerjee, 2022). Beyond its antioxidant role, cysteine is fundamental for the biosynthesis of critical
molecules such as glutathione, metallothioneins, thionins, phytoalexins, glucosinolates, and
phytochelatins, all of which contribute to plant defense, detoxification, and stress adaptation (Kunstler
etal., 2020). Additionally, cysteine is a central intermediate in sulfur metabolism, serving as a precursor
for methionine synthesis. This relationship is important because methionine and its derivative S-
adenosylmethionine are essential for the production of major phytohormones, including ethylene and
polyamines, which regulate plant growth and developmental processes (Wawrzynska and Sirko,
2024). Thus, cysteine not only supports antioxidant defense but also plays an indispensable role in plant
metabolism, stress resilience, and developmental regulation.
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Potassium sulfate (K-SO.) has emerged as an essential nutrient source for grapevines, owing to
its multifaceted role in enhancing yield, improving fruit quality, and supporting plant health under stress
conditions. Recent studies have demonstrated that the foliar application of potassium sulfate during
critical stages of fruit development significantly increases sugar accumulation and total soluble solids
(TSS) in grape berries, which are key determinants of both table grape and wine quality (Singh et al.,
2024). Notably, repeated foliar sprays of K>SO4 have been shown to not only boost sugar content but
also optimize yield by stimulating chlorophyll production and enhancing photosynthetic efficiency,
thereby promoting carbohydrate synthesis and fruit development (Fekry and Aboel-Anin, 2020).
Furthermore, potassium sulfate contributes to robust vegetative growth and improved stress tolerance,
as it stabilizes photosynthetic pigments, reduces ion leakage, and increases the uptake of essential
nutrients such as nitrogen, magnesium, and calcium, even under salinity stress (Minazadeh et al., 2018).
Collectively, these findings underscore the indispensable role of potassium sulfate in modern viticulture,
making it a recommended practice for achieving sustainable yield improvements and superior fruit
quality in grape production.

The primary goal of this study is to evaluate the effects of foliar applying of different amino
acids—specifically methionine, cystine, and tryptophan—as well as potassium sulfate on the
physiological and quality attributes of Superior grapevines

2. Materials and Methods
2.1. Experimental location

This study used the ‘Superior’ variety of grapevines, cultivated in a private vineyard located at
Samalut center- Minia Governorate, to study the impact of potassium sulfate and different amino acids
as foliar applications on grapevine vegetative and productivity across 2023 and 2024 season.

Thirty healthy grapevines exhibiting similar growth vigor were selected for the experiment. Cane
pruning was performed, leaving a total of 84 buds per vine, achieved by retaining 6 canes with 12 buds
each and 6 renewal spurs with 2 buds each. All vines received standard vineyard management practices,
including irrigation and pest control. The planting layout consisted of 2 meters between vines and 3
meters between rows, established on clay soil. Soil physical and chemical characteristics are detailed in
Table A, following the methodology of Wilde et al. (1985). Surface irrigation was carried out using
Nile water.

2.2. Experimental treatments and design:

The study employed a complete randomized block design with three repeats and one
vine/treatment. The following is how the treatments were set up:

1) Control (spay with tap water).

2) Amino acids 0.05%

3) Amino acids 0.1%

4) Amino acids 0.2%

5) Potassium sulfate 0.05%

6) Potassium sulfate 0.1%

7) Potassium sulfate 0.2%

8) Amino acids 0.05%+ Potassium sulfate 0.05%
9) Amino acids 0.1%+ Potassium sulfate 0.1%
10) Amino acids 0.2%+ Potassium sulfate 0.2%

At three specific stages—namely, the beginning of growth, directly after berry set, and one month
later—each treatment was applied spraying foliarly using the tested rates of potassium sulfate as well as
various amino acids, including tryptophan, cystine, and methionine.
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Table (A): Characteristics of the investigated soil

Soil characters 2023/2024

Sand 3.11

Particle size distribution (%6) Silt 33.65

Clay 63.24

Texture class Clay

EC ppm (1:2.5 extract) 286

pH (1:2.5 extract) 7.92

Organic matter % 2.13

CaCO3:% 2.61

Total N (%) 0.18

Available P (ppm) 5.11

Available K (ppm) 486.0
Soil nutrients Zn (ppm) 19
Fe (ppm) 2.8

Mn (ppm) 3.26

Cu (ppm) 0.08

2.3. Plant measurements

- Yield and physical attributes of clusters: Ten clusters per vine were selected as representative
random samples, and the subsequent parameters were ascertained; clusters number/vine, 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

Fruitb Setting% =
ruit berry Setting% Total number of flower /cluster

- Physical characteristics of berries: To determine the shot berry proportion, percentage of berries in
each cluster /the aggregate number of berries in all clusters X 100, berry weight (g) and dimensions
(longitudinal and equatorial).

- 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 juice%

2.4. Analysis of data

The new LSD technique was utilized to examine the data at a significance of 5%, as outlined by
Mead et al. (1993).

3. Results and Discussion
3.1. Yield and cluster characteristic

The data presented in Table 1 clearly illustrates the average number of clusters per vine, weight,
yield in kg per vine, berry setting percentage, cluster length, and shoulder dimensions as affected by all
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interventions. Yield and cluster parameters increases across all treatments in both seasons. The
application of K-sulfate at concentrations of 0.1% and 0.2% resulted in the largest berries yielding the
highest output with high cluster parameters, with the lower concentration of amino acids following
closely, and the control group yielding the least. No notable variations were detected between the
maximum concentrations of both compounds regarding the average yield and cluster traits across both
seasons. The treatment that demonstrated the highest cost-effectiveness yielded 10.7-11.1 for berry
setting, 24.0-20.3 for cluster length, 14.3 for cluster shoulder in two seasons, 23-37 for cluster
number/vine, 371.0-385.0 for cluster weight (g) and 8.53 - 14.25 kg yield per vine with a concentration
of 0.1% for both K-sulfate and amino acids, respectively in 2024 compared to the 2023 season. In
contrast, the peak mean values observed for the combination of 0.2% for each of K-sulfate and amino
acids. The untreated vines exhibited the lowest values, recorded at (8.3-8.0%), (20.1-21.0 cm), (11.9-
12.2 cm), (23.0-23.0), (345.0-350.0 g) and (7.94 - 8.05 kg/vine) for berry setting, cluster length,
shoulder, number, weight and yield, respectively.

Foliar application of potassium sulfate (K2SO4) is a widely adopted practice in viticulture to
enhance grapevine yield and improve cluster and berry characteristics. This method delivers potassium
directly to the leaves, supporting key physiological processes that drive fruit development and quality.
Foliar K2SOs application significantly raises the yield per vine compared to untreated controls. Studies
report that repeated foliar sprays at moderate to high concentrations (e.g., 1-3%) result in higher yields,
with the most pronounced effects at the highest application rates (Zlamalova et al., 2015; Ben Yahmed
and Ben Mimoun, 2019). Application of K-SOs increases both berry weight and diameter, contributing
to more uniform and marketable fruit. This is linked to improved water and nutrient transport, as well
as enhanced sugar accumulation in the berries (Zareei et al., 2018; Karimi et al., 2021).

Application of amino acids, especially at concentrations around 0.1-0.2%, leads to a notable
increase in yield per vine compared to untreated controls. For example, spraying grapevines with a
mixture containing methionine, tryptophan, and cystine three times per season resulted in yield increases
of 18-41% over two consecutive years as well as maximize cluster number compared to individual
treatments or controls (Abd EI- Baset and Khiamy, 2022 and Abada et al., 2023). Tryptophan at 200
ppm and methionine at 50-100 mg/L have been particularly effective, with tryptophan often producing
the highest yield, 100-berry weight and cluster weight among tested amino acids (Mekawy, 2019 and
El-Kenawy, 2022). Tryptophan is a precursor for auxin (IAA), which promotes fruit set and berry
development. Methionine is involved in ethylene synthesis, influencing fruit ripening and cluster
formation. While, Cystine, as a sulfur-containing amino acid, contributes to antioxidant defense, helping
vines maintain productivity under stress conditions.

3.2. Berry physical characteristics

The treatments investigated in both seasons had a substantial impact on the berry shot%, weight,
longitudinal, equatorial, as evidenced by the data presented in Table 2. In 2023, the berry shot%, weight,
longitudinal, equatorial of Superior grapevines ranged from 5.6 t0 9.2%, 3.33103.81 g, 1.81t02.11 cm
and 1.70 to 1.88 cm, while in 2024, they ranged from 5.2 to 9.0%, 3.50 to 4.03 g, 1.85 to 2.16 cm and
1.73 to 1.71 cm, respectively. The individual treatment of 0.2% K-sulfate resulted in the highest berry
weight, longitudinal, equatorial measurement, and lowest berry shot%. This result did not exhibit any
significant differences when compared to vines that used 0.1% of K-sulfate. The tiniest berry weight,
longitudinal, equatorial measurements and highest berry shot% were found in the control vines, which
did not receive any foliar sprays. When K-sulfate and amino acids were applied together at higher
concentrations, there was a noticeable increase in the average berry weight, longitudinal, equatorial.
And lowest berry shot%. The foliar application of 0.2% K-sulfate combined with amino acids resulted
in the highest average berry weight, longitudinal, equatorial and lowest berry shot% closely followed
by the 0.1% combination, with no significant difference between these two treatments. Compared to the
control, the increases in berry weight, longitudinal, equatorial and decrease in berry shot% for the
highest concentration were 14.41-15.14%, 16.57-16.75%, 10.59-10.40% and 39.13-42.22% in the two
seasons, respectively, while the medium concentration led to increases of 12.91-13.14%, 14.36-14.05%,
9.41-9.83% and 33.69-36.67%, respectively. Other treatments produced intermediate berry equatorial
measurements.
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Table (1). Superior grapevines cluster number/vine, cluster weight (g) and yield (kg)/vine response
to foliar application with potassium sulfate and amino across 2022 and 2023 seasons

Characteristics Berry Cluster length Sﬁ(l)lfjslgegr Cluster Cluster weight | Yield/vine
setting % (cm) number/vine (kg)
(cm)

Treatments 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
Control 83 | 80 | 201 | 210 | 11.9 | 122 | 23 | 23 | 3450 | 3500 | 7.94 | 8.05
AA. 0.05% 92 | 93 | 215 | 225 | 126 | 128 | 23 | 27 | 3530 | 364.0 | 812 | 9.83
AA. 0.1% 0.7 | 100 | 222 | 231 | 132 | 134 | 23 | 31 | 3590 | 371.0 | 8.26 | 11.50
AA0.2% 100 | 103 | 116 | 235 | 136 | 137 | 23 | 33 | 3630 | 376.0 | 8.35 | 12.41
K-sulfate 0.05% | 97 | 99 | 221 | 232 | 131 | 132 | 23 | 30 | 3600 | 3700 | 8.28 | 11.10
K-sulfate 0.1% | 102 | 105 | 228 | 235 | 137 | 138 | 23 | 35 | 366.0 | 377.0 | 8.42 | 13.20
K-sulfate 0.2% | 104 | 10.8 | 231 | 241 | 141 | 141 | 23 | 37 | 3700 | 3820 | 851 | 1413
AA0OYH K- | 459 | 105 | 235 | 257 | 138 | 138 | 23 33 | 3650 | 377.0 | 8.43 | 1244
sulfate 0.05%
AAOLYH K- | g0 1 991 | 240 | 263 | 143 | 143 | 23 37 | 371.0 | 3850 | 853 | 14.25
sulfate 0.1%
AAO02YH K- | g0 | 194 | 244 | 266 | 146 | 146 | 23 38 | 3740 | 390.0 | 8.60 | 14.82
sulfate 0.2%
NewLSDasw | 04 | 04 | 05 | 05 | 05 | 04 | NS | 30 | 50 | 60 | 1.0 | 1.0

Table (2). Superior grapevines berries physical quality response to foliar application with

potassium sulfate and amino across 2022 and 2023 seasons

Characteristics Shot berries % Average berry Average berry Average berry
weight (g) longitudinal (cm) | equatorial (cm)
Treatments 2023 2024 2023 2024 2023 2024 2023 2024
Control 9.2 9.0 3.33 3.50 1.81 1.85 1.70 1.73
A.A. 0.05% 8.2 8.1 3.45 3.65 1.88 1.93 1.75 1.79
AA. 0.1% 7.4 7.3 3.53 3.75 1.94 2.00 1.79 1.82
A.A0.2% 6.9 6.7 3.59 3.82 1.98 2.05 1.80 1.84
K-sulfate 0.05% 7.5 7.3 3.56 3.76 1.95 1.99 1.80 1.83
K-sulfate 0.1% 6.9 6.5 3.64 3.85 2.00 2.06 1.84 1.86
K-sulfate 0.2% 6.4 5.9 3.70 3.92 2.03 211 1.86 1.88
AADD5%+ Kosulfate | g7 | g4 | 368 | 387 | 201 | 205 | 1.8 | 186
0.05%
AA 0.1%+ K-sulfate 61 | 57 | 376 | 396 | 207 | 211 | 186 | 190
0.1%
AA 0.29+ K-sulfate 56 | 52 | 381 | 403 | 211 | 216 | 188 | 191
0.2%
New LSD at 5% 0.6 0.7 0.07 0.08 0.05 0.06 0.03 0.03
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Improvements in the physical quality of grapevine berries—specifically reductions in shot berry
percentage and increases in berry weight, length, and width—are closely interconnected and have a
substantial impact on both yield and marketability. Foliar application of potassium sulfate (K>SO4) has
become an increasingly popular strategy in viticulture for optimizing the physical quality of grapevine
berries. Unlike soil application, foliar feeding allows for more immediate uptake and utilization of
potassium, especially during critical periods of berry development. This approach directly influences
several interrelated physical parameters of the berries, including size, weight, and compositional quality.
Lower shot berry percentages, often achieved through optimal foliar nutrition such as potassium sulfate
and amino acid applications, lead to more uniform clusters and reduce postharvest losses (Mpelasoka
et al., 2003 and Mansour et al., 2024). At the same time, these treatments enhance berry weight by
promoting cell expansion and water uptake, which typically results in larger berries with greater length
and width (Ben Yahmed and Ben Mimoun, 2019 and Keller, 2020). The increase in berry size
parameters is not only visually appealing but also contributes to higher consumer acceptance and
economic returns, as heavier and larger berries are preferred in both fresh and processing markets (Abd
El-Rahim et al., 2022). Thus, strategies that simultaneously lower shot berry incidence and boost berry
size parameters create a synergistic improvement in grape quality, demonstrating the importance of
integrated nutrient management in viticulture.

Foliar application of tryptophan, particularly at higher concentrations, significantly boosts berry
weight, length, and width, while also improving berry set and thereby reducing shot berry percentage;
these enhancements are attributed to tryptophan’s role in stimulating cell division, chlorophyll synthesis,
and overall vine nutritional status, leading to larger, heavier, and more uniform berries within clusters
(Hussein, 2017; Mekawy, 2019 and El-Kenawy, 2022). Methionine similarly enhances berry weight
and dimensions, and its involvement in ethylene biosynthesis and protein formation supports improved
berry development and reduced shot berry incidence; methionine treatments also promote berry firmness
and quality, further linking increased size and weight with better cluster uniformity and reduced losses
(Mekawy, 2019 and Abada et al., 2023). Cysteine, though less frequently studied in grapevines, is
recognized for its antioxidant properties and its contribution to berry quality through improved stress
tolerance and maintenance of berry integrity, which can indirectly support greater berry size and reduced
shot berry rates, thereby complementing the effects of the other amino acids (Elias et al., 2005; Ali et
al. 2025 a). Collectively, these amino acids, when applied foliarly, reinforce each other’s positive
effects, resulting in a synergistic improvement of berry weight, size, and uniformity, while minimizing
the proportion of shot berries and enhancing the overall marketability and quality of grapevine yields as
indicated by (Ali et al. 2025 a & b) on Superior grapevines.

3.3. Berry chemical quality characteristics

The information shown in Table 3 demonstrates that the application of K-sulfate and/or various
amino acids at different dosages, administered three times to the ‘Superior’ grapevine, led to a notable
increase in juice%, TSS%, TSS/total acidity ratio, reducing sugar% and decrease in total acidity when
compared to the control treatment (untreated vines) throughout both experimental seasons. The observed
increase in juice%, TSS%, TSS/total acidity ratio, reducing sugar% and decrease in total acidity were
correlated with the elevated concentrations of K-sulfate and/or amino acids. There were no significant
differences berries parameters levels between the two higher concentrations across the two experimental
seasons. The application of K-sulfate spray showed significant efficacy, especially at a concentration of
0.2%. The examination of the treatments indicated significant differences in berries chemical quality
across the two seasons. The highest values for juice%, TSS%, TSS/total acidity ratio, reducing sugar%
and lowest for total acidity were recorded at 0.2% for both K-sulfate and amino acids, with 0.1% closely
following for each. The treatments exhibited no notable differences during the 2023 and 2024 seasons.

Potassium sulfate (K2SOs) is directly influencing the chemical composition and quality of grape
berries. Its application, particularly as a foliar spray, has been shown to enhance several important
chemical parameters: total soluble solids (TSS), acidity, juice percentage, and reducing sugar content.
These parameters are closely linked, and improvements in one often coincide with enhancements in
others, collectively contributing to superior fruit quality. Potassium sulfate application significantly
increases the TSS and reducing sugar content in grape berries, which is a primary indicator of sugar
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accumulation and fruit ripeness. Recent studies have shown that foliar applied potassium sulfate can
raise TSS by up to 3.5 percentage points compared to untreated controls, with the most pronounced
effects observed at higher application rates (Wang et al., 2024 and Hittalamani et al., 2025). Potassium
facilitates the translocation of sugars from leaves to berries, promoting carbohydrate accumulation and
improving the sweetness and flavor profile of the fruit (Ben Yahmed and Ben Mimoun, 2019), its role
in activating sugar metabolism enzymes and facilitating the conversion of starches to simple sugars
during berry development. Potassium sulfate treatments consistently lead to a decrease in berry acidity.
This reduction is attributed to potassium’s role in organic acid metabolism and its ability to promote the
conversion of acids into sugars during berry ripening (El-Badawy, 2019; Ben Yahmed and Ben
Mimoun, 2019). The combined effect of increased TSS and reduced acidity results in a higher TSS/acid
ratio, which is a critical determinant of grape flavor and consumer preference. The highest TSS/acid
ratios are typically observed in vines treated with higher concentrations of potassium sulfate (Ali et al.,
2024 and Hittalamani et al., 2025), also, potassium sulfate application improves the juice percentage
in grape berries by enhancing water uptake and maintaining cell turgor. This leads to juicier berries and
higher must yield, which is beneficial for table grape. The increase in juice content is often accompanied
by improvements in TSS and reducing sugar, as potassium optimizes nutrient flow and water balance
within the berry (Hittalamani et al., 2025)

Table (3). Superior grapevines berries chemical quality response to foliar application with
potassium sulfate and amino across 2022 and 2023 seasons

Characteristics Juice% TSS% Total TSS/acidity Reducing
acidity% ratio sugar%

Treatments 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
Control 755 | 758 | 17.7 | 17.9 | 0.655 | 0.648 | 27.02 | 27.62 | 155 | 16.0
AA. 0.05% 762 | 765 | 182 | 183 | 0.639 | 0.629 | 28.48 | 20.00 | 16.6 | 17.2
AA. 0.1% 767 | 769 | 186 | 187 | 0.621 | 0.610 | 29.95 | 30.66 | 17.1 | 17.6
AA 0.2% 770 | 771 | 187 | 189 | 0607 | 0.595 | 30.81 | 31.76 | 17.3 | 17.8
K-sulfate 0.05% 766 | 770 | 186 | 187 | 0.609 | 0.600 | 30.54 | 31.17 | 17.0 | 17.6
K-sulfate 0.1% 771 | 774 | 189 | 101 | 0587 | 0580 | 32.20 | 32.93 | 17.3 | 18.0
K-sulfate 0.2% 773 | 777 | 191 | 103 | 0572 | 0.565 | 3339 | 34.16 | 17.4 | 18.1
9‘6“5&05%* K-sulfate | 774 | 774 | 200 | 201 | 0582 | 0.579 | 3425 | 34.72 | 17.4 | 179
gf'le /S'l%J’ K-sulfate | 775 | 778 | 203 | 204 | 0564 | 0560 | 35.99 | 36.43 | 17.7 | 182
é'ng /S'Z%J’ K-sulfate | 778 | 800 | 204 | 206 | 0550 | 0544 | 37.00 | 37.87 | 17.9 | 184
New LSD at5% 04 | 04 | 03 | 03 | 0016|0017 | 120 | 145 | 03 | 03

Foliar application of tryptophan significantly increases TSS and reducing sugar content in grape
berries. This is attributed to tryptophan’s role in stimulating auxin synthesis, which enhances
carbohydrate metabolism and sugar accumulation in the fruit (Mekawy, 2019 and El-Kenawy, 2022),
aslo, associated with a reduction in berry acidity, leading to a higher TSS/acid ratio and improved flavor
profile. By promoting better fruit set and berry development, tryptophan can indirectly increase juice
yield, as larger and healthier berries tend to have higher juice content (EI-Kenawy, 2022). As for,
methionine, as a precursor in ethylene biosynthesis, supports fruit ripening and sugar accumulation,
leading to higher TSS and reducing sugar levels in grape berries as well as decreasing acidity (Masoud
et al., 2025). By enhancing berry development and ripening, methionine can contribute to increased
juice yield, as more mature berries typically contain more juice. While direct studies on cysteine’s effect
in grapevines are limited, cysteine is known for its role in antioxidant defense and stress tolerance, which
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can support better sugar accumulation and higher TSS, TSS/acidity, juice and reducing sugar content
with decrease in acidity in berries under optimal conditions (Ali et al., 2025 a)

The chemical quality parameters—TSS, acidity, juice percentage, and reducing sugar—are
strongly interrelated. Potassium sulfate and amino acids application not only increases TSS and reducing
sugar but also reduces acidity and enhances juice yield. These improvements are synergistic: higher
sugar content and lower acidity improve flavor, while increased juice percentage and reducing sugar
contribute to better processing quality and consumer appeal. The overall effect is a marked enhancement
in grape berry quality, making potassium sulfate and amino acids a vital input for modern viticulture.

4. Conclusion

The use of potassium sulfate in combination with amino acids leads to notable improvements in
both the yield and quality of 'Superior' grapevines, as reflected in increased productivity, larger berry
size, and enhanced quality traits. Based on the findings of this study, it can be concluded that applying
foliar sprays 0.1% each of potassium sulfate and amino acid—tryptophan, methionine, and cystine—
three times during the growing season is the most cost-effective approach for maximizing economic
yield of 'Superior' grapevines under the conditions of EI-Minia Governorate.

References

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

Abada, M. A., Uwakiem, M. K. and EI-Saman, A. Y. (2023). Effect of spraying some amino acids,
algae extract, and turmeric extract on shot berries, yield and berries quality of prime seedless
grapevines. New Valley Journal of Agricultural Science, 3(7), 603-613.

Abd EI- Baset, Kh.O. and Khiamy, M. (2022). Using some amino acids and silicon to promote yield
quantitatively and quantitatively of superior grapevines. World Rural Observations;14(4), 13-20.

Abd El-Rahim, A., Elwakeel, H. F., Abdel-Hamid, A. and Mansour, N. I. (2022). Rootstock effects
on vyield, fruit quality and nutrition status of "Early Sweet" grape fertilized with varying levels of
nitrogen and potassium. Egyptian Journal of Horticulture, 49(2), 173-185.

Ali, H. A., Hamdy I. M., Uwakiem M. Kh. and Othman, N. H. A. (2025a). Bio-stimulant properties
of some amino acids and seaweed extracts on productivity and berries quality of superior grapevines.
The Future of Agriculture. DOI: 10.37229/fsa.fja.2024.08.31.

Ali, H. A., Hamdy I. M., Uwakiem M. Kh. and Othman, N. H. A. (2025b). Effect of foliar application
with seaweed extract and different amino acids on vegetative growth and chemical composition of
superior grapevines. The Future of Agriculture. DOI: 10.37229/fsa.fjas.2024.09.9.

Ali, H. A., Uwakiem M. Kh. and Garas, E. A. Z. (2024). A Comparison of the effects of magnesium
and potassium citrate different concentration on productivity of Flame Seedless grapevines. The Future
of Applied Science. DOI: 10.37229/fsa.fjas.2024.11.02

Ben Yahmed, J. and Ben Mimoun, M. (2019). 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).

Carballal, S. and Banerjee, R. (2022). Overview of cysteine metabolism. In Redox Chemistry and
Biology of Thiols (pp. 423-450). Academic Press.

Dinkeloo, K., Boyd, S. and Pilot, G. (2018, February). Update on amino acid transporter functions
and on possible amino acid sensing mechanisms in plants. In Seminars in cell & developmental
biology (Vol. 74, pp. 105-113). Academic Press.

Future of Agric., 2 (2025) 1-12 9of 12



El-Sayed et al., 2025

Du Jardin, P. (2015). Plant biostimulants: Definition, concept, main categories and regulation. Scientia
horticulturae, 196, 3-14.

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

Elias, R. J., McClements, D. J. and Decker, E. A. (2005). Antioxidant activity of cysteine, tryptophan,
and methionine residues in continuous phase B-lactoglobulin in oil-in-water emulsions. Journal of
agricultural and food chemistry, 53(26), 10248-10253.

El-kenawy, M. A. (2022). Effect of tryptophan, proline and tyrosine on vegetative growth, yield and
fruit quality of red roumy grapevines. Egyptian Journal of Horticulture, 49(1), 1-14.

Fekry, W. M. and Aboel-Anin, M. A. (2020). Effect of Potassium Fertilizers Sources on the
Production, Quality and Chemical Composition of Early Sweet Grapes Cv. Under Salinity Stress. Asian
Journal of Plant Sciences, 19: 508-514.

Fouad, H., Elsayed, S. I., Fouad, R., Hendawy, S. F. and Omer, E. A. (2022). Influence of exogenous
tryptophan application on production and carotenoids of Calendula officinal is under drip irrigation
treatments. International journal of health sciences, 6(S6), 10840-10852.

Hittalamani, M. B., Patil, S. N., Pattepur, S. V., Satyanarayana, C., Thoke, S. and Padashetti, B.
(2025). Effect of foliar application of different sources of potassium and calcium on growth and yield
of grape cv. Thompson seedless. Plant Archives, 25(1), 1062-1068.

Hussein, E. M. E. (2017). Effect of some plant oil and amino acid treatments on berries colouration and
productivity of Flame Seedless grapevines. New York Science Journal;10(7), 118-125.

Karimi, R., Saberi, A. and Khadivi, A. (2021). Effects of foliar spray of agricultural grade mineral oil
in springtime, in combination with potassium and calcium sulfates on the phenological and biophysical
indices of clusters, and foliar nutritional levels in grapevine (Vitis vinifera L.) cv. Sultana (Id. Thompson
seedless, Sultanina). Biological Research, 54.

Keller, M. (2020). The science of grapevines. Academic press.

Kinstler, A., Gullner, G., Adam, A. L., Kolozsvariné Nagy, J. and Kiraly, L. (2020). The versatile
roles of sulfur-containing biomolecules in plant defense—A road to disease resistance. Plants, 9(12),
1705.

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

Mansour, A. H. A., Omar, N. M., Mohamed, A. A. and Aldaby, E. S. (2024). Improving yield,
quality, and storability of Thompson seedless grape by foliar application of potassium. Archives of
Agriculture Sciences Journal, 7(3), 141-166.

Masoud, A. A., Mohamed, N. E. K. and Abdelghany, A. M. (2025). Response of Thompson Seedless
Grape Cultivar to some Foliar Application Treatments. Assiut Journal of Agricultural Sciences, 56(1),
213-225.

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.

Mekawy, A. Y. (2019). Response of Superior Seedless Grapevines to Foliar Application with Selenium,
Tryptophan and Methionine. Journal of plant production, 10(12), 967-972.

Minazadeh, R., Karimi, R. and Mohammadparast, B. (2018). The effect of foliar nutrition of
potassium sulfate on morpho-physiological indices of grapevine under salinity stress. Journal of Plant
Biological Sciences, 10(3), 83-106.

Mira, A. M., Abd Elmaksoud, M. M. and EI-Mogy, S. M. (2024). Foliar application of alanine,
glutamine and tryptophan improves the growth parameters and bunch quality of Early Sweet grapevines
in clay soils under surface-irrigated system. Journal of Sustainable Agricultural and Environmental
Sciences, 3(4), 27-42.

Future of Agric., 2 (2025) 1-12 10 of 12



El-Sayed et al., 2025

Mohamed, A. K. A., ElI-Zahraa Mohamed, F., Gouda, A. M., lIbrahim, R. A. and Madkor, Y.
(2017). Improve the Yield and Quality of Red Roomy and Thompson Seedless Grape Cultivars. Assiut
Journal of Agricultural Sciences, 48 (2), 38-58.

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.

Mpelasoka, B. S., Schachtman, D. P., Treeby, M. T. and Thomas, M. R. (2003). A review of
potassium nutrition in grapevines with special emphasis on berry accumulation. Australian Journal of
grape and wine research, 9(3), 154-168.

Naulleau, A., Gary, C., Prévot, L. and Hossard, L. (2021). Evaluating strategies for adaptation to
climate change in grapevine production—A systematic review. Frontiers in plant science, 11, 607859.

Niedziela, A., Orlowska, R. and Bednarek, P. T. (2025). DNA Methylation Changes Reflect
Aluminum Stress in Triticale and Epigenetic Control of the Trait. International Journal of Molecular
Sciences, 26(11), 4995.

Pastore, C., Frioni, T. and Diago, M. P. (2022). Resilience of grapevine to climate change: From plant
physiology to adaptation strategies. Frontiers in Plant Science, 13, 994267.

Rouphael, Y. and Colla, G. (2020). Biostimulants in agriculture. Frontiers in plant science, 11, 40.

Saburi, M., Mohammad, R., Sayed, H., Mohammad, S. and Taghi, D. (2014). Effect of amino acids
and nitrogen fixing bacteria on quantitative yield and essential oil content of basil Ocimum
basilicum. Agric. sci. dev, 3(8), 265-268.

Shahid, S., Kausar, A., Zahra, N., Hafeez, M. B., Raza, A. and Ashraf, M. Y. (2023). Methionine-
induced regulation of secondary metabolites and antioxidants in maize (Zea mays L.) subjected to
salinity stress. Gesunde Pflanzen, 75(4), 1143-1155.

Singh, G., Gschwend, A. R. and Dami, I. E. (2024). Effect of foliar application of potassium fertilizer
on yield, fruit quality, and cold hardiness of vitis spp. ‘Chambourcin’. International Journal of Fruit
Science, 24(1), 102-114.

Tzin, V. and Galili, G. (2010). New insights into the shikimate and aromatic amino acids biosynthesis
pathways in plants. Molecular plant, 3(6), 956-972.

Wang, J., Lu, Y., Zhang, X., Hu, W., Lin, L., Deng, Q., Xia, H., Liang, D. and Lv, X. (2024). Effects
of potassium-containing fertilizers on sugar and organic acid metabolism in grape fruits. International
Journal of Molecular Sciences, 25(5), 2828.

Watanabe, M., Chiba, Y. and Hirai, M. Y. (2021). Metabolism and regulatory functions of O-
acetylserine, S-adenosylmethionine, homocysteine, and serine in plant development and environmental
responses. Frontiers in Plant Science, 12, 643403.

Wawrzynska, A. and Sirko, A. (2024). Sulfate Awvailability and Hormonal Signaling in the
Coordination of Plant Growth and Development. International Journal of Molecular Sciences, 25(7),
3978.

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.

Zareei, E., Javadi, T. and Aryal, R. (2018). Biochemical composition and antioxidant activity affected
by spraying potassium sulfate in black grape (Vitis vinifera L. cv. Rasha). Journal of the Science of Food
and Agriculture, 98(15), 5632-5638.

Zhao, Y. (2010). Auxin biosynthesis and its role in plant development. Annual review of plant
biology, 61(1), 49-64.

Zlamalova, T., Elbl, J., Baroi, M., Bélikova, H., Lampif, L., HluSek, J. and Losak, T. (2015). Using
foliar applications of magnesium and potassium to improve yields and some qualitative parameters of
vine grapes (Vitis vinifera L.). Plant Soil Environ. 61 (10), 451-457.

Future of Agric., 2 (2025) 1-12 11 of 12



El-Sayed et al., 2025

Aa s 9 dalil) o Aiial) (alaall) g o gaeali gl il B ol Gl Ay SHED el )
"o Qi ag S
dana pals Glga) oSl - 4k ) S (5598 A - daal) 2aa] dana
s — Lilal) daaly — Ao 31 A58 — Cpiland) ik

sl
5 Oisfise (Oliging) 4niaay) Galeal) Gans 5 assalisdl Gilile Byl Gl Ll duhs L Gl gy
eye A Ll Aldlasy agllaw 3550 (B g9)5al) Hspmsw iad Glall saga 5 Jyanall Glea e (i
Yo COlalee jdnl saill awge DA @lpe EDE (i duilaie 4e)S T Cimad Can LYY E 5 YAYY il
aiaa¥) (mlea¥) 5/ 5 aslisd) Gl o K%Y 50,) v, 00 GBS Adlpdall JalS areat DA @) e
Lsale I (puen 4 Galaal] 5 agsalisd) clile e S alatia) off bl e jelal | agin aSpda) elelall
3SR sl Gl o aags Aallan uad) 4a)SIL 4)lie iliall s3sa 5 4a)<l) Jpeana 5 Ll 5 adliall (ailas
Uasale o2l ) oo 6 5 4@l Gum o dllad Y] IS dinal) palea¥ ] 5 asaelisal clile (1 J<I %0, )
oalidd) ae Jidall Sl 5 ALK A8 dliall dgall (Jaa) 5 sranll dows 5 Leiies Ll pas cadlial) 220
5 albilas ol lias (o sl Ligia U0 %+, Y 3S50 of Alaadle ae cailiall pial) cilall G 5 daseal
e eyl (alaa¥) 5 aglisll Clile mad (e 43Ul Blgill e Al sda K5 5 apsa R (g0 oS
Gigh db (A et Cuall de))3l dulee dpailin) a3 ae ¢ gipmge Chiea catall L Baga g daali) Gawad

Al Lud 4 yeadll al )

Oshmsws e g o3 cJgeana cdrinal (aleal (agulisd) Cilils 1aalida) clall)

© 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 Agric., 2 (2025) 1-12 12 of 12


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

