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Future Science Association Abstract: A two-season field experiment was conducted during 2023
Available online free at an.d 2.024 on eight-year-old Flame Seedless grapevines grown on sandy
www.futurejournals.org soil in a private orchard located west of the Western Desert Road,
Minia Governorate, Egypt, to investigate the effect of foliar
) application of a mixture of amino acids — tryptophan, methionine, and
Print ISSN: 2572-3006 cystine — at graded concentrations (0.05, 0.1, and 0.2%) applied once,
Online ISSN: 2572-3111 twice, or thrice per season on vine yield components, cluster physical
characteristics, berry physical properties, and berry chemical quality.
The experiment was arranged in a randomized complete block design
(RCBD) with ten treatments and three replicates. Results demonstrated
that all amino acid treatments significantly increased berry setting
percentage, yield per vine, cluster weight, cluster length, and cluster
shoulder in both seasons; cluster number per vine was unaffected in
the first season but significantly increased in the second season,
reflecting a cumulative vine conditioning effect. Berry shot percentage
was significantly reduced, while berry fresh weight, longitudinal
diameter, and equatorial diameter were significantly increased by all
treatments. Berry TSS%, TSS/acidity ratio, total anthocyanin content,
and reducing sugar percentage were all significantly elevated, while
total acidity was significantly reduced. The highest values for virtually
all parameters were recorded with AA at 0.2% applied thrice, which
was frequently statistically comparable to AA at 0.1% applied thrice.
It is concluded that three foliar applications of the amino acid mixture
(tryptophan, methionine, and cystine) at 0.1% — at the onset of
vegetative growth, immediately after berry set, and one month
thereafter — represent the most economically favorable treatment for
improving vine yield, and berry quality of Flame Seedless grapevines

grown under the sandy soil conditions of Minia Governorate.
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1. Introduction

The grapevine, Egypt's predominant fruit crop, is cultivated globally with improved nutrition to
maximize output and berry quality using various vineyard management techniques. Egypt cultivates
grapes on approximately 200,000 feddans (around 84,000 hectares), ranking as the third major fruit crop
after citrus and mango, its producing about 1.8 million tons annually, according to Ministry of
Agriculture (2025). In Minia Governorate, a key viticultural region, grapevine area contributes
significantly to national totals, which ranks second nationally in grapevine cultivation after Beheira,
with a fruiting area of 24,085 feddans producing over 168,670 tons. The Flame seedless variety is
regarded as the primary early-ripening seedless table grape with an estimated cultivated area of 50,000
to 70,000 feddans and productivity of 500-700 thousand tons in Egypt while 4-6 thousand feddans and
productivity of 50-80 thousand tons in Minia Governorate (Egyptian Ministry of Agriculture, 2025).
In the El-Minia area of Egypt, particular problems are present, including reduced crop yield and a
significant prevalence of shot berries in grape clusters. These concerns adversely impact the marketing
of this particular grape variety. Numerous experiments were conducted to investigate alternative
approaches of mitigating these difficulties while safeguarding the environment from pollution (Ali ef
al., 2023).

Elevated temperatures in Egypt adversely impact the hue and quality of fruit. Consequently, grape
cultivators in this region employ many techniques to enhance the quality of their grapes. The methods
employed in vineyard management significantly affect the quality of the grape yield. Organic bio-
stimulants have shown efficacy in enhancing plant growth, vigor, crop output, and quality by improving
the uptake of essential nutrients (Sharma et al., 2023).

Amino acids, including tryptophan, cysteine, and methionine, are essential for plant metabolism.
They act as transporters of organic nitrogen within the plant's tissues and serve as precursors for essential
secondary metabolites in plant cells (Dinkeloo et al., 2018). They act as transporters of organic nitrogen
within the plant's tissues and serve as precursors for essential secondary metabolites in plant cells
(Dinkeloo et al., 2018). Numerous studies on grapevines indicate that the application of amino acids by
foliar spray is crucial for promoting development, improving the nutritional state of the vines, increasing
production, and enhancing berry quality (Ali et al. 2025; Rashid and Al-Atrushy 2025). Maeda and
Dudareva (2012) shown that tryptophan acid is essential for facilitating plant growth and modulating
auxin synthesis. Abdelkader ef al. (2021) discovered that the use of tryptophan acid via spraying
enhanced vegetative growth and augmented production. The application of tryptophan to the leaves
resulted in elevated quantities of carotenoids and chlorophyll in the plants. Tryptophan is crucial in
preventing the premature abscission of flowers and fruit. The development of an enzyme that facilitates
auxin production is essential for enhancing berry set (Saburi et al., 2014).

Methionine significantly influences fruit physiology as the precursor to ethylene via S-
adenosylmethionine (SAM), driving climacteric ripening processes like softening, color change, and
aroma development in fruits (Zhu et al., 2023 and Lin et al., 2025). Post-harvest methionine treatments
enhance antioxidant enzyme activities (SOD, POD, CAT), reduce decay incidence, maintain firmness,
soluble solids, and titratable acidity while boosting disease resistance against pathogens like black spot
rot through lignin accumulation. In grapevines, foliar methionine promotes yield parameters, sugar
accumulation, and TSS while regulating stress responses, underscoring its biostimulant potential for
quality preservation amid storage and environmental challenges (El-Sayed ef al., 2025).

Cysteine, often present as cystine in its oxidized form, is critical for grapevine physiology
primarily through its role as a precursor to glutathione, a key antioxidant that mitigates oxidative stress
from environmental factors like UV radiation, drought, and pathogens. Cysteine is an essential amino
acid characterized by the presence of an amino group, a thiol group, and a carboxylic acid group as
reactive centers. The unique configuration of Cysteine allows it to function as a powerful antioxidant
and effective scavenger of reactive oxygen species. A thiol side chain offers protection against oxidative
damage from both biotic and abiotic stimuli by facilitating effective oxidation (Alvarez et al., 2012 and
Genisel et al., 2015). S-adenosylmethionine and/or methionine in plants is vital for the production of
key phytohormones, including polyamines and ethylene. Thus, these interactions significantly influence
the growth and development of plants (Sauter ef al., 2012 and Elkelish ez al., 2021).
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The primary objective of this study is to investigate the impact of foliar applications of graded
methionine, cystine, and tryptophan during various times on the physiological and quality traits of Flame
Seedless grapevines in Minia Governorate.

2. Material and Methods
2.1. Experimental site

This study was performed on the Flame Seedless grapevine during two successive seasons, 2023
and 2024, in a private orchard located west of Western Desert Road, Minia, Egypt. The eight-year-old
grapevines were planted two meters apart in rows three meters apart on sandy soil. The vines are upheld
by the Gable supporting system, accommodating a bud load of 80 buds per vine, calculated as follows:
(8 fruiting spurs x 8 eyes) + (8 renewal spurs x 2 eyes).

The selected vines were healthy, devoid of any physiological abnormalities or nutrient deficits,
and were treated in accordance with known vineyard protocols for this investigation. Irrigation was
performed with a drip system sourced from groundwater with a concentration of 1000 ppm. Winter
trimming occurred in mid-December for both seasons.

The physical and chemical properties of the soil are outlined in Table A, according to the
technique established by Wilde et al. (1985).

Table (A). Analysis of tested soil physical and fertility status

Soil characters 2023/2024
Sand 73.9
Silt 14.6
Particle size distribution (%)
Clay 11.5
Texture class Sandy
EC ppm (1:2.5 extract) 2.51
pH (1:2.5 extract) 8.2
Organic matter % 0.53
CaCOs3 % 11.54
Total N (%) 0.05
Available P (ppm) 4.9
Available K (ppm) 132.6
Soil nutrients Zn (ppm) 0.3
Fe (ppm) 23
Mn (ppm) 1.1
Cu (ppm) 0.2

Herein, the study was set up in a randomized complete block design (RCBD). Ten treatments,
three replicates of each, with one vine per replicate, were used for the experiment design. At three
distinct phases—specifically, the onset of development, immediately following berry set, and one month
thereafter—each treatment was administered via foliar spraying utilizing the evaluated graded
concentrations and frequency of various amino acids, including tryptophan, cystine, and methionine.

The vines were subjected to distinct treatments in the following manners:

1. Control (spay with tap water).
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Amino acids (0.05%) once
Amino acids (0.05%) twice
Amino acids (0.05%) thrice
Amino acids (0.1%) once
Amino acids (0.1%) twice
Amino acids (0.1%) thrice

Amino acids (0.2%) once

¥ o Nk wN

Amino acids (0.2%) twice

10. Amino acids (0.2%) thrice

2.2. Botanical Measurements

Four clusters /vine were harvested at the ripening stage to determine the following data: Number
of cluster/vine, cluster weight (g), length (cm), shoulder (cm) and yield (kg)/vine was assessed in kg for
each tree/replicate by multiply the previous parameters, as well as Berry setting (%) was computed as
the following: Five flower clusters were packaged per vine in perforated paper bags prior to blooming,
which are released during berry set, calculated as follows:

Number of berries /cluster

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

To get the shot berry proportion, the percentage of berries in each cluster was divided by the total
number of berries across all clusters and then multiplied by 100. Berry weight (g) and dimensions
(longitudinal and equatorial).

A hand-held refractometer utilized to measure TSS% in berries, titrating 5 ml of berry juice
against 0.1 N NaOH with phenolphthalein determined the titratable acidity percentage, the TSS/acidity
ratio of the berry juice was determined, the total anthocyanin content of the berry skin was quantified as
mg/100g of fresh weight (Hsia et al., 1965) and reducing sugar%.

2.3. Data Analysis

Consistent with the findings of Mead et al. (1993), the analysis of all data was conducted
employing a new L.S.D. technique at significant of 5%.

3. Results and Discussion
3.1. Yield and Cluster Traits

Data presented in Table (1) reveal that foliar application of the amino acid mixture at all tested
concentrations and frequencies produced consistent and significant improvements across all yield and
cluster characteristics — namely berry setting percentage, number of clusters per vine, yield per vine,
cluster weight, cluster length, and cluster shoulder — compared to the untreated control in both growing
seasons, with the single exception of cluster number in the first season.

The control vines recorded the lowest values for all parameters in both seasons: 11.9 and 12.3%
for berry setting, 25.0 clusters/vine in both seasons, 8.4 and 8.5 kg/vine for yield, 335.5 and 340.0 g for
cluster weight, 16.8 and 17.0 cm for cluster length, and 10.8 and 11.1 cm for cluster shoulder. With
respect to cluster number, no significant differences were detected among any of the treatments in the
first season (2023), all vines recording a uniform count of 25 clusters with a non-significant, while all
amino acids treatments significantly increased this parameter in the second season (2024), reflecting a
cumulative vine conditioning effect from repeated seasonal amino acid applications.
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The highest values across all yield and cluster parameters in both seasons were achieved with AA
at 0.2% thrice, recording 19.0 and 19.2% for berry setting, 36.0 clusters/vine in 2024, 9.4 and 13.9
kg/vine for yield, 375.0 and 387.0 g for cluster weight, 21.3 and 21.5 cm for cluster length, and 13.2 and
13.6 cm for cluster shoulder. This superior treatment was not significantly different from AA at 0.1%
thrice for any of these parameters in either season, confirming the statistical equivalence of the two
highest-performing treatments. In the second season, both AA at 0.2% thrice and AA at 0.1% thrice were
significantly superior to all remaining treatments for cluster number, while for berry setting, yield,
cluster weight, cluster length, and cluster shoulder, a broader group of statistically comparable
treatments was evident. AA at 0.2% twice, AA at 0.1% twice, AA at 0.05% thrice, and AA at 0.2% once
formed a statistically homogeneous intermediate group for cluster weight, cluster length, and cluster
shoulder in both seasons, without significant differences. AA at 0.1% once and AA at 0.05% twice were
statistically comparable to each other for all cluster physical parameters in both seasons.

The significant and consistent improvements in berry setting percentage, number of clusters per
vine, total yield per vine, cluster weight, cluster length, and cluster shoulder dimensions recorded in
both growing seasons reflect the capacity of tryptophan, methionine, and cystine — applied foliarly at
graded concentrations and frequencies — to enhance the productive performance of Flame Seedless
grapevines through targeted stimulation of the hormonal, metabolic, and structural processes governing
reproductive development and cluster growth.

The improvement in berry setting percentage across all treatments in both seasons is most directly
attributed to the biosynthetic role of tryptophan as the universal precursor of indole-3-acetic acid (IAA),
the principal auxin governing fruit set in grapevine. The exogenous supply of tryptophan through foliar
applications therefore directly augments the substrate pool available for IAA biosynthesis at the critical
peri-anthesis period, enhancing pollen tube growth, ovule fertilization, and the hormonal signaling
cascade that commits the developing ovary to fruit growth rather than abscission (Godoy et al., 2021).
Some amino acids like tryptophan are recognized to be the precursors of phytohormones, and are also
involved in the synthesis of amines, alkaloids, terpenoids, enzymes, and vitamins; they are essential to
the maintenance of cellular growth and serve as sources of carbon and energy, while fertilizers
containing amino acids enhance the plant's ability to absorb water and minerals and thus provide for
better yield. According to Shekari and Javanmardi (2017), the role of methionine in fruit set is equally
significant but operates through a distinct metabolic route: methionine serves as the precursor for S-
adenosylmethionine (SAM), which is the obligate substrate for polyamine biosynthesis — putrescine,
spermidine, and spermine — compounds that are indispensable for cell division in developing ovule and
pericarp tissues. Belal et al. (2016) similarly demonstrated that amino acid foliar sprays applied to Flame
Seedless grapevines markedly improved yield per vine and cluster traits, with the same cultivar as in the
present study confirming the reproducibility of this response. The application of a maximum amino acid
concentration of 10 ml/L topically to the leaves resulted in elevated levels in "Thompson Seedless' yield
per vine, weight and number of clusters per vine of grape cultivar (Rashid and Al-Atrushy, 2023).

For cluster physical characteristics — weight, length, and shoulder dimensions — the
improvements reflect the synergistic stimulation by the three amino acids of cell division (driven by
IAA from tryptophan and polyamines from methionine) and cell expansion (supported by turgor
maintenance through osmolyte accumulation) in rachis and mesocarp tissues. Zinc increases vegetative
growth by synthesizing tryptophan and regulates growth and production of grapevines, and
improvements in berry diameter can be ascribed to increased chlorophyll content in the leaf, which is
associated with a high production of photosynthate that supports cluster and berry physical development,
(Ali et al., 2021) further confirming the interconnected roles of tryptophan metabolism, photosynthesis,
and cluster growth parameters.

Future of Biol., 1 (2026) 57-68 61 of 68



Ali et al., 2026

Table (2). Yield and cluster traits under foliar graded amino acid applications in Flame Seedless
grapevines (2023/2024)

Cluster

haracteristics | Berry setting number Yield/vine Cluster weight | Cluster length Cluster
% i (kg) (9) (cm) shoulder (cm)
vine
Treatments 2023 | 2024 | 2023 | 2024 | 2023 | 2024 2023 2024 2023 2024 | 2023 | 2024
Control 11.9 12.3 25.0 25.0 8.4 8.5 335.50 | 340.0 16.8 17.0 10.8 111

AA (0.05%) once 136 | 139 | 25.0 | 27.0 8.6 9.5 345.0 | 351.0 18.0 18.2 114 11.7

AA (0.05%) twice 15.0 | 154 | 25.0 | 29.0 8.8 10.4 | 353.0 | 360.0 18.8 19.0 11.9 122

AA (0.05%) thrice | 165 | 169 | 25.0 | 31.0 9.1 114 | 3620 | 368.0 19.7 19.9 125 12.8

AA (0.1%) once 151 | 153 | 25.0 | 30.0 8.9 10.8 | 354.0 | 361.0 18.9 191 11.9 122

AA (0.1%) twice 165 | 16.7 | 25.0 | 320 9.1 119 | 362.0 | 371.0 19.9 200 | 124 | 128

AA (0.1%) thrice 179 | 181 | 25.0 | 35.0 9.3 133 | 371.0 | 380.0 20.8 21.0 | 130 13.3

AA (0.2%) once 162 | 165 | 250 | 31.0 9.0 114 | 360.0 | 368.0 19.4 19.7 | 122 12.6

AA (0.2%) twice 175 | 178 | 25.0 | 33.0 9.2 125 | 367.0 | 378.0 20.3 206 | 126 13.1

AA (0.2%) thrice 190 | 19.2 | 25.0 | 36.0 9.4 139 | 375.0 | 387.0 21.3 215 | 132 13.6

New LSD at 0.05 1.2 1.3 N.S 11 0.2 0.7 7.0 8.0 0.6 0.7 0.4 0.5

AA: Amino acids

3.2. Berry Physical Characteristics

Data presented in Table (2) reveal that foliar application of the amino acid mixture at all tested
concentrations and frequencies produced significant and consistent effects on all berry physical
parameters — namely shot berry percentage, berry fresh weight, berry longitudinal diameter, and berry
equatorial diameter — across both growing seasons. While all amino acids treatments significantly
reduced shot berry percentage relative to the control, they simultaneously and significantly increased
berry weight and both dimensional measurements, confirming a broad and reproducible positive
influence on berry development and cluster uniformity.

The control vines recorded the least favorable values for all parameters in both seasons: the
highest shot berry percentage (8.9 and 8.5%), the lowest berry weight (3.36 and 3.48 g), the smallest
longitudinal diameter (1.64 and 1.70 cm), and the smallest equatorial diameter (1.45 and 1.50 cm).

The most favorable values across all berry physical parameters were consistently achieved with
AA at 0.2% thrice, recording the lowest shot berry percentage (6.2 and 5.7%), the highest berry weight
(3.75 and 3.84 g), the greatest longitudinal diameter (1.86 and 1.87 cm), and equatorial diameter (1.65
and 1.72 c¢m). This treatment was not significantly different from AA at 0.1% thrice for any of the all
parameters in either season. AA at 0.2% twice was statistically comparable to AA at 0.1% thrice for shot
berry percentage, longitudinal diameter, and equatorial diameter in both seasons; however, for berry
weight, AA at 0.2% thrice was significantly superior to AA at 0.2% twice in both seasons, while AA at
0.1% thrice remained non-significantly different from AA at 0.2% twice for this parameter. AA at 0.05%
thrice, AA at 0.1% twice, and AA at 0.2% once formed a statistically homogeneous group for berry
weight, longitudinal diameter, and equatorial diameter in both seasons. AA at 0.1% once and AA at
0.05% twice were not significantly different from each other for any of the studied parameters in either
season. AA at 0.05% once was significantly superior to the control for all berry physical parameters in
both seasons, yet was significantly inferior to the AA at 0.05% twice treatment for shot berries, berry
weight, longitudinal diameter, and equatorial diameter. The parallel improvements in both longitudinal
and equatorial diameters across all treatments and both seasons confirm that the amino acid mixture
promotes isometric berry expansion, while the simultaneous reduction in shot berry incidence reflects
improved hormonal and nutritional conditions for uniform berry development throughout the cluster.
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Table (2). Shoot berries%, berry weight (g), berry longitudinal and berry equatorial under foliar
graded amino acid applications in Flame Seedless grapevines (2023/2024)

Characteristics Shoot berries Berry weight Berry Berry equatorial
% (9) longitudinal (cm) (cm)

Treatments 2023 2024 2023 2024 2023 2024 2023 2024
Control 8.9 8.5 3.36 3.48 1.64 1.70 1.45 1.50
AA (0.05%) once 8.0 7.4 3.47 3.58 1.69 174 1.50 1.55
AA (0.05%) twice 7.5 7.0 3.55 3.66 174 1.79 1.54 1.59
AA (0.05%) thrice 7.1 6.5 3.62 3.73 177 1.84 1.59 1.64
AA (0.19) once 7.4 7.0 3.56 3.65 1.75 1.79 1.55 1.59
AA (0.1%) twice 7.0 6.5 3.63 3.72 1.79 1.82 1.59 1.64
AA (0.19%) thrice 6.5 6.0 3.70 3.79 1.84 1.86 1.63 1.69
AA (0.2%) once 7.1 6.7 3.61 3.70 177 181 1.57 1.60
AA (0.2%) twice 6.7 6.2 3.68 3.76 1.80 1.84 1.60 1.66
AA (0.2%) thrice 6.2 5.7 3.75 3.84 1.86 1.87 1.65 1.72
New LSD at 0.05 0.4 0.4 0.06 0.06 0.03 0.03 0.03 0.04

AA: Amino acids

The notable enhancements in berry weight, longitudinal and equatorial diameters, along with the
substantial decrease in shot berry percentage observed across the mixture of amino acids as (tryptophan,
methionine, and cystine) treatments in both seasons, affirm that these three amino acids, administered
foliarly at varying concentrations and frequencies, exert a widespread and consistent stimulatory effect
on berry physical development and cluster uniformity in Flame Seedless grapevines. The reduction in
shot berry percentage — the most practically significant finding in Table 8 from a commercial
perspective — 1is directly linked to the role of tryptophan as an auxin precursor. In grapevine, the
application of an inhibitor of auxin action reduced mesocarp cell number and cell diameter at fruit set
in a manner similar to unpollinated berries, confirming that most of the fruit sizing effect of pollination
is mediated by auxin during early grapevine berry formation, with auxin content rapidly increasing after
pollination through the TAR/YUCCA biosynthetic pathway from L-tryptophan. Central When
tryptophan availability in floral and berry tissues is augmented through foliar supply, the rate of [AA
biosynthesis in the developing ovary increases, maintaining the hormonal environment necessary for
uniform ovule fertilization and synchronized berry growth throughout the cluster. The reduction in shot
berry percentage observed under all tryptophan, methionine, and cystine treatments therefore reflects
improved auxin homeostasis during the critical post-anthesis berry development window, resulting in
more uniform cell division and consistent berry sizing across the cluster (Godoy et al., 2021).
Methionine contributes to this uniformity through a complementary pathway: as the precursor of SAM
and subsequently of polyamines, methionine application at critical stages of berry development ensures
adequate polyamine supply — particularly spermidine and spermine — for the stabilization of cell
membranes and nucleic acids during the rapid cell division phase (S1) of berry growth. Cystine, through
its reduction to cysteine and subsequent incorporation into glutathione, provides the principal
antioxidant defense against the reactive oxygen species generated during the high metabolic activity of
rapidly dividing berry pericarp cells, thereby protecting cellular integrity and supporting the full
expression of berry growth potential. This outcome reflects the cumulative nature of the tryptophan-
mediated auxin supply and the methionine-mediated polyamine pool across the full duration of berry
development from fruit set to harvest, further underscoring the importance of repeated application to
sustain the metabolic advantage conferred by these amino acids throughout the growing season (Al-Saif
etal.,2024).
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3.3. Berry Chemical Quality Characteristics

Data presented in Table (3) reveal that foliar application of the amino acid mixture at all tested
concentrations and frequencies produced significant and consistent improvements across all berry
chemical quality parameters — namely total soluble solids (TSS%), total acidity, TSS/acidity ratio, total
anthocyanin content, and reducing sugar percentage — in both growing seasons.

The most favorable values across all chemical quality parameters were consistently achieved with
AA at 0.2% thrice, recording (21.2 - 21.8% TSS), (0.600 - 0.590% total acidity, lowest), (35.3 - 36.9
TSS/acidity ratio), (27.2 - 27.5 mg/100g FW anthocyanin), and (17.3-18.0% reducing sugars). This
treatment was not significantly different from AA at 0.1% thrice for all traits in either season compared
to the control vines which recorded the least favorable values for all chemical quality parameters in both
seasons, (18.5-18.7% TSS), (0.718 -0.713% total acidity, highest), (25.8 - 26.2 TSS/acidity ratio), (24.9
-25.3 mg/100g FW anthocyanin), and (15.0 - 15.5% reducing sugars). AA at 0.2% twice was statistically
comparable to AA at 0.1% thrice for total acidity, TSS/acidity ratio, and reducing sugar in both seasons;
notably, in the second season AA at 0.1% thrice (27.7 mg/100g FW) was significantly superior to AA at
0.2% twice (27.2 mg/100g FW) for anthocyanin content. AA at 0.05% thrice, AA at 0.1% twice, and AA
at 0.2% once formed a statistically homogeneous intermediate group for TSS, total acidity, total
anthocyanin, and reducing sugar in both seasons. AA at 0.05% twice and AA at 0.1% once were not
significantly different from each other for any of the mentioned parameters in either season. The
consistent, progressive, and dose- and frequency-dependent improvement across all mentioned chemical
quality parameters in both seasons confirms the comprehensive stimulatory effect of tryptophan,
methionine, and cystine on the biochemical ripening processes governing sugar accumulation, organic
acid catabolism, flavonoid biosynthesis, and overall berry metabolic maturation in Flame Seedless
grapevines.

Table (3). T.S.S%, total acidity, T.S.S/acidity and reducing sugar under foliar graded amino acid
applications in Flame Seedless grapevines (2023/2024)

Characteristics TSS% Total TSS/acidity antr-:—gct;;nin Reducing
acidity% ratio (mg/100g sugar%o
Treatments FW)

2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
Control 185 | 18.7 | 0.718 | 0.713 | 258 | 26.2 | 249 | 253 | 15.0 | 155
AA (0.05%) once 191 | 194 | 0695 | 0686 | 275 | 283 | 255 | 26.0 | 15.6 | 16.2
AA (0.05%) twice 19.6 | 20.0 | 0.670 | 0.661 | 29.3 | 30.3 | 26.0 | 26,5 | 16.1 | 16.7
AA (0.05%) thrice 20.2 | 20.7 | 0643 | 0635 | 314 | 326 | 26,6 | 27.1 | 16.6 | 17.2
AA (0.1%) once 19.7 | 20.1 | 0.669 | 0.660 | 29.4 | 305 | 26.1 | 265 | 16.2 | 16.8
AA (0.1%) twice 20.3 | 20.7 | 0.644 | 0.635 | 315 | 326 | 26,5 | 27.0 | 166 | 17.3
AA (0.1%) thrice 208 | 21.3 | 0.621 | 0.611 | 335 | 349 | 27.0 | 27.7 | 17.1 | 178
AA (0.2%) once 20.1 | 206 | 0.649 | 0.637 | 31.0 | 323 | 264 | 268 | 165 | 17.1
AA (0.2%) twice 206 | 21.1 | 0.620 | 0.613 | 33.2 | 344 | 268 | 27.2 | 169 | 175
AA (0.2%) thrice 212 | 21.8 | 0.600 | 0.590 | 353 | 36.9 | 27.2 | 275 | 17.3 | 18.0
New LSD at 0.05 0.5 0.6 | 0.022 | 0.024 | 1.9 1.9 0.4 0.4 04 04

AA: Amino acids

The comprehensive improvements in berries quality represent the culmination of the cascading
physiological and biochemical enhancements generated throughout the vine by tryptophan, methionine,
and cystine applications. These three amino acids, each with distinct and complementary roles in plant
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metabolism, collectively accelerate and deepen the ripening process in Flame Seedless berries through
their influence on sugar biosynthesis and transport, organic acid catabolism, phenylpropanoid secondary
metabolism, and cellular antioxidant capacity. The significant and dose-dependent increase in TSS
content across both seasons reflects the combined stimulation of photosynthetic carbon fixation —
enhanced through the improved chlorophyll and leaf area. Tryptophan, beyond its role in auxin
biosynthesis, serves as a metabolic link between the shikimate pathway and secondary metabolism,
supporting the biosynthesis of a range of carbon-containing compounds that contribute to the vine's
assimilate pool. Methionine, through SAM, donates methyl groups in the biosynthesis of lignin
precursors, betaines, and nucleic acid methylation, indirectly regulating the expression of genes involved
in sugar transport and accumulation in berry mesocarp cells. Rashid and Al-Atrushy (2023) confirmed
that amino acid foliar applications to Thompson Seedless grapevines significantly increased TSS content
of berries compared to untreated controls, with higher amino acid concentrations producing
progressively greater berry sugar accumulation. Single and combined applications of amino acids in
Flame Seedless grapevines improved TSS alongside total sugars, total anthocyanin, and total phenols
while reducing total acidity in berries compared to the untreated control.

The significant reduction in total acidity under all treatment combinations in both seasons reflects
the stimulatory effect of tryptophan, methionine, and cystine on the enzymatic catabolism of malic acid
— the principal titratable acid in ripening grapevine berries — through the enhanced activity of NAD-
malic enzyme and malate dehydrogenase in the berry mesocarp. Methionine, by serving as the sulfur
source for coenzyme A and other sulfur-containing enzyme cofactors, supports the activity of the
decarboxylative enzymes involved in malic acid breakdown. Cystine, through its reduction to cysteine
and subsequent glutathione biosynthesis, maintains the reductive cellular environment that favors malate
catabolism over its storage (Masoud ef al., 2025).

Tryptophan occupies a central position in anthocyanin biosynthesis as the precursor of the indole
pool that feeds into the shikimate pathway, ultimately generating phenylalanine — the direct entry point
of the phenylpropanoid pathway from which all flavonoids including anthocyanins are derived. By
augmenting the upstream carbon flow through the shikimate and aromatic amino acid pathways,
tryptophan supply indirectly enhances the substrate availability for phenylalanine ammonia-lyase
(PAL), the rate-limiting enzyme of phenylpropanoid metabolism and of anthocyanin biosynthesis.
Cystine further supports anthocyanin accumulation through the glutathione-mediated transport
mechanism: in grape, glutathione conjugates anthocyanin precursors (anthocyanin—glutathione
conjugates) for vacuolar transport, and a well-maintained glutathione pool — sustained by the cystine
supply — enhances the efficiency of this transport step and the stability of accumulated anthocyanins in
berry skin vacuoles. The spray of amino acids improved SSC, sugars, and anthocyanin content in berry
skin compared to untreated vines, with observations confirming the advantageous impacts of amino
acids on the chemical characters of grape fruits in alignment with multiple previous findings in Egyptian
viticulture (Kok, 2024). Sugar accumulation in grape berries is a finely tuned outcome of numerous
physiological processes including photosynthesis in the leaves, long-distance transport in the phloem,
and unloading in sink organs, with the efficiency of each step directly influencing the final sugar content
at harvest. PubMed Central The consistent, progressive, and dose-dependent enhancement of reducing
sugar content across both seasons — with AA at 0.1 or 0.2% applied thrice recording the maximum
values — confirms that the synergistic action of tryptophan, methionine, and cystine on multiple steps
of the sugar accumulation pathway produces a cumulative benefit that scales with both the concentration
and the frequency of application.

4. Conclusion

The results indicate that any of the tested concentrations and frequencies yielded superior
outcomes compared to the control, with higher concentrations and more frequent applications
consistently producing greater improvements across all studied parameters. The triple application of AA
at 0.2% recorded the highest values for virtually all traits across both seasons, though it was frequently
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statistically comparable to AA at 0.1% applied thrice. Accordingly, it could be concluded that treating
Flame Seedless grapevines cultivated in the Minia region three times — at the onset of vegetative
growth, immediately after berry set, and one month thereafter — with a mixture of amino acids
(tryptophan, methionine, and cystine) at 0.1 % yielded the most favorable economic outcomes
concerning vine vigor, leaf nutritional and pigment status, yield, cluster quality, and berry physical and
chemical characteristics of Flame seedless under the same condition.

References

A.O.A.C., Association of Official Agricultural Chemists (2000). Official Methods of Analysis 14"
ed. Benjamin Franklin Station, Washington D.C.U.S.A., pp. 490-510.

Abdelkader, M. M., Gaplaev, M. S., Terekbaev, A. A. and Puchkov, M. Y. (2021). The influence of
biostimulants on tomato plants cultivated under hydroponic systems. Journal of Horticultural
Research, 29(2), 107-116.

Ali, H. A., Hamdy I. M., Uwakiem M. Kh. and Othman, N. H. A. (2025). 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, 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.

Ali, H. A, Faissal, F. A., Uwakiem, M. Kh. and Sayed, H. M. M. (2023). Growth and productivity of
superior grapevine in relation to spraying seaweed extract and chitosan. The Future of Applied Science.
DOI: 10.37229/fsa.fjas.2023.12.17.

Al-Saif, A. M., Sas-Paszt, L., Saad, R. M. and Mosa, W. F. (2024). Amino acids as safe biostimulants
to improve the vegetative Growth, yield, and fruit quality of peach. BioResources, 19(3), 5978.

Alvarez, C., Angeles Bermadez, M., Romero, L. C., Gotor, C. and Garcia, 1. (2012). Cysteine
homeostasis plays an essential role in plant immunity. New Phytologist, 193(1), 165-177.

Belal, B. E. A., El-Kenawy, M. A. and Uwakiem, M. K. (2016). Foliar application of some amino
acids and vitamins to improve growth, physical and chemical properties of flame seedless
grapevines. Egypt. J. Hort, 43(1), 123-136.

Dinkeloo, K., Boyd, S. and Pilot, G. (2018). 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.

Egyptian Ministry of Agriculture (2025). Annual Reports of Statistical Institute and Agriculture
Economic Research (Ministry of Agric. and Reclamation), Egypt.

Elkelish, A., EI-Mogy, M. M., Niedbala, G., Piekutowska, M., Atia, M. A., Hamada, M. M., Shahin,
M., Mukherjee, S., El-Yazied, A.A., Shebl, M. and Ibrahim, M. F. (2021). Roles of exogenous o-
lipoic acid and cysteine in mitigation of drought stress and restoration of grain quality in wheat. Plants,
10(11), 2318.

El-Sayed, M. A., Ibrahim H. F. S. and Mohamed, 1. E. H. (2025). Synergistic Effects of Foliar
Application of Potassium Sulfate and Amino Acids on Yield and Quality of ‘Superior’ Grapevines. The
Future of Agriculture. DOI: 10.37229/fsa.fja.2025.07.10.

Genisel, M., Erdal, S. and Kizilkaya, M. (2015). The mitigating effect of cysteine on growth inhibition
in salt-stressed barley seeds is related to its own reducing capacity rather than its effects on antioxidant
system. Plant Growth Regulation, 75, 187-197.

Future of Biol., 1 (2026) 57-68 66 of 68



Ali et al., 2026

Godoy, F., Kiihn, N., Muiioz, M., Marchandon, G., Gouthu, S., Deluc, L., Delrot, S., Lauvergeat,
V. and Arce-Johnson, P. (2021). The role of auxin during early berry development in grapevine as
revealed by transcript profiling from pollination to fruit set., Horticulture Research, 8.

Hsia, C. L., Luh, B. S. and Chichester, C. O. (1965). Anthocyanin in freestone peaches. Journal of
Food Science, 30(1), 5-12.

Kok, D. (2024). The Effect of Phenylalanine, Proline Amino Acid and Bunch Tip Reduction
Applications on Berry Quality Parameters of ‘Red Globe’Table Grape Variety (Vitis vinifera L.). Applied
Fruit Science, 66(4), 1579-1587.

Lin, Y., Mao, Z., Zhang, X., Chen, X., Yu, S., Liu, Y., Sun, Z., Zhang, Y., Li, M., Wang, Y. and
Tang, H. (2025). L-cysteine and L-methionine application preserve strawberries by reducing fruit decay
and maintaining postharvest fruit quality. LWT, 118348.

Maeda, H. and Dudareva, N. (2012). The shikimate pathway and aromatic amino acid biosynthesis in
plants. Annual review of plant biology, 63(1), 73-105.

Masoud, A. A., Abada, M. A. and Sagheer, O. S. (2025). Trials for Improving the Productivity in
Flame Seedless Grapevines by Using Some Amino Acids and Seaweed Extracts. Assiut Journal of
Agricultural Sciences, 56(3), 224-232.

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.

Rashid, D. A. and Al-Atrushy, S. M. (2023). Effect of Foliar Applications of Amino Acids, Benzyl
Adenine and Nano-Fertilizers on Yield Quantity and Quality of Grapevine cv. ‘Thompson Seedless’.
In IOP Conference Series: Earth and Environmental Science (Vol. 1158, No. 4, p. 042072). 10P
Publishing.

Rashid, D. A. and Al-Atrushy, S. M. (2025). Effect of foliar application of amino acids, benzyl adenine,
and nano NPK on pollen traits, and some characteristics of grape. Iraqi Journal of Agricultural
Sciences, 56(2), 808-816.

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.

Sauter, M., Moffatt, B., Saechao, M. C., Hell, R. and Wirtz, M. (2013). Methionine salvage and
Sadenosylmethionine: essential links between sulfur, ethylene and polyamine biosynthesis. Biochemical
Journal, 451(2), 145-154.

Sharma, A. K., Somkuwar, R. G., Upadhyay, A. K., Kale, A. P., Palghadmal, R. M. and Shaikh, J.
(2023). Effect of Bio-stimulant Application on Growth, Yield and Quality of Thompson Seedless. Grape
Insight, 48-53.

Shekari, G. and Javanmardi, J. (2017). Application of cysteine, methionine and amino acid containing
fertilizers to replace urea: The effects on yield and quality of Broccoli. Advances in Crop Science and
Technology, 5(3), 1-4.

Wilde, S. A., Corey, R. B., Lyre, L. G. and Voigt, G. K. (1985). Soil and Plant Analysis for Tree Culture.
3" d Oxford 8113M publishing Co. New Delhi, 96-106.

Zhu, L., Chen, L., Wu, C., Shan, W.,, Cai, D., Lin, Z., Wei, W., Chen, J., Lu, W. and Kuang, J.
(2023). Methionine oxidation and reduction of the ethylene signaling component MaEIL9 are involved
in banana fruit ripening. Journal of Integrative Plant Biology, 65(1), 150-166.

Future of Biol., 1 (2026) 57-68 67 of 68



Ali et al., 2026

S Ol s Coisinall g A (sl G A gead) & jbanll cibslsay)
il aald e 098 8 clal) Baga g Jganall o Allida ) 28 ga g
gy dana e L - bl s (6598 408 - s (o G o
raa— el daala — Ao 30 48 — () anid

uaidlal)

s e iy el lh e 0 S e 20245 2023 Ale U3 alliia (e sa e lia Gy oy ol
g ¢ s il Aadlaay o 3l (6 5l saall 3kl g aiidalade ) hadgle ) 4 5 e ) Je (Dl s (Sl
0.05) A e < 38 i — Cpfbusadl g 0o slisall 5 018 g 53— Liaal) alea V) e dadiy B 50 il il Ao
paibadll s e ghiall 4k 3l liall 5 oJ panall ClisSa o ¢ Sl e EDE Sl e sl 3 e GRS (%0.25 0.1
Al S A0 O lelaa 3 e ae AL A0 puial) e Uadl) ananal 8 4 adll Cy el cilall Akl g 40 5l
e S/ ASN J geanall 5 ¢ lail) die A 8 4 gima 50y ) A <l A alaa ) Olles gaen Of i) Cisia
Ly J 5V sl (84, gina 5y gy A S JST alinl) 22e il ol Lad (ppane sall SIS 3 A e g 4l sha g 2 siiall () )55
leall 3 gall Ao SIS Cardsi ) 1 gina Laalddd) 3 juraal) liad) dpns Cuiaddil ¢ SEI au gall 8 U gina leldd )] adi )
el ) A sl ey Sl Ay ¢ IS (il Y1 (5 sina s cAuca saadl / A1Al1 Abiall o) gall Ay (AISH 22030)
G 0500, 2 Alalae pe dos 5 yall Cliall llad 4l e i 1 sina Waldas) 40K L ganl) i) Laig ol sine
Loy S sl G o ) pald 5l e D 040, 1 Aalae g Gilian) (5 sine (3 () Jaasd ol 1 6l 3
L die iy Loy eg et sall Aoy (5 %0, 1 xS (Ol s (o sdinal s 0l sy 501) Aiaal pabeny)
Lo seana s 4iliadl Leilla 5 4 peadd) G jSI 3 68 Cpuent] Uoboai) JiaY) dlabaad)l Jiag — Gl (e el any g <5 pilae
el Aadlaay Aol 1) 4y il dd) g Hhall Jl 8 Lgila B35

Qe cdy.a;.d\ eladl sd gn ¢t gitia ¢t (Ol g 5 caaiia) aleal) M,U:\;J\ Q\M\ -dcalidall cilalsl)
ol aald

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
THE FUTURE JOlJma|S 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 Biol., 1 (2026) 57-68 68 of 68


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

