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Abstract

This investigation was implemented during two successive seasons (2020
and 2021) on Ruby Seedless grapevines cultivated at the Experimental Orchard of
Assiut University, Faculty of Agriculture. This work was designed to investigate
the effectiveness of Ascorbic, Citric, and Abscisic acids on yield and anthocyanin
concentration in the Ruby Seedless grape cultivar under Assiut climatic
conditions. The obtained results revealed that all the treatments significantly
increased the total yield/vine as compared to the control (untreated vines).
Importantly, the highest yield weight was acquired from the Ascorbic acid (AA)
at 600 ppm + Citric acid (CA) at 600 ppm + Abscisic acid (ABA) at 600 ppm
treatment. In addition, the treatment of AA at 600 ppm + CA at 600 ppm + ABA
at 600 ppm gave the highest value of anthocyanin content.

Keywords: Ruby Seedless, Vitis vinifera, Ascorbic acid, Citric acid, Abscisic acid, Yield,
Color.

Introduction

In Egypt, grapes (Vitis vinifera L.) are classified as the first fruit crop in the
area and production all around the world.it is the second major fruit crop following
citrus (El-Kenawy, 2017). According to the ministry of agricultural statistics
(2020), the total cultivated area devoted to grapes in Egypt reached 187358 feddans
and the fruiting area 133811, producing about 1,183,968 tons with an average of
8.848 ton\feddan. Ruby Seedless cultivar is considered one of the most important
table grapes in local and international markets (Belal, 2015). Grapes have a high
nutritional value. The berry contains a high quantity of antioxidants that prevent
viral and fungi infections, coronary heart disease, degenerative neurological
diseases and colon and prostate cancer. As well as, grapes containing vitamins A,
C, B6, folate and critical minerals including potassium, calcium, iron, phosphorus,
magnesium and selenium (Champa, 2015).

The high weather temperatures in Egypt, especially in the Assiut region has
a negative effect on the berry coloring. Accordingly, the grape producers in such
region are using various practices to improve the coloring.
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Abscisic acid (ABA) is a phytohormone discovered in the 1960s that affects
plant growth in abiotic stresses as well as seed maturity or dormancy (Baumann,
2010). Studies show that exogenous ABA application to grapes increases
anthocyanin accumulation in order to improve grape color and quality (Jeong et
al. 2004, Peppi et al., 2006, Xi et al., 2013 and Reynolds et al., 2016). Ascorbic
acid and citric acid are considered antioxidants that have action in enhancing the
biosynthesis of carbohydrates, proteins, plant pigments, cell division and cell
elongation. They are also safe for humans and the environment (Elade, 1992).
Furthermore, antioxidants play a crucial role in improving the biosynthesis of
natural hormones, photosynthesis, nutrient uptake, plant defense against biotic and
abiotic stresses and the biosynthesis of plant pigments and sugars (Rao et al.,
2000). Previous research demonstrated that using antioxidants was beneficial in
enhancing growth, yield and fruit quality (Fayed, 2010, Mostafa et al., 2011 and
Nerway, 2011).

Therefore, this work was designed to investigate the effectiveness of
Ascorbic, Citric and Abscisic acids on yield and anthocyanin concentration at the
Ruby Seedless grape cultivar under Assiut climatic conditions.

Materials and Methods

This investigation was implemented during two successive seasons (2020 &
2021) on Ruby Seedless grapevines cultivated at the Experimental Orchard of
Assiut University, Faculty of Agriculture. The vines were 28 years old, grown at
2 x 2 m apart in clay loam soil, and were trained by the spur pruning system by
leaving 60 buds per vine (20 spurs x 3 buds\spur). The experimental grapevines
were arranged in a randomized complete block design with 8 treatments and 4
replicates, and each replicate was presented by 4 vines.

The following treatments were used
1- Spraying Ascorbic acid (AA) at 400 ppm

2- Spraying Ascorbic acid(AA) at 600 ppm
3- Spraying Citric acid(CA) at 400 ppm

4- Spraying Citric acid (CA)at 600 ppm

5- Spraying Abscisic acid (ABA)at 400 ppm
6- Spraying Abscisic acid(ABA) at 600 ppm

7- Spraying Ascorbic acid(AA) at 600 ppm + Citric acid (CA)at 600 ppm +
Abscisic acid (ABA)at 600 ppm

8- Control (untreated vines).

The spraying solutions were applied directly to the clusters with a handheld
sprayer until run off. The treatments were applied on two dates: the 1st date at the
beginning of June and the 2nd date at the beginning of the veraison stage. Ruby
Seedless clusters were hand harvested from each treatment at a commercial
maturity stage in both seasons and weighed to determine the yield as kg per vine.
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The estimated yield weight/vine and cluster weight

At harvest, the crop was collected to estimate the total weight vine. All the
cluster numbers on each vine were counted. The invalid clusters were excluded
and only the sound clusters were weighted and then the average cluster weight was
calculated. The calculated average cluster weight was multiplying in the total
number of clusters/vine to estimate the total yield weight (kg/vine).

A sample of clusters was taken from each replicate and directly transported
to the laboratory of the Pomology Department, Faculty of Agriculture, to estimate
the total anthocyanin content. Anthocyanin (mg/100 g fresh wt.) content was
determined according to the method of Onayemi et al. (2006). Total anthocyanin
inmg/ 100 g fruit skin = (A535 X V X 100) / (98.2 X W), where V = total volume
of extract in ml, W = weight of fresh sample (in grams).

Statistical analysis

The collected data for the seasons 2020 and 2021 were tabulated and
statistically analyzed following Snedecor and Cochran (1980), and the differences
between the treatment means were tested using LSD values at a 5% level of
probability.

Table 1. Effect of Ascorbic acid (AA), Citric acid (CA), and Abscisic acid (ABA) on yield
weight(kg\vine) of Ruby Seedless grape cultivar during 2020 and 2021 seasons

Yield weight (kg/vine)
Treatments 2020 2021 Mean
Ascorbic acid 400 ppm 15.65 12.91 14.28
Ascorbic acid 600 ppm 14.30 13.49 13.90
Citric acid 400 ppm 15.48 12.77 14.13
Citric acid 600 ppm 14.74 13.28 14.01
Abscisic acid 400 ppm 15.35 12.70 14.03
Abscisic acid 600 ppm 14.64 12.32 13.48
Ascorbic acid 600 ppm + Citric
acid 600 ppm + Abscisic acid 15.79 13.61 14.70
600 ppm
Control 11.37 10.30 10.84
L.S.D 0.05 0.23 0.30 0.23
Results
Yield weight (kg/vine)

The presented data found in Table 1 and Fig.1 showed that all the treatments
significantly increased the total yield/vine as compared to the control (untreated
vines). Importantly, the highest yield weight (14.7 kg/vine) was acquired from the
AA at 600 ppm + CA at 600 ppm + ABA at 600 ppm treatment, which led up to
35.6% increase over the control (10.84 kg/vine as an average of the two
consecutive seasons), followed by each of AA at 400 ppm, CA at 400 ppm, ABA
at 400 ppm, CA at 600 ppm and then AA at 600 ppm treatment. They recorded
14.28, 14.13, 14.03, 14.01 and 13.90 kg/vine with an increment of 30.4, 29.4, 29.2
and 28.2% over the control, respectively, while the lower significant impacts were
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ABA at 600 ppm treatment, which gave 13.48 kg/vine. However, the control vines
recorded the lowest value of yield weight.
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Fig. 1. Effect of Ascorbic acid (AA), Citric acid (CA) and Abscisic acid (ABA) on yield
weight of Ruby Seedless grape cultivar (two seasons average data)

Table 2. Effect of Ascorbic acid (AA), Citric acid (CA), and Abscisic acid (ABA) on
total anthocyanin content of Ruby Seedless grape cultivar during 2020 and
2021 seasons

Total anthocyanin (mg/100 g)

Treatments

2020 2021 Mean

Ascorbic acid 400 ppm 38.75 21.15 29.95

Ascorbic acid 600 ppm 35.50 18.20 26.85

Citric acid 400 ppm 41.34 23.14 32.24

Citric acid 600 ppm 37.25 21.75 29.50

Abscisic acid 400 ppm 43.16 27.65 35.41

Abscisic acid 600 ppm 47.59 28.15 37.87

Ascorbic acid 600 ppm + Citric

acid 600 ppm + Abscisic acid 52.00 31.01 41.51
600 ppm

Control 24.99 15.77 20.38

L.S.D 0.05 2.63 2.59 1.80

Total anthocyanins (mg/100 g)

It is clear from the obtained data presented in Table 2 and Fig. 2 that there
was a significant increase in total anthocyanin content (mg/100 g) in the skin of
grape berries as compared to the untreated vines throughout the two studied
seasons. Moreover, the treatments of ABA exceeded the other treatments in their
influence on the total anthocyanin content, followed by CA at 400 ppm, AA at 400
ppm, CA at 600 ppm, and AA at 600 ppm treatments as a general average for the
two years of study. In addition, the treatment of AA at 600 ppm + CA at 600 ppm
+ ABA at 600 ppm gave the highest average value of anthocyanin content (41.51
mg/100 g) with an increment percentage of 103.7% over the control, followed by
the ABA at 600 ppm and ABA at 400 ppm treatments, which gave an average of
37.87 and 35.41 mg/100 g with an increment of 85.82 and 73.75% over the control,
respectively. Likewise, CA at 400 ppm, AA at 400 ppm, CA at 600 ppm, and AA
at 600 ppm treatments gave an average of 32.24, 29.95, 29.50, and 26.85 mg/100
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g with an increment of 58.19, 46.96 and 44.75% over the control, respectively. On
the other side, the control treatment gave the lowest value of total anthocyanin
content.

Total anthocyanins (mg/100 g)
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Fig. 2. Effect of Ascorbic acid (AA), Citric acid (CA), and Abscisic acid (ABA) on total
anthocyanin content of Ruby Seedless grape cultivar (two seasons average data)

Discussion
Yield

Grape quality is of prime importance for local consumption and /or
exportation. There are great challenges facing grape growers in upper Egypt in
improving grape quality due to the harsh climatic conditions.

Investigators have been trying to improve grape quality by using various
methods. For instance, spraying the growth regulators antioxidants vitamins, etc.
Abscisic acid has been used for a long time for various purposes, e.g., anthocyanins
and reducing sugars. The present study raveled that abscisic acid increased yield
weight and cluster weight. In this study, the results showed a clear relationship
between both the increases in yield weight and the increase in berry weight driven
by water retention in the berries (Nakagawa et al. 1980).

Since the current study was conducted in a very hot area, a larger
transpiration rate from the vines is to be predicted than if they had been planted in
a zone with colder or more temperate temperatures. As a result, applying ABA to
vines grown in hot climates has a greater impact than applying it to vines grown
in cold climates. These findings are consistent with what has been said. Quiroga et
al. (2009) discovered that ABA boosted yield and cluster weight and came to the
conclusion that ABA encouraged photoassimilates to be allocated to the berries.
Our findings were consistent with what was reported by Peppi and Fidelibus
(2008).

These results are in accordance with those reported by Cantin et al. (2007),
Peppi and Fidelibus (2008), (Lurie et al. 2009), (Quiroga et al., 2009), Gu ef al.
(2011), (Ferrara et al., 2013), (Leao et al., 2014), (Xi et al., 2013 and Luan et al.,
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2014), (Woolard et al., 2016), (Neto et al., 2017) (Tecchio et al., 2017) and
(Koyama et al. 2018).

Ascorbic acid or Citric acid and Ascorbic acid combined with Citric acid and
Abscisic acid led to an increase in the yield weight. The results related to the effect
of AA and CA on productive weight and cluster weight have been confirmed by
many workers Ali( 2000), Mansour et al/ (2000), Attia (2002), Khiamy (2003),
Ahmed and Abd El-Hameed (2004), Nashed (2006), Ibrahi and Asmaa (2006),
Farahat (2008), Abd El-Kariem (2009) Abada and Abd El-Hameed (2010) and
Ahmed et al. (2010).

Anthocyanin

ABA has replaced exogenous ethephon as a way to improve grape color and
hasten to ripening. The primary cause of such is that the application of ethephon
may result in berry softening, which lowers the value of exported grapes (Peppi et
al., 2007).

When compared to the control, the ABA-containing treatments in this study
significantly enhanced the skin anthocyanin concentrations of Ruby Seedless.
Peppi and Fidelibus (2008) showed that adding ABA to berries improved their
color and anthocyanin concentration. Additionally, they observed that fruit
exposed to 600 ppm ABA had a darker and more reddish hue than untreated
berries.

Researchers found similar results with other grape cultivars where exogenous
ABA administration improved coloring and increased anthocyanin concentration
in the berries. (Lacampagne et al., 2010; Gu et al., 2011; Ruiz-Garcia et al., 2013;
Xi et al., 2013; Reynolds et al., 2016; Zhu et al., 2016 and Ju et al., 2016). The
abovementioned studies came in line with the results of the current study.

Sandhu et al. (2011) and Jeong et al. (2004) showed that ABA treatment
increased anthocyanins accumulation in grape skins and increased mRNA
accumulation of a putative regulatory gene for grape anthocyanin biosynthesis as
well as all of the examined anthocyanin biosynthesis enzyme genes.

Conclusion

On the light of obtained results of this study, it could be concluded that the
best treatment was Ascorbic acid (600 ppm) + Citric acid (600 ppm) + Abscsic
acid (600ppm).

References

Abada, M.A.M., and Abd El-Hameed H.M.(2010). The beneficial effects of spraying
salicylic and citric acids on Flame Seedless grapevines. The sixth Inter. of Sustain.
Agric. and Develop., Fac. of Agric., Fayoum Univ., 27-29 Dec., pp. 153-164.

Abd El-Kariem, A.M. (2009). Relation of fruiting in Crimson Seedless grapevines to
spraying antioxidants. M.Sc. Thesis, Fac. of Agric., Minia Univ., Egypt.

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 165



Mohamed et al., 2022

Ahmed, F.F. and Abd El-Hameed, H.M. (2004). Influence of some antioxidants on
growth, vine nutritional status, yield and quality of berries in Banaty grapevines.
Assiut J. Agric. Sci., 34 (4): 131-139.

Ahmed, F.F.; Abd El-Aziz F.H., and Abd El-Kariem A.M. (2010). Relation of fruiting
in Crimson Seedless grapevines to spraying some antioxidants. Proceeding Minia
2nd Conference of Agric. & Environ. Sci. Agric. & Develop. Scopes-March 2-24,
pp. 103-112

Ali, M. M. (2000). Response of Flame Seedless grapevines to slow release fertilizers.
Minia J. Agric., Res.Develop., 20 (1) :159-174.

Attia, M.F.S. (2002). Effect of some horticultural practice on yield and fruit quality of
White Banaty grapevines. Ph.D. Thesis Fac. of Agric. Minia Univ. Egypt.)

Baumann, K. (2010). ABA's greatest hits. Nat. Rev. Mol. Cell Biol., 11(1): 2-2.

Belal, B.E.A. (2015). Effect of some biostimulants of growth, yield and berry quality of
King Ruby grapevines. Egypt. J. Hort., 42(1): 135-152.

Blanke, M.M., and Leyhe A. (1987). Stomatal activity of the grape berry cv. Riesling,
Muller-Thurgau and Ehrenfelser. J. Plant Physiol., 127(5): 451-460.

Cantin,C.M., Fidelibu, M.W., and Crisosto C.H. (2007). Application of abscisic acid
(ABA) at veraison advanced red color development and maintained postharvest
quality of "Crimson Seedless" grapes. Postharvest Biol. Technol., 46(3): 237-241.

Champa, W.H. (2015). Pre and postharvest practices for quality improvement of table
grapes (Vitis vinifera L.). J. Natn. Sci. Foundation Sri Lanka, 43(1): 3-9.

Elade, Y. (1992) The use of antioxidants to control grey mould (Botrytis cinera) and white
mould (Sclerotionim seletotiorum) in various crops. Plants Path., 141: 417-426.

El-kenawy, M.A. (2017). Effect of chitosan, salicylic acid and fulvic acid on vegetative
growth, yield and fruit quality of Thompson seedless grapevines. Egypt. J.
Hort., 44(1): 45-59.

Farahat, . A.M. (2008). Effect of some antioxidant and boron treatments on growth and
fruiting of Red Glob grapevines. M.Sc. Thesis, Fac. of Agric., Minia Univ., Egypt.

Fayed, T.A. (2010) Effect of some Antioxidants on growth, yield and bunch characters
of Thompson seedless grapevines. Am. Eurasian J. Agric. Environ. Sci., 8 (3): 322-
328.

Ferrara, G., Mazzeo A., Matarrese, A.M.S., Pacucci ,C., Pacifico, A., Gambacorta, G.,
and Mastrorilli, P. (2013). Application of abscisic acid (S-ABA) to "Crimson
Seedless" grape berries in a Mediterranean climate: Effects on color, chemical
characteristics, metabolic profile, and S-ABA concentration. J. Plant Growth
Regul., 32(3): 491-505.

Gu, S., Jacobs, S., and Du, G. (2011). Efficacy, rate and timing of applications of abscisic
acid to enhance fruit anthocyanin contents in "Cabernet Sauvignon" grapes. J.
Hortic. Sci. Biotech., 86(5): 505-510.

Ibrahiem, A.A.H. (2006). Influence of some biofertilizers and antioxidants on Red
Roomy grapevines (Vitis vinifera L.). Ph.D. Thesis, Fac. Of Agric. Minia Univ.,

Egypt, pp. 111.

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 166



Effect of Ascorbic, Citric, and Abscisic Acids...

Jeong, S.T., Kobayashi, N. S. and Esaka, M. (2004). Effects of plant hormones and
shading on the accumulation of anthocyanins and the expression of anthocyanin
biosynthetic genes in grape berry skins. Plant Sci., 167(2): 247-252.

Ju, Y.L., Liu, M., Zhao, H., Meng, J.F., and Fang, Y.L. (2016). Effect of exogenous
abscisic acid and methyl jasmonate on anthocyanin composition, fatty acids, and
volatile compounds of "Cabernet Sauvignon" (Vitis vinifera L.) grape berries.
Molecules, 21(10): 1354.

Khiamy, A.O. (2003): Response of Flame seedless grapevines growing in sandy soil to
different pruning dates and application of urea and ascorbic acid. Ph. D. Thesis Fac.
of Agric. El-Minia Univ., Egypt.

Koyama, R., Roberto, S.R., de Souza, R.T., Borges, W.F.S., Anderson.M., Waterhouse,
A.L., Cantu, D., Fidelibus, M.W., and Blanco-Ulate,B. (2018). Exogenous Abscisic
Acid Promotes Anthocyanin Biosynthesis and Increased Expression of Flavonoid
Synthesis Genes in (Vitis viniferax Vitis labrusca) Table Grapes in a Subtropical
Region. Front. Plant Sci., 9, 323.

Lacampagne, S., Gagne, S. and Geny, L. (2010). Involvement of abscisic acid in
controlling the proanthocyanidin biosynthesis pathway in grape skin: New elements
regarding the regulation of tannin composition and leucoanthocyanidin reductase
(LAR) and anthocyanidin reductase (ANR) activities and expression. J. Plant
Growth Regul. , 29(1): 81-90.

Leao, P.C., Lima, M.A.C., Costa J.P.D. and da Trindade, D.C.G. (2014). Abscisic acid
and ethephon for improving red color and quality of "Crimson Seedless" grapes
grown in a tropical region. Am. J. Enol. Vitic., 66: 37-45.

Luan, L.Y., Zhang, Z.W., Xi, Z.M., Huo, S.S and Ma, L.N. (2014). Comparing the effects
of exogenous abscisic acid on the phenolic composition of "Yan 73" and "Cabernet
Sauvignon" (Vitis vinifera L.) wines. Eur. Food Res. Technol., 239(2): 203-213.

Lurie, S., Ovadia, R., Nissim-Levi ,A., Oren-Shamir, M., Kaplunov ,T., Zutahy ,Y. and
Lichter, A. (2009). Abscisic acid improves colour development in "Crimson
Seedless" grapes in the vineyard and on detached berries. J. Hortic. Sci. Biotechnol.,

84(6): 639-644.

Mansour, A.E., Ahmed F.F., Ali, A.H. and Ali-Mervet, A. (2000). The synergistic
influence of using some micronutrients with ascorbic acid on yield and quality of
Banaty grapevines. The 2 nd Conf. Sci. Assuit, Egypt, proceeding, 300-316.

Ministry of Agriculture (2020). Economic Agriculture, Department of Agriculture
Economic and Statistics.

Mostafa, M.F.M., El-Baz, E.E.T., Abd El-Wahab, A F. and. Saeed, A.M.O. (2011) Using
different sources of compost tea on grapes. J. Plant production, Mansoura Univ., 2
(7): 935-947.

Nakagawa, S., Komatsu, H. and Yuda, E. (1980). A study of micro-morphology of
grape berry surface during their development with special reference to stoma. J
Japan. Soc. Hortic. Sci., 49(1): 1-7.

Nashed, H.S. (2006). Optimal horticultural practices for the production of high-quality
Superior grapes. M.Sc. Thesis, Fac. of Agric., Minia Univ.

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 167



Mohamed et al., 2022

Nerway, H.M.S. (2011) Effect of foliar sparing of some organic fertilizers on growth,
yield and quality of grape cv. Rash-Mew (Vitis vinifera L.) under non irrigated
condition, M.Sc. Thesis, Duhok Univ., Irak Kurdstan region.

Neto, F.J.D., Tecchio, M.A., Pimentel, A., Vedoato, B.T.F., . Lima, G.P.P and Roberto,
S.R. (2017). Effect of ABA on colour of berries, anthocyanin accumulation and

total phenolic compounds of' "Rubi" table grape Vitis vinifera. Aust. J. Crop Sci.,
11(2), 199-205.

Onayemi, O.0., Neto, C.C. and . Heuvel ,J.E.V (2006). The effect of partial defoliation
on vine carbohydrate concentration and flavonoid production in cranberries.
HortScience, 41(3): 607-611.

Peppi, M.C. and Fidelibus M.W. (2008). Effects of forchlorfenuron and abscisic acid on
the quality of "Flame Seedless" grapes. HortSci., 43(1): 173-176.

Peppi, M.C., M.W. Fidelibus and N. Dokoozlian (2006). Abscisic acid application timing
and concentration affect firmness, pigmentation, and color of "Flame Seedless"
grapes. HortScience, 41(6): 1440-1445.

Peppi, M.C., Fidelibus, M.W. and Dokoozlian, N.K. (2007). Application timing and
concentration of abscisic acid affect the quality of "Redglobe" grapes. J. Hortic. Sci.
Biotechnol., 82(2): 304-310.

Quiroga, A.M., Berli, F.J., Moreno, D., Cavagnaro, J.B. and . Bottini, R. (2009). Abscisic
acid sprays significantly increase yield per plant in vineyard-grown wine grape
(Vitis vinifera L.) cv. "Cabernet Sauvignon" through increased berry set with no
negative effects on anthocyanin content and total polyphenol index of both juice
and wine. J. Plant Growth Regul., 28(1): 28-35.

Rao M.V., Koch, R. and Davis, K.R. (2000). Ozone a tool for probing programmed cell
death in plants. Plant Mol. Biol. 44(3), 346-358.

Reynolds, A., Robbins, N., Lee, H.S. and Kotsaki ,E. (2016). Impacts and interactions of
abscisic acid and gibberellic acid on "Sovereign Coronation" and "Skookum
Seedless" table grapes. Am. J. Enol. Vitic., 67: 327-338.

Ruiz-Garcia, Y., Gil-Munoz, R., Lopez-Roca, J.M. Martinez-Cutillas, A., Romero-
Cascales, I. and Gomez-Plaza, E. (2013). Increasing the phenolic compound content

of grapes by preharvest application of abcisic acid and a combination of methyl
jasmonate and benzothiadiazole. J. Agric. Food Chem., 61(16): 3978-3983.

Sandhu, A K., Gray, D.J., Lu, J. and Gu, L. (2011). Effects of exogenous abscisic acid on
antioxidant capacities, anthocyanins, and flavonol contents of "Muscadine" grape
Vitis rotundifolia skins. Food Chem., 126(3): 982-988.

Snedecor, G.W. and Cochran W.G. (1980). Statistical Methods 6™ Ed. The Iowa state,
Univ. Press., U.S.A.

Tecchio, M.A., Neto, F.J.D., Junior, A.P., da Silva, M.J.R., . Roberto, S.R, and Smarsi,
R.C. (2017). Improvement of color and increase in anthocyanin content of "Niagara
Rosada" grapes with application of abscisic acid. Afr. J. Biotechnol., 16(25): 1400-
1403.

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 168



Effect of Ascorbic, Citric, and Abscisic Acids...

Woolard, D.D., Wang ,G.T., Hopkins, R., Leep, D.C. and Venburg, G.D. (2016). (S)-
abscisic acid derivatives for enhanced grape coloration. U.S. Patent No.
9,877,480.

Xi, Z.M., Meng, J.F., Huo, S.S., Luan, L.Y., Ma, L.N. and Zhang, Z.W. (2013).
Exogenously applied abscisic acid to "Yan73" Vitis vinifera grapes enhances
phenolic content and antioxidant capacity of its wine. Int. J. Food Sci. Nutr., 64(4):
444-451.

Zhu, L., Zhang, Y., . Zhang, W and Lu, J. (2016). Effects of exogenous abscisic acid on
phenolic characteristics of red Vitis vinifera grapes and wines. Food Sci.
Biotechnol., 25(2): 361-370.

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 169



Mohamed et al., 2022

(o Ol SN S S Jgmanal) (o Sl g sl g ) sSu¥) Gabaal Gl A
Ja gt AALial) g lal) Gl (9 Guindl Cila

O il 336 arial) 2e Ly dasa cGun ad) ) il gl ae 3L ) cdana daal JlaS

e ek ol dadls e RS RS and

adlal)
ol sl sl a5 S e 2021-2020 Gl Crans se JAA Canl 124 AN
Aleld (e Al ) Jaal) 138 a8l 5 Ja sl daals de )3l A4S Gilal Ao e de 5 al
& Ol 5V 38 S5 Jpmnall 05 o i) 5 ol jindl 5 ol ) KUY (alaald (e JS
il a S K J sanall 8 4 gine 304 ) Cania o) 28 COral) aren ) Lgale Joaniall
o Jsmanl s (ol e Glaas ool cial) o5 S) O IG5
Uaea + Gaalall e 3a 600 (AA) €l Sl aes Addas (w0 J gana )5 e
el (B¢ 5> 600 (ABA) ¥ ans + O salall G ¢ 32 600 (CA) b il
ol Ol (G e 52 600 (ABA) dl¥) (mes + O saldll (2 52 600 (CA) il
Ok s (5 ginal dad

Assiut J. Agric. Sci. 53 (5) 2022 (160-170) 170



