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Abstract

During 2015 and 2016 seasons clusters of Flame seedless grapevines grown
under Luxor region conditions were subjected to Ethrel and/or Proton (10%
ABA) each at 250 to 500 ppm with or without the application of acetic acid and
phosphoric acid each at 2000 ppm. The merit was examining the effect of these
materials on advancing maturation of berries and enhancing colouration and
quality of the berries.

Treating the clusters with Ethrel and/or Proton (10% ABA) each at 250 to
500 ppm with or without the application of acetic acid and phosphoric acid was
very effective in advancing maturation of the berries and enhancing berries
colouration and chemical quality of the berries relative to the control treatment.
Using Ethrel was superior than using Proton on advancing maturation and en-
hancing chemical quality of the berries. Moreover, using Ethrel plus Proton was
favourable than using each alone in this respect.

The best treatment was exposing the clusters of Flame seedless grapevines
to Ethrel and Proton (10% ABA) each at 250 ppm plus application of phosphoric
acid at 2000 ppm once at veraison stage.

Keywords: Ethrel, Proton, ABA, maturation, colouration, quality, Flame seedless

grapevines.

Introduction

Irregular colouration of berries
in the clusters of Flame seedless
grapevines grown under Luxor region
is considered a serious problem fac-
ing marketing of such grapevine cv.
Many attempts were accomplished
for solving such problem by using
sources of ethylene and ABA. (Dal et
al., 2010).

Amutha and Rajendra, (2001);
Al-Maisary, (2002); Abd El- Ghany-
Eslam, (2002); Fawzi and Abd El-
Moniem, (2003); Lombard et al.,
(2004); Ahmed and Zarger, (2005);
Omar and Gergis, (2005); EL-
Halaby, (2006); Amiri et al., (2010);
Mohamed —Ebtesam, (2012); Bahar

et al., (2012); Ferrara et al., (2015)
and Castellarin, et al (2015) found
that treating various grapevine cvs
with Ethrel and ABA was followed
by advancing maturation and enhanc-
ing berries colouration and quality of
the berries.

The target of this study was elu-
cidating the effect of using Ethrel and
Proton (as a source of ABA) on matu-
ration, berries colouration and quality
of Flame seedless grapevines grown
under Luxor region climatic condi-
tions.

Material and Methods

This study was carried out dur-
ing the two consecutive seasons 2015
and 2016 on fifty-seven uniform in
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vigour of own rooted 4 years- old of
Flame seedless grapevines. The se-
lected vines are grown in a private
vineyard located at Esna district,
Luxor Governorate where the texture
of the soil is sandy.
The selected vines are planted at
2 x 3 meters apart. The chosen vines
were trained by spur pruning system
leaving 72 eyes/ vine (20 fruiting
spurs X 3 eyes plus six replacement
spurs X two eyes) using Gable sup-
porting method. Winter pruning was
conducted at the first week of Jan.
during both seasons. Drip irrigation
system was followed using well water
containing 500 ppm salinity. The se-
lected vines (57 vines) received the
same horticultural practices that were
already applied in the vineyard except
application of Ethrel and Proton.
This experiment included the
following nineteen treatments from
Ethrel, Proton and acetic and phos-
phoric acids arranged as follows:
1-Control (spraying clusters with wa-
ter).
2-Spraying Proton at 250 ppm.
3-Spraying Proton at 500 ppm.
4-Spraying Ethrel at 250 ppm.
5-Spraying Ethrel at 500 ppm.
6-Spraying Ethrel + Proton each at
250 ppm.
7-Spraying Ethrel + Proton each at
500 ppm.
8-Spraying Proton at 250
Acetic acid at 2000 ppm.
9-Spraying Proton at 500
Acetic acid at 2000 ppm.
10- Spraying Ethrel at 250 ppm +
Acetic acid at 2000 ppm.
11- Spraying Ethrel at 500 ppm +
Acetic acid at 2000 ppm.

ppm +

ppm +
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12-Spraying Ethrel + Proton each at
250 ppm + Acetic acid at 2000
ppm.

13-Spraying Ethrel + Proton each at
500 ppm + Acetic acid at 2000
ppm.

14-Spraying Proton at 250 ppm+
Phosphoric acid at 2000 ppm.

15-Spraying Proton at 500 ppm+
Phosphoric acid at 2000 ppm.

16-Spraying Ethrel at 250 ppm+
Phosphoric acid at 2000 ppm.

17-Spraying Ethrel at 500 ppm+
Phosphoric acid at 2000 ppm.

18-Spraying Ethrel + Proton (each at
250 ppm) + Phosphoric acid at
2000 ppm.

19-Spraying Ethrel + Proton (each at
500 ppm) + Phosphoric acid at
2000 ppm.

Each treatment was replicated
three times, one vine per each. Ethrel
(48%) and Proton (10% ABA) were
sprayed to the clusters alone once at
veraison stage when approximately
10% of the berries on 50% of the
clusters had softened. Triton B as a
wetting agent was added at 0.05%.
Spraying was done till clusters run-
off.

Randomized complete block de-
sign (RCBD) was followed where the
experiment consisted from nineteen
treatments and each treatment was
replicated three times, one vine per
each.

During both seasons, the fol-
lowing parameters were recorded:

1- Maturation date of berries.

2- Yield /vine/Kg

3- Percentage of berries colouration.

4- Berry weight (g), percentages of
total soluble solids, reducing
sugars, T.S.S./acid, total acidity

(as g tartaric acid/100 ml juice)
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(A.O0.A.C, 2000) and total an-

thocyanins ~ mg/100g  fresh
weight (Fulcki and Francies,
1968).

Statistical analysis was done us-
ing New L.S.D. at 5% parameter
(Mead et al., 1993).

Results and Discussion
1. Maturation date:

It is clear from the obtained data
in Table (1) that single and combined
application of Ethrel or Proton each
at 250 to 500 ppm with or without the
application of both acetic acid and
phosphoric acid each at 2000 ppm
materially advanced the maturation
date of Flame seedless grapes.
Wherease, concentrations of Ethrel
and Proton from 250 to 500 ppm with
or without the application of acetic
acid and phosphoric acid caused a
gradual advancement in dates of
maturation. Using Ethrel was materi-
ally superior in advancing maturation
dates than using Proton. Combined
application of Ethrel and Proton was
favourable than using each alone in
this respect.

Using acetic acid besides Ethrel
and/or Proton had no measurable ef-
fect on maturation date when com-
bined with using Ethrel or Proton
alone. Maturation date was 7 and 6
June in the vines treated with Ethrel
and Proton each at 500 ppm plus
phosphoric acid at 2000 ppm. Matu-
ration date was 25 & 27 June in the
vines untreated with Ethrel or Proton
during both seasons, respectively.
The earliness in the maturation date
due to using the promised treatment
over the control treatment reached 18
and 21 days during both seasons, re-
spectively. This means that treating
clusters of Flame seedless grapevines
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with Ethrel and Proton each at 500
ppm plus phosphoric acid at 2000
ppm advanced maturation date by 18
and 22 days during both seasons, re-
spectively. The same trend was
noticed during both seasons.

2. Yield:

It is clear from the obtained data
in Table (1) that treating clusters of
Flame seedless grapevines with
Ethrel and/or Proton each at 250 to
500 ppm with or without the applica-
tion of acetic acid and phosphoric
acid (each at 2000 ppm) had no sig-
nificant effect on the yield per vine
during both seasons.

3. Percentage of berries colour-
ation:

It is clear from the obtained data
in Table (1) that single and combined
applications of Ethrel and Proton
(each at 250 to 500 ppm) were with
or without the application of acetic
and phosphoric acids each at 2000
ppm significantly superior than the
control in improving berries colour-
ation. Using Etherl plus proton was
significantly favourable than using
each material alone in this respect. A
slight and unsignificant promotion on
berries colouration was observed with
increasing concentrations of Ethrel
and Proton from 250 to 500 ppm. Us-
ing acetic acid with Ethrel or Proton
had no significant effect on promot-
ing colouration of the berries relative
to using Ethrel and/or Proton. How-
ever, using phosphoric acid with
Ethrel and/or Proton was accompa-
nied with significant enhancing ber-
ries colourations comparing with us-
ing Ethrel and/or Proton. Exposing
clusters to Ethrel and Proton (each at
500 ppm) along with the application
of phosphoric acid gave the highest
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values of berries colouration (82 &
83%) during both seasons, respec-
tively. The lowest values (65.3 &
66.0%) were recorded on the vines
that received water alone (untreated
vines) during 2015 and 2016 seasons,
respectively. The percentage of in-
crement on berries colouration % due
to using the previous promised treat-
ment over the control treatment
reached (25.6 & 25.4%) during both
seasons, respectively. Similar trend
was observed during both seasons.

4. Berry weight:

It is clear from the obtained data
in Table (2) that berry weight of
Flame seedless grapevines was unaf-
fected significantly with subjecting
the clusters of Flame seedless grape-
vines to Ethrel and/or Proton (each at
250 to 500 ppm) with or without the
application of acetic acid or phospho-
ric acid (each at 2000 ppm) relative to
the control treatment during both sea-
sons.

5. Chemical characteristics of the
berries:

It is clear from the obtained data
in Tables (2&3) that subjecting the
clusters of Flame seedless grapevines
with Ethrel and/or Proton (each at
250 to 500 ppm) with or without the
application of acetic acid and phos-
phoric acid (each at 2000 ppm) sig-
nificantly improved the chemical
characteristics of the berries of Flame
seedless grapevines in terms of in-
creasing T.S.S.%, reducing sugars%,
T.S.S./acid and total anthocyanins
and reducing total acidity% over the
control treatment. Using Ethrel at 250
to 500 ppm was significantly superior
to using Proton at the same concen-
trations in improving the chemical
characteristics of the berries. Com-
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bined application of Ethrel and Pro-
ton was significantly preferable than
using each alone in this respect. Us-
ing phosphoric acid was significantly
superior to using acetic acid in en-
hancing the chemical characteristics
of the berries. Using acetic acid with
Ethrel and/or Proton had no signifi-
cant effect on promoting chemical
characteristics of the berries relative
to using Ethrel and/or Proton alone.
Meaningful promotion on these
chemical characteristics was observed
with increasing concentrations of
both Ethrel and Proton from 250 to
500 ppm. Therefore, the best results
with regard to chemical quality char-
acteristics were obtained due to sub-
jecting the clusters to Ethrel and Pro-
ton each at 250 ppm with the applica-
tion of phosphoric acid at 2000 ppm.
Similar trend was noticed during
2015 and 2016 seasons.

The effect of ABA in enhancing
maturation of the berries might be at-
tributed to its effect as a main signal,
triggering the onset of the secondary
metabolism in grape skin. The bene-
ficial effects of ABA in reaching the
plant tissues to senescence could give
another explanation (Taiz and Zeiger,
2002).

The effects of ABA on advanc-
ing maturity and enhancing quality of
the berries in various grapevine cvs
are in harmony with those obtained
by Gagne et al., (2011) on Cabornet
Sauvignon grapevines; Giribaldi et
al., (2010) on the same grapevine cv
and Bahar ef al., (2012) on Crimson
seedless grapevines. These authors
agreed with the current study the
meaningful effect of ABA on the
yield and cluster weight.
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The acceleration on maturation
of Flame seedless grapes due to ap-
plication of Ethrel could be attributed
to the breakdown of Ethrel to ethyl-
ene which results in activation of the
hydrolytic and oxidative enzymes in-
volved in maturation, increasing the
degradation of chlorophylls and pro-
moting the biosynthesis of plant pig-
ments namely anthocyanins, antho-
phylls and carotenoids and hastening
the disappearance of compartmenta-
tion. In addition, ethrel is effective in
increasing the mitochondrial oxida-
tion of malic acid (Dal et al., 2010).

These results concerning the ef-
fect of Ethrel on enhancing matura-
tion of berries and quality of the
grapes of Flame seedless grapevines
were in accordance with the results of
Leao and Assis, (1999) on Red Globe
grapevines; Amutha and Rajendra,
(2001) on Thompson seedless grape-
vines; Abd FEl-Ghany-Eslam, (2002)
on Red Roomy grapevines; Al-
Maisary, (2002) on Shadaa Soda and
Yakooty grapevine cvs; Fawzi and
Abd El-Moniem, (2003) on Black
Monukka grapvines; Sharma and
Singh, (2003) on Beauty grapevines;
Nikolaou et al., (2003) on Cardinal
grapevines and Lombard et al,
(2004) on Flame seedless grapevines.
References
Abd El-Ghany-Eslam, K. 2002. Behav-

iour of Red Roomy grapevines to

pinching and Ethrel application. M.

Sc. Thesis Fac. of Agric. Mina

Univ., Egypt.

Ahmad, M.F. and Zargar, G.H. 2005.
Effect of trunk girdling, flower
thinning, GA3 and Ethephon appli-
cation on quality characteristics in
grape cv. Perlette under temperate
Kashmir valley conditions. Indian J.
Hort. 62:285-287.

154

Al-Maisary, M.A.S. 2002. The effect of
girdling and ethephon treatments on
ripening and yield criteria for
grapes Shadaa Soda and Yakooty.
M.Sc. Thesis Fac of Agric. Bagh-
dad Univ. Iraqi.

Amutha R and Rajendra C 2001. Effect
of growth regulating chemicals on
yield and quality of Thompson
seedlings grapes. Res. on Crops.
2(3): 332-337.

Amiri, M.E., Fallahi, E. and Parseh, SH.
2010. Application of ethephon and
aba at 40% veraison advanced ma-
turity and quality of 'beidaneh
ghermez' grape. Acta Hort. (ISHS)
884:371-377.

Association of Official Agricultural
Chemists (A.O.A.C.) 2000. Official
Methods of Analysis (A.O.A.C),
12th Ed., Benjamin Franklin Sta-
tion, Washington D.C., U.S.A.
pp-490-510.

Bahar, A., Kaplunov, T., Zutahy, Y.,
Daus, A., Lurie, S. and Lichter, A.,
2012. Auto-fluorescence for analy-
sis of ripening in Thompson Seed-
less and colour in Crimson Seedless
table grapes. Australian Journal of
Grape and Wine Research, 18(3),
pp-353-359.

Castellarin, S.D., Gambetta, G.A., Wada,
H., Krasnow, M.N., Cramer, G.R.,
Peterlunger, E., Shackel, K.A. and
Matthews, M.A., 2015. Characteri-
zation of major ripening events dur-
ing softening in grape: turgor, sugar
accumulation, abscisic acid metabo-
lism, colour development, and their
relationship with growth. Journal of
Experimental Botany, p.483.

Dal, R, A., Pilati, S., Velasco, R., Moser,
C., Costa, G. and Boschetti, A.
2010. Ethylene production during
grape berry development and ex-
pression of genes involved in ethyl-
ene biosynthesis and response. Acta
Hortic. 884, 73-80.



Abdealaal, et al., 2017

http://ajas.js.iknito.com/

El - Halaby, E. H. S. 2006. Trials for
producing early with high quality
"Superior grapes". M.Sc. Thesis
Fac. of Agric. Minia Univ. Egypt.

Fawzi, M.I.LF. and Abd El-Moniem, E.I.
2003. Effect of girdling alone or
combined with flower cluster and
Ethephon application on fruit set,
yield and quality of Black Monukka
grapes. J. Agril. Sci., 11:733-750.

Ferrara, G., Mazzeo, A., Matarrese,
A.M.S., Pacucci, C., Punzi, R., Fac-
cia, M., Trani, A. and Gambacorta,
G., 2015. Application of abscisic
acid (S-ABA) and sucrose to im-
prove colour, anthocyanin content
and antioxidant activity of cv.
Crimson Seedless grape berries.
Australian Journal of Grape and
Wine Research, 21(1), pp.18-29.

Fulcki, T. and Francis, F.J. 1968. Quan-
titative methods for anthocyanins 11
Determination of total anthocyanins
and degradative index for berry
juice J. Food Sci. 33: 78-83.

Gagné, S., Cluzet, S., Mérillon, J.M. and
Gény, L., 2011. ABA initiates an-
thocyanin production in grape cell
cultures. Journal of Plant Growth
Regulation, 30(1), pp.1-10.

Giribaldi, M., Gény, L., Delrot, S. and
Schubert, A., 2010. Proteomic
analysis of the effects of ABA
treatments on ripening Vitis vinifera
berries. Journal of Experimental
Botany, 61(9), pp.2447-2458.

Ledo, P. C. S. and Assis, J. S. 1999. Ef-
fect of ethephon on colour quality
of Red Globe in the San Francisco
Valley. Revista Brasileira de
Fruticultura, 21:84-87.

155

Lombard, P.J.; Viljoen, J.A.; Wolf,
E.E.H. and Colitz, F.J. 2004. The
effect of Ethephon on the berry col-
our of Flame seedless and Bonheur
table grapes. South African J. of
Enology and Vitic 25(1): 1-12.

Mead, R.; Currnow, R. N. and Harted,
A. M. 1993. Statistical Methods in
Agricultural and Experimental Bi-
ology. 2™ Ed. Chapman and Hall,
London pp. 10- 44.

Mohamed- Ebtesam, S.E. 2012. Re-
sponse of Banaty grapevine to some
ethryl, nutrient and antioxidant
treatments, Ph. D. Thesis Fac. of
Agric. Minia Univ. Egypt.

Nikolaou, N., Stavrakas, D., Zioziou, E.
and Patakas, A., 2003. Effects of
ethephon, methanol, ethanol and
girdling treatments on berry matur-
ity and colour development in Car-
dinal table grapes. Australian jour-
nal of grape and wine research,
9(1), pp.12-14.

Omar, A.H. and Girgis, V.H. 2005.
Some treatments affecting fruit
quality of Crimson seedless grape-
vines. J. of Agric. Sc. Mansoura
Univ. 30(8): 4665-4673.

Sharma, S. and Singh, D. 2003. Effect of
different chemicals and trunk gir-
dling on preharvest berry drop and
quality in Beauty seedless grapes
(Vitis vinifera L.). Agric. Sci. Di-
gest 23(1): 14-16.

Taiz, A. and Zeiger, M. 2002. Plant
Physiology, third Ed. 306 p. Aca-
demic Press, London, pp. 100-120.



Assiut J. Agric. Sci., (48) No. (3) 2017 (150-159) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture E-mail: ajas@aun.edu.eg

quind) cibia & o plil AU ade 9B el gailad g pall) AU A g3l clud 4o
i) Ahaidd LAU Cig Y cad el Galiiw addl
" paadl o dana il 23 el Jdald Juad el 4s 3 gana Gua aal
"laaa daaf Jladl ae A
e = Liall Axala = Aol IS — bl aud]
Lo sad g 5 = p ) daals — el S — il o

oadlal)

Cad Al (alans adldl) Cuinl) Gile S alic Alalae S Y )T Y0 )0 ange Dl
s 0ve (N You Gule 5SS bea o) 1aske (il s iYL ead) ddlaie ik
deon Voo Sl ll aea g Al Gadla pladiul 05 S osld
OB (g il S0 (8 3 gl 020 80 JLia) Ay el sl (e Ciagd) (IS5 () sl
335l ailad s bl

S jib e gl 1o die (Slog) (aels %Y +) o555l s dosaL adliall dales OIS
pa—as o LAl Gaala aladiud sy o e gl Ao a0 Yo g le S
1y alall 4 dlasl 23 ) palliad 5 Gladl G5l ddia (puad 8 Ylad &y ) i odl)
ol S8 G s alasiul pe J ) aladiud (885 a8 J 5 5 sSD) dlaleay 4Rl
Alai ) cpe Juzadl ) alasii) OIS 5 cladl AiLasS) 30 ) (alilad 5 o slill G
dall 138 ed jiay Lagia 4

Ol s JAYL Gy aldl) Cuial) adlie () Cuesl A oo Alebas Juadl alS
sl aladi ) e Legia JSI gkl 3o 3a YO S i (Claau) (ada%) 4)
Osdlall (e ga Yo 5 g el ) s gl

156



Abdealaal, et al., 2017

http://ajas.js.iknito.com/

Table 1. Effect of single and combined applications of Ethrel, Proton and acetic
and phosphoric acids on the maturation date, yield/vine/Kg and percentage
of berries colouration of Flame seedless grapevines during 2015 and 2016

seasons
Berries
Treatment Mat(lil;?et o Yield/vine/(Kg) c:tli(:::lr-
(%)

2015 2016 | 2015 | 2016 | 2015|2016
1. Control June 25 | June 27 | 8.5 8.8 | 65.3 |66.0
2. Proton at 250 ppm June 22 | jupe23 | 8.4 8.8 | 66.4 |67.0
3. Proton at 500 ppm June 20 | jupe20 | 8.4 8.9 |67.067.7
4. Ethrel at 250 ppm June 18 | jype 16 | 8.3 8.8 |68.970.0
5. Ethrel at 500 ppm June 16 | june 14| 8.3 8.8 |69.0|70.3
6. Proton + Ethrel at 250 ppm June 14 | jyne 12| 8.3 8.8 | 709|729
7. Proton + Ethrel at 500 ppm June 12 | yjyne 10| 8.2 87 | 71.0 |73.0
8. Proton at 250 ppm + Acetic acid June 22 | jype 23| 8.2 8.7 |66.4 |67.1
9. Proton at 500 ppm + Acetic acid June 20 | jyne 20| 8.2 87 |67.1]67.8
10. Ethrel at 250 ppm+ Acetic acid June 18 | june 16| 8.2 8.7 |69.0 |70.0
11. Ethrel at 500 ppm+ Acetic acid June 16 | jyne 14| 8.2 8.7 |69.070.4
12. Proton + Ethrel at 250 ppm+ Acetic acid June 14 | yjyne 12| 8.2 87 | 71.0 |73.0
13. Proton + Ethrel at 500 ppm+ Acetic acid June 12 | yjyne 10| 8.2 87 | 71.0 |73.0
14. Proton at 250 ppm + Phosphoric acid June 20 | jyne 18| 8.1 87 | 729 |74.1
15. Proton at 500 ppm + Phosphoric acid June 18 | june 16| 8.1 87 | 73.0 |74.2
16. Ethrel at 250 ppm+ Phosphoric acid June 15 | jyne 13| 8.1 87 | 759 |77.0
17. Ethrel at 500 ppm+ Phosphoric acid June 13 | jyne 11| 8.1 87 |76.0 773
18. Proton + Ethrel at 250 ppm+ Phosphoric acid | June 10 | jype 8 | 8.1 8.7 | 819|829
19. Proton + Ethrel at 500 ppm+ Phosphoric acid | June 7 | jype ¢ | 8.1 8.7 | 82.0 |83.0
NewL.S.Dat5% | cemeeeeem | e NS NS 0.8 | 0.9
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Table 2. Effect of single and combined applications of Ethrel, Proton and acetic
and phosphoric acids on the berry weight and percentages of total soluble
solids and reducing sugars in the berries of Flame seedless grapevines during
2015 and 2016 seasons

Berry weight T.S.S. Reducing sugars
Treatment () % %

2015 | 2016 | 2015 | 2016 | 2015 2016
1. Control 299 | 3.04 | 17.1 | 16.9 15.2 14.9
2. Proton at 250 ppm 3.00 | 3.04 | 17.8 | 17.6 15.8 15.6
3. Proton at 500 ppm 3.00 | 3.04 | 18.0 | 17.7 15.9 15.7
4. Ethrel at 250 ppm 3.01 | 3.04 | 18.7 | 18.6 16.6 16.7
5. Ethrel at 500 ppm 3.02 | 3.04 | 18.8 | 18.7 16.7 16.8
6. Proton + Ethrel at 250 ppm 3.03 | 3.04 | 19.6 | 19.5 17.1 17.6
7. Proton + Ethrel at 500 ppm 3.03 | 3.04 | 19.7 | 19.6 17.1 17.6
8. Proton at 250 ppm + Acetic acid 3.03 | 3.03 | 179 | 17.6 15.9 15.6
9. Proton at 500 ppm + Acetic acid 3.03 | 3.03 | 18.1 | 17.7 16.0 15.7
10. Ethrel at 250 ppm+ Acetic acid 3.02 | 3.02 | 18.7 | 18.6 16.6 16.7
11. Ethrel at 500 ppm+ Acetic acid 3.02 | 3.02 | 18.8 | 18.7 16.7 16.8
12. Proton + Ethrel at 250 ppm+ Acetic acid 3.02 | 3.02 | 19.7 | 19.5 17.1 17.6
13. Proton + Ethrel at 500 ppm+ Acetic acid 3.02 | 3.02 | 19.8 | 19.6 17.1 17.7
14. Proton at 250 ppm + Phosphoric acid 3.02 | 3.02 | 20.0 | 20.5 17.7 18.4
15. Proton at 500 ppm + Phosphoric acid 3.02 | 3.02 | 20.3 | 20.6 17.8 18.5
16. Ethrel at 250 ppm+ Phosphoric acid 3.01 | 3.02 | 21.0 | 21.4 18.5 19.1
17. Ethrel at 500 ppm+ Phosphoric acid 3.01 | 3.02 | 21.3 | 21.5 18.6 19.1
18. Proton + Ethrel at 250 ppm+ Phosphoric acid| 3.01 | 3.02 | 22.0 | 22.3 19.1 19.7
19. Proton + Ethrel at 500 ppm+ Phosphoric acid| 3.01 | 3.02 | 22.1 | 22.3 19.2 19.8
New L.S.D at 5% NS NS 0.6 0.7 0.5 0.6
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Table 3. Effect of single and combined applications of Ethrel, Proton and acetic
and phosphoric acids on the percentage of total acidity, T.S.S./acid and total
anthocyanins (mg/100g F.W) in the berries of Flame seedless grapevines dur-

ing 2015 and 2016 seasons

Treatment T"tal(,zdd“y T.S.S./acid anth:(c)ty?nins
(mg/100 g F.W)
2015 | 2016 2015|2016 2015 2016
1. Control 0.684 | 0.676 |25.0 250 17.1 17.0
2. Proton at 250 ppm 0.660 | 0.657 |27.0 |26.8| 18.2 19.1
3. Proton at 500 ppm 0.658 | 0.655 |27.4|27.0| 183 19.2
4. Ethrel at 250 ppm 0.633 | 0.635 |29.5]|293| 195 20.4
5. Ethrel at 500 ppm 0.631 | 0.634 |29.8|29.5| 19.6 20.5
6. Proton + Ethrel at 250 ppm 0.604 | 0.607 | 32.5|32.1| 20.7 21.6
7. Proton + Ethrel at 500 ppm 0.603 | 0.606 |32.7 |32.3| 20.8 21.7
8. Proton at 250 ppm + Acetic acid 0.659 | 0.657 |27.2|26.8| 18.2 19.2
9. Proton at S00 ppm + Acetic acid 0.657 | 0.655 |27.5|27.0| 183 19.3
10. Ethrel at 250 ppm+ Acetic acid 0.633 | 0.635 |29.5]|293| 195 20.5
11. Ethrel at 500 ppm+ Acetic acid 0.631 | 0.634 |29.8|29.5| 19.7 20.6
12. Proton + Ethrel at 250 ppm+ Acetic acid 0.603 | 0.606 |32.7 |32.2| 20.8 21.6
13. Proton + Ethrel at 500 ppm+ Acetic acid 0.602 | 0.605 |32.9 324 209 21.7
14. Proton at 250 ppm + Phosphoric acid 0.580 | 0.589 |34.5|34.8| 22.0 23.0
15. Proton at 500 ppm + Phosphoric acid 0.579 | 0.588 |35.1 |35.0| 22.1 23.1
16. Ethrel at 250 ppm+ Phosphoric acid 0.560 | 0.564 |37.5|379| 234 24.5
17. Ethrel at 500 ppm+ Phosphoric acid 0.559 | 0.563 |38.1 |38.2| 235 24.6
18. Proton + Ethrel at 250 ppm+ Phosphoric acid 0.540 | 0.542 | 40.7 | 41.1 | 247 25.9
19. Proton + Ethrel at 500 ppm+ Phosphoric acid 0.539 | 0.540 | 41.0 |41.3| 25.0 26.0
New L.S.D at 5% 0.014 | 0.013 | 1.1 | 14 0.9 1.0
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