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ABSTRACT

Five-year-old grapevines of Beauty Seedless spaced at 3 m × 3 m distance and trained on the ‘Bower’ system 
were sprayed with different plant bioregulators, namely, abscisic acid (ABA: 200 and 400 ppm), ethephon (200 and 
400 ppm), benzothiadiazole (BTH: 0.3 and 0.6 mM), prohexadione-calcium (Pro-Ca: 200 and 400 ppm) and control 
(water spray) at the veraison stage during 2019–20 with the aim of studying their influence on berry physical and 
biochemical characteristics. The experiment was conducted in the randomised block design with three replications 
for each treatment. Different berry physical characteristics like weight, length, diameter and firmness were positively 
influenced with the different treatments except for ethephon (400 ppm) and ABA (400 ppm) treatments, which 
reduced the berry firmness significantly. Berry biochemical parameters were positively improved by almost all the 
plant bioregulators, they were most pronounced with ethephon (400 ppm) and ABA (400 ppm). The most prominent 
effects of ABA and ethephon treatments were noted on the total anthocyanins biosynthesis in the berries, which is 
major bottleneck under the warm subtropical conditions in different coloured grape genotypes. Hence, application 
of new generation plant bioregulators such as BTH, Pro-Ca, ABA and ethephon resulted in improvement in berry 
quality parameters of cv. Beauty Seedless.
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Beauty Seedless, a prominent table and wine grape 
cultivar is a hybrid between Koenigin Der Weingaerten 
(Queen of Vineyards) × Black Kishmish evolved by the 
famous grape breeder Prof. H P Olmo in 1941 at University 
of California, USA (VIVC). However, under sub-tropical 
situations, the non-uniform colour development is one of 
the major problems in case of growing coloured grape 
genotypes (Roberto et al. 2012). In Beauty Seedless in 
spite of early maturing, there is non-uniform and poor 
colour development in berries. Such poor colour of berries 
is mainly attributed to lesser accumulation of anthocyanins 
in the peel caused by high temperature (Peppi et al. 2006). 
The visual appearance of the grape berries is the prime factor 
influencing their market pricing, besides poor consumer 
preference (Peppi et al. 2006).

The treatment of different plant bio-regulators at various 
phases of fruit development coupled with endogenous 
concentrations of phytohormones marked up their role for 
the proper fruit development and several quality attributes 
(Srivastava and Handa 2005). The hormone ethylene is 
involved in the ripening of the grape berry and other ripening 

related processes including accumulation of anthocyanins 
(Amiri et al. 2010). The exogenous treatments of abscisic 
acid significantly boosted the colour in Flame Seedless 
(Peppi et al. 2006) by enhancing anthocyanin levels in the 
berry peel. Of late, benzothiadiazole (BTH) - a functional 
analogue of salicylic acid, which has a positive role in 
triggering defence related genes inducing systemic acquired 
resistance as well as overall enhancement in the phenolics 
content (Ruiz-Garcia et al. 2012). Similarly, prohexadione 
calcium (Pro-Ca), a new peer group biosynthesis blocker 
of gibberellin with low toxicity and better retention in the 
crops (Mandemaker et al. 2005) which improves total 
anthocyanins and monoterpenes content in grape berries 
(Thomidis et al. 2018). The aim of this study was to examine 
the influence of exogenous application of established and 
some new plant bioregulators such as ethephon, abscisic 
acid, benzothiadiazole and prohexadione-calcium on berry 
physical characteristics, and quality parameters of grape 
cv. Beauty Seedless under warm sub-tropical conditions.

MATERIALS AND METHODS
Plant materials and treatments: The present study was 

carried out at the experimental farm of the Division of Fruits 
and Horticultural Technology, ICAR-Indian Agricultural 
Research Institute (IARI), New Delhi during 2019 on five-
year-old grapevines of Beauty Seedless spaced at 3 m × 3 m 
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distance and trained on the bower system. The experimental 
vineyard is located at an altitude of 228 m above MSL 
with a latitude of 28º 40' N and longitudinal geographical 
coordinates of 77º 13' E. The climate is typically sub-
tropical and the soil is alluvial having alkaline pH and 
clay loam texture. The present study was carried out for 
nine treatments with three replications for each treatment 
the concentration applied were (i) abscisic acid (ABA) 
200 and (ii) 400 ppm, (iii) benzothiadiazole (BTH) 0.3 
and (iv) 0.6 mM, (v) ethephon 200 and (vi) 400 ppm, (vii) 
pro-hexadione Calcium (Pro-Ca) 200 and (viii) 400 ppm, 
and (ix) control (water spray). All these plant bioregulators 
were sprayed at veraison stage of berry development on the 
entire vine (24th May, 2019) using a handheld sprayer until 
runoff during the late evening.

Sampling and estimation of berry physical 
characteristics: At the time of harvesting, three normal 
bunches from each replication were collected randomly 
throughout the canopy for the determination of different 
berry physical characteristics, namely, average of 100-berry 
weight (g), berry length and diameter (mm), berry shape 
index (berry length/diameter) and juice percentage. These 
physical parameters were measured following standard 
procedures, while berry firmness was estimated following 
the compression test using a texture analyser (model: TA+Di, 
Stable Micro Systems, UK) (Yaman et al. 2002).

Sampling and estimation of bunch characteristics: 
Bunch weight, length and width were recorded by using 
standard procedures. There are five groups based on the 
adherence of the berries to the rachis, namely, very loose, 
loose, medium, dense and very dense bunches based on the 
descriptors of grapes provided by the International Plant 
Genetic Resources Institute (Bioversity International). The 
compactness of every bunch was assessed at the time of 
maturity and they were categorized accordingly.

Sampling and estimation of berry biochemical 
characteristics: After the harvest, a set of 100-berry samples 
were randomly collected in three replicates for each treatment 
and immediately stored at -20°C till further biochemical 
analysis. The juice TSS was measured with the help of 
digital refractometer and findings were presented as ºB as 
mentioned in AOAC. To test the titratable acidity of berry 
juice, the samples were titrated against with 0.1 N NaOH 
(Ranganna 1999) using the titration method, while ascorbic 
acid content were determined as described in AOAC. The 
total monomeric anthocyanins content was estimated by 
the pH-differential method as described by Wrolstad et al. 
(2005). Total phenolics as well as total flavonoids content 
were determined by the methods described by Singleton 
et al. (1999) and Zhishen et al. (1999), respectively. The 
total antioxidant activities were determined using modified 
DPPH method proposed by Sanchez-Moreno et al. (1998).

The experiment was laid out in Randomized Block 
Design and the data were analysed following univariate 
ANOVA (Analysis of variances) with the help of SAS 
(Statistical Analysis System) where mean values were 
compared using LSD at P≤0.05.
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no differences in weight, length and width of bunches of 
cv Rubi (Lerin et al. 2013) treated with ABA.

Berry biochemical characteristics: The TSS of the 
berries was significantly enhanced with application of 
ethephon 400 ppm (20.03ºBrix) and ABA 200 ppm (19ºBrix) 
in comparison with the control (16.03ºBrix) (Table 2). Few 
other workers have also reported improvement in TSS 
by the use of these bioregulators such as ethephon (De 
Souza et al. 2015; Costa et al. 2016 ), ABA (Balint and 
Reynolds 2013 and Fidelibus and Williams 2017), which 
supported the present findings. The least titratable acidity 
was recorded with ethephon 200 ppm (0.29%); however, 
ethephon 400 ppm (22.89 mg/100 ml) and ABA 400 
ppm (22.01 mg/100 ml) treatments resulted in significant 
improvement in ascorbic acid content (Table 2). On the 
similar lines, Gonzalez et al. (2018) investigated that 
field treatments of ethephon can reduce acidity in grape 
berries. Moreover, the exogenous application of the plant 
bioregulators significantly enhanced the accumulation of 
total monomeric anthocyanins in the berries for which 
ethephon 400 ppm (579.62 C3GE mg/l) and ABA 400 ppm 
(562.10 C3GE mg/l) showed the most promising results 
(Table 2). The results obtained are in agreement with those 
of Roberto et al. (2013) for ethephon treatment. Peppi et al. 
(2006) found an upsurge in the anthocyanin content with the 
treatment of ABA in Flame Seedless grapes. The highest total 
phenolics content (153.60 GAE mg/100 g) and the highest 
total flavonoids (62.73 QE mg/100 g) were determined in 
the berries treated with ethephon 400 ppm (Table 2). Earlier, 
Yamamoto et al. (2015) recorded increment in flavonoids 
content due to application of ABA treatments and such 
treatments with ethephon and ABA might be responsible 
for enhancing the expression of genes coding for certain 
enzymes promoting phenolic biosynthesis in the early 
stages of berry development following the spray treatment. 
The maximum total antioxidant activity (8.30 TE μmol/g) 

Table 2  Influence of plant bioregulators on berry biochemical characteristics of cv. Beauty Seedless

Treatment TSS 
(ºBrix)

Titratable 
acidity (%)

Ascorbic 
acid (mg/ 
100 ml)

Total 
monomeric 

anthocyanins 
(C3GE3* mg/l)

Total phenols 
(GAE4** 

mg/100 g)

Total 
flavonoids 

(QE5*** 
mg/100 g)

Total antioxidant 
activity 

(DPPH6****) 
(TE7***** μmol/g)

ABA 200 ppm 19.00ab 0.36bcd 17.61ab 513.71b 137.80b 57.93bc 6.99bc 

ABA 400 ppm 17.47bc 0.41bc 22.01ab 562.10a 150.99a 61.77a 7.98a 

BTH 0.3 mM 16.47c 0.34bcd 15.85bc 468.65cd 116.46f 54.80de 6.56cde 

BTH 0.6 mM 17.07c 0.36bcd 17.61ab 481.45c 128.59cd 55.27cd 6.28e 

Ethephon 200 ppm 16.53c 0.29d 16.73ab 508.15b 123.66de 60.70ab 7.22b 

Ethephon 400 ppm 20.03a 0.32cd 22.89a 579.62a 153.60a 62.73a 8.30a 

Pro-Ca 200 ppm 16.47c 0.56a 18.67ab 451.13d 122.79e 54.90de 6.41de 

Pro-Ca 400 ppm 16.17c 0.32cd 21.66ab 518.99b 129.34c 55.97cd 6.84bcd 

Control 16.03c 0.43b 9.68c 446.40d 104.93g 52.17e 6.26e 

  General Mean 17.25 0.38 18.08 503.60 129.80 57.36 6.98
  LSD at 5% 1.77 0.09 6.77 22.90 5.35 2.90 0.47

Values within a column with same letter(s) are not significantly different (P<0.05). * Cyanidin-3-glucoside equivalent; ** Gallic acid 
equivalent; *** Quercetin equivalent; **** 2,2-diphenyl-1-picrylhydrazyl; ***** Trolox equivalent.

RESULTS AND DISCUSSION

Berry physical characteristics: The berry weight was 
found to be increased with the application of BTH 0.6 
mM (1.66 g), which was on par with ethephon 200 ppm 
but application with Pro-Ca 400 ppm (1.22 g) led to slight 
reduction in the berry weight (Table 1). However, Amiri 
et al. (2010) reported the enhancement in the berry weight 
after exogenous application with ethephon on grapevine 
Beidaneh Ghermez. The treatment with ethephon 400 
ppm (13.46 mm) led to increase in berry length, however, 
berries sprayed with Pro-Ca 400 ppm (10.94 mm) resulted 
in reduced berry size. The highest berry diameter was 
measured for ethephon 400 ppm (13.13 mm), which was 
on par with BTH 0.6 mM while the smallest berries were 
noted for treatment Pro-Ca 400 ppm (11.65 mm) (Table 
1). Furthermore, exogenous application with Pro-Ca 400 
ppm significantly reduced the berry weight as compared 
to control. On the similar lines, Thomidis et al. (2018) 
reported that Pro-Ca decreased the berry size and weight 
when applied at post bloom stage in seeded grape cultivars. 
The maximum value of berry shape index was noted for 
the treatments BTH 0.6 mM (1.07) and ABA 400 ppm 
(1.06) treatments. The berries sprayed with ethephon 400 
ppm were found with least firmness (2.55 N) compared to 
control while ABA 400 ppm (3.08 N) also reduced the berry 
firmness (Table 1). Similarly, Marzouk and Kassem (2011) 
investigated that field treatments of ethephon can decrease 
berry firmness and encourage their abscission.

Bunch characteristics: Exogenous application of 
bioregulators resulted in changes in bunch length and width 
where the longest bunch length (21.67 cm) and width (13.90 
cm) was recorded with ethephon 400 ppm. Regarding the 
bunch compactness, all the treated bunches in Beauty 
Seedless cultivar were of dense category as per the IPGRI 
grape descriptors (Table 1). However, in contrast there were 
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was recorded from berries treated with ethephon 400 ppm, 
which was on par with ABA 400 ppm (7.98 TE μmol/g) 
(Table 2). Similar findings were also noted by Sandhu et 
al. (2011) with exogenous application of abscisic acid in 
Vitis rotundifolia.

Therefore, it can be concluded that the exogenous 
application of plant bioregulators such as abscisic acid, 
ethephon, pro-hexadione calcium and benzothiadiazole at 
veraison stage of grape berry development had a remarkable 
effect on several berry quality characteristics. However, 
amongst the bio-regulators, ethephon (400 ppm) and abscisic 
acid (400 ppm) had the most promising results in improving 
berry qualities in grape cv. Beauty Seedless under the sub-
tropical conditions compared to other plant bioregulators.
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