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Highlights

Different levels of glycinebetaine GB (0, 10, 20 and 30 mM) were applied in grapes.

All tested GB levels improved the growth and quality traits of grape.

The pH of grape juice was reduced by increasing GB levels.

Spray of GB at 30 mM useful for optimum growth and quality of grapes.

Abstract

Glycinebetaine (GB) plays an imperative role to mitigate the opposing impact of several environmental 

stresses in various crops. The objective of this investigation was to scrutinize the response of grape (Vitis 

vinifera L.) to the foliar application of GB. Diverse levels of GB (0, 10, 20 and 30 mM) were applied three times 

with fifteen days interval to grape cv. King’s Ruby. All levels of GB improved the physiological, biochemical 

and growth attributes of the grape. As compared to control treatment, foliar spray of GB applied at 30 mM 

increased the number of leaves/vine, leaf area and number of newly emerged branches/plant by 20.55%, 

12.28% and 48.13%, respectively. The pH of grape juice was decreased by increasing GB levels. However, 

total soluble solids, total chlorophyll contents, grape yield and photosynthesis rate was recorded maximum 

with foliar spray of GB applied at 30 mM. The regression model predicted that each increment in GB level 

enhanced the number of leaves/plant and the number of newly emerged branches/plant by 1.8 and 0.7, 

respectively. Thus, it is concluded that exogenous application GB applied at 30 mM might be more useful to 
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obtain the optimum growth and quality of grapes.

Key words: Chlorophyll contents. Leaf area. Foliar spray. Photosynthesis. Total soluble salts.

Resumo

A glicina betaína (GB) desempenha um papel fundamental para mitigar o impacto oposto de vários 

estresses ambientais em várias culturas agrícolas. O objetivo desta pesquisa foi examinar a resposta da 

uva (Vitis vinifera L.) à aplicação foliar de GB. Diversos níveis de GB (0, 10, 20 e 30 mM) foram aplicados três 

vezes com intervalo de 15 dias à videira cv. King’s Ruby. Todos os níveis de GB melhoraram os atributos 

fisiológicos, bioquímicos e de crescimento da uva. Em comparação ao tratamento controle, a pulverização 

foliar de GB aplicada à 30 mM aumentou o número de folhas / videira, área foliar e número de ramos / planta 

recém-emergidos em 20,55%, 12,28% e 48,13%, respectivamente. O pH do suco de uva diminuiu com o 

aumento dos níveis de GB. No entanto, sólidos solúveis totais, conteúdo de clorofila total, rendimento de 

uva e taxa de fotossíntese foram registrados no máximo com pulverização foliar de GB aplicada a 30 mM. 

O modelo de regressão previu que cada incremento no nível de GB aumentava o número de folhas / planta 

e o número de ramos / planta recém-emergidos em 1,8 e 0,7, respectivamente. Assim, conclui-se que a 

aplicação exógena GB aplicada ` 30 mM pode ser mais útil para obter o crescimento e a qualidade ideais 

das uvas.  

Palavras-chave: Teores de clorofila. Área foliar. Pulverização foliar. Fotossíntese. Sais solúveis totais.

Introduction

In the word, grapes (Vitis vinifera 
L.) belongs to the major fruit crops and it is 
recognized as one of the best economically 
imperative fruit crops in temperate and 
subtropical regions. However, it is frequently 
grown in the areas where ecological stress 
may reduce its productivity or fruit quality 
(Mickelbart, Chapman, & Collier-Christian, 
2006). The experimental site is situated in the 
temperate zone with steppe, dry and grassy 
plains characteristics (Rehman et al., 2018). 
Numerous environmental factors such as 
salinity, extreme temperature, drought and 
nutrient imbalances are the major stresses to 
crop proficiency (Ashraf & Foolad, 2007). Many 
approaches to reduce the environmental 
stresses among these use of osmoprotectant 
is one of the most viable strategies (Ashraf & 
Foolad, 2007). 

Glycinebetaine (GB) is an 
osmoprotectant and most abundant 
quaternary ammonium compound (QAC) that 
protects the plant from several environmental 
stresses (Yang, Rich, Aztell, Wood, & Bonham, 
2003). In accumulation to its purpose in 
osmoregulation (Farooq et al., 2008), GB is also 
operative in protecting the numerous efficient 
proteins, dynamic enzymes (e.g. Rubisco) and 
photosynthetic apparatus (Farooq, Wahid, Ito, 
Lee, & Siddique, 2009) and improving the crop 
productivity (Hussain, Malik, Farooq, Ashraf, 
& Cheema, 2008). Foliar application of GB is 
easy to apply, inexpensive and non-toxic to 
the plants and environment (Duman, Aksoy, 
Aydin, & Temizgul, 2011). Exogenously applied 
GB enhanced the tolerance in plants against 
stress (Mickelbart et al., 2006). Biosynthesis 
and addition of harmonious osmolytes with 
lower molecular weight in plants is one of 
the utmost operative mechanism to maintain 
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cellular integrity under multiple abiotic stresses 
(Kumar et al., 2017) and GB and N-trimethyl 
derivative of glycine are most efficient and 
compatible osmolytes that mitigate the biotic 
stress in plants. GB induction in specific genes 
(codA for Arabidopsis thaliana, Brassica juncea 
and Oryza sativa; cox for B. napus, Nicotiana 
tabacum) whose produces are engaged in 
stress tolerance and GB prevent the gathering 
of surplus reactive oxygen species, thus 
protecting the photosynthesis mechanism 
from the collective impacts of light strain 
and other stressors as well as ion channel 
proteins and cell membrane reliability (Chen 
& Murata, 2008). Accumulation of lower GB 
concentrations in plants and its use as foliar 
spray is a promising approach to mitigate the 
adversative effects imposed by various abiotic 
factors (Chen & Murata, 2008). Foliar GB spray 
is taken up by the leaves and transported to 
different organs, thus enhancing the tolerance 
of several plant species to different types 
of abiotic stresses (Habib, Ashraf, Ali, & 
Perveen, 2012) and increasing the successive 
growth, productivity and quality (Mahouachi, 
Argamasilla, & Gómez-Cadenas, 2012; Cuin & 
Shabala, 2007). The GB is eagerly engrossed 
by the leaf tissues when applied to plant 
leaves (Park, Jeknic, & Chen, 2006). Chronic 
salt or water stress caused distinct changes 
in protein expression but these changes were 
more in pericarp proteins compared to seed 
proteins. Under water stress conditions, skin 
of graps indicated the profusion of volatile 
oxygen purification enzymes, pulp showed 
enhanced methionine synthase, PR proteins 
and glutamate decarboxylase (Grimplet et al., 
2009). GB foliar application was the proposed 
and operative method to make tolerance in 
plants against stress situations with low solute 
addition (Bhatti et al., 2013). In particular, the 
level of GB, species type and the period applied 

were the main dynamics that determined the 
efficiency of foliar GB spray (Ashraf & Foolad, 
2007).

It is imperative to use an appropriate 
level of GB to decrease the adverse effect of 
environmental stresses and help to increase 
the production and quality of fruits. In general, 
the role of GB applied in vindicating the 
opposing corollaries of environmental stresses 
has been informed in numerous studies but, 
diminutive is identified about the effects of this 
growth regulator on grapes. Moreover, grapes 
cv. King’s Ruby was selected in the experiment 
which is widely cultivated and most responsive 
to stress conditions (Khan, 2019). Thus, the 
current study was performed: (i) to scrutinize 
the GB uptake in grape leaves and its impacts 
on physiology and growth  and (ii) to find out 
the optimum level of GB for maximum growth 
and quality of the grape.

Material and Methods 

Site and soil properties

The experiments were initiated at the 
College of Agriculture, University of Sargodha 
(32.0 ⁰N and 72.6 ⁰E) Pakistan, from March to 
May 2016 and 2017. The experimental site has 
annual rainfall of 526 mm, average summer and 
winter temperatures ranging from 25 to 49°C 
and 5 to 23°C respectively (Khan, 2019). Grape 
cv. King’s Ruby (Vitis vinifera L.) was used as 
the experimental material. ‘Kings Ruby’ was 
selected based on the report of Rehman et 
al. (2018)  as it is a widely cultivated seedless 
and early maturing cultivar in Pakistan with 
excellent taste, attractive red color, large size 
berries. Samples of soil were accumulates at 
planting time from a depth of 0-10, 10-20 and 
20-30 cm. From each replicate the numerous 
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Table 1
Soil analysis of the experimental site 

Characteristic
Soil sample depth (cm)

0-10 10-20 20-30 Mean

Soil pH 7.10 7.18 7.62 7.3

Organic Matter (%) 1.29 1.15 1.01 1.15

Total Nitrogen (%) 0.065 0.062 0.056 0.061

Olsen’s P (mg kg-1) 5.16 7.01 9.95 7.37

Extractable K (mg kg-1) 172 161 116 149.6

subsamples were collected then bulked to one 
sample in every replicate and depth. The soil 
analysis of the experimental site was indicated 
in Table 1. Soil pH and organic matter ranged 

between 7.10 to 7.62 and 1.01 to 1.29%, 
respectively, at 0 to 30 cm depth. However, 
the level of N, P and K was low to medium at 
experimental site (Table 1).

Experimental design and treatments

The experiments were laid out in 
Randomized Complete Block Design and 
replicated three times. There are four levels 
of GB including: no application of GB, foliar 
GB spray at 10 mM, foliar GB spray at 20 mM, 
foliar GB spray at 30 mM. Foliar GB spray 
were applied three times (before flowering, at 
flowering and at fruit making stage) with fifteen 
days interval on all above ground biomass of 
the plants. The age of the selected plants from 
vineyard for foliar spray was two years. The 
square planting system was used with 1.5 m 
of row to row as well as plant to plant distance. 
For foliar spray of GB Knapsack sprayer was 
used and the plant samples were taken after 
the GB sprayed then the collected plant 
samples are inspect for different biochemical, 
physiological and growth parameters.

Data collection

After 10 days of the last GB spray, 
the number of leaves  per plant and number 
of newly emerged branches were estimated 
manually. The leaf area meter (Model MK2, 
DT Area Meter, Delta. T Devices, Cambridge, 
United Kingdom) was used to measured the 
leaf area three times after 10 days of every 
spray and then their average was worked out 
(O’Neal, Landis, & Isaacs, 2002). An ATAGO RS-
5000 refractometer (Atago, Japan) was used 
to calculate the total soluble solids (TSS) of the 
grape juice. The TSS reading (%) was observed 
using a refractometer barbed directly at the 
source of light (Saleem, Malik, & Farooq, 2007). 
To measure the pH, approximately grape juice 
of 20 ml was placed in a beaker and the pH 
was determined with digital pH meter (Cairns, 
Watson, Creanor, & Foye, 2002). The total 
chlorophyll contents in the leaf were recorded 
according to the technique of Arnon (1949). 
For recorded the grape yield (kg plant-1), 
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the berry sampling of about ten clusters, 
demonstrating five vines of each replicate, 
was used at maturity. Net photosynthesis rate, 
transpiration rate and stomatal conductance 
were recorded using a portable infrared gas 
analyzer (CI-340 Photosynthesis System 
[Portable], CID Bio-sciences, USA) with 
the following modifications: The system 
was configured for an open system with 
atmospheric pressure of 99.5 kPa, a mass 
flow rate of 0.33 mol m-2 s-1, the optical photon 
flux density was set at 1000-1393 µmol m-2 
s-1 obtained from ambient light. The vapor 
pressure of water at the leaf chamber outlet 
ranged from 1.7 to 2.4 kPa, the ambient air 
temperature was 23 to 34°C in the leaf slot. 
Quantities were calculated between 10:30 am 
and 12:30 pm and the leaves which are fully 
extended were selected for measurements 
under ambient CO2 concentration (Long & 
Bernacchi, 2003). Data regarding the number 
of leaves per plant, number of newly emerged 
branches/plant and net photosynthesis rate 
against GB levels was interpreted according to 
linear regression. 

Statistical Analysis

Data of both years was non-significant 
and the data were pooled over the year. The 
recorded data were scrutinized statistically 
by using Statistix 8.1 software and analysis of 
variances (ANOVA) technique and significant 
of treatments means were compared by 
using Least Significant Difference Test (LSD) 
at 5% probability level (Steel, Torrie, & Dickey, 
1997). The regression analysis and figures 
were drawn by using Sigma Plot 2008 (Version 
11.0) by using standard error (±SE). Average of 
the both year’s data was presented for each 
parameter.

Results and Discussion

The impact of foliar GB spray on the 
number of leaves/plant, leaf area and the 
number of newly emerged branches/plant 
are shown in Figures 1, 2 and 3 respectively. 
Data exhibited that application of all GB levels 
markedly enhanced the number of leaves/plant 
of grapes however the application of 30 mM GB 
significantly improved the number of leaves/
plant (261.3) as compared to control treatment 
(0 mM) (Figure 1). From the regression model, 
it is estimated that each increment in GB (mM) 
level increased the number of leaves/plant 
by 1.8 (Figure 4). The leaf area also showed 
significant differences as compared to non-
GB treatment (Figure 2). However, the highest 
leaf area (272.8 cm2) was observed with 30 
mM of GB spray. In case of the number of 
newly emerged branches, foliar spray of all 
GB levels improved the number of branches 
and the treatments were ranked as follows: 
30 mM > 20 mM > 10 mM > 0 mM. However, 
the number of newly emerged branches with 
10, 20 and 30 mM were enhanced significantly 
by 31 (20.55%), 36 (21.06%) and 43 (48.13%), 
respectively as compared to non-GB treatment 
(Figure 3). The regression equations predicted 
that each increment in GB level (mM) increased 
the number of newly emerged branches per 
plant by 0.7 in grapes (Figure 5). The outcomes 
of this investigation designated that among all 
the tested levels of GB, application of 30 mM 
GB is the most appropriate level and GB foliar 
spray significantly improved the number of 
leaves/plant that might have been due to foliar 
spray of GB which play a dynamic role in the 
physiological function of plant and increased 
the number of leaves. Analogous results were 
stated by Rezaei, Jokar, Ghorbanli, Kaviani and 
Kharabian-Masouleh (2012) who established 
that foliar spray of GB increased the number 
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of leaves/plant in tomato at different 
concentrations. According to Ashraf and 
Foolad (2007) when different concentrations 
of GB were applied to higher plant it had 
increased the number of leaves. Overall leaf 
investigations were revealed that foliar GB 
spray led to remarkable enhancement in the 
leaf area of the grape, as already stated by 
Shahbaz, Masood, Perveen and Ashraf (2012) 
who reported a stimulating effect of GB on 
leaf area of wheat. Our results showed that 
the number of newly emerged branches/plant 
increased might be due to GB application 
that reduced the opposing impact of several 
abiotic factors and increased plant growth and 
development. Several other scientists have 
also been reported that GB shown positive 
impacts on the growth and progress of many 
plants grown under stressful circumstances 
(Bharwana et al., 2014). External application of 
GB has enhanced the tolerance of many plant 
species to different types of abiotic stresses 
and may increase the subsequent growth and 
production (Chen & Murata, 2008). 

A significant reduction in total soluble 
solid (%) was observed with no-GB treatment 
than all other levels of GB. Data in figure 6 
also suggested that higher levels of GB (20 
and 30 mM) produced non-significant results 
for total soluble solids. However, among 
all the treatments foliar application of 20 
mM GB recorded the highest value of total 
soluble solid (13.50%). GB applied as foliar 
spray has been reported to be absorbed by 
leaves and transported to different organs, 
thus improving the tolerance of many plant 
species to various types of environmental 
stresses (Habib et al., 2012) and promoting 
the succeeding growth and productivity and 
quality (Mahouachi et al., 2012; Cuin & Shabala, 
2007). Environmental stresses decreased the 

chlorophyll concentration which eventually 
affects the growth, productivity and quality 
of produce (Manivannan, Rabert, Rajasekar, & 
Somasundaram, 2015). Similarly, Mickelbart et 
al. (2006) also described that the application 
of GB also augmented the growth and quality 
of grapes.

The pH of grape juice varied 
significantly with each other due to foliar 
spray of different GB levels (Figure 7). The 
grape plants that were not treated with GB (0 
mM) recorded the highest pH of juice (3.62) 
while the GB-treated plants were produced 
reasonably lower values. However, data also 
indicated that 20 or 10 mM GB statistically 
at par with each other in terms of juice pH. 
While, the lowest value of pH of grape juice 
(3.23) was perceived from the plants that 
were treated with foliar spray of GB at 30 mM 
(Figure 7). A significant decrease in the pH of 
grape juice was observed by enhancing the 
GB concentration that may be due to optimum 
level of GB that reduce the opposing impact of 
abiotic stresses. The foliar application of other 
stress preventing compound i.e. abscisic 
acid that regulates the dormancy as well as 
improved the ripening, berry color and quality 
of grape (Zhang, Mechlin, & Dami, 2011). In 
another study, Ferrandino and Lovisolo (2013) 
also indicated that foliar spray of abscisic acid 
to grapevine showed as an effective method 
to enhance grape quality by controlling abiotic 
stress. 

The total chlorophyll contents of 
grape plants were enhanced significantly with 
increasing GB levels from 0 to 30 mM. Data 
in figure 8 indicated that foliar application of 
GB at 30, 20 and 10 mM increased the total 
chlorophyll contents by 43.24% (3.7 mg g-1), 
32.25% (3.1 mg g-1) and 19.23% (2.6 mg g-1), 
respectively as compared to non-GB treated 
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plants (0 mM). In our findings total chlorophyll 
contents were improved with foliar spray of 
GB may be due to reducing the opposing 
consequences of environmental pressures 
and enhancing the total chlorophyll contents. 
There is confirmation that GB acts to enhance 
the chlorophyll concentration (Blunden, 
Jenkins, & Liu, 1996) or to defend against its 
degradation under abiotic stress conditions 
(Gadallah, 1999). In another study, it was 
reported that enhancement in chlorophyll 
contents was more in canola crop at higher 
concentration of foliar-applied plant growth-
promoting substances (Athar, Zafar, & Ashraf, 
2015) and the authors also reported that the 
enhanced photosynthesis in plants sprayed 
with plant growth-promoting substances 
was connected with increased in stomatal 
conductance and chlorophyll contents.

In terms of grape yield, foliar spray of 
30 mM GB produced a significantly higher 
yield than those with 10, 20 and 0 mM GB 
(Figure 9). While, foliar spray of GB at 10 and 
20 mM were recorded statistically similar yield 
but it was significantly higher than that of no-
GB treatment. It is indicated that the foliar 
spray of GB positively influenced the grape 
yield (Figure 9). The enhancement in the grape 
yield might have been due to the foliar spray 
of GB that improved the chlorophyll contents 
in the plants. Similar, results are also indicated 
by Blunden et al. (1996) who revealed that 
chlorophyll contents in leaves were improved 
due to the presence of betaines in seawood. 
Many researchers are indicating the positive 
impact of foliar GB spray on plant growth and 
yield in various crops i.e. papaya, tobacco, 
common beans (Phaseolus vulgaris L.) and 
soybean (Glycine max L.) (Agboma, Peltonen-
Sainio, Hinkkanen, & Pehu, 1997; Ashraf & 
Foolad, 2007; Mahouachi et al., 2012).

Net photosynthesis rate of grape 
plants were increased linearly with an increase 
in GB levels (0, 10, 20 and 30 mM) (Figure 
10). Among all the applied GB levels, the 
highest net photosynthesis rate (15.1 mmol 
m-2 s-1) of grape plants were observed with 
foliar spray of 30 mM GB which was followed 
by 20 and 10 mM GB application. The least 
net photosynthesis rate of grape plants was 
perceived where no-GB treatment was applied 
(Figure 10). In contrast, the transpiration rate 
of grape plants was showed a different pattern 
than that of the net photosynthesis rate (Figure 
11). As compared to control treatment, foliar 
application of 30 mM GB produced maximum 
transpiration rate (3.6 mmol m-2 s-1) of grape 
plants which was followed by foliar spray of 
GB applied at 10 mM (Figure 11). A significant 
reduction in stomatal conductance of grape 
plants was observed with no-GB treatment. 
However, the foliar spray of 20 mM GB proved 
to be the best and produced the highest 
stomatal conductance (283.5 mmol m-2 s-1) of 
grape plants (Figure 12).

In our study net photosynthesis rate 
was increased with exogenous application 
of GB applied at 30 mM might be due to 
enhanced in chlorophyll contents. Generally, 
it is closely related to total leaf chlorophyll 
contents and broadly used to assess the 
common state of photosynthetic device 
(Pireivatlou, Aliyev, Hajieva, Javadova, & 
Akparov, 2008). It is documented that higher 
contents of chlorophyll were associated with 
improved yield (Li, Guo, Michael, Stefania, & 
Salvatore, 2006). The enhancement in stomatal 
conductance under foliar GB spray might be 
due to the accumulation of GB in specific cells 
or cellular compartments with consequences 
for stomatal functions. These outcomes are 
related to the consequences of Mäkelä, Munns, 
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Colmer, Condon, & Peltonen-Sainio (1998) who 
stated that tomato (Lycopersicon esculentum 
Mill.) species is unable to synthesis GB and foliar 
application of GB expressively augmented 
the stomatal conductance of tomato grown 
under water or drought situations (Sorwong & 
Sakhonwasee, 2015). Furthermore, the higher 
transpiration rate and stomatal conductance 
in GB-treated plants may also support heat 
dissipation from leaves and improve the 
photosynthetic machinery. Foliar spray of GB 
significantly improves the photosynthesis, 
transpiration rate and stomatal conductance 
(Shahbaz et al., 2012). GB treatment was found 
to increase the stomatal conductance under 
stress or normal condition. Thus this higher 
value of photosynthetic rate or transpiration 
rate could be attributed to the effect of GB on 
stomatal conductance. The findings regarding 

GB enhancement in chlorophyll contents, 
photosynthesis, yield and its related attributes 
due to foliar-applied osmoprotectant are in 
agreement with various reports (Arfan, Athar, 
& Ashraf, 2007; Li et al., 2006; Malik & Ashraf, 
2012). Stress conditions have a major impact 
on protein expression profile in grape pericarp, 
skin and pulp tissues. Numerous reports 
showed that exogenous GB application 
augmented the tolerance to diverse abiotic 
strains and reduced the change in protein 
expressions due to stress conditions (Chen 
& Murata, 2011; Giri, 2011). For example, 
foliar-applied GB to strawberry increased the 
freezing tolerance from -5.9 to -10.8 °C (Adak, 
2019). Similarly, exogenous GB application 
increased the cold tolerance in grapevine 
(Mickelbart et al., 2006) and tomato seedlings 
(Park et al., 2006).
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Figure 1. Impact of foliar-applied glycinebetaine (GB) on number of leaves per plant of grape (cv. King’s 

Figure 1. Impact of foliar-applied glycinebetaine (GB) on number of leaves per plant of grape (cv. 
King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of the means. 
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Figure 2. Impact of foliar-applied glycinebetaine (GB) on leaf area (cm2) of grape (cv. King’s Ruby). 
Spikes on the perpendicular bars symbolize the standard error of the means.

Figure 3. Impact of foliar-applied glycinebetaine (GB) on number of new emerged branches per 
plant of grape (cv. King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of 
the means.
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Figure 4. Regression analysis for number of leaves per plant of grape (cv. King’s Ruby) as influenced 
by different glycinebetaine (GB) levels.

Figure 5. Regression analysis for number of new emerged branches per plant of grape (cv. King’s 
Ruby) as influenced by different glycinebetaine (GB) levels.
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Figure 8. Impact of foliar-applied glycinebetaine (GB) on total chlorophyll contents (mg g-1) of grape 
(cv. King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of the means.

Figure 9. Impact of foliar-applied glycinebetaine (GB) on yield per vine (kg) of grape (cv. King’s 
Ruby). Spikes on the perpendicular bars symbolize the standard error of the means.
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Figure 10. Impact of foliar-applied glycinebetaine (GB) on net photosynthesis rate (µmol m-2 s-1) 
of grape (cv. King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of the 
means.

Figure 11. Impact of foliar-applied glycinebetaine (GB) on transpiration rate (mmol m-2 s-1) of grape 
(cv. King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of the means.

Spikes on the perpendicular bars symbolize the standard error of the means. 
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Figure 12. Impact of foliar-applied glycinebetaine (GB) on stomatal conductance (mmol m-2 s-1) 
of grape (cv. King’s Ruby). Spikes on the perpendicular bars symbolize the standard error of the 
means.
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Conclusion  

Foliar spray of GB has been found to enhance the biochemical, physiological and growth response 

of grape. An increase in GB level from 0 to 30 mM significantly improved the number of leaves/plant, total 

soluble solids, total chlorophyll contents, grape yield and photosynthesis rate. However, a reduction in the 

pH of grape juice was observed by increasing GB levels. Thus, the study concluded that among all the 

concentrations, foliar spray of GB if applied at 30 mM is more useful to obtain the optimum growth and 

quality of grapes. However, the threshold level of the foliar-applied GB should be estimated in future 

research.  
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