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Abstract

Role of calcium and boron are well known for the development and maintenance of structural properties.
The present study was conducted during 2018 in a vineyard of farmer’s field at Matthipalyam,
Coimbatore district, Tamil Nadu. Grape cultivar was tested with ten foliar treatments at different doses of
calcium and boron, which was given twice at 45 and 55 days after pruning along with the existing
recommendation of 0.1% boric acid + 0.2% zinc sulphate + 1% urea. And other treatments were T2-0.5%
calcium nitrate; T3-1% calcium nitrate; T4-0.1% boric acid; Ts-0.2% boric acid; Te-0.5% calcium nitrate
+ 0.1% boric acid; T7-1% calcium nitrate + 0.1% boric acid; Ts-0.5% calcium nitrate + 0.2% boric acid,;
Te-1% calcium nitrate + 0.2% boric acid and Tio-water spray. The effect of calcium and boron on yield
and quality of grapes was investigated with three replicates in a randomised block design. Calcium and
boron treatments positively influenced the number of bunches/vines (22 to 31 nos), yield/vine (5.32 to
6.13 kg/vine) and yield per hectare (21.7 t ha'?). Besides, they also showed positive influence on TSS
(17.9 to 15.9 Brix?), juice pH (3.92 to 3.75), titrable acidity (0.91 to 1.19%), total solids (1.32 to 1.07%),
berry firmness (11.9 to 7.95 N) and total sugars (15.6 to 11.2%). Foliar spray of 0.5% calcium nitrate and
0.2% boric acid twice at 45 and 55 days after pruning increased the yield by 11.1% over control besides
increasing the quality parameters of grape variety Paneer.
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Introduction

Grape (Vitis vinifera L.) is one of the most important commercial fruit crop of subtropical
regions in the world and grown successfully in tropical and temperate regions. It is a
refreshing table fruit, rich in sugars, acids and minerals like nitrogenous compounds, iron,
calcium, magnesium and vitamins like B1, B2, C and tannins. Grape production and quality
depend on a variety of factors, which includes climate, vine yard maintenance, mineral
nutrition, irrigation etc. Integrated nutrient management plays a vital role in increasing the
yield of crop. Particularly the role of secondary and micronutrients are very important for vine
growth and productivity. Role of calcium and boron are well known for the development and
maintenance of structural properties. They are most commonly applied as foliar spray and are
applied to correct the deficiency of specific element rather than complete requirement of that
element and they are essential for cell wall development and many enzymatic reactions (Dris
and Niskanen, 1996) [,

Calcium is an essential secondary nutrient, required as a divalent cation (Ca?*) plays important
role, such as structural integrity in the cell wall and membranes, counter ion for inorganic and
organic anions in the vacuole, cytoplasmic secondary messenger related to environmental
stimuli to their physiological responses (White, 2003) 21, Calcium is a nutrient considered
important in determining the storage quality of fruits (Raese et al., 1990) 7], Deficiency of
calcium in grape causes blossom end rot (Peryea and Neilsen, 2006) [*4l which leads to poor
bunch vyield and fruit quality. Boron is also an important micronutrient, plays major role in
plant metabolism: which includes, the processes of flowering and fruiting, germination of
pollen grains, cell division, cell wall synthesis, metabolism of nitrogen, carbohydrates and
pectic substances (Ahmad et al., 2009) ?°I. Grapes require an adequate and continuous supply
of available boron, during important stages especially flowering and fruit set. It is known to be
critical in the elongation of pollen tube, translocation of sugars and nutrients from leaves to
fruit, pollination, cell wall strength, cell division and seed development (Ahmad et al., 2009)
(251, Boron deficiency causes hen and chicken disorder in grapes. Hence, the current study was
conducted to study the effect of calcium and boron fertilization on yield and quality of grapes.

~ 3625~



Journal of Pharmacognosy and Phytochemistry

Materials and Methods

Experimental vineyard

About 8-year-old grape vine variety paneer was selected for
the study and vines were planted in quincunx system, with a
spacing of 4 x 3 m. The field was located in western zone of
Tamil Nadu at 76° 49° East longitude and 11° 00’ North
latitude. Initial soil sample was collected from 0-15 cm depth
and analysed for wvarious physical and chemical
characteristics. The soil texture was sandy loam (Piper, 1944)
(51 with neutral in pH (7.88, Jackson, 2005) [, low in EC
(0.07 dS m™, Jackson, 2005) I, high in organic carbon
content (1.25 g kg*, Wakley and Black, 1934) 61, low
available N status (227 kg ha*, Subbiah and Asija, 1956) %I,
medium in available K (183 kg ha’, Stanford and English,
1949) 22 and P (27 kg ha?, Olsen et al., 1954) 3. With
regards to available micronutrients, all the micronutrients
were found to be sufficient except boron which was deficient
with 0.39 mg kg, (Lindsay and Norwell, 1978) 1Y, The
details were given in Table. 1.

Table 1: Physico chemical characteristics of experimental soil

Depth EC | OC | Macro (kg hal)| Micro (mgkg?)

(cm) PH Fis m (%) N | P | K [Fe]Mn]znlcd B

0-15 |7.88] 0.07 |1.25]227| 27 | 183 |4.49]16.85.374.90.39

Experimental design

Experiment was conducted during rabi 2018 vegetative
season, treatments were imposed in a randomized block
design with three replications comprising 4 vines in each
replication (12 vines were maintained for each treatment).
Calcium nitrate at 0.5% and 1% and boric acid at 0.1% and
0.2%, were applied as foliar sprays at 45 days after pruning
and afterl0 days of the first foliar spray. Urea @ 0.1 kg
nitrogen and 0.3 kg K;O and 0.08 kg P.Os as single super
phosphate band application was applied to all vines
immediately after pruning. Manual weed control was
practiced and pests and disease control measurements were
taken up regularly as and when needed.

Yield and quality parameters

The crop was cultivated to maturity and the ripened bunches
were harvested from each treatment separately and number of
bunches per vine and bunch weight per vine were recorded.
From each treatment representative bunch was selected and
total number of berries in the bunch was recorded by manual
counting. Cluster weight was determined and expressed in
grams. Cluster length (cm) and width (cm) were measured
with a ruler by using thread. Berry length and width (cm)
were measured with a digital calliper. Soluble solids (SS) was
estimated with a digital refractometer and juice pH was

measured with a pH meter. The titrable acidity (% tartaric
acid/100g of grape juice) was measured with 0.1 N sodium
hydroxide titration method. Berry firmness was measured
using Effegi’s penetrometer. Number of seeds per berry and
fresh seed weight was also recorded. Juice percentage of
grapes was calculated, reducing, non-reducing and total sugar
content in the fruit was estimated as per the procedure
described by Ranganna (1997) [ using Fehling’s solution.

Statistical analysis

Data were subjected to ANOVA and means were compared
with LSD test at 5% level. Statistical analyses were performed
with AGRES statistical software.

Results and Discussion

Yield attributes

Foliar application of different doses of calcium nitrate and
boric acid on crop growth and yield attributes viz., number of
fruit bunches per plant, fruit yield per plant were recorded and
presented in table. 2. Foliar application of calcium and boron
had significant effect on number of fruit bunches per vine and
the values ranged from 22 to 31, yield per vine varied from
5.32 to 6.13 kg and yield per hectare was from 21.7 to 24.1 t
ha*. Highest number of bunches were recorded with the foliar
spraying of 0.5% calcium nitrate + 0.2% boric acid (31 Nos)
followed by 1% calcium nitrate + 0.2% boric acid (30 Nos)
and the lowest was recorded in water spray (22 Nos).
Similarly, highest yield per vine was recorded in 0.5%
calcium nitrate + 0.2% boric acid (6.13 kg) followed by 1%
calcium nitrate + 0.2% boric acid (6.1 kg) and the lowest was
recorded in control (5.32 kg). Similar trend was observed with
maximum yield per hectare and also higher yield per vine was
noted with 0.5% calcium nitrate + 0.2% boric acid (24.1 t ha
1), followed by 1% calcium nitrate + 0.2% boric acid (23.9 t
ha?l) and the lowest yield was recorded in the water spray
(21.7 t ha®). The increased yield might be due to the positive
effect of calcium and boron on the growth and yield as well
physiology and metabolism of crops and the role of calcium
in structural development and boron in pollen fertility and
berry development. Increase fruit set was relevant to the
important role of B in pollen germination and pollen tube
growth (Wojcik and Wojcik., 2003) 28, In this study, number
of bunches per vine, yield per vine and yield per hectare
increased with increased application of boric acid and
calcium. Similar findings were also reported for yield and
yield parameters in grapes by Mustafa et al. (2006) 4, Bilir
Ekbic et al. (2018) [, Sala et al. (2015) ¢l and Usha et al.
(2002) 241, The details were given in Table. 2.

Table 2: Effect foliar application of calcium and boron on yield characteristics of grapes

Treatments Number of_ Yield per vine|  Yield per
bunches per vine | (kg ha?) | hectare (t ha?)

T1-0.1% boric acid + 0.2% zinc sulphate + 1% urea (Recommended RDF) 26 5.82 23.0
T2 - 0.50 % calcium nitrate 23 5.41 21.9
Tz - 1.0 % calcium nitrate 24 5.53 22.2
T4-0.1 % boric acid 25 5.66 22.5
Ts - 0.2 % boric acid 25 5.74 22.8
Ts - 0.50 % calcium nitrate+ 0.1 % boric acid 27 5.87 23.2
T7 - 1.0 % calcium nitrate+ 0.1 % boric acid 28 5.94 23.5
Ts - 0.50 % calcium nitrate+ 0.2 % boric acid 31 6.13 24.1
To - 1.0 % calcium nitrate+ 0.2 % boric acid 30 6.10 23.9
Tio - water spray 22 5.32 21.7
SEd 1.33 0.20 0.35
CD (P =0.05) 2.80 0.43 0.74

All the treatments receive foliar spraying on 45 and 55 days after pruning
~ 3626~
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Quality parameters

Foliar application of calcium nitrate and boric acid at different
doses had significantly influenced the quality parameters of
grapes, particularly the juice content (%), pH, TSS (Brix?),
titrable acidity (% tartaric acid/100g of fruit), total solids (%),
berry firmness (N), total sugars (%), reducing sugars (%) and
non-reducing sugars (%). Juice content (%) ranged from 81.3
to 86.7%, and the highest juice content was recorded in 0.5%
calcium nitrate + 0.2% boric acid spray (86.7%), followed by
1% calcium nitrate + 0.2% boric acid spray (86.4%). The least
juice content was recorded in water spray (81.3%). This is due
to higher photo synthetic activity, biomass production in the
vine which might have resulted in more metabolites in the
vine. As the growth and development of berries advances
large amount of water and other metabolites move in to the
berries (Gopalswamy and Rao, 1972) "], Juice pH varied from
3.75 to 3.92, and slightly higher with the spray of 0.5%
calcium nitrate + 0.2% boric acid (3.92) followed by 1%
calcium nitrate + 0.2% boric acid (3.91) and minimum pH
was recorded in the water spray (3.75). The details were given
in Table. 3.

The total soluble solids (TSS) of grape berries were also
considerably influenced by foliar spraying of calcium and
boron, which ranged from 15.9 to 17.9 Brix® (Figurel).
Highest TSS (17.9° B) was recorded in 0.5 % calcium nitrate
+ 0.2% boric acid spray which was followed by 1 % calcium
nitrate + 0.2% boric acid spray (17.7° B), in contrary to the
lowest TSS (15.9° B) observed in water spray. Boron is
considered to increase the phloem carbohydrate and sugar
movement which may resulted in the increase of fruit soluble
solid content (Kliewer, 1966) [, Similar results were

reported by Ravel and Leela (2000) ™, Policarpo and
Stefanini (2006) 6, Usha (2002) 4 and Claudia Bonomelli
and Rafael Ruiz (2010) M. Titrable acidity of grape ranged
from 0.91 to 1.19%, low acidity (Figurel) (0.91%) was
recorded in 0.5 % calcium nitrate + 0.2% boric acid spray and
highest titrable acidity of 1.19% was recorded in the water
spray. Aksentyuk and Zhuravel (1983) [M, Singh and Rethy
(1996) 211 and Bhakare et al. (2006) [ reported increasing
soluble solid content and decreased acidity with increasing
boric acid treatments. Hernandez-Munoz et al. (2006) (8
reported similar results in strawberries with fewer soluble
solids and higher acidity than the control. Berry firmness
showed significant differences among the treatments and
ranged from 7.95 to 11.9 Newton, 0.5% calcium nitrate +
0.2% boric acid spray showed highest berry firmness (11.92
Newton) among all the treatments, followed by 1% calcium
nitrate + 0.2% boric acid spray (10.05 Newton). Lowest berry
firmness was recorded in water spray (7.95 Newton). Fruits
with higher B and Ca uptake have better firmness than the
control because these elements may lead to strengthening of
pectin bonding to stabilize cell -wall structure (Hernandez-
Munoz et al., 2006) . The sugar content ranged 15.6 to
11.2%, with the maximum total sugars (15.6%) (Figure 2) in
0.5 % calcium nitrate + 0.2% boric acid spray followed by 1
% calcium nitrate + 0.2% boric acid spray (15.29%). The
minimum total sugar content (11.2%) was recorded in water
spray. These results show the dependence of these quality
parameters with nutrition factors and amount of fertilization.
Similar observations were made by Ravel and Leela (2000)
(201 Bonomelli and Rafael Ruiz (2010) [ and Rahim Nikkah
et al. (2013) [*81. The details were given in Table. 4 and 5.
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Fig 1: Foliar spraying of calcium and boron on quality parameters of grapes (Titrable acidity and TSS)
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Fig 2: Foliar spraying of calcium and boron on sugar content of grapes (Percent total sugar, reducing sugar and non-reducing sugar)

Table 3: Effect of calcium and boron on Juice pH, juice content (%)
and moisture (%)

Table 5: Effect of foliar application of calcium and boron on sugar
content of grapes

Juice Juice

Treatments content (%)| pH

T1-0.1% boric acid + 0.2% zinc sulphate + 1% 844 385
urea (Recommended RDF) ' '

T2 - 0.50 % calcium nitrate 82.6 3.78

T3 - 1.0 % calcium nitrate 82.9 3.80

Ta-0.1% boric acid 83.2 3.82

Ts - 0.2 % boric acid 83.6 3.83

Te - 0.50 % calcium nitrate+ 0.1 % boric acid 84.8 3.88

T7 - 1.0 % calcium nitrate+ 0.1 % boric acid 85.9 3.89

Ts - 0.50 % calcium nitrate+ 0.2 % boric acid 86.7 3.92

To - 1.0 % calcium nitrate+ 0.2 % boric acid 86.4 3.91

T1o - water spray 81.3 3.75
SEd 0.68 0.04
CD (P =0.05) 1.44 0.09

All the treatments receive foliar spraying on 45 and 55 days after
pruning

Table 4: Effect of application of calcium and boron on TSS, titrable
acidity, total solids and berry firmness of grapes

Titrable | Total Berry
acidity | solids | firmness
(%) (%) | (Newton)

TSS

Treatments (BrixY)

Total Reducing N°'?
Treatments sugars sugars (%) reducing
(%) sugars (%)

T1-0.1% boric acid + 0.2%

zinc sulphate + 1% urea 12.86 8.88 3.98
(Recommended RDF)

T2 - 0.50 % calcium nitrate 11.44 8.04 3.40
T3 - 1.0 % calcium nitrate 11.67 8.17 3.49
T4 -0.1 % boric acid 11.94 8.41 3.53
Ts - 0.2 % boric acid 12.55 8.59 3.96

Te - 0.50 % calcium nitrate+
0.1 % boric acid 13.51 8.93 4,58
T7-1.0 ‘V(;czlci_um pitrate+ 0.1 13.84 9.02 4.82

% boric acid

Ts - 0.50 % calcium nitrate+
0.2 % boric acid 15.56 10.99 4,57
To-1.0 0/g/cglci_um r_1itrate+ 0.2 15.29 9.87 542

% boric acid

Tao - water spray 11.18 7.90 3.28
SEd 0.29 0.11 0.20
CD (P =0.05) 0.61 0.24 0.56

T1-0.1% boric acid + 0.2%
zinc sulphate + 1% urea | 17.2 1.01 1.19 9.03
(Recommended RDF)

T2 -0.50 % calcium nitrate| 16.1 1.15 1.09 8.07

T3 - 1.0 % calcium nitrate | 16.4 1.13 113 8.10

T4 -0.1 % boric acid 16.5 1.09 1.15 8.23

Ts - 0.2 % boric acid 16.8 1.05 1.17 8.98

Te - 0.50 % calcium
nitrate+ 0.1 % boric acid 174 0.98 1.23 9.42

T7-1.0 % calcium nitrate+

0.1 % boric acid 176 0.97 1.2 9.85

Ts - 0.50 % calcium

nitrate+ 0.2 % boric acid 17.9 0.91 1.32 11.9

To - 1.0 % calcium nitrate+

0.2 % boric acid 17 0.93 1.28 10.1

Tao - water spray 15.9 1.19 1.07 7.95
SEd 0.46 0.05 0.07 0.14
CD (P =0.05) 0.98 0.11 0.15 0.30

All the treatments receive foliar spraying on 45 and 55 days after
pruning

All the treatments receive foliar spraying on 45 and 55 days after
pruning

Conclusion

Present study was conducted to know the effect of calcium
and boron on the yield and quality of grapes. Number of
bunches per vine, yield per vine and yield per hectare were
increased with increasing boron and calcium doses. Boric acid
and calcium nitrate spraying after pruning positively
influenced the quality attributes of grapes such as TSS (17.9
Brix?), sugars, berry firmness (11.9 Newton) and total solids
(1.32%). Titrable acidity of grapes decreased with increased
spray of calcium and boron. Among all treatments, foliar
spraying of 0.5% calcium nitrate + 0.2% boric acid twice at
45 and 55 days after pruning, recorded higher yield (24.1 t ha"
1) as well as quality attributes. Boric acid and calcium nitrate
application yielded better appearance and sizes. Considering
the yield parameters, yield and quality parameters, from the
present study, it was concluded that foliar spraying of 0.5%
calcium nitrate + 0.2% boric acid twice at 45 and 55 days
after pruning recorded 11.1 per cent yield increase over
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recommended NPK, besides increasing the quality parameters
in grape variety Paneer.
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