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Abstract 
Soil, plant and fruit samples were collected from 15 representative grape orchards of district Ganderbal, 
yield was recorded and the berries collected from the selected orchards were processed and analyzed for 
various quality parameters viz. total soluble salts, total sugars, acidity and anthocyanin. The total soluble 
salts, total sugars, acidity and anthocyanin content of grape berries varied statistically from 22.06 to 
23.12, 13.84 to 14.69, 0.35 to 0.43 and 0.02 to 0.03 per cent with average values of 22.59, 14.27, 0.39 
and 0.03 per cent, respectively. The yield of grape orchards statistically showed a variation from 1.80 to 
1.84 t ha-1 with an average value of 1.82 t ha-1. Soil potassium, sulphur, iron, zinc and boron and petiole 
potassium, manganese and boron contents revealed significant and positive correlation with total sugars. 
Available nitrogen, and petiole nitrogen, phosphorus, sulphur, iron, manganese, zinc, copper and boron 
showed positive and significant correlation with acidity. Anthocyanin content indicated positive and 
significant correlation with available boron and petiole boron and potassium. The fruit yield of grapes 
indicated a significant and positive correlation with soil available nitrogen, phosphorus, manganese, and 
petiole nitrogen, phosphorus, sulphur, manganese and boron contents. 
 
Keywords: Yield of grape, petiole nutrient content, phosphorus 
 
1. Introduction 
Globally grape production contributes to about 16 per cent of the total fruit production. In 
India remarkable success has been achieved in table grape production and yield levels of fresh 
grapes are among the highest in the world. There has been large growth and import 
substitution in case of raisin (dried grapes) and is upcoming as a sector with good potentials 
for further growth. Grapes are cultivated on an area of 0.12 lakh hectares with an annual 
production of 24.83 lakh tonnes with a productivity of 21.1 t ha-1(N.R.C,) [37] and the main 
grape producing states are Maharashtra, Karnataka, Uttar Pradesh, Andhra Pradesh, Tamil 
Nadu, Haryana and Punjab. The contribution of different states like Maharashtra, Karnataka, 
Andhra Pradesh, Mizoram and Tamil Nadu is 82.6, 12.9, 1.3, 0.8 and 1.7 per cent, respectively 
and the contribution of other states is 0.7 per cent. In Jammu and Kashmir grape is cultivated 
on an area of 329 ha producing 803 M tonnes and the cultivation is mainly confined to district 
Ganderbal having an area of 128 ha with an annual production of 231 M tonnes 
(Annonymous,) [6] and the two main varieties grown are Sahibi and Hussaini besides some 
other varieties (Anab-e-shahi, Himrod and Thomson seedless) are also cultivated on limited 
area. 
The grape was probably used as fresh fruit by man, but it is now it is also consumed as juice 
and dry raisin on a large scale, so attention is to be paid to increase the product quality. The 
quality of grape is considered as combination of appearance (average size of clusteras 
uniformly large size berry, perfect berries with characteristic colour and texture of the variety) 
(Kamiloglu), [24], flavor characteristics, sugar concentration, acidity (Jonathan), [23]. Grape 
productivity and quality depends upon cultural practices like management of nutrients and 
water which have impact on fertility status of soil and plant. According to Mitra et al. [34] 
nutrients in soil and foliage have considerable effect on yield and quality parameters of fruits 
because of their role in plant metabolism. Grapevines require adequate supplies of nutrients for 
growth and fruiting. Nutrient deficiencies affect the quantity and quality of grape. To achieve 
optimum growth and fruit quality, adequate levels of all the nutrients must be present in the 
petioles. 



 

~ 2 ~ 

International Journal of Chemical Studies 

Nitrogen and potassium are the most important nutrient 
elements required by grapevines. These two nutrients have 
considerable effect on grape bud production. Nitrogen 
supports vine and fruit growth and therefore the yield of grape 
berries but excessive nitrogen to vines results in delayed 
ripening (Keller) et al. [25] and poor coloured fruits (Kliewer), 
[28]. In grape berries potassium is the most abundant cation 
which contributes to charge balance and sugar transport 
(Spaydet al. 1993). According to Martin et al. [32] increased 
potassium supply increases total soluble solid content and 
decreases total acidity of berries. Furher adequate potassium 
supply increases colouring and polyphenol content of grape 
berries (Sommers), [49], but even with optimum levels of 
nitrogen and potassium low levels of magnesium, calcium, 
zinc, boron or other nutrients can result in poor growth of 
vineyards. Robinson [45] reported that zinc and boron affect 
fruit set, and potassium, calcium and magnesium affect bunch 
stem necrosis and thereby number of clusters per vine and 
number of berries per cluster. 
The quality of Ganderbal grapes is considered to be one of 
best in the world according to reports of horticultural 
department Ganderbal and besides Italy the Kashmir is the 
only place where the fresh grapes are available in the 
offseason. Thus the present investigation was carried out to 
study the quality attributes and yield of grapes grown in 
different villages of Ganderbal district of Jammu and Kashmir 
and also to study the relationship of the grape quality 
parameters with available and petiole nutrient content. 
 
2. Material and Methods 
Soil, petiole and fruit samples were collected from 15 grape 
orchards of uniform age and vigour from district Ganderbal of 
Jammu and Kashmir. The fruit samples were collected as per 
the procedure of Waller [55]. After collecting, the fruit samples 
were washed thoroughly with tap water then dipped in dilute 
HCl, and further washed with single and double distilled 
water. The moisture was whipped with filter paper and muslin 
cloth. Randomly selected berries were taken for juice 
extraction and total soluble solids of the juice were 
determined by using Zeis’s hand refractometer. The readings 
were corrected at 20 oC and expressed as per cent soluble salts 
(A.O.A.C, 1). Total sugar content was determined in terms of 
glucose after acid hydrolysis as per 15th addition of Officials 
Agriculture Chemists (A.O.A.C, 2) on per cent basis. Acidity 
was determined by diluting a known volume of fruit juice and 
titrating it against 0.1 N sodium hydrioxide solution, using 
Phenopthaline as indicator. The result were explained in terms 
of per cent malic acid (Annonymous), [5]. Ethanol, 1.5 N HCL 
(85:15) was used for anthocyanin extraction and estimation 
were made by hycalori procedure as suggested by Ranganna 
[44]. Fruit yield from vines of same orchards where from soil, 
petiole and fruit samples were collected was recorded at the 
time of harvesting of fruits. 
The soil samples were processed and analysed for different 
nutrients, available nitrogen was determined by alkaline 
potassium permanganate distillation method as described by 
Subbiah and Asija [51]. Available phosphorus content of the 
soil was extracted by 0.5 N sodium bicarbonate at pH 8.5 
(Olesen) et al. [40]. Available potassium was estimated by 
flame photometer (Jackson), [19]. Available sulphur in soil was 
determined by Chesnin and Yien [12] method. Calcium and 
magnesium content in the soil samples were determined by 
versenate titration method (Jackson), [19]. The available iron, 
zinc, copper and manganese were determined by atomic 
absorption spectrophotometer after extracting with DTPA 

solution as described by Lindsay and Norvell [30]. Available 
boron in the soil samples was determined by hot water 
treatment method of Berger and Truog [9]. Available Mo in 
soil samples was estimated as per the procedure outlined by 
Johnson and Arkley [22].  
Petiole samples were collected from the same orchards and 
same vines from where soil samples were collected as per the 
procedure of Chapman [11]. The samples were washed, dried, 
ground and digested for analysis. Petiole nitrogen, 
phosphorus, potassium, calcium and magnesium were 
determined as per the procedure outlined by Jackson [19]. Plant 
sulphur was determined by turbidometric method (Chesnin 
and Yien), [12]. The micronutrient cations like Zn, Cu, Fe and 
Mn were estimated on atomic absorption spectrophotometer. 
The boron was estimated by azomethine-H method (Berger 
and Truog), [9]. The molybdenum (Mo) was estimated by 
method outlined by Johnson and Arkley [22].The 95% 
confidence interval (C.I) was worked out using the procedure 
of Neyman [38]. Simple coefficient of correlation were worked 
available nutrients, petiole nutrient content and fruit yield and 
quality as per the procedure followed by Gomez and Gomez 
[18]. 
 
3. Results and Discussion 
The total soluble salts of grape berries varied statistically 
from 22.06 to 23.12 per cent with mean value of 22.59 per 
cent (Table 2). The data further revealed that total sugars in 
the grape berries of different orchards ranged statistically 
from 13.84 to 14.69 per cent with an average value of 14.27 
per cent. The variation in T.S.S and total sugars might be due 
to variation in soil fertility and petiole nutrient composition, 
particularly potassium as it maintains the assimilatory power 
of leaves over a large period thus increasing the T.S.S and 
sugar content of fruits. The results are supported by the 
findings of Yogeeshappa [59].  
Perusal data in the Table 2 showed that acidity and 
anthocyanin content of grape berries varied statistically from 
0.35 to 0.43 and 0.02 to 0.03 per cent with values of 0.39 and 
0.03 per cent, respectively. The differences in acidity and 
anthocyanin could be attributed to difference in nutrient status 
vineyards, particularly nitrogen; the other factors include 
temperature, light etc. The higher levels of ammonical 
nitrogen content are responsible for increased fruit acidity and 
also high nitrogen content causes shading effect and increased 
shoot growth; both these are responsible for low carbohydrate 
content due to which low anthocyanin content results. The 
results are in conformity with the observations of Singram 
and Prabhu [48].  
Data pertaining to yield of grape berries (Table 2) revealed 
that yield of different grape orchards of district Ganderbal 
statistically showed a variation from 1.80 to 1.84 t ha-1 with 
an average value of 1.82 t ha-1. The highest yield (1.90 t ha-1) 
was found at Waliwar and lowest yield (1.75 t ha-1) was 
recorded from Benihama grape orchards.The yield was 
influenced by fertility status of soil and cultural practices of 
farmers. The results were in conformity with those obtained 
by Janaki et al. [20] and Dar et al. [16]. 
 
4. Relationship of available nutrient elements and petiole 
nutrients with quality and yield of grape 
The nutrients in soil and foliage have considerable effect on 
yield and quality parameters of fruits because of their role in 
plant metabolism (Mitraet al. 34). Grapevines require 
adequate supplies of nutrients for growth and fruiting. 
Nutrient deficiencies affect the quantity and quality of grape. 
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For a particular nutrient, there exists a relationship between its 
concentration in soil and leaf, as well as quality attributes of 
fruits and this serves as a guide to obtain maximum 
productivity of quality fruits. The relationship between 
various nutrients with quality parameters and yield of grapes 
in presented in Table 5 and 6 and discussed below: 
The available soil nutrients failed to exhibit any significant 
relationship with total soluble salts of grape berries, however, 
a positive and significant correlation coefficient was observed 
between petiole potassium and total soluble salts of grape 
berries, but rest of leaf nutrients failed to establish any 
significant relationship with total soluble salts. The significant 
and positive correlation of total soluble salts with leaf 
potassium content might be attributed to the fact that 
potassium being a quality nutrient (Usherwood), [53] is 
involved in enzyme activation and cell hydration and 
maintains the assimilatory power of leaves over a large period 
thus resulting in higher total soluble salt concentration. 
Similar results were reported by Dar et al. [16] and Martin et 
al. [32]. 
The total sugar content of grape berries showed significant 
and positive correlation with available soil potassium, 
sulphur, iron, zinc, boron and petiole potassium, manganese 
and boron contents. The rest of nutrients failed to exhibit any 
significant relationship with total sugar content (Table 5 and 
6). The significant and positive relationship between soil and 
leaf potassium content with total sugars might be attributed to 
the fact that potassium is the most abundant cation which 
contributes to charge balance and may be involved in sugar 
transport in grape berries (Spayd) et al. [50] and is also 
involved in degradation of soluble pectin thus resulting in 
softening of fruit and consequently increasing the total sugar 
content. The results are in line with those of Ramming et al. 
[43] and Kumar et al. [29]. The significant and positive 
relationship between available sulphur and total fruit sugar 
content might be attributed to the role of sulphur in plant 
metabolism especially enhancing biosynthesis of organic food 
and cell division. Mostafa and Abdl El-Kader [36] reported 
similar results. As mentioned earlier total sugar content 
showed significant and positive correlation with available iron 
content, which might be due to the fact that iron is essentially 
required for early leaf production and photosynthesis to 
ensure better berry development and quality. The results are 
in accordance with those of Dar et al. [15]. The available zinc 
was significantly and positively correlated with total sugar 
content which could be due to role of zinc in berry 
development and fruit set, shoot elongation and pollen 
formation. The results are in close conformity with the 
findings of Dar et al. [15] and Singh et al. [47]. The fruit sugar 
content showed significant and positive relation with both soil 
and petiole boron content, which might be ascribed to the fact 
that boron is the most important micronutrient element so far 
as the fruit quality of grape is concerned, it is involved in 
pollen germination, growth of pollen tube and normal fruit 
set. The similar results were observed by Chokhaet al. [13]. 
The positive and significant correlation between leaf 
manganese and total fruit sugar content might be due to 
involvement of manganese in physiological processes of plant 
encouraging growth and productivity. This is in agreement 
with the findings of Babu and Yadav [8]. 
The per cent fruit acidity exhibited a significant and positive 
correlation with soil available nitrogen and, petiole nitrogen, 
phosphorus, sulphur, iron, manganese, zinc, copper and 
boron, whereas, it showed a significant and negative 
correlation with petiole calcium, magnesium and 

molybdenum (Table 5 and 6). The significant and positive 
correlation of fruit acidity with available and leaf nitrogen 
content might be attributed to the fact that in grape clusters, 
nitrogen is primarily found as ammonium cations and organic 
compounds such as amino acids, hexose amines, peptides, 
nucleic acids and proteins and only traces of nitrate nitrogen 
are found in the berries (Winkler) et al. [57]. Bybordi [10] and 
Diehl et al. [17] observed similar relationship between nitrogen 
and per cent fruit acidity. Jivan and Sala [21] also observed 
positive correlation between leaf phosphorus, sulphur, iron, 
zinc and copper with titratable fruit acidity in apple. An 
increase in per cent fruit acidity in grape berries with micro 
and macronutrient sprays was also reported by Chokhaet al. 
[13]. Significant and negative correlation of leaf calcium with 
per cent fruit acidity is in accordance with the findings of 
Awasthiet al. [7], whereas, the same correlation of leaf calcium 
with fruit acidity is supported by the findings of Dabas and 
Jindal [14]. The significant and negative correlation of petiole 
molybdenum with per cent acidity is in accordance with the 
result of Williams et al. [56]. 
The anthocyanin content of grape berries indicated a 
significant and positive correlation with available boron and, 
petiole boron and potassium content only, whereas, rest of 
soil and petiole nutrients were non-significantly related with 
total anthocyanin content. Although boron plays an important 
role for increasing pollen grains germination, pollen tube 
elongation, consequently, fruit set and total yield, cell 
division, biosynthesis and translocation of sugars water and 
nutrient uptake (Ahmad) et al. [3], however, there is no 
indication of boron as an enzymatic component nor that it 
affects the activity of any enzyme during anthocyanin 
synthesis (Marschner), [31], but its role might be related to the 
metabolism and transport of carbohydrates, since 
anthocyanins are formed by an anthocyanidin and a 
carbohydrate (Saure), [46], or by stimulating sugar synthesis 
during the anthocyanin synthesis (Vestrheim), [54], which 
might be a reason for positive and significant correlation of 
available and leaf boron with total anthocyanin content. 
Similar relationship of soil and leaf boron with anthocyanin 
was also observed by Mashayekhiet al. [33]. Positive and 
significant correlation of anthocyanin with petiole potassium 
content might be ascribed to the fact that potassiumappears to 
enhance anthocyanin accumulation and red colouration of 
grapes by promoting normal fruit development through 
translocation of complex sugars to the fruit and throughout 
the tree. The observations are in line with the findings of Pal 
and Ghosh [41] and Mosaet al. [35]. 
The fruit yield of grapes indicated a significant and positive 
correlation with soil available nitrogen, phosphorus, 
manganese and petiole nitrogen, phosphorus, sulphur, 
manganese and boron. The positive and significant correlation 
of soil and petiole nitrogen with fruit yield might be ascribed 
to the fact that nitrogen is essential to enhance plants 
biological processes (normal cell division, growth and 
respiration) and enables plants to use the energy of sunlight to 
form sugars from carbon dioxide and water (Abbas and 
Fares), [2], it is most important nutrient to manage in vineyards 
as it has a great impact on vine vegetative and reproductive 
development, according to Pessarakli [42] nitrogen affects 
plant growth by influencing leaf area and by affecting the 
photosynthetic capacity of foliage, thus nitrogen can be 
expected to affect photosynthesis rates and carbohydrate 
allocation, and consequently promote a higher fruit growth 
and yield. Similar relationship of soil and leaf nitrogen was 
also recorded by Kirimi et al. [27]. Similar correlation of fruit 
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yield with soil and petiole phosphorus could be due to its role 
in fruit bud differentiation in grapevines. The results are in 
close conformity with the observations of Yogeeshappa, [59]. 
The soil and leaf manganese was also significantly and 
positively related with fruit yield, which might be due to its 
involvement in physiological processes of plant encouraging 
growth and productivity. The results are supported by the 
findings of Babu and Yadav [8]. Significant and positive 
relation between petiole boron and fruit yield might be 
probably due to role of boron in pollen germination and 
pollen tube growth, which is likely to increase fruit set 
(Wojcik) et al. [58] and therefore the yield of vineyards. These 
results are in harmony with the findings of Nikkhah et al. [39] 
and Ali et al. [4]. The positive correlation of leaf sulphur with 
fruit yield might be because sulphur plays a vital role in the 
synthesis of amino acids (methionine, cystein and cystine), 
proteins, chlorophyll and certain vitamins (Tiwari and Gupta), 
[52]. The results are in close conformity with those of Dar et al. 
[16] and Khalid et al. [26]. 
It can be concluded from the present study that yield and 
quality of grape is directly dependent upon the available 
nutrient status and nutrient concentration in the petioles of 
vineyards, alsopotassium, zinc and boron are the most 
important essential nutrients needed by vineyards as far as 
quality parameters of grape are concerned. 
 

Table 1: Quality attributes and yield of grape orchards of district 
Ganderbal 

 

Sampled 
Location 

TSS 
(%) 

Total sugars 
(%) 

Acidity 
(%) 

Anthocyanin 
(%) 

Yield 
(t/ha) 

1 21.79 13.84 0.28 0.024 1.75 
2 20.95 12.98 0.32 0.021 1.84 
3 22.53 13.12 0.43 0.026 1.78 
4 22.67 13.61 0.37 0.022 1.79 
5 23.28 14.9 0.44 0.034 1.83 
6 23.12 14.51 0.50 0.023 1.84 
7 23.95 14.56 0.47 0.018 1.81 
8 21.49 13.24 0.39 0.025 1.79 
9 21.18 14.50 0.45 0.025 1.83 
10 23.00 14.82 0.47 0.022 1.90 
11 23.47 14.96 0.43 0.032 1.88 
12 23.74 15.12 0.41 0.035 1.85 
13 21.59 13.87 0.27 0.031 1.79 
14 23.11 15.42 0.35 0.033 1.83 
15 22.97 14.54 0.29 0.030 1.78 

Mean 22.59 14.27 0.39 0.03 1.82 
95% C.I 22.06-23.12 13.84-14.69 0.35-0.43 0.02-0.03 1.80-1.84

 
Table 2: Range of soil available nutrients in grape orchard soils 

 

Nutrient element 
Concentration (ppm) 

Range Mean 
N 140.0-195.0 161.0 
P 10.5-13.4 11.7 
K 126.0-141.0 133.1 
Ca 1819.0-1883.0 1854.3 
Mg 259.0-310.0 282.2 
S 9.7-11.4 10.5
Fe 29.21-39.84 33.84 
Mn 29.92-39.93 35.14 
Zn 1.18-1.42 1.32 
Cu 1.51-1.78 1.62 
B 0.46-0.67 0.58 

Mo 0.09-0.31 0.22 
 

Table 3: Range of petiole nutrients in vineyards of Kashmir 
 

Nutrient element Range Mean 
N (per cent) 1.45-2.00 1.79 
P (per cent) 0.14-0.25 0.18 
K (per cent) 1.55-1.75 1.64 
Ca (per cent) 0.80-1.50 1.17 
Mg (per cent) 0.13-0.45 0.24 
S (per cent) 0.10-0.22 0.16 
Fe (ppm) 121.17-146.78 135.53 
Mn (ppm) 30.21-45.25 38.80 
Zn (ppm) 23.00-44.63 33.34 
Cu (ppm) 10.03-13.87 12.06 
B (ppm) 20.63-29.50 24.51 

Mo (ppm) 0.27-0.54 0.37 
 
Table 4: Relationship of available nutrient elements with fruit yield 

and quality attributes of grape berries 
 

Nutrient TSS Total sugars Acidity Anthocyanin Yield 
N 0.209 0.255 0.567* -0.207 0.548*
P 0.222 0.454 0.322 0.145 0.587*
K 0.358 0.616* 0.175 0.139 0.398
Ca -0.192 -0.182 -0.116 0.274 -0.461 
Mg 0.212 0.449 -0.226 0.444 -0.130 
S 0.416 0.611* 0.182 0.166 0.373 
Fe 0.270 0.552* 0.410 -0.047 0.592*
Mn 0.388 0.459 0.409 0.019 0.663**
Zn 0.396 0.764** 0.219 0.274 0.419 
Cu 0.128 0.156 0.250 -0.080 0.366 
B 0.005 0.528* 0.058 0.667** 0.280 

Mo 0.210 0.506 0.026 0.407 0.493 
** Significant at 5 per cent level 
* Significant at 1 per cent level 
 

Table 5: Relationship of petiole nutrient elements with fruit yield and 
quality attributes of grape berries 

 

Nutrient TSS Total sugars Acidity Anthocyanin Yield 
N 0.213 0.141 0.785** -0.330 0.592*
P 0.299 0.407 0.712** -0.241 0.599*
K 0.539* 0.548* -0.137 0.554* 0.019 
Ca -0.396 -0.110 -0.787** 0.472 -0.401 
Mg -0.204 -0.094 -0.793** 0.513 -0.350 
S 0.421 0.448 0.750** -0.179 0.642**
Fe 0.260 0.194 0.733** -0.337 0.510 
Mn 0.390 0.673** 0.646** 0.068 0.613*
Zn 0.368 0.296 0.793** -0.312 0.508 
Cu 0.138 0.191 0.536* -0.425 0.253 
B 0.328 0.573* 0.588* 0.524* 0.595*

Mo -0.301 -0.086 -0.839** 0.382 -0.424 
** Significant at 5 per cent level 
* Significant at 1 per cent level 
 

Table 6: Regression coefficients of significant correlations of 
available nutrient elements with fruit yield and quality attributes of 

grape berries 
 

Nutrient Quality Parameters Intercept Slope R2 
N Acidity 78.78 75.93 0.42
N Yield 137.99 135.48 0.67
P Yield 4.63 7.96 0.50
K Total Sugars 84.64 2.44 0.56
S Total Sugars 5.15 0.33 0.37
Fe Total Sugars 5.14 1.93 0.21
Fe Yield -53.49 47.36 0.35
Mn Yield -55.79 49.35 0.44
Zn Total Sugars -0.064 0.091 0.59
B Total Sugars -0.13 0.031 0.21
B Anthocyanin 0.18 5.14 0.27
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Table 7: Regression coefficients of significant correlations of petiole 
nutrient elements with fruit yield and quality attributes of grape 

berries 
 

Nutrient Quality Parameters Intercept Slope R2 
N Acidity 1.21 1.49 0.62
N Yield 1.98 2.07 0.45
P Acidity 0.06 1.31 0.51
P Yield 1.69 2.48 0.36
K TSS 6.03 3.03 0.58
K Total Sugars 9.13 7.03 0.49
K Anthocyanin 1.47 6.4 0.31
Ca Acidity 2.12 -2.43 0.62
Mg Acidity 0.63 -0.99 0.63
S Acidity 0.02 0.35 0.56
S Yield -0.86 0.56 0.41
Fe Acidity 110.15 64.86 0.54
Mn Total Sugars -20.22 4.10 0.45
Mn Acidity 22.38 40.69 0.42
Mn Yield -91.21 71.19 0.38
Zn Acidity 5.87 70.21 0.63
Cu Acidity 8.68 8.65 0.29
B Total Sugars 5.43 2.10 0.33
B Acidity 15.81 22.23 0.35
B Anthocyanin 17.10 277.26 0.27
B Yield -51.03 41.52 0.35

Mo Acidity 0.63 -0.91 0.70
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