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Abstract

An experiment was conducted for three years from 2010-13 at Grape Research Station, Rajendra Nagar, Hyderabad (A.P.),

India; to study the influence of petiole nutrient content of twelve juice and wine varieties of grape cultivars grafted on

Dogridge rootstock, on number of fruitful canes in the variety. The experiment consisted of twelve juice and wine varieties

with four replications and four vines under each replication in a randomized block design. Around 60 petioles from each

replication were collected from the 5th leaf during bud differentiation stage and were analyzed for the macro nutrient content.

It was observed that in the varieties E12-2, Pusa Navrang, Gulabi × Bangalore purple, Cabernet Sauvignon, Merlot, Shiraz,

Chenin Blanc, Savignon Blanc, Bangalore Blue, Athens, Zinfandel and H-23, the mean N content was 1.00, 1.09, 1.29, 0.98,

1.04, 0.99, 0.89, 1.17, 1.19, 1.06, 1.23 and 1.27 percent respectively; the mean P content was 0.54, 0.59, 0.51, 0.64, 0.57, 0.66, 0.62,

0.58, 0.59, 0.54, 0.61 and 0.54 percent respectively; the mean K content was 3.81, 4.11, 3.53, 3.78, 3.23, 3.99, 3.98, 3,88, 2.95, 4.26,

3.14 and 4.58 percent respectively and the mean number of fruitful canes were 30.6, 62.8, 56.6, 33.5, 30.9, 59.7, 64.8, 61.7, 42.2,

28.7, 41.7 and 36.1 respectively.

A correlation of petiole nutrient content at bud differentiation with the number of fruitful canes counted after forward pruning

during the years 2010-2011, 2011-12 and 2012 -13 revealed a low and non significant relationship with petiole N content (r =-

0.09, 0.01 and 0.15, respectively), though non significant a consistent positive correlations with P content (r = 0.38, 0.44 and

0.46, respectively) and non significant and positive relation with K content (r=0.54, 0.02 and 0.10 respectively) indicating that

increase in petiole nitrogen may not favour flowering, while increase in petiole P has positive effect on flowering.
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Introduction

Buds in grapes are formed as discrete tissues in the

axis of leaves subtended by the current seasons shoots

during their development these buds may differentiate

into cluster bearing or vegetative primordial. In brief

flowering in the grape vine involves three main steps 1)

Formation of anlagen 2) Differentiation of anlagen to form

inflorescence primordial. 3) Differentiation of flowers.

The main factors that influence flowering in grapes are

1) Biochemical changes during inflorescence primordial

formation. 2) Effects of environmental factors including

temperature, light intensity, photoperiod, water stress and

mineral nutrition, 3) Role of phytohormones. The external

factors which promote flowering in grapes such as short

term exposure to high temperature, light intensity and

optimum levels of soil moisture and macronutrients are

also factors, which promote cytokinin biosynthesis in plant

(Srinivasan and Mullins, 1981). Application of P
2
O

5
 at

the time of flower initiation and K
2
O favoured formation

of cluster primordial. However, most studies on the

mineral nutrition of grape have been concerned with berry

development and wine quality and there are few reports

on the effects of mineral nutrition on flower formation.

Petioles are used as an indicator of the current mineral

nutritional status of the plant, because nutrients are

unaffected, not yet metabolized and not built in organic

structures. Variation in petiole nutrient content with

genotypes was reported by many authors (Anna and

Lajos, 2008; Antonio Ibacache and Sierra, 2009;

Wooldridge et al., 2010).

Hence in the present study, an attempt was made to

determine the influence of petiole nutrient content in wine

and juice varieties of grapes on fruitfulness of grape by

finding the correlation between petiole nitrogen,

phosphorus and potassium and percent fruitful canes in

wine and juice varieties of grapes.*Author for correspondence : E-mail : vijayagrs@gmail.com
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Materials and Methods

Twelve juice and wine varieties of grape cultivars

grafted on Dogridge rootstock were evaluated with an

objective to find the influence of petiole nutrient content

in wine and juice varieties of grapes on fruitfulness of

grape at the Grape Research Station (18°45’ N; 77°85’

E) Dr.YSRHU, R.Nagar, Hyderabad (A.P.), India during

2010-2011, 2011-12 and 2012-2013 growing seasons.

Among these the varieties suitable for juice were

Pusa Navrang, Gulabi × Banglore purple, Bangalore Blue,

E12-2 and H-23, the varieties suitable for red wine were

Cabernet sauvignon, Merlot, Shiraz, Athens and

Zinfandel, while the varieties suitable for white wine were

Chenin Blanc and Savignon Blanc. The twelve juice and

wine varieties of grape cultivars were grafted on Dogridge

rootstock with the spacing of 10 × 6 ft (row × vine) and

row orientation was north-south. The vines were trained

on an extended Y system of training. The treatments

were arrayed in a randomized complete block design,

with four replicates and four vines per plot as the

experimental unit. The soil was sandy clay loam rich in

organic carbon (1.4%) medium in alkaline KMnO
4 

–

oxidizable N (298kg ha-1) high in Olsen P (110 kg ha-1)

and high 1 N neutral ammonium acetate extractable K

(301 kg ha-1) with neutral pH (7.52) and non saline of EC

( 0.41 d S m-1) in 1: 2.5 soil to water ratio.

Standard cultural practices were followed uniformly

throughout the period of the study. The vines were

fertilized with recommended dose of 500 kg N, 500 kg

P
2
O

5
 and1000 kg K

2
O per hectare for this region along

with 10 tons of FYM per hectare. ZnSO
4
 and MgSO

4

were applied at the rate of 10 kg per vine. Mineral nutrient

composition was analyzed in the petioles collected from

5th leaf at bud differentiation (45 days after back

pruning).The samples consisted of approximately 60

petioles per treatment in each replicate for nutrient

analysis. The samples were washed, dried at 70°C, and

then pounded using agate motar and pestle. The petiole

samples were digested with diacid and analyzed for total

content of N, P and K using standard procedures. In the

diacid digest P was estimated by Vanado Molybdate

yellow colour method using spectrophotometer and K

directly by using Flame Photometer method. Total N in

petioles was determined by the Kjeldahl distillation method

after digestion with H
2
SO

4 
(Page et al., 1982). The

percentage of fruitful canes was computed from number

of canes and number of fruitful canes. The data was

submitted to a variance analysis to determine the average

effect over the three years of evaluation. The results of

mean petiole nutrient content obtained over three year

period i.e during 2010-2011, 2011-12 and 2012-2013 at

bud differentiation stages and their correlation with percent

fruitful canes are presented here.

Results and Discussion

Percent fruitful canes

The percent of fruitful canes averaged over three

years were significantly higher in Chenin Blanc (64.8%),

Pusa Navrang (62.8%) and Savignon Blanc (61.7%),

followed by Shiraz (59.7%) and Gulabi × Bangalore Blue

(56.6%). They were significantly lower in Athens (28.7%),

E12/2 (30.6%) and Merlot (30.9%). On an average a

variation of 55.7 percent was observed in fruitfulness

with genotypes. The mean percent fruitfulness also varied

with years where significantly highest percent of fruitful

canes were recorded during the year 2010-11 (55.2%)

and the least during the year 2012-13 (36.3%). Percent

fruitfulness decreased by 16% during 2011-12 and by

34.2 percent during 2012-13 as compared to 2010-11. A

variation of 25 per cent in fruitfulness was reported by

Larry (1994). Since the yearly variation in fruitfulness

was independent of variety (i.e. fruitfulness for all varieties

were high one year and low the next) climatic factors

are identified as probable causes for variation. The year

2011-12 also recorded significantly highest mean petiole

P and K content which indicates that high petiole P and

K content may have had a major role to play in fruitfulness.

There was significant effect of interaction between

fruitfulness and years. This indicates that the amount of

variability differed with variety from year to year.

Petiole nutrient content

Nitrogen content (%)

The results of petiole nutrient content revealed

significant differences in petiole total nitrogen

concentration of wine and juice varieties of grapes. The

grand mean value (mean of the variety over different

years) gave a general indication of the nutrient status of

variety. Significantly lowest mean N concentration was

found in the Chenin Blanc (0.90%), while the highest

was recorded with Athens (1.27%), which was on par

with Zinfandel (1.23%). In addition years have a

significant influence with highest mean N concentration

recorded during 2011-12 (1.24%) and lowest during 2012-

13 (0.98%), which was on par with N content recorded

during 2010-11. This indicates that on an average the

variation in petiole N content was 29 per cent with

genotypes and 21 per cent with years. A significant effect

of interactions was observed between petiole total

nitrogen concentration of wine and juice varieties and

years of study. The mean petiole N content of each variety
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Table 1 : Fruitfulness of wine and juice varieties of grape during

three different years.

         Fruitful canes (%)
   Varieties

2010 2011 2012 Mean for

-11 -12 -13 varieties

1 E12/2 41.2 c 28.9 b 21.9 a 30.6 a

2 Pusa Navrang 69.7e 69.2 e 49.6 c 62.8 e

3 Gulabi x Bangalore 69.5 e 57.3 d 43.0 c 56.6 d

Blue

4 Cabernet Savignon 56.7 d 7.7a 36.0 c 33.5b

5 Merlot 57.6 d 9.1 a 25.8 b 30.9a

6 Shiraz 45.6 c 81.2 e 52.3 d 59.7d

7 Chenin Blanc 73.0 e 73.7 e 47.5 c 64.8 e

8 Savignnon Blanc 72.9 e 69.8 e 42.5 c 61.7 e

9 Bangalore Blue 44.5 c 50.3 d 31.8 b 42.2 c

10 Athens 36.5 c 27.4 b 22.1 b 28.7a

11 Zinfandel 53.9 d 32.9 b 38.5 c 41.8 c

12 H23 40.7 c 42.8 c 24.9 b 36.1 b

Varieties 55.2 c 45.9 b 36.3 a

Mean of year CD SE(d) SE(m)

Varieties 3.80 1.92 1.30

Year 7.60 3.83 2.70

Variety × Year 13.16 6.63 4.60

Table 2 : Petiole nitrogen content of wine and juice varieties of

grape during three different years.

                 N (%)
   Varieties

2010 2011 2012 Mean for

-11 -12 -13 varieties

1 E12/2 1.10b 0.88a 1.02b 1.00b

2 Pusa Navrang 1.06 b 1.05 b 1.17 c 1.09 d

3 Gulabi x Bangalore 1.16 c 1.58 e 1.14 c 1.29 g

Blue

4 Cabernet Savignon 1.10 b 0.99 b 0.84 a 0.98 b

5 Merlot 1.11 b 0.97 b 1.04 b 1.04 c

6 Shiraz 1.19 c 0.89 a 0.89 a 0.99 b

7 Chenin Blanc 1.07 b 0.80 a 0.83 a 0.90 a

8 Savignnon Blanc 0.88 a 1.65 e 0.98 b 1.17 e0

9 Bangalore Blue 1.16 c 1.32 d 1.08 b 1.19 e

10 Athens 0.86 a 1.53 e 0.81 a 1.06 c

11 Zinfandel 1.20 c 1.48 b 1.02 b 1.23 f

12 H23 1.13 c 1.76 e 0.93 a 1.27 f

Mean of year 1.08 a 1.24 b 0.98 a

CD SE(d) SE(m)

Varieties 0.04 0.02 0.02

Year 0.09 0.04 0.03

Variety × Year 0.15 0.07 0.05

Table 3 : Petiole phosphorus content of wine and juice varieties

of grape during three different years.

                 P (%)
   Varieties

2010 2011 2012 Mean for

-11 -12 -13 varieties

1 E12/2 0.60b 0.49a 0.53a 0.54b

2 Pusa Navrang 0.67c 0.50a 0.60b 0.59c

3 Gulabi x Bangalore 0.58b 0.46a 0.48a 0.51a

blue

4 Cabernet Savignon 0.75c 0.52a 0.64b 0.64d

5 Merlot 0.64b 0.51a 0.56b 0.57b

6 Shiraz 0.66c 0.65b 0.67c 0.66e

7 Chenin Blanc 0.61b 0.63b 0.62b 0.62d

8 Savignnon Blanc 0.65b 0.53a 0.58b 0.58c

9 Bangalore Blue 0.63b 0.61b 0.52a 0.59c

10 Athens 0.52a 0.55a 0.56b 0.54b

11 Zinfandel 0.64b 0.53a 0.65b 0.61d

12 H23 0.56b 0.51a 0.55a 0.54b

Mean of year 0.63b 0.54a 0.58a

CD SE(d) SE(m)

Varieties 0.03 0.01 0.01

Year 0.05 0.03 0.02

Variety × Year 0.09 0.05 0.03

Table 4 : Petiole potassium content of wine and juice varieties

of grape during three different years.

    K(%)
   Varieties

2010 2011 2012 Mean for

-11 -12 -13 varieties

1 E12/2 4.72 c 3.16 a 3.54 b 3.81 c

2 Pusa Navrang 5.48 d 4.16 c 3.55 b 4.39 d

3 Gulabi x Bangalore 4.27 c 3.77 b 2.56 a 3.53 b

Blue

4 Cabernet Savignon 4.34 c 3.25 b 3.76 b 3.78 c

5 Merlot 3.63 b 2.51a 2.70 a 2.95 a

6 Shiraz 3.74 b 4.05 c 4.17 c 3.99 c

7 Chenin Blanc 4.17 c 3.52 b 4.26 c 3.98 c

8 Savignnon Blanc 4.22 c 3.55 b 3.86 b 3.88 c

9 Bangalore Blue 3.13a 2.89 a 2.81 a 2.95 a

10 Athens 4.71c 3.71b 4.37c 4.26 d

11 Zinfandel 3.80b 2.92a 2.71 a 3.14 a

12 H23 5.27d 4.60 c 3.88 b 4.58 d

Mean of year 4.29b 3.51a 3.51a

CD SE(d) SE(m)

Varieties 0.21 0.10 0.07

Year 0.41 0.21 0.15

Variety × Year 0.71 0.36 0.25
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correlated with mean fruitfulness of that year revealed a

low and non significant relationship in the years 2010-

2011, 2011-12 and 2012-13 (r = -0.09, 0.01 and 0.15,

respectively). Hence in addition to petiole analysis values

much work is necessary to elucidate all the factors and

conditions leading to fluctuations in fruitfulness. However

in a survey of the petiole nutrient status in 30 tropical

vineyards Muthukrishnan and Srinivasan showed a

significant negative correlation (r = -0.946) between

petiole N and fruitfulness.

Phosphorus content (%)

The grand mean petiole P value (mean of the variety

over different years) which gives a general indication of

the P status of variety, reveals that the significantly lowest

mean P concentration was found in the Gulabi ×

Bangalore Blue (0.51%) where as the highest was

observed with Shiraz (0.66%) reflecting a variation of

around 23 percent. Likewise, there was significant

variation of 14 percent in the grand mean P concentration

from year to year with significantly highest concentration

recorded during 2010-11 (0.63%). The interaction year

× variety was also highly significant. The mean petiole P

contents of varieties correlated with the mean fruitfulness

during that year revealed that though not significant the

petiole P contents of varieties during 2010-2011, 2011-12

and 2012 -13 showed positive correlations with fruitful

canes (r = 0.38, 0.44 and 0.46, respectively). This could

be because phosphorus promotes fruitfulness through

synthesis of higher rates of ribonucleic acid (RNA) in

the buds (Madhavarao and Srinivasan, 1971). Adom

Jacobs (2002) reported phosphorus induces the flower

initiation through synthesis of proteins and nucleic acids

favorable for inflorescence formation. It determines

carbon dioxide fixation, cell membrane development and

movement of essential structures. Its role also has bearing

on energy storage and transfer.

Potassium content (%)

It was found that the grand mean petiole K value

(mean of the variety over different years) in Merlot

(2.95%) and Bangalore Blue (2.95%) was significantly

low and were on par with each other whereas it was

significantly high with H23 (4.58%), Pusa Navrang

(4.39%) and Athens (4.26%). Highest variation of 36

percent with genotypes was observed with mean petiole

K content. There was 18 percent variation in the mean

K content from year to year with significantly highest

petiole K concentration recorded in 2010-11 (4.29%) and

lowest in 2011 -12 and 2012 -13 (3.51%). A significant

effect of interactions was observed between petiole K

content of wine and juice varieties of grapes and different

years of study. The mean K contents of varieties were

correlated with the fruitfulness during that year, indicated

a positive correlations with fruitful canes during the year

2011-12 (r = 0.54). However, during 2010-2011 and 2012

-13 a week non significant correlation (r= 0.02 and 0.10,

respectively) was obtained. There have been several

suggestions for a role for K in inflorescence formation in

the grape vine and to promote fruitfulness through its

enzyme activating property (Srinivasan and Mullins,

1981). The reason for not getting a consistent and strong

relationship in this study could be because of so many

factors influencing fruitfulness.
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