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Abstract

Background/Objectives: Nutrient management plays a key role in growth and yield of grapes. Among the macronu-
trients, nitrogen is very important because its deficiency and sufficiency both affect yield and quality. Since, this study
was aimed to evaluate nitrogen rates and time on yield and nutrient accumulation of grapevines. Methods: The ex-
periment was designed in Randomized Complete Block Design (RCBD) in factorial arrangement consisted of N rates
as factor (A) i.e. 0.0, 50, 80 and 110 kg N ha! and time of N application as factor (B) i.e. bud break, at flowering and
fruit set. Findings: The results showed higher bunch weight on 80 kg N ha! applied one week before flowering which
was 232.66 g for small, 456.77 g for medium and 795.67 g for large bunch along with greater fruit yield of 41.32 t
ha. However, the increasing N rate (110 kg N ha™) reduced yield by 15.5% over 80 kg N ha-1 applied at bud break.
In case of petiole nutrient concentration, higher N concentration (1.95%) was noted at 110 kg N ha! but maximum P
(0.45%) and K concentration (2.70%) were found at 80 kg N ha’. The established correlation study indicated that
yield was positively and significantly correlated with petiole N (r = 0.87), P (r = 0.92) and K concentration (r = 0.83)
indicating yield dependence on nutrient supply. Applications/Improvements: From this study, it is suggested that
80 kg N ha! must be applied one week before flowering but this rate and time might be varied for other soil type.
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1. Introduction

Grapes (Vitis vinifera) of family Vitaceae is one of the most
popular fruits in the world and is grown in temperate as
well as sub-topical climates. Grapes are best grown in all
types of climates and soils where the production of other
deciduous fruits is restricted. A soil having low water
holding capacity sandy loam is the best for its growth.

Balochistan is the major grapes producer in Pakistan with
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some contribution of Khyber Pakhtunkhwa where 1.22
million ton are produced annually but the average yield is
19 tons ha! which is quite low as compared to its poten-
tial yield (i.e. 25 tons ha'):. The province of Balochistan
contributes 98 percent to the national grapes production
in Pakistan.

A number of varieties of grapes are grown in upland
areas of the province. The most famous are, Haita,
Kishmishi, Shundokhani, Sahibi and Shekhali are com-
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monly grown popular commercial varieties in Quetta,
Pishin, Killa Abdullah, Mastung, Kalat, Loralai and Zhob
districts®. Like other fruit plant, grapes also have different
growth stages in its annual life cycle including bud break,
vegetative growth, bloom, fruit set, ripening and leaf
fall during autumn and then undergo dormancy period
in winter®. Through these growth stages, grapevines get
hardly 100 days from setting of berry up to harvesting.

Nutrients mining from soil occurs in the form of
removal by fruits as well as nutrient use efliciency of
fruits*>. Nutrient use of efficiency is affected by variety,
growth, and yield. Among the macronutrients, N use effi-
ciency of grapes ranged from 20 to 40%, P 5-20% and K
50-100% respectively. Judicious use of nutrients envisages
saving on natural resources for future use and protecting
soil, water and air from pollution. Modern nutrient man-
agement strategy has shifted its focus towards the concept
of practical sustainability with the components of eco-
friendly approach to growers and to the crops.

The macronutrients such as N, P and K plainly affect
growth of grapevines particularly in bud initiation and
grapes bunches differentiation as potential yield com-
ponent leading to current year yield production®. The
scientific literature has shown that the status of these mac-
ronutrients results in the determination of target yield i.e.
more nutrient accumulation in petiole ensure higher and
desired yield provided that other factors such water and
cultural management practices are kept conducive. It is
evidenced that potential yield of grapevines found in pre-
vious season is affected by petiole nutrient status at time
of dud initiation and bunch differentiation”®.

Nitrogen use efficiency varies from 20 to 40% in
grapes and depends on the status of organic matter in soil
and doses of nutrient applied. N use efficiency was higher
at lower doses of applied N*°. The efficiency of P is very
low and ranged from 5 to 15%. The use efficiency of K
ranged from 50 to 100%. Which might be due priming
effect of applied potassium on soil potassium?

Nitrogen is one of the primary nutrients that plants
required in higher amount including grapevines. It makes
up an important of part of protein, nucleic acid, all plant

tissues and is integral component of chlorophyll. In both

I 2 | voii1 (15) | April 2018 | wwwindjst.org

cases of deficiency and sufficiency, plant growth and
yield is suffered to great extent. Plant vegetative growth
is decline when N is supply limited and in severe N
deficiency plant growth is stunted and leaves turned chlo-
rotic. However, higher N application boost up vegetative
growth reflecting dense canopies making management
practices difficult leading to poor bud initiation, lower
fruit set and berries in bunch become compacted. Such
compacted bunches become susceptible to fungal attack
and rotting of berries occurs*.

The timing of N fertilizers, like other nutrients, should
occur when demand is high and uptake is rapid. Nitrogen
is needed most during the period of rapid vegetative
growth, which occurs during the spring, from budbreak
to early berry development. It is during this period that
new growth may accumulate up to 50% of its annual N
requirement!?. Because active root growth and mineral
uptake is generally minimal during the budbreak period,
N demand is met primarily from reserves stored in the
roots and other permanent woody structures (trunk,
cordons and canes). The amount of N remobilized from
permanent structures between budbreak and fruit set
account for up to 40% of that needed by shoots, leaves
and clusters?. Since the need for N is most critical in
the spring and highly dependent on reserves, it can be
inferred that the need for soil N is minimal very early
in the season and that fertilizers should be applied when
vines can best absorb and assimilate N as a part of the
reserve while minimizing losses thorough leaching and
denitrification!?!. In view of the importance of N man-
agement in grapevines, the present study was conducted
to find out the most appropriate rate of N requirement of
grapevines for enhancing yield and to observe the effec-
tive timing of N application on growth, yield and quality
of grapes.

2. Materials and Methods

The soil of entire Pakistan including Balochistan is cal-
careous and alkaline in nature. Nutrients availability and
efficiency is quite low in such soil. Grapes are grown in
three districts of Balochistan i.e. Pishin, Killa Abdullah
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and Mastung. The mismanagement of N fertilization in
grapevines resulted in low yield of poor quality. To evalu-
ate nitrogen rates and time of application, a field study
was conducted at Nawabad district Pishin Balochistan,
Pakistan during 2016-17. The grapevine variety was
shundakhani which were grown in trenches with 12
grapevines in each trench. A complete trench was selected
for one treatment and there were 36 trenches chosen for
this study. The experiment was designed in Randomized
Complete Block Design (RCBD) in factorial arrangement
consisted of N rates as factor (A) and time of N application
as factor (B) which were replicated thrice. The treatments
were included four Nitrogen (N) rates as factor A i.e. 0.0,
50, 80 and 110 kg N ha* while three time of N application
such as bud break, at flowering and fruit set.

At the time of late spring and after harvesting of
grapes, the recommended doses of P and K were applied
according to the general recommendation of NFDC
for grapes. Nitrogen was applied as per treatment. Zinc
(zinc sulphate) was sprayed as a 1.0% dormant spray in
February and 0.05% iron solution (using sequestrine) was
sprayed in May to meet the requirement of Zinc and Iron
of grapes.

Before the application of treatments, composite
soil sample was collected from the grapevines yard and
analysed for physicochemical properties and macro-
nutrients including soil mechanical analysis, pH, EC,
organic matter, total nitrogen, AB-DTPA extractable P
and K. Hydrometer method was used for soil mechani-
cal analysis®, soil pH and EC were determined in 1:5 soil
and water suspension at 25°C according to the method
described by McKeague'® and McLean', organic matter
by oxidizing method®%, AB-DTPA extraction solution
was used for extracting P and K. In the clear filtrate of
AB-DTPA soil extract, phosphorus was determined on
Spectrophotometer at 880 nm wavelength and potassium
on Flame Photometer.

Leaf samples were collected for petioles at veraison
with at least 75 to 100 leaves from each treatment. The
leaves opposite the bottom flower cluster were collected
and petioles were separated from leaf blade and then
put in the paper envelopes, labelled and delivered to the
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Laboratory of Soil and Water Testing of ARI Quetta the
same day and stored it over there at 20°C for next com-
ing working day. The samples were decontaminated and
washed, oven dried at 80°C, ground to 20 mesh and stored
in plastic bags at 4°C in the Lab. for analysis of N, P and
K. Weighed 0.3 g of the prepared plant sample and wet
digested using hot sulfuric acid with repeated additions
of 30% hydrogen peroxide (H,O,) until the digestion
was completed, then this digest was used for the deter-
mination of nitrogen, phosphorus and potassium?. For
phosphorus, Pipetted 10 ml of the digest into a 100 ml
volumetric flask, added 10 ml ammonium-vanadom-
olybdate and diluted the solution with Deionized water
up to the mark. Then, read the absorbance of the blank,
standards, and samples after 30 minutes at 410-nm wave-
length on Spectrophotometer. The potassium in the digest
was determined directly by Flame Photometer. Whereas,
total nitrogen was determined by Kjeldhal method?®.

2.1 Statistical Analysis

The data was subjected to statistical analysis using two
ways ANOA and LSD test at alpha level 0.05 was applied
for comparison of mean. All statistical analysis was com-
puted on Statistix 8.1 software (MathSoft Inc., Cambridge,
MA, USA).

3. Results and Discussion

The soil of grapevines yard was sandy clay loam in tex-
ture with 48.6% and 26.7% silt and 24.7% clay fraction.
Further, the soil was alkaline in reaction (pH 8.12) and
non-saline (EC, 2.34 dSm™) having low organic matter
contents (0.54%). The soil nutrient status of the grape-
vines yard indicated that total nitrogen (0.027%) and
AB-DTPA extractable phosphorus (2.21 mg kg') were
low but AB-DTPA extractable potassium (118.5 mg kg™)
was in medium range.

The effect of N rates and time of application on grape
bunch weight and yield showed variable values that were
ranging from 124.8-345.15 g small bunch, 229.0-692.66
g medium bunch, 473.0-1071.0 g large bunch and 18.0-
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Table 1. Effect of Nitrogen rates and application time on bunch weight and yield of grapes

Treatment Bunch weight (8 Yield (ton ha™)
Small Medium Large
Nitrogen rates

0.0 Nkgha' 162.03 ¢ 281.94 c 563.67 ¢ 26.71 ¢
50 Nkgha' 231.67b 417.72b 765.33 b 41.32b
80 Nkgha' 281.50 a 553.51a 883.67 a 48.63 a
110 N kgha! 23398b 424.08 b 761.22b 40.03b

S.E. 4.07 11.88 10.96 0.77

LSD at p<0.5 8.44 24.63 22.73 1.60

Time of N application

At bud break 219.54b 393.66 b 698.58 c 36.32 ¢
At flowering 232.66 a 456.77 a 795.67 a 41.64a
At fruit set 229.68 a 407.50 b 736.17 b 39.55b

S.E. 3.52 10.28 9.48 0.67

LSD at p<0.05 7.31 21.33 19.67 1.38

Interaction
Nrates x N Time

1 1 154.43 h 276.92 g 568.70 f 24.53 f
1 2 159.40 gh 288.96 g 554.33 f 28.36¢
1 3 172.27 g 27993 g 568.00 f 27.22 ef
2 1 205.93 f 355.18 f 691.67 e 38.33d
2 2 248.50 ¢ 459.53 de 832.00 c 44.08 b
2 3 240.57 cd 438.29 f 772.30d 41.55 bc
3 1 272.27b 547.23 ab 819.33 ¢ 44.20b
3 2 292.07 a 588.96 a 954.70 a 52.13a
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Table 1 Continued

3 3 280.17 ab 524.30 bc 877.00 b 49.57 a
4 1 24553 ¢ 395.31f 714.67 e 38.26d
4 2 230.67 de 459.53 de 841.60 bc 41.98 be
4 3 225.73 ¢ 387.29 f 727.33d 39.86 ce
S.E. 7.05 18.97 1.34
LSD at p<0.05 14.61 39.35 2.77

46 t ha' fruit yield respectively. While petiole nutrient
concentration (N, P and K) of grapes under the influence
of N rate and time of application were also variable, the
overall N concentration in petiole was ranged from 0.41
to 2.23% with mean value of 1.28%, P was ranged from
0.09 to 0.58% with mean value of 0.29% and K was ranged
from 0.11 to 2.95% with mean value of 2.03%.

The analysis of variance for small, medium and large
bunch of grapes showed significant differences across N
rates, N time of application and their interaction shown
in Table 1. Further N rates and N time of application also
expressed highly significant differences for grapes yield
ha™ but the interaction of N rates x N time of application
was found non-significant. The effect of N rates showed
significant (p<0.05) differences for bunch weight and
yield. In each grapevines, bunches were not of the same
size and weight but comprise of small, medium and large
bunches. All the three categories of bunches manifested
statistically higher weight on N rate of rate of 80 kg ha"
but the increasing N rate resulted in reduction of the
respective weight. N rates of 50 and 110 kg ha! expressed
at par differences for bunch weight and yield which were
higher over control. The effect of N time of application
on bunch weight and yield was significant (p<0.05) and
higher bunch weight was recorded when N was applied
one week before flowering which was 232.66 g for small,
456.77 g for medium and 795.67 g for large bunch along
with greater fruit yield of 41.32 t ha™ followed by 229.68,
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407.50, 736.17 g small, medium and large bunch with
39.55 t ha”! when N was applied at fruit set. Statistically,
N application at bud break and at fruit set exhibited sta-
tistically at differences for small bunch (Table 1). These
results are supported by the findings** who reported that
N application at bloom exhibited less dense canopy with
higher yield.

The interactive effect of N rates and time of appli-
cation on bunch weight was highly significant but
non-significant for grapes yield. Bunch weight of small,
medium and large exhibited greater weight on 80 kg N
ha! when applied one week before flowering while greater
but non-significant grapes yield was recorded on 80 kg N
ha" when applied either at one week before flowering or
at fruit set. However, the increasing N rates resulted in
reduction of both bunch weight and yield. Consequently
15.5% yield was reduced in the interaction of 110 kg N
ha'x at bud break as compared to 80 kg N ha™ x at bud
break followed by 24.2% yield reduction when 110 kg
N was applied either at flowering or fruiting. It demon-
strates that the rate of N is very important for high grape
yield production. Because both lower and higher N rates
affect yield contributing factors and yield i.e. low rates
does not meet N requirement while higher rates boost
up vegetative growth over reproductive growth leading to
decline in yield. The comparison of N time of application,
this study demonstrates that maximum petiole N accu-

mulation was observed when N was applied at flowering
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Table 2. Effect of Nitrogen rates and application time on petiole nutrient concentration of grapes

Treatment Petiole nutrient concentration (%)
N P K
Nitrogen rates
0.0 Nkgha' 0.58d 0.14d 0.99 ¢
50 Nkgha' 1.12¢ 0.25¢ 1.84Db
80 Nkgha! 1.46b 0.45a 2.70a
110 N kgha! 1.95a 0.32b 2.59a
S.E. 0.03 0.007 0.081
LSD at p<0.5 0.06 0.015 0.168
Time of N application
At bud break 1.17 ¢ 0.27 ¢ 1.93b
At flowering 137 a 0.29b 2.12a
At fruit set 1.30 b 0.32a 2.04 ab
S.E. 0.026 0.006 0.070
LSD at p<0.05 0.054 0.013 0.146
Interaction
Nrates x N Time
1 1 0.54h 0.14h 1.10d
1 2 0.66¢g 0.15h 1.09d
1 3 0.55h 0.14h 0.78 e
2 1 0.95f 023g 1.51c¢c
2 2 1.23e 0.28 ef 2.01b
2 3 1.18 ¢ 0.26 f 2.00b
3 1 1.36d 0.42 c 2.57 a
3 2 1.57 ¢ 0.49a 2.76 a

- 6 | Vol 11 (15) | April 2018 | www.indjst.org Indian Journal of Science and Technology



Hidayatullah, Ahmed Khan, Mouladad, Mirwise, Syed Azmatullah Shah and Zainullah

Table 2 Continued
3 3 146d 0.45b 2.77 a
4 1 1.86 b 0.29e 2.54a
4 2 1.99a 0.34d 2.62a
4 3 2.0l a 0.32d 2.62a
S.E. 0.052 0.013 0.140
LSD at p<0.05 0.108 0.026 0.291

immediately following by at fruit set. It is because during
active growth period the demand of N increases leading
to higher uptake rate which is observed in vines when N
was applied at flowering followed by fruit set (Table 1).
The supply and uptake of plant essential nutrients
particularly the macronutrients such as N, P and K to
grapevines s is very important for obtaining higher and
quality yield. In this study, the grapes petiole nutri-
ent concentration at veraison was investigated across N
rates and time of application. The analysis of variance
for petiole N, P and K concentration showed significant
differences across N rates and N time of application but
non-significant for their interaction shown in Table 2,
except K which also showed significant differences at the
interaction of N rates x time of application. The LSD test
(p<0.05) for comparison of mean showed that higher
petiole N concentration (1.95%) was recorded at higher
N rates of 110 kg ha! while maximum P (0.45%) and K
concentration (2.70%) were found at 80 kg N ha' and
their lower concentration were exhibited by control vines
where no N was applied. However, petiole K concentra-
tion on 80 and 110 kg N ha! was statistically at par. In case
of N time of application, the LSD test (p<0.05) for com-
parison mean revealed greater petiole N concentration
(1.37%) in vines when N was applied one week before
flowering whereas maximum P (0.32%) was recorded
when N was applied at fruit set but petiole K concentra-

tion manifested statistically higher but non-significant
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at both time of application i.e. at flowering and at fruit
set. However, all the three macro nutrients expressed low
petiole concentration when N was applied at bud break
I (Table 2)%. That the response of grapevine to N rates
depends on cultivar. The results reported?#” are in accor-
dance with findings of this study that N application time
for grapevine is one week before flowering or one week
later after bloom where more N uptake occurs on this
growth stage of grapevine.

The interactive effect of N rates and time of applica-
tion on petiole nutrient concentration was significant.
Maximum but non-significant petiole N concentration
(1.99 and 2.01%) was recorded in grapevines s when 110
kg N ha' was applied at flowering and fruit set (Table
2). In case of petiole P concentration, the interaction
of 80 kg N ha'x at flowering time expressed maximum
petiole P concentration (0.49%) followed by 0.45% when
same N rate was applied at fruit set. However, non-sig-
nificantly higher petiole K concentration was observed
in vines when 80 and 110 kg N was applied at all three
N time of application. It is evidenced that the increasing
N rates resulted in reduction of petiole P accumulation
that might be due to growth dilution of grapeviness.
The higher N rates applied either at flowering or fruit
set accelerated petiole N accumulation leading to more
vegetative growth which was proved detrimental for
yield production. However, the higher N rates did not

affect petiole K accumulation. One reason is that the soil
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already contain K concentration in adequate range that
resulted in more K uptake which is also reported? that in
comparison to other plants grapevine can bitterly use so®
that on the basis of nutrient accumulation in grape these
can arranged in two groups: 1. The nutrients like N, P, K
and Mg accumulate up to berry growth, 2. The nutrient
like Ca continue accumulation up to veriason. This is the
reason that petiole nutrients status fluctuated over time
of N application. Similarly, researchers like***! reported
that among the macronutrients, N is considered impor-
tant for growth, yield and quality of grapevine because it
greatly change grapevines composition than other macro-
nutrients and optimum supply of N at the right time helps

plants to withstand stress.
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The extent of relationship between grapes yield and
petiole nutrients concentration under the influence of
N rate and time of application as predicted in Figure 1
revealed that yield was positively and significantly cor-
related with petiole N, P and K concentration. There
was polynomial correlation between yield and petiole
N concentration (r = 0.87) which indicate that yield
was increased with N application to some extent but the
increasing rates resulted in yield decline (Figure la). In
case of petiole P and K concentration and bunch weight,
the grapes yield was positively and significantly correlated
with petiole P concentration (r = 0.92), K concentration
(r = 0.83) and large bunch (r = 0.94) (Figure 1b-d). The

correlation evidenced that for higher yield the nutrient
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supply is utmost important particularly the right dose
at the right time. The change in nutrient ultimately alter
yield. So, the wise use of nutrients ensure sustainable
and higher yield. These correlations are supported*> who
found highly significant correlation between leaf N con-
centration and function of photosynthetic system. Highly
significant correlation between berry dry mass and berry
N concentration (r = 0.98), P concentration (r = 0.96) and

K concentration (r = 0.98) was established.

4. Conclusion

From this study it was inferred that changing nitrogen
rates and Time ultimately affect grapevines growth and
yield. Among the evaluated N rates and time of applica-
tion, 80 kg N ha™ when applied one week before flowering
increased bunch weight, yield and petiole P and K con-
centration but higher petiole N concentration as noted at
110 kg N ha™ resulted in yield reduction. The established
correlation study indicated that yield was positively and
significantly correlated with petiole N, P and K concen-
tration indicating yield dependence on nutrient supply.
So, it is suggested that 80 kg N ha' must be applied one
week before flowering but this rate and time might be var-
ied for other soil type.

5. References

1. Government of Pakistan. Agriculture Statistics of Pakistan
2010-11. Statistics Division Pakistan Bureau of Statistics.
2010.

2. Khair SM, Ahmad M, Ehsanullah. Profitability analysis of
grapes orchards in Pishin: An expost analysis. Sarhad
Journal of Agriculture. 2009; 25(1):103-11.

3. Poudel PR, Mochioka R, Fujita Y. Growth characteristics of
shoots and roots of wild grapes native to Japan. Journal
of American Society for Enology and Viticulture. 2010;
21(1):8-12.

4. Patil VD, Pholane LP, Adsul PB. Plant nutrient mining in dif-
ferent agro-climatic zones of Maharashtra. Fertiliser News.
2001; 46(7):43-54.

5. Hegde DM, Babu SN. Nutrient mining in different agro-
climatic zones of Karnataka. Fertiliser News. 2001;
46(8):55-72.

Vol 11 (15) | April 2018 | www.indjst.org

6. Amiri ME, Esmaeil F. Influence of mineral nutrients on
growth, yield, berry quality and petiole mineral nutrient
concentrations of table grape. Journal of Plant Nutrition.
2007; 30(3):463-70. Crossref.

7. Bhargava BS, Sumner ME. Proposal for sampling grape
(Vitis vinifera L.) Petiole for nutritional diagnosis.
Communications in Soil Science and Plant Analysis. 1987;
18(5):581-91. Crossref.

8. Bhargava BS, Chadha KL. Leaf nutrient guide for fruit crops.
Advances in Horticultural Fruit Crops - 2. In: Chadha KL,
Pareek OP, editors. New Delhi: Malhotra Publishing House;
1993. p. 973-1030.

9. Linsenmeier AW, Uwe L, Otmar L. Must composition and
nitrogen uptake in a long-term trial as affected by timing
of nitrogen fertilization in a cool-climate Riesling vine-
yard. American Journal of Enology and Viticulture. 2008;
59(3):255-64.

10. Bhargava BS. Leaf analysis for diagnosing nutrient need in
fruit crops. Indian Horticulture. 1999; 43(4):6-8.

11. Christensen LP, Peacock WL. Mineral nutrition and fer-
tilization. Raisin Production Manual. In: Christensen LP,
editor. Oakland: University of California Agriculture and
Natural Resources; 2000. p. 102-14.

12. Conradie WJ. Partitioning of mineral nutrients and tim-
ing of fertilizer applications for optimum efficiency. In:
Christensen LP, Smart DR, editors. Proceedings of the Soil
Environment and Vine Mineral Nutrition Symposium;
2004 Jun 29-30; San Diego, California. Davis, California:
American Society of Enology and Viticulture; 2005. p.
69-81.

13. Conradie WJ. Seasonal uptake of nutrients by Chenin
Blanc in sand culture: I. Nitrogen. South African Journal of
Enology and Viticulture. 1980; 1(1):59-65.

14. Peacock WL, Christensen LP, Broadbent FE. Uptake, stor-
age and utilization of soil applied nitrogen by Thompson
Seedless as affected by time of application. American
Journal of Enology and Viticulture. 1989; 40(1):16-9.

15. Bouyoucos GJ. Hydrometer method improved for making
particle-size analysis of soils. Agronomy Journal. 1961;
54(5):464-5. Crossref.

16. McKeague JA, editor. Manual on soil sampling and meth-
ods of analysis. Canadian Society of Soil Science. 1978. p.
66-8.

17. McLean EO. Soil pH and lime requirement. Methods of Soil
Analysis, Part 2: Chemical And Microbiological Properties.
In: Page AL, editor. 1982.

18. Walkley A. A critical examination of rapid method for
exterminating organic carbon in soil: Effect of variations in
digestion conditions and of organic soil constituents. Soil
Science. 1947; 63:251-63. Crossref.

Indian Journal of Science and Technology | 9 -


https://doi.org/10.1080/01904160601172031
https://doi.org/10.1080/00103628709367842
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.1097/00010694-194704000-00001

Nitrogen Management in Grapes as a Function of Rate and Time of Application

19.

Black CA. Soil fertility evaluation and control. Lewis
Publishers, CRC Press; 1993. p. 1-768.

20. Jackson ML. Soil Chemical Analysis. Englewood Cliffs, New

21.

22.

23.

24,

25.

Jersey, U.S.A.: Prentice-Hall, Inc.; 1962.

Soltanpour PN, Schwab AP. A new soil test for simultane-
ous extraction of macro-micro nutrients in alkaline soils.
Communications in Soil Science and Plant Analysis. 1977;
8(3):195-207. Crossref.

Wolf B. A comprehensive system of leaf analysis and its
use for diagnosing crop nutrient status. Communications
in Soil Science and Plant Analysis. 1982; 13(12):1035-59.
Crossref.

Jones JB. Kjeldahl method for nitrogen determination.
Athens, GA, USA; Micro-Macro Publishing Inc.; 1991. p.
1-79.

Gerry HN, Denise N, Pat B, Carl B, Kevin U. Effect of tim-
ing, rate and for of N fertilization on nutrition, vigor, yield
and berry yeast-assailable N of grapes. American Journal of
Enology and Viticulture. 2010; 61(3):327-36.

Neilsen GH, Neilsen D, Bowen P, Bogdanoff C, Usher K.
Effect of timing, rate, and form of N fertilization on nutri-
tion, vigor, yield and berry yeast-assimalable N of grape.
American Journal of Enology and Viticulture. 2010;
61(3):327-36.

26. Zapata C, Deleens E, Chaillou S, Magne C. Mobilisation and

distribution of starch and total N in two grapevine culti-
vars differing in their susceptibility to shedding. Functional
Plant Biology. 2004; 31(11):1127-35. Crossref.

I 10 | Vol i1 (15) | April 2018 | wwwindjst.org

27.

28.

29.

30.

31.

32.

33.

Chone X, Lavigne-Cruege V, Tominaga T, van Leeuwen
C, Castagnede C, Saucier C, Dubourdieu D. Effect of vine
nitrogen status on grape aromatic potential: Flavour pre-
cursors (S-cysteine conjugates), glutathione and phenolic
content in Vitis vinifera (L.) cv. Sauvignon blanc grape
juice. Journal International des Sciences de la Vigne Vin.
2006; 40(1):1-6. Crossref.

Bravdo B, Hepner Y. Irrigation management and fertigation
to optimize grape composition and vine performance. Acta
Horticulturae. 1987; 206:49-67. Crossref.

Rogiers SY, Greer DH, Hatfield JM, Orchard BA, Keller M.
Mineral sinks within ripening grape berries (Vitis vinifera
L.). Vitis. 2006; 45(3):115-23.

Keller M, Arnink K]J, Hrazdina G. Interaction of nitrogen
availability during bloom and light intensity during verai-
son. I. Effects on grapevine growth, fruit development, and
ripening. American Journal of Enology and Viticulture.
1998; 49:333-40.

Miklos E, Szegletes Z, Erdei L. Nitrate and chloride trans-
port interaction in grapevine. Acta Horticulturae. 2000;
526:249-54. Crossref.

Porro D, Steffanini M, Failla O, Stringari G. Optimal leaf
sampling time in diagnosis of grapevine nutritional status.
Acta Horticulturae. 1995; 383:135-42. Crossref.

Raath PJ. Effect of varying levels of nitrogen, potassium
and calcium nutrition on table grapevines physiology
and berry quality. Stellenbosch University Department of
Viticulture and Oenology, Faculty of AgriSciences; 2012. p.
1-139.

Indian Journal of Science and Technology


https://doi.org/10.1080/00103627709366714
https://doi.org/10.1080/00103628209367332
%20https://doi.org/10.1071/FP04028
https://doi.org/10.20870/oeno-one.2006.40.1.880
https://doi.org/10.17660/ActaHortic.1987.206.3
https://doi.org/10.17660/ActaHortic.2000.526.25
https://doi.org/10.17660/ActaHortic.1995.383.15

