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ABSTRACT

The effect of the nutritional status of grapevine 'Crimson Seedless' on growth, fruit set and quality
was studied in two growing periods. The vines were treated with three nitrogen rates (24, 36, 48
kg/ha.) combined with three potassium levels (240, 285, 330 kg/ha). Increasing N supply
enhanced N-concentrations in the petioles. N-fertilization also increased K concentrations in the
petioles. The K-fertilization variants themselves did not alter the K content of the petioles. High N-
fertilization improved vegetative growth (leaf area, cane diameter) and reduced bud burst, bud
fertility and fruitfulness. Excessive N-supply negatively affected yield per vine by reducing the
number of fruit clusters. Cluster size, however, was improved with increasing N-nutrition whereas
the number of berries per cluster and the cluster compactness remained unchanged. The single
berries were bigger (size, weight) and their shape remained typically for the cv. The amount of
juice per berry increased and fruit firmness decreased in the high N-variants. The only effect of
high K fertilization was an increase of total soluble solids and a decrease of acid concentration.
Anthocyanin contents generally showed a high variability in the experiment. Therefore, the color
of berries might be more regulated by the ripening process than by the fertilizer treatments.

Keywords. Crimson seedless grape — nitrogen fertilization — potassium fertilization — yield — fruit

quality — anthocyanin.
INTRODUCTION

Nitrogen and potassium are the two fertilizer
elements that are most important in vineyards.
Professional  fruit growing requires regular
supplement of minerals to warrant fruit set and
quality. Excessive nitrogen fertilization supports vine
and fruit growth and therefore is a prominent
controlling tool for yield. Application of N and K had a
direct effect on grape’s bud production [1].
Considering the importance of N fertilization for color
of berries, excessive nitrogen levels to vine delayed
ripening [2] and poorly colored fruit [3,4]. It increased
vegetative growth, which competes with sugar
translocation and pigment accumulation to the berry.
It has been found that nitrogen fertilization of 50 g
N/vine/year increased the levels of anthocyanins in
the skin of Tempranillo grapes compared with the
untreated vines [5].

In grape berries, potassium is the most abundant
cation which contributes to charge balance and may
be involved in sugar transport [6]. Potassium
reduces acid levels in berries and interacts with

tartaric acid to form potassium bitartrate which has
limited solubility [7]. Higher potassium supply
increased the total soluble solids content and
decreased the total acidity of berries [5]. Adequate
potassium nutrition helps to increase both coloring
and polyphenolic content of berries [8].

The primary problem associated with the production
of Crimson Seedless is that it lacks sufficient berry
color. Small berry size can also be a problem and
the cultural practices that increase the berry size
such as GA reduce the color of its berries [9].
Crimson Seedless is highly vigorous and becomes
excessively vegetative in growth when planted in
deep fertile soils. Soils of moderate vigor (sandy
soils) are preferred for planting. Excessive N
fertilization and irrigation should be avoided to reduce
potential problems with excessive [9]. This variety
shows low fruitfulness with spur pruning and most of
the Crimson Seedless vineyards are head trained
and cane pruned. Due to the low fruitfulness often
observed on highly vigorous Crimson Seedless, it
may be necessary to retain up to 8 canes to insure
adequate productivity. As a result of the high vigor of



this variety, the productivity and fruit quality should be
improved with the use of large, extensive trellis
systems such as the Gable trellis system [9].

The aim of this study was to find suitable levels of N
and K fertilization for high yield and quality of
Crimson Seedless grape in particular berry color
(anthocyanin) and size. Considering the importance
of N and K fertilization for Crimson Seedless grape,
until now, little is not known about how they can
improve yield and fruit quality.

MATERIALS AND METHODS

Plant material and vineyard site: The present
investigation was studied in 2004 and 2005 on 5-
year-old Crimson Seedless grapevines (Vitis vinifera
L.) grown in a commercial vineyard located at Cairo-
Ismailia Road (km 73), Egypt. The vines were planted
in a sandy soil (Table 1) under drip irrigation system,
spaced 1.5 x 3 m, trained to cane pruning under
Gable trellis system and pruned on 15" February to 8
canes with 12 buds beside 8 renewal spurs.

Treatments and experimental design: The vines
were treated with three nitrogen rates (24, 36, 48 kg
actual N/ha) as ammonium nitrate (NH; NO3, 33.5 %
N) combined with three potassium levels (240, 285,
330 kg actual K,O/ha) as potassium sulphate
(K2SOy4, 50% K,0) as follows: (a) 35 % of N
fertilization and 10 % of K fertilization were added
after harvest. (b) 15 % of N & K fertilizers were
applied after bud opening and before flowering. (c) 50
% of N & K fertilizers were supplied after fruit set to
veraison. (d) 25 % of K supply was applied between
veraision and before harvest. The experimental
design was as a randomized complete block, with 4
replications.

Growth vigor parameters: Leaf area (cm?): three
leaves were taken from the middle of growing shoots
at 15™ June and measured by the automatic area
meter LI-3000 (supplied by LI-COR GmbH, 61352
Bad Homburg, Germany). Cane thickness (cm): At
the 1 November of each season, cane thickness in 5
cm from cane basal was measured using a Vernier
caliper.

Yield and fruit quality: At the first week of October,
clusters per vine were counted and weighed to
determine total yield per vine. Representative random
samples of 24 clusters per replication were taken to
the laboratory to determined cluster weight, cluster
dimensions, number of berries per cluster and cluster
compactness. A random sample of 100 berries per
each replication was taken to determine (a) fruit
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physical properties (berry dimensions, weight and
volume of 100 berries, juice weight and volume of
100 berries, berry juice (%), berry firmness and berry
adherence strength.) (b) fruit chemical properties
(T.S.S % using hand refractometer, titratable acidity
in tartaric acid equivalents [10].

Total anthocyanin analysis: Four berries from each
sample were weighed, homogenized in a solution of
Me OH: formic acid (95:5) by Ultra-Turrax ART-
Miccra D-8Sl (ART-moderne Labortechnikin e.k.,
79379  Muhlheim-Hugelheim, Germany) under
cooling conditions thereafter put in an ultrasonic
water bath Bandelin Sonorex  Transistor
(SCHALLTEC GmbH, 64546 Modrfelden-Walldorf,
Germany) at 4 °C for 30 min. The extracts were
centrifuged at 5000 rotation min~* for 10 min. at 4 °C
in a Sigma 2KD centrifuge (SIGMA Laborzentrifugen
GmbH, 37507 Osterode am Harz, Germany), filtered
through a folded filter paper Schleicher & Schuell
595Y; (Whatman®, 3354 Dassel, Germany), then
refiled to 25 ml., shaked and absorbance was
measured at 520 nm by Uvikon 931
Spectrophotometer (KONTRON, 85386 Eching-Munich,
Germany) to determined the total anthocyanin
content. The obtained data were compared with the
standard curve of cyanidin and expressed as mg
cyanidin / kg fresh weight.

Leaf petioles mineral content analysis: Three
leaves were taken from the middle of growing shoots
at harvest. Petioles were oven dried at 70° C until a
constant weight, then ground to a powdery texture
and 0.2 g was taken to determine NPK. Total N was
determined by the modified Kjeldahl method [11]. P
was determined by using speklo spectrophotomoter
at 882 U.V. [12]. K was flame photometrically
determined [13].

Data analysis: Data were analyzed using SAS
statistical software (SAS Institute Inc., Cary, N.C,
27513-2414 USA). Analysis of variance (ANOVA) in
a randomized complete block design (RCBD) and
Duncan's multiple range test 5% level were used to
show the differences between treatments.

RESULTS AND DISCUSSION

The results show that increasing N supply enhanced
N-concentrations in the petioles in 2004 and 2005
(Table 2). Furthermore, the application of N and K
had no clear effect on content of P in petiole. N
fertilization also increased K concentrations in the
petioles. K-fertilization variants themselves did not
alter the K content. In other experiments, the effect of
6 nitrogen rates 10, 20, 40, 80, 160, and 320 g N/vine



on N and K concentrations in the petioles of ‘Romi
Ahmar’ grapevine and found that increasing N rates
increased N concentration in the petioles (0.47 , 0.87,
1.04, 1.22, and 1.32 % and 1.15 respectively) and K
concentration was within the optimum range in the
petioles of vines supplied with 40, 80, 160 and 360 g
Nivine (3.4, 3.0, 2.9, and 2.5 % respectively),
however, potassium was very high in the petioles of
vines supplied with 10 or 20 g N/vine (3.8 and 3.7 %
respectively) [14]. Increasing N fertilization for Chenin
blanc vines from 16 to 96 kg N/ha increased the N
concentration in petioles from 0.57 to 0.61 %,
decreased the P concentration from 0.094 % to 0.080
% and did not affect K concentration [15]. K contents
in petioles of White Muscat grapevines among
treatments of N fertilizations (0, 40, 80 and 160 kg
N/ha) were 2.33, 2.45, 1.97 and 1.90 %, respectively
[16].

N-supply negatively affected yield per vine by
reducing the number of fruit clusters in 2004 and
2005 (Table 3). This is contradictory for another study
which found that slight yield increases of about 10 %
in ‘Concord’ and 29 % in ‘Niagara’ grapevines
fertigated with 80 kg N/ha and this was attributable to
increased cluster numbers, cluster weights, and berry
weight [17].

In contrast, the influence of combined application of
different doses of N and K (0, 50 and 200 g N /vine &
0, 60 and 120 g K,O /vine) on ‘Tempranillo’
grapevine did not affect either the vigor or
productivity of vines or the size of berries [5,18].

Many researchers have studied the effect of nitrogen
and potassium fertilization applied together on the
yield of grapevine. In this respect, the vyield of
Thompson Seedless was increased with vine
received moderate level of N fertilizer 200 kg/ha and
supplied with N and K at 1:1 ratio [1]. Moreover, yield
increased about 14 % and 26 % in the first season
and 16 % and 25.2 % in the second season when the
NPK ratio, based on 200 kg N/ha increased from
1:%:1 to 1:%:2 and 1:%:3 [19]. Furthermore, yield of
‘Thompson Seedless’ was influenced in positive
correlation by the level of nitrogen fertilizers [20].
There was a gradual increment in the yield of ‘Roomy
Red’ as a result of increasing nitrogen level from 75
to 175 g/vine [21]. Also, a significant increase in
‘Roomy Red’ yield when the applied nitrogen doses
were raised from 20 up to 120 g N/vine [22].

Furthermore, the effect of N in increasing yield of
vineyards was also achieved on ‘Foch’ grapes cv.
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[23], on ‘White Riesling’ grapevines [4,24,25], on
‘Perlette’ grapes [26], on ‘Barlinka’ grapes [27].
However, it had been reported that N fertilization had
only little influence on yield of ‘Concord’ grapes [28].

Numerous researchers have extensively studied the
benefit of potassium in grapevine nutrition. In this
respect, potassium fertilization with 450 kg/ha
increased yield of 14-year old concord (Vitis labrusca
L.) grapes and vine size compared with control (0 kg
[29]. On the other side, the effect of K fertilization on
fruiting grapevines of ‘Riesling’, ‘Chardonnay’ and
‘Cabernt  Sauvignon’ grown under controlled
conditions in a greenhouse was studied and the
higher K fertilization had no effect on fruit yield [30].

High N-fertilization improved vegetative growth (leaf
area, cane diameter) in 2004 and 2005 (Table 3).
Similarly, another results was confirmed that net
photosynthesis of White Muscat grapevines was
lower at lowest N rates (40 kg N/ha.) than the highest
N levels (160 kg/ha) and leaf surface was highest
with highest N levels (160 kg/ha) [16]. Moreover, an
increase in leaf area of Thomposon Seeldless grapes
resulted when N was increased from 150 to 200
kg/ha [19]. Furthermore, Merlot vines grown in the
highest N condition had a larger individual leaf area
than the lowest N condition that markedly reduced
leaf area [31]. A linear relationship between leaf area
and N amount especially when combined with K, this
may reflect the role of N as constituent of amino
acids and protein as well as the important role of K in
promoting cell division and development of
meristimatic tissue [32]. Also, high soil nitrogen
increased vine leaf area, photosynthesis,
transpiration and stomatal conductance of ‘Muller
Thurgau’ grapevines [33].

Several investigators were interested in evaluating
the efficiency of nitrogen on thickness of canes in
various grapevine cvs. The action of N, P and K
increased the thickness of canes which could be
attributed to their effect on accumulation of
carbohydrates and protein as well as on their role in
the formation of cellulose and lignin [34]. Also,
increasing rate of N considerably increased cane
thickness of ‘Red Roomy' grapevine [35].
Furthermore, cane thickness of ‘Thompson Seedless’
grapevine increased by increasing rate of NPK
fertilization treatments especially when all of them



were applied together [19]. Moreover, raising N rate
from 150 to 200 kg/ha positively increased the
ultimate cane thickness of ‘Thompson Seedless’ and
it was parallel to NPK application ratio, whereas, the
ratio 1:%2:1 on the basis of 150 or 200 kg N/ha tended
to produce the thinning canes followed by 1:%%:2 then
1:1:3, also, similar trend was found with ratios
graduated from 1:1:1 up to 1:1:3 [36].

Our results clearly show that high N-fertilization
reduced bud burst, bud fertility and fruitfulness in
2004 and 2005 (Table 4). The essential role of
nitrogen on the bud burst % was mentioned by many
researchers. In this respect, increasing nitrogen
application decreased bursted buds of ‘Kyoho’
grapevines [37]. In addition, the percentage of buds
remaining dormant, non-fruiting buds and fruiting
buds of ‘Romi Ahmar’ grapes were not affected by
increasing N application [14]. Moreover, increasing
the dose of N increased bud fertility of ‘Roomy Red’
up to 100 g/vine and decreased thereafter [22]. Also,
bud burst of Thompson Seedless decreased
gradually with increasing NPK application ratio to
1:1:3 on the basis of 200 kg N /ha as well as bud
burst was slight increased by the same ratio on the
basis of 150 kg N /ha [36]. In contrast, increasing of
N-application increased the opened buds on
‘Rkotsiteli’ and ‘ltalia’ grapevines [14]. Furthermore,
increasing the dose of N up to 100 g/vine increased
the fertility of buds of ‘Roomy Red’ grapevines then it
linearly decreased [22]. In addition, fertility coefficient
of ‘Thompson Seedless’ was increased significantly
with vine receiving moderate level of N fertilizer (200
kg/ha), and the highest fertility coefficient was
obtained with level of N: K application ratio 1: ¥ and
1:1 and decreased with increasing N: K application
ratio to 1:2 [1]. Also, NPK applications ratio (1: %: 1;
1: %: 2; 1: ¥%: 3; 1:1:1, 1:1:2 and 1:1:3) on the basis
of N at 150 kg/ha possessed lower percentage of
fertile buds compared to the NPK applications ratio
on the basis of N at 200 kg/ha and fruitful buds
increased linearly with increasing ratio up to 1:1:3
[36]. Generally, nitrogen application improved yield
by increasing vegetative growth, but excessive N-
supply negatively affected yield by reducing bud
burst, bud fertility and fruitfulness.

Increasing N-nutrition increased cluster weight and
size (Table 5). Cluster size, however, was improved
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with increasing N-nutrition whereas the number of
berries per cluster and the cluster compactness
remained unchanged. These results are in
accordance with those obtained from ‘Thompson
Seedless’ vines that produced the heaviest clusters
and highest cluster dimension when N rate increased
from 150 to 200 kg/ha [19]. Furthermore, in the six
years experiment of ‘Niagara Rosada’ grapevines, all
treatments of N and K (30, 60, 90 120 and 150 N
g/plant & 40, 120, 200 ,280 and 360 g K,O /plant)
provided an increase in average cluster weight and
grapevine yield when compared to the control [38].
Moreover, cluster weight of ‘Perlette’ grapes was
increased by increasing N amount (100 g N/vine)
[26].

The single berries were bigger (size, weight) by
increasing N-nutrition and their shape was not
affected (Table 6). Similar findings were obtained
since berry length and diameter of ‘Red Roomy’
grapevines increased with increasing level of N
application [21]. Also, berry size of ‘Thompson
Seedless’ grapevines increased with increasing NPK
fertilizers [19]. Moreover, berry size of ‘Perlette’
grapes increased by N and P application, but K had
no effect [39]. Furthermore, berry weight of ‘Crimson
Seedless’ vine was 2.4 - 7.4 g, berry diameter was 14
to 20 mm and berry length was 20.0 to 27.0 mm [40].

The amount of juice per berry increased and fruit
firmness decreased in the high N-variants (Table 7).
This result in agreement with those mentioned that
berry mass of ‘Barlinka’ table grapes seems to be
negatively affected by the high N level [27].
Concerning ‘Crimson Seedless’ berries, they are
more crisp and firm [9]. Also, penduncle of ‘Crimson
Seedless’ is medium in their diameter and thickness
as compared with other cultivars [41].

Increasing the amount of K fertilization also caused a
significant increase in the T.S.S/acid ratio (Table 8).
The only effect of high K fertilization was an increase
of total soluble solids and a decrease of acid
concentration. We postulate that increasing K
fertilization improves sugar transport into the berries.
These findings are in parallel with those mentioned
that K enhances translocation of sugars and starch,
increases protein content of plant, produces grain
rich in starch, builds cellulose and reduce lodging,
and helps to retard crop diseases [42]. In addition,
higher K supplies to ‘Tempranillo’ grapes increased
T.S.S. content and decreased the total acidity of
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berries, whereas, higher N doses delayed the
accumulation of sugar during ripening [5].
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Table 1. Physical and Chemical characteristics of soil samples:

Physical analysis of soil samples.

Agric. Biol. J. N. Am., 2011, 2(2): 330-340

Depth Sand (%) Silt (%) Clay (%) Organic matter (%) Texture

(cm)

0-30 72.35 14.05 12.75 0.85 Sandy loam
30-06 76.85 11.55 10.65 0.95 Sandy loam
60-90 77.65 10.65 10.95 0.75 Sandy loam
Chemical analysis of soil samples.

Depth EC* PH CaCO3 Cation (meq L™) Anions (meq L™)

(cm) (%) K* Na’ Mg™ Ca’ COs HCO3 cl- SO, -
0-30 2.30 7.75 12.75 3.15 15.35 7.10 7.80 - 2.50 22.25 2.65
30-60 2.90 7.83 8.65 1.70 14.90 4.65 8.40 - 2.25 20.00 3.80
60-90 2.85 7.92 10.95 1.75 11.25 4.45 6.60 - 1.90 19.50 2.85

* EC (m mhos cm™)

Table 2. Effect of N and K fertilization on the content of N, P and K in petioles of Crimson Seedless grapes in 2004 and 2005.

Treatemnts N(%) P (%) K(%)

(kg/ha)

N K 2004 2005 2004 2005 2004 2005

24 240 1.12 c* 1,16 b 0.16 b 0.19a 1.66c 1.58d

24 285 1.18 bc 1.21b 0.16 b 0.20 a 1.74 bc 1.67 bed
24 330 1.20 bc 1.28b 0.17b 0.19a 1.86 abc 1.78 abcd
36 240 1.35 abc 1.44 ab 0.20 ab 0.18 a 1.70c 1.63 cd
36 285 1.39 abc 1.50 ab 0.21 ab 0.21a 1.84 abc 1.79 abcd
36 330 1.42 ab 1.57 ab 0.19 ab 0.22a 1.91 abc 1.84 abc
48 240 1.58 a 1.74 a 0.20 ab 0.20 a 2.02 ab 1.89 ab
48 285 1.60 a 1.72a 0.22 a 0.19a 2.06 a 1.94 a

48 330 1.63a 1.78 a 0.22 a 0.21a 2.09a 1.98 a

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.
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Table 3. Effect of N and K fertilization on productivity and growth vigor of Crimson Seedless grapes in 2004 and 2005.

Treatment No. of clusters/vine Yield/vine (kg/vine) Leaf area (cm®) Can thickness (cm)
(kg/ha)
N K 2004 2005 2004 2005 2004 2005 2004 2005
24 240 25.34b 28.11a 9.32 bc 10.76 bed 76.05 c* 78.01b 1.29¢c 126D
24 285 27.17 ab 28.69 a 10.07 abc 11.33 abc 79.18 bc 81.27b 1.33 bc 1.29b
24 330 27.83 ab 29.83 a 10.45 ab 12.23 ab 81.46 b 82.04 b 1.34 bc 1.30b
36 240 25.75b 28.30 a 10.00 abc 11.95ab 85.96 a 86.51 a 141 ab 1.37 ab
36 285 26.64 ab 29.25a 10.46 ab 12.60 a 85.74 a 87.72a 143 ab 1.34 ab
36

330 28.83a 29.67 a 11.50 a 13.02 a 86.55a 88.70 a 1.40 ab 1.38ab
48 240 20.34c 21.16 b 8.54c 9.37d 86.95 a 87.04 a 148a l44a
48 285 20.65c¢c 21.45b 8.81 bc 9.58d 87.17 a 88.27 a 151a 148 a
48 330 21.29c 22.15b 9.24 bc 9.94 cd 88.46 a 90.14 a 150a 147 a

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.

Table 4. Effect of N and K fertilization on bud behavior of Crimson Seedless grapes in 2004 and 2005.

Treatment (kg/ha) Bud burst (%) Bud fertility (%) Fruitfulniss (%)

N K 2004 2005 2004 2005 2004 2005
24 240 81.08 a* 84.98 a 26.40 b 29.28 a 32.55a 34.46 a
24 285 83.07 a 84.03 a 28.30 ab 20.86 a 34.07 a 35.57 a
24 330 82.8la 85.94 a 29.00 ab 31.07 a 35.01a 36.16 a
36 240 80.64 a 84.29 a 26.82b 29.48 a 33.26 a 34.96 a
36 285 82.20 a 83.25a 27.75 ab 30.47 a 33.79 a 35.14 a
36 330 82.55a 84.11a 30.03 a 3091 a 36.38 a 36.74 a
48 240 75.09 b 76.30 b 21.19¢c 22.04 b 28.21b 28.89 b
48 285 75.52 b 77.95b 2151¢c 22.34b 28.50 b 28.67 b
48 330 74.84 b 78.30 b 22.18¢c 23.07b 29.63 b 29.48 b

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test. Percentages of bud burst, fertility and fruitfulness

were calculated according to EL-BAZ et al. (2002) as follows:

Bud burst % = No. of bursted buds X 100 Bud fertility % = Number of clusters X 100 Fruitfulness % = No. of fruitful buds X 100
No. of bursted buds Total No. of buds Total No. of buds
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Table 5. Effect of N and K fertilization on cluster characteristics of Crimson Seedless grapes in 2004 and 2005.

Agric. Biol. J. N. Am., 2011, 2(2): 330-340

Treat. Cluster weight () Cluster length (cm) Cluster width (cm) No.berries/cluster Cluster compactness
(kg/ha)
N K 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
24 240 368 d* 383d 18.33 b 18.60 b 14.15¢c 14.35b 118.10 a 120.32 a 5.70 a ** 572 a
24 285 370d 395 cd 19.18 b 19.65b 1453 c 1470 b 11851 a 120.85 a 5.46 a 5.69 a
24 330 376 d 410 bcd | 19.90b 20.20b 14.90 bc 15.13 b 118.72 a 12122 a 5.57a 5.68 a
36 240 389 cd 422 abc 2195a 22.15a 16.50 ab 16.85 a 119.09 a 126.63 a 5.42a 571a
36 285 393 cd 431 ab 22.05a 22.23 a 16.88 a 16.98 a 119.22 a 127.38 a 543 a 574 a
36 330 399 bed 439 ab 22.23 a 22.45a 16.93 a 17.05a 120.37 a 127.70 a 530 a 5.69 a
48 240 420 abc 441 ab 22.30 a 22.65a 16.95 a 17.15a 124.60 a 127.65a | 559a 5.66 a
48 285 427 ab 447 a 2243 a 22.70 a 16.98 a 17.23 a 125.85a 127.83 a 5.62 a 5.64 a
48 330 434 bc 449 a 2245a 22.73 a 17.03 a 17.40 a 127.24 a 127.98a | 5.66a 5.65a

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.

** According to EL-BAz et al. (2002):

Cluster compact coefficient. - No. of berries/clusters

Cluster length (i

cm)

Table 6. Effect of N and K fertilization on berry dimensions, weight and size of Crimson Seedless grapes in 2004 and 2005.

Treatments Berry length (cm) Berry diameter (cm) Weight of 100 berries (g) Size of 100 berries (cm®)
(kg/ha)

N K 2004 2005 2004 2005 2004 2005 2004 2005
24 240 1.98 d* 2.02b 1.60b 1.63d 312c 319b 305¢c 310d
24 285 2.10cd 2.13 ab 1.64 ab 1.67 cd 313c 328 ab 313 bc 318 cd
24 330 2.12 bed 2.16 ab 1.68 ab 1.71 cd 316 bc 332 ab 318 abc 324 bed
36 240 2.14 abcd 2.18 ab 1.71ab 1.74 abcd 327 abc 335ab 321 abc 329 abc
36 285 2.18 abc 221 ab 1.73 ab 1.78 abcd 330 abc 340 ab 322 abc 334 abc
36 330 2.26 abc 223 a 1.77 ab 1.80 abcd 332 abc 344 ab 326 ab 339 ab
36 240 2.26 abc 228 a 1.79 ab 1.83 abc 338 ab 346 ab 328 ab 340 ab
36 285 2.30 ab 231a 1.82 ab 1.86 ab 340 a 349 a 331 ab 341 a
36 330 2.32a 233a 1.84a 1.90a 342 a 35l1a 332a 343 a

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.
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Table 7. Effect of N and K fertilization on fruit physical properties: juice weight, volume and juice % of 100 berries, as well as berry firmness and
adherence of Crimson Seedless grapes in 2004 and 2005.

Treat. Juice weight of Juice volume If 100 b Berry juice (%) Berry firmness (g Berry adherence
(kg/h) 100 berries (g) erries (g) berryl) (9)

N K 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
24 240 220 c* 228 g 218 e 224 h 67.80 d 68.20 c 4340 a 4234 a 763 a 682 a
24 285 223 ¢c 237 fg 222 e 233 g 68.73 cd 69.15¢c 4184 ab 4161 ab 735b 660 ab
24 330 229 ¢ 243 ef 225 e 239 fg 69.52 bcd 70.46 bc 4150 ab 4080 abc 718 b 641 bc
36 240 243 b 248 de 238d 244 ef 74.28 bcd 74.17 abc 4088 abc 4020 abcd 690 c 622 cd
36 285 245 b 253 de 241 cd 249 de 74.52 abcd 74.49 abc 3995 bcd 3914 bcd 673 cd 610 de
36 330 249 b 258 cd 244 bed 254 dc 75.17 abc 74.94 abc 3898 bcd 3811 cde 658 de 584 ef
48 240 253 ab 265 bc 249 bc 261 bc 74.89 abc 76.84 ab 3787 cde 3734 def 647 ef 577 fg
48 285 258 ab 270 ab 253 ab 267 ab 75.84 ab 77.37 ab 3706 de 3601 ef 627 fg 563 fg
48 330 264 a 277 a 260 a 273 a 77.23 a 78.75 a 3566 e 3497 f 618 g 550 g

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.

Table 8. Effect of N and K fertilization on fruit chemical properties of Crimson Seedless grapes in 2004 and 2005.

Treat. (kg/h) Juice weight of 100 Juice volume If 100 b erries Berry juice (%) Berry firmness (g berry’)
berries (g) (9)
N K 2004 2005 2004 2005 2004 2005 2004 2005
24 240 21.2 cd* 21.4 bc 0.668 bc 0.723 bc 31.73 cde 29.60 cd 9.70 b 10.11 b
24 285 22.4 bed 21.8 bc 0.654 bc 0.694 cd 34.29 abcd 31.38 abc 9.83b 10.12 b
24 330 22.5 bc 23.0 abc 0.643 c 0.671d 35.12 abc 34.40 ab 21.28 a 22.05a
36 240 22.0 bed 22.2 abc 0.711a 0.752 ab 30.96 de 29.49 cd 17.24 ab 14.16 ab
36 285 22.8 bc 22.5 abc 0.687 ab 0.728 abc 33.19 bed 30.93 bed 17.49 ab 18.08 ab
36 330 247 a 246a 0.656 bc 0.697 cd 37.66 a 35.34a 17.98 ab 19.31 ab
48 240 20.7d 20.5¢ 0.723 a 0.763 a 28.66 e 26.80d 10.20 b 9.57b
48 285 214cd 21.6 bc 0.693 ab 0.721bc 30.91 de 29.89 cd 10.60 b 13.18 b
48 330 23.6 ab 23.5ab 0.664 bc 0.683 d 35.50 ab 34.45 ab 16.52 ab 21.98 ab

* Means within a column followed by different letter (s) are statistically differed at 5 % level by Duncan’s multiple range test.
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Also, high potassium fertilization of ‘Concord’ grape
reduced titratable acidity [43]. The influence of
combined application of different doses of nitrogen
and potassium on fruit quality of the cv. ‘Tempranillo’
was studied and potassium supplies caused
decreases in the total acidity [18]. Potassium
reduces acid levels in berries and interacts with
tartaric acid to form potassium bitartrate that has
limited solubility. The precipitation of potassium
bitartrate significantly lowers tartaric acid levels,
resulting in an increase in pH [44].

Similar results were investigated since T.S.S./acid
ratio of ‘Thompson Seedless’ grapevines was
increased as K application level increased [45].
Furthermore, T.S.S./acidity of ‘Thompson Seedless’
grapes was increased by increasing K fertilization
[46]. Moreover, increasing N application to
‘Thompson Seedless’ grapevine reduced T.S.S./acid
ratio [19].

The results show that anthocyanin contents generally
show a high variability in the experiment. Therefore,
the color of berries might be more influenced by the
ripening process than by the fertilizer treatments
(Table 8). Statistical analysis showed significant
differences in the concentration of anthocyanin only
in the low N variant (24 kg /ha). In these plots high
level of K (330 kg K,O /ha) increased concentration
of anthocyanins during 2004 and 2005. Several
authors showed that N fertilization may depress
anthocyanin content, whereas K improves color [29,
47- 49, 18].

CONCLUSION:

Increasing N supply enhanced N and K-
concentrations in the petioles, improved vegetative
growth (leaf area, cane diameter), cluster weight and
size, berry size, weight, and juice, but it decreased
berry firmness. Excessive N-supply negatively
affected yield/vine by reducing the clusters number
due to reduction of bud burst, bud fertility and
fruitfulness. It did not affect number of berries /cluster
or cluster compactness. High K fertilization increased
T.S.S. and decreased acidity. Anthocyanins in plots
of low N (24 kg /ha) were increased by high level of K
(330 kg K,0O /ha) during two years, however, in plots
of medium and high N (36 and 48 kg /ha),
anthocyanin contents was not affected by K.
Generally, the color of berries might be more
regulated by the ripening process than by the
fertilizer treatments.
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