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ABSTRACT

This investigation was carried out during 2001 and 2002 seasons to study the maturity,
spread harvest and fruit postharvest physiochemical quality of Flame Seediess grapevines grown
in caicareous soil and irrigated with drainage water as influenced by different sources and doses
of nitrogen fertilizer and sulphur applications. The obtained results could be summarized as
follows:

1. Regardless of the nitrogen application doses and sulphur rates, the urea and ammonium
nitrate increased cluster weight and iength and betry weight, volume, diameter, length, TSS,
reducing sugars and anthocyanin content during both seasons. In the meantime, the urea
application increased berries uniformity and malurity in both seasons. The ammonium
sulphate application increased berry firmness and harvest spread in both seasons. Both berry
acidity and non-reducing sugars were not affected by any of nitrogen fertilizer sources. _

2. Regardless of nitrogen sources and sulphur rates, the addition of nitrogen at three equal
doses increased cluster weight and iength and betry weight, volume, diameter, length, TSS,
reducing sugars and anthocyanin and fruit maturity and uniformity in both seasons. The
addition of nitrogen at one dose increased berry firmness and harvest spread in both
seasons. No differences between the three times on berry acidity and non-reducing sugars.

3. Regardiess of nitrogen sources and application times, the soil sulphur application increased
cluster weight and length and berry weight, volume and diameter, during the second season,
and berries fimness, uniformity, TSS, reducing sugars maturity and harvest spread during
both seasons. The berry length, acidity and non-reducing sugars were not affected by the
addition of sulphur to the soil.

INTRODUCTION

In Egypt, grapevine (Vitis vinifera, L.) is one of the most important fruit
crops which consumed fresh. The vines are grown under different
environmental conditions and soil types. In addition, one of the important tools in
increasing the productivity of grapevines is fertilization, especially nitrogenous
fertilization.

The soil pH plays an important role in the uptake of the nitrogen fertilizer
form. High pH at 7 is favouring the uptake of NH," ionsandlowpH at5is
convenient for NOy uptake (Abd El-Khalek, 1992). Mills et al.(1974) reported
that the volatilized ammonia from scii at pH 7.2 was 17% and this percentage
during 7 days reached 63% by increasing the pH to 8-8.5. Moreover, the
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different forms of nitrogen fertifizer applied had an effect on fruit quality of
Thompson Seedless grape (Abd El-Khalek, 1992). Harhash and Abd El-Nasser
(2000) reported that the nitrogen forms affected physical and chemical
properties of Flame Seedless grape fruits. Saleh et al.(2000) found that the TSS
and TSS/acid ratio were significantly affected by the different nitrogen forms,
while the fruit weight, volume, length, firmness and acidity were not affected.
Also, the date of nitrogen fertilizer application was reported to affect fruit quality
(Abd El-Khalek, 1992 on grapes, Kassem ef al., 1995a on citrus and Saleh et
al., 2000 on pear).

Moreover, sulphur is a major element needed in relatively large amounts
for the metabolic functions in order to obtain the optimal growth. It was used for
many years in reclamation and improvement of sodic soils (Stromberg and
Tisdale, 1979). Sulphur is oxidized by soil microorganisms to sulfuric acid, which
in tum lowers soil pH and improves the availability of most soil nutrents
(Hassan and Olsen, 1966). Many investigators reported the importance of
sulphur in increasing yield and fruit quality (Abo-Rady ef al., 1988, Kassem ef
al., 1995b and Harhash and Abd El-Nasser, 2000).

The present study was carried out to investigate the combined effect of
nitrogen sources and spread number of applications and sulphur rate on the fruit
quality, maturity and spread harvest of Flame Seediess grapes grown in
calcareous soil and irrigated with drainage water.

MATERIALS AND METHODS

The present study was camied out during 2001 and 2002 growing
seasons on 8-year old Flame Seedless grapes (Vifis vinifera, L.) grown at Mariut
region near Alexandria, Egypt. Vines were grown in caicareous soil under
flooding imgation method with drainage water. The analysis of orchard soil and
imgation water is presented in Table (1). Trees were planted at 1x4 m spacing
and pruned by retaining a maximum of 35-40 nodes/vine. Vines were trained to
the quadrilateral cordon system, trellised on two story cross arm system and
pruned to approximately 2-3 nodesAruiting spur. In both seascns, 250 kg
superphosphate per feddan were added with 15 m® organic manure in
December. Potassium sulphate was added to all vines at a rate of 150 kgffed. at
two equal doses in March and May in both seasons. The organic manure
samples were taken yearly, dried and chemically analyzed. Average N, P, K, Ca
and Mg contents of the manure were 1.78-1.86, 0.73-0.77, 0.81-0.85, 2.86-2.93
and 1.26-1.32%, respectively, on dry weight basis, of both seasons. The
corresponding values of Fe, Mn, Zn and Cu were 540-548, 28-32, 120-126 and
46-50 ppm, respectively in both seasons.

Seventy two trees, as uniform as possible, were chosen for the present
study. Three sources of nitrogen fertilizer (urea, ammonium suiphate and
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ammonium nitrate) were applied at the rate of 150 g Nitree and three nitrogen
applications were applied; i.e., one dose at March, two equal doses at March
and April and three equal doses at March, April and May during both seasons.
Two rates of elemental sulphur were used, i.e., zero and 250 g/vine in
December with organic manure in both seasons. Elemental sulphur was mixed
with the organic manure and superphosphate then mixed with the 30 cm surface
layer of soil under the vines foliage, about 0.5 m around the vine trunk. Eighteen
fertilization treatments, representing all the possible combinations of three
sources of nitrogen fertilizer, three nitrogen applications and two levels of
elemental sulphur, were used in the present study (3x3x2 = 18 treatments).
Each particular fertilization treatment was repeated on the same trees in the two
experimental seasons. The treatments were arranged in a randomized complete
block design with four replicates for each treatment, using one tree as a single
replicate (18 treatments x 4 replicates = 72 trees).

Table 1.
{(a) Physical and chemical properties of experimental orchard soil samples.
. Soil depth (cm)

Properties 0-30 30-60

CaCOs, % 28.92 3122

EC, dS/m 43 5.3

pH 83 77

Texture sandy clay loam sandy clay loam

Ca*, meg/L 20 24

Mg™, meqg/L 8 10

Na*, meq/. 127 175

K*, meq/L 23 1.3

COs%, meg/L 0.0 0.0

HCOs, meg/L 10 10

CI, meg/L 19 17.5

({b) Chemical analysis of immigation water.

EC H _Ca~ Mg”™ Na© K CO HCOy CrI
dsm P meqg/L

3.7 7.7 14 7.1 15 14 0.0 10 16.5

At harvest time (early July) of both seasons, the percentage of early
maturity [(kg vield per tree at first harvest /kg total yield per tree) / 100} and
harvest spread (number of days from the beginning to the final harvest) were
recorded. For fruit quality determinations, fruits of the whole bunch were
evaluated for their colour uniformity according to an established colour (0-25%,
»>25-<60%, >50-<75%, >75-<100% and 100%). Colouration was rated as 1, 2,
3, 4 and 5, respectively. Cluster weight and length and berry length, diameter,
weight and volume were recorded during both seasons. In berry juice, total
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soluble solids (TSS) were determined using a hand refractometer. Acidity was
determined according to A.Q.AC (1984). Anthocyanin was measured
colourimetrically in the separated berry skin extract at 530 nm (Rabino ef a/.,
1977). Fiimness was determined using a grapes pressure fester and sugars
content was determined according to the procedure outlined by Loomis and
Shull {1937) and Malik and Singh (1980).

The data were statistically analyzed using the analysis of variance
method (Steel and Torrie, 1980).

RESULTS AND DISCUSSION
1. Cluster weight and length
1.1. Effect of nitrogen sources

. Regarding the effect of nitrogen sources; i.e., urea, ammonium sulphate
and ammonium nitrate on cluster weight and length of Flame Seediess grapes
grown in calcareous soil, it is clear from data in Tables (2 and 3) that addition of
nitrogen as urea or ammenium nitrate increased cluster weight and length as
compared with ammonium sulphate. These results are true in both seasons.
The increase in cluster weight due to urea or ammonium nitrate could be
attributed to positive effect of urea or ammonium nitrate on berry weight and
volume (Tables 2 and 3). These results are in agreement with those obtained by
Abd El-Khalek (1992), who found that urea and ammonium nitrate applied to
grapes increased cluster weight and volume. Additicnally, Mansour (1998) on
grapes and Saleh ef al.(2000) on pears found that the coated urea increased
cluster or fruit weight.

1.2. Effect of nitrogen application times

Regardiess of nitrogen sources and sulphur application rates, data in
Tables (2 and 3) indicated that the addition of nitrogen at three equal doses to
the Flame Seedless grapes grown in ¢alcareous soil increased both weight and
iength of cluster during both seasons. The increase in the cluster weight
resulting from adding nitrogen fertilizer at three equal doses could be attributed
to increasing berry weight by adding nitrogen at three equal doses (Tables 2
and 3). Kassem ef al(1995a) and Saleh et al.(2000), however, found no
differences between the three times of nitrogen application on the fruit weight.
1.3. Effect of sulphur

With regard to the effect of suiphur application on cluster weight and
length of Flame Seedless grapes, the obtained results in Tables (2 and 3)
revealed that the elemental sulphur increased weight and length of cluster, in
the second season only. These results are in line with those reported by
Kassem ef al.(1995b) on guava and Harhash and Abd El-Nasser (2000) on
Flame Seedless grapes. They found that sulphur increased cluster or fruit
weight. '
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Table 2. Effect of nitrogen sources and application times and suiphur rates fertilization on the physical parameters
and maturity of Flame Seedless grapes during 2001 season.

Cluster Cluster Berry Berry Bemry Bermy Berry Uniformit Early Harvest
Treatments weight length weight wvolume diameter length firmness SCOTS y maturity spread
@ (cm (@ @ (m) (em (em) (glem]) (%) (days)
Nitrogen Urea 449 22.8 298 2.80 1.80 1.79 518 46 38 30
sources Am. suiphate 419 18.4 2.67 2.46 1.52 1.50 548 3.7 29 42
(N) Am. nitrate 447 2186 2.91 2.78 1.68 1.87 526 4.0 31 33
L.8.Dgos 26 2.0 0.23 0.29 0.13 0.15 17 0.4 3 8
Nitrogen T4 425 19.3 287 245 1.54 1.52 582 3.8 29 40
apptication T, 401 20.5 2,80 2.60 1.64 1.83 523 4.0 30 35
tir.es (T) Ta 498 23.0 3.05 2.99 1.81 1.79 507 4.4 37 30
1..8.Do0s 26 2.0 0.23 0.29 0.13 0.15 17 0.4 3 8
Sulphur So 429 20.3 2,78 2.60 1.85 1.83 522 39 3 30
rates (S) Sy 448 216 2.94 2.76 1.89 1.87 540 43 33 40
..8.Doos NS NS NS NS NS NS 14 0.3 NS 7
L.S.Dgos

N b'e T * " * ] * & L] - -
N x s L ] * L * L ] w * ] L *
TxS NS NS NS NS NS NS * * NS -
N x T x S L] L] - « * - - » - L 3

Am. = Ammonium. * = Significant. NS = Not significant.
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Table 3. Effect of nitrogen sources and application times and sulphur rates fertilization on the physical parameters

and maturity of Flame Seedless grapes during 2002 season.

Cluster Cluster Beny Berry Berry Bemy Berry Uniformity Early Harvest
Treatments weight length weight volume diameter length ﬁrmnegs score maturity spread
@ (cm) @ _ (mh {cm) (cm) (g/em’) (%) {days)
Nitrogen Urea 480 21.2 298 2.86 1.83 1.82 528 4.4 33 30
sources Am. sulphate 431 17.3 2.85 2.63 1.63 1.62 570 37 24 38
(N) Am. nitrate 497 19.6 3.04 2.89 1.78 1.77 530 4.0 26 30
L.5.Duos 32 16 012 0.14 0.08 0.10 3z 0.5 5 7
Nitrogen Ty 452 17.5 2.90 275 1.70 1.70 586 3.8 22 a7
application T 469 18.7 2.92 272 1.71 1.69 542 4.0 28 31
times (T) Ts 487 22.0 3.05 2.93 1.83 1.81 500 45 33 30
L.S.Dogs 32 18 0.12 0.14 0.08 0.10 32 0.5 5 7
Sulphur So 453 188 2.90 271 1.70 1.72 528 37 25 29
rates (S) Sy 489 20.2 3.02 2.89 1.80 1.78 558 4.4 3 36
L.S.Dggs 28 1.3 0.10 0.11 0.07 NS 28 0.4 4 6
L.5.Dgos
N x T L ] L ] L * - ] - * *
N x S L] L3 L] L] - ] - - *
T x S * L ] t ] * » NS L] - L] *
N x T x S L] ] * - " L] - t ] L] w
Am. = Ammonium. * = Significant. NS = Not significant.
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2. Berry weight, volume, diameter and length
2.1. Effect of nitrogen sources

Conceming the effect of nitrogen sources on berry weight, volume,
diameter and length, the data in Tables (2 and 3) indicated that, regardless of
pitrogen application times and sulphur rates, the highest berry weight, volume,
diameter and iength of Flame Seediess grapes were obtained from trees
fertilized with urea or ammonium nitrate as compared with ammonium sulphate,
in both seasons. These results could be supported by the findings of Abd EI-
Khalek (1992), who reported that urea and ammonium nitrate increased berry
weight and volume as compared with ammonium sulphate. Harhash and Abd
El-Nasser and Saleh ef a/.(2000) reported that the different nitrogen sources
affected fruit weight, volume, diameter and length. Moreover, Mortvedt ef
al{1981) and Khattari and Shatat (1993) reported that increasing the fruit
physical properties as a result of different nitrogen sources may be due to its
effect on improving nutrients uptake which enhanced the formation of
carbohydrates and cell enlargement.

2.2. Effect of nitrogen application times

Regardiess of nitrogen sources and sulphur rates, the data in Tables (2
and 3) indicated that the addition of nitrogen at three equal doses increased
berry weight, volume, diameter and length, in both seasons. Increasing the
values of fruit weight, volume, diameter and length as a result of applied
nitrogen at three equal doses may be due to its effect on improving nutrients
uptake which enhanced fruit weight and volume. Abd El-Khalek (1992) reported
that addition of nitrogen soil application at three equal doses increased berry
weight and volume. Meanwhile, Saleh et a/.(2000), on pears, did not find
differences between the three times of application effect on fruit weight, volume,
length and width.

2.3. Effect of suiphur

With regard to the effect of suiphur, the data in Tables {2 and 3) showed
that sulphur increased berry weight, volume and diameter, in the second season
only, but did not affect berry tength, in both seasons. Such results are in
harmony with those obtained by Harhash and Abd El-Nasser (2000) on Flame
Seedless grapes. They found that the suiphur application increased berry
weight, volume and diameter.

3. Berry firmness
3.1. Effect of nitrogen sources

The data in Tables (2 and 3) showed that, regardless of nitrogen
application times and sulphur rates, the ammonium suiphate applied to the soil
significantly increased berry firmness, in both seasons, as compared with urea
or ammonium nitrate. These results are not in line with those obtained by
Gobara (1998) and Saleh ef a/.(2000) on pears.
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3.2. Effect of nitrogen application times

With regard to the effect of nitrogen application times on berry firmness
of Flame Seedless grapes, the obtained data in Tables (2 and 3) showed that,
regardless of nitrogen sources and sulphur rates, the addition of nitrogen
fertilizer at one dose, in the first season, and at one dose or two equal doses, in
the second season, increased berry fimness. These results disagreed with
those obtained by Saleh et a/.(2000) on pear. They found that the application of
nitrogen fertilizer at one dose, two equal doses or three equal doses did not
affect fruit firmness.

3.3. Effect of suiphur

Data presented in Tables (2 and 3) showed that, regardless of nitrogen
sources and application times, the sulphur applied to the soil increased the
berry firmness, in both seasons. Such increase may be explained on the basis
that sulphur applied increased the uptake of some elements such as Ca
(Harhash and Abd El-Nasser, 2000). Fruit firnness was positively comelated
with leaf Ca content (Kassem, 1991).

4. Berries uniformity score
4.1. Effect of nitrogen sources

The tabulated results in Tables (2 and 3) clearly indicated that,
regardiess of nitrogen aplication times and sulphur rates, the berries from trees
fertiized with urea had higher uniformity score as compared with ammonium
sulphate, in both seasons and ammonium nitrate, in the first season only. No
differences were found between the effect of ammonium sulphate and
ammonium nitrate on bemies uniformity, in both seasons. The study of Ghobrial
(1991) on Thompson Seedless grown in calcareous soil, greatly strengthened
the present results. He found that nitrogen applied to grapevines in the urea
form was superior over the ammenium sulphate or ammonium nitrate to develop
berry quality.

4.2 Effect of nitrogen application times

The results in Tables (2 and 3) showed that, regardiess of nitrogen
sources and sulphur rates, the addition of nitrogen at three equal doses
increased berries uniformity as compared with one dose or two equal doses, in
both seasons. The increase in cluster uniformity from trees fertilized with
nitrogen at three equal doses could be attributed to the positive effect of
nitrogen addition at three equal doses on berry sugars content (Table 4) which
enhanced berry red colour.

4.3. Effect of sulphur
As regard to the effect of sulphur application, the data revealed that the
berries uniformity score was significantly increased by sulphur application, in
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both seasons (Tables 2 and 3). Such increase may be explained on the basis
that sulphur applied increased the uptake of N, Mg, K, Zn, Mn and Fe (Harhash
and Abd El-Nasser, 2000), and these elements have close association with
chlorophyll biosynthesis and increasing of photosynthesis rate (Hail and Rao,
1996). These results are in line with those obtained by Harhash and Abd EI-
Nasser (2000), who found that sulphur increased berry anthocyanin content.

5. Percentage of early maturity
5.1. Effect of nitrogen sources _

Tables (2 and 3) show the effect of nitrogen sources, regardless of
nitrogen application times and sulphur rates, on percentage of early maturity in
both seasons. The trees fertilized with urea had higher percentage of early
maturity as compared with ammonium sulphate or ammonium nitrate, in both
seasons. No differences were obtained between ammonium sulphate and
ammeonium nitrate. These results may be due to the effect of urea on increasing
uniformity and anthocyanin of bemies. Abd El-Khalek (1992) reported that
ammonium sulphate as well as urea were the effective forms for early ripening
of berries.

5.2, Effect of nitrogen application times

Data in Tables (2 and 3) indicated that, regardless of nitrogen sources
and sulphur rates, the addition of nitrogen fertilizer at three equal doses
increased the percentage of early maturity, in both seasons, as compared with
one dose or two equal doses.

5.3. Effect of sulphur

With regard to the effect of sulphur on percentage of early maturity, the
data in Tables (2 and 3) indicated that sulphur application increased the
percentage of early maturity. This increment was significant, in the second
season only.

6. Harvest spread
6.1. Effect of nitrogen sources

With regard to the effect of nitrogen sources on harvest spread, the data
in Tables (2 and 3) showed that, regardless of nitrogen application times and
sulphur rates, ammonium sulphate application had the highest harvest spread
as compared with urea or ammonium nitrate. No differences were found
between ammonium nitrate and urea in their harvest spread, in both seasons.

6.2. Effect of nitrogen application times

Data in Tables (2 and 3) indicated that the addition of nitrogen fertilizer
at one dose increased harvest spread as compared with three equal doses, in
both seasons and two equal doses, in the first season only. These resuits may
be due to the effect of nitrogen at one dose on decreased uniformity of berries.
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6.3. Effect of suiphur

Regardless of nitrogen sources and application times, the data in Tables
(2 and 3) indicated that sulphur application increased harvest spread, in both
seasons. This increase may be due to the role of sulphurinincreasing the
nutrients uptake, which play an important role in producing favourable balance
between growth and fruit production (Harhash and Abd El-Nasser, 2000).

7. Total soluble solids (TSS)
7.1. Effect of nitrogen sources

The tabulated results in Table (4) clearly indicated that, regardless of
nitrogen application times and sulphur rates, the beries from grapevines under
urea or ammonium nitrate fertilization had the highest TSS, in both seasons.
These results are in line with those of Ghobrial (1991) on Thompson Seedless
grapevines. He found that urea and ammonium nitrate were highly efficient to
produce the highest berry quality. Saleh ef a/.(2000), on pear, found that the
application of bentonite-coated urea resulted in the highest TSS content.

7.2. Effect of nitrogen application times

With regard to the effect of nitrogen application times, data in Table (4)
indicated that the addition of nitrogen at three equal doses increased the berries
TSS, in both seasons. These results disagreed with those obtained by Kassem
et al.(1995a) on citrus and Saleh ef a/.(2000) on pear. They found that the fruit
TSS did not significantly differ with applying the different nitrogen application
times,

7.3. Effect of sulphur

Regardiess of nitrogen sources and application times, data in Table (4)
indicated that sulphur application increased the TSS content, in both seasons.
These resuits are in agreement with those obtained by Kassem et al.{1995b).
Meanwhile, Harhash and Abd El-Nasser (2000), on Flame Seedless grapes,
found that the berries TSS were not affected by sulphur application.

8. Acidity
8.1. Effect of nitrogen sources and application times

Data in Table (4) indicated that the berries acidity was not affected by
any of nitrogen sources and application times, in both seasons. These results
are in line with those obtained by Kassem et a/.(1995a).

8.2. Effect of sulphur

Data in Table (4) showed that sulphur rate did not affect berries acidity,
in both seasons. These results are in iine with those obtained by Harhash and
Abd El-Nasser (2000) on Flame Seedless grapes.
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Table 4. Effect of nitrogen sources and application times and sulphur rates fertilization on fruit quality parameters of
Fiame Seediess grapes during 2001 and 2002 season.

2001 season 2002 season
Reducing Non- Anthocyanin Reducing Non- Anthocyanin
Treatments TSS Acidity reducing TSS Acldity reducing
%) (%) sugars ugars (mgl1|00 g (%) (%) sugars sugars (mgl1.00 g
(%) %) fruit) (%) %) fruit)
Nitrogen Urea 1460 0.89 10.86 1.46 8.60 1486 0.96 11.08 1.62 9.72
sources Am. sulphate 13,22 0.90 10.10 1.69 7.00 13.32 0.60 10.28 1.58 7.31
()] Am. nitrate 1438 0.94 10.54 1.43 8.39 1479 0.92 11.12 1.50 2.30
L.S.Dpos 1.07 NS 0.22 NS 1.16 126 NS 0.7 NS 1.09
Nitrogen T4 1383 0.86 10.30 1.70 7.18 13.69 0.90 10.41 1.62 8.20
application T; 13.70 0.95 10.18 1.46 8.10 14.00 092 10.79 1.56 8.60
times (T) T3 1488 0.92 11.00 1.42 8.72 1528 0.97 11.31 1.50 9.53
L.S.Dges 1.07 NS 0.22 NS 1.16 126 NS 0.71 NS 1.09
- Sulphur Sq 13.35 0.89 10.12 1.47 7.50 1361 090 9.78 1.61 8.15
rates {S) Sy 1478 0.92 10.87 1.58 8.49 15.03 0.95 11.87 1.52 9.37
L.S.Dpegs 088 NS 0.18 NS 0.95 1.03 NS 0.58 NS 0.89
L.8.Dees
NxT * NS * NS * » NS * NS »
Nx8S * NS * NS * * NS * NS *
Tx$S * NS > NS * * NS . NS *
NxTxS * NS * NS * * NS * NS *
Am. = Ammonium. * = Significant. NS = Not significant,

'say ouby "Apy




J. Ady, Agric. Res,

9. Sugars content

Data in Table (4) showed that nitrogen sources and application times
and sulphur rates did not affect berries non-reducing sugars content, in both
seasons. Meanwhile, the reducing sugars were increased by urea or ammonium
nitrate application at three equal doses and by sulphur application, in both
seasons. Harhash and Abd El-Nasser (2000) found that sulphur application did
not affect fruit sugars, while the different nitrogen sources affected fruit sugars
content.

10. Berries anthocyanin

Regarding the effect of nitrogen sources and application times and
sulphur rates, data in Table (4) showed that the berries anthocyanin content
was increased by the addition of urea or ammonium nitrate, nitrogen application
at three equal doses and by sulphur application rates, in both seasons. Harhash
and Abd El-Nasser (2000), on Flame Seedless grapes, found that berries
anthocyanin content was increased by the sulphur and nitrogen organic manure.
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