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Rootstock Effects on Yield, Fruit Quality and Nutrition Status of
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TWO years study was carried out during two successive seasons (2017 and 2018) on

seven years old Early Sweet grapevines budded on Freedom and Salt Creek rootstocks
grown in sandy loam soil, spaced at 2 X 3 meters apart under a drip irrigation system in a
private grapevines orchard located on Cairo-Alexandria desert road about 50 km from Cairo,
Egypt. The main objective is to study the effect of nitrogen supported with potassium and two
rootstocks salt Creek and Freedom as well as their combinations on yield and fruit quality
properties of Early Sweet grape vine. The study was arranged in a split plot design, hence two
rootstocks (Freedom and Salt creek) were occupied in the main plot, and the subplots were split
by (N+K) application levels. Whereas, three levels of nitrogen (30, 40 and 50 kg /fed) as actual
nitrogen were applied. Potassium levels were added at the ratio (1:1.5 and 1:2) from nitrogen
level plus control treatment was (60kg N/fed+120kgK/fed). Obtained results showed that,
fertilization with high rates of nitrogen reduced cluster weight, cluster length, and cluster width
of “Early Sweet” Generally, Early Sweet grapevine grafted on Salt creek rootstock fertilized
with 40kg N/fed plus 80kg K/fed proved to be the most efficient effect application on yield and
fruit quality.
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Introduction

Grape (Vitis vinifera L.) has a high economic
value and is considered one of the important fruit
in Egypt. It ranked second among fruit crops
after citrus and the total area of grapes is about
74529%ha produced about 1641075 tons according
to the statistics of the (FAO 2018). Early sweet
grapevine cultivar is a popular cultivar and has
grown successfully in Egypt. Moreover, it is an
early ripening cultivar (in the last week of May)
so it has a greater chance of being exported
with minimum competition. Nitrogen is one
of the major plant nutrients, being a part of the
protein, enzymes, amino acids, polypeptides and
many other biochemical compounds in the plant
system (Mengel and Kirkby, 1987). Moreover,

nitrogen is the most required element by plants,
it effects on productivity and quality of grapes
and it has effects on the vegetative development
of grapevines (Conradie, (2005) and Grechi et
al. (2007). Furthermore, a high rate of nitrogen
fertilization induces the vigor of the grapevine
and reduces the quality of grapes. On the other
hand, a lack of nitrogen in vine can strongly limit
vine vigor, especially from bud burst to blooming
Conradie, (1991) & Grechi et al. (2007). Keller et
al. (1999) reported that excessive nitrogen rates
of grapes lead to delayed ripening. Increased
vegetative growth, which competes with sugar
translocation and pigment accumulation in
the berry. Moreover, the fertilization of the
“Thompson seedless” grapevine with nitrogen
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exerted a high positive effect on vegetative growth.
Moreover, increasing nitrogen rates increased
potassium and phosphorus concentrations in the
leaf (Abou Sayed Ahmed et al., 2000). However,
Hassan (2002) found that foliar spray with urea
increased leaf area, total chlorophyll content, and
carotenoid content and it improved leaf nitrogen
and potassium content. Whereas phosphorus
content increased in petiole only of Thompson
seedless grapevine. Furthermore, In addition,
grapevine nitrogen required ranged from 27 to 120
kg/ha for the growth shoots and fruits seasonally
(Treeby & Wheatley, 2006, Schreiner et al., 20006,
Pradubsuk & Davenport, 2010 and Williams,
2017). Christensen and Peacock (2000) found that
nitrogen fertilization divided into split parts can
improve the production either in terms of yield or
quality of the grape. On the other hand, in recent
studies, the efficiency of split application was not
noticed in the first year, however, in the following
years, grapevines showed higher sugar content
and yields (Castaldi, 2011). On the other hand,
Potassium is mobile within the grapevine (Mosse
etal., 2013). Potassium was Involved in numerous
biochemical and physiological processes,
including enzyme activation in photosynthesis and
respiration and the maintenance of cellular osmotic
potential in plants (Salisbury and Ross, 1992).
Furthermore, Potassium is the major element
related to berry ripeness and its concentration in
grapes is related to the must acidity (Mpelasoka
et al., 2003). Potassium is involved in sugar
transport (Mpelasoka et al., 2003). Moreover,
it increased the total soluble solids content and
decreased the total acidity of berries (Martin et
al. (2004). However, High potassium fertilization
has negative effect on growth and fruit quality
(Mpelasoka et al., 2003). Moreover, Poni et al.
(2003) revealed that the application of potassium
to the soil resulted in higher K concentrations
in the blades of grapevines. Furthermore,
Schreiner et al. (2013) concluded that a low
level of potassium fertilization resulted in
reduced potassium concentration in “Pinot noir”
grapevines. On the other hand, fertilization with
nitrogen and potassium gave a direct significant
effect on the grape’s bud production (Girgis et al.,
1998). Enhanced petioles nitrogen and potassium
content, vegetative growth parameters, cluster
weight, cluster size, berry size, weight, and juice,
however, it reduced berry firmness. However,
vine fertilized with a high rate of nitrogen induced
a negative effect on yield because it decreased the
number of buds burst and fruitful buds. Rootstocks
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play very important roles in overcoming water
and salinity stress in newly reclaimed areas in the
north and middle of Egypt (EI-Gendy, 2013). It is
adaptable to high pH and wet or poorly drained
soils as well as drought besides, it is protecting
crops against phylloxera and nematode (Kdse et
al., 2014). On the other hand, rootstocks affect
vine growth, yield, and fruit quality as well as
nutrients absorption from soil (Bavaresco et al.,
2003 & El-Gendy, 2013). Walker et al. (2000)
mentioned, that grafted on rootstocks led to an
increase in TSS and a decrease in total acidity.
This result is very important to early harvesting
and increases the total return coming in export.
Moreover, Gaser (2007) found that “Superior
seedless” grapevines grafted on Dog Ridge and
/or Salt Creek increased yield/vine than those
grafted on Freedom rootstock. That is confirmed
by El-Gendy (2013) found that Flame seedless
cv. grafted on Salt creek or Freedom rootstocks
improved yield and fruit quality as compared
with ungrafted vines. Whereas Freedom rootstock
enhanced the coloring and maturity of berries
and gave economic crop. On the other hand,
Riihl (2000) mentioned that Freedom rootstock
enhanced the leaf nutrient status of grape grafted
and it gave the highest potassium concentration in
the leaf of grape grafted. Furthermore. This was
also confirmed by Abo EL-Wafa (2003) who found
that Salt Creek and other rootstocks increased leaf
nitrogen, phosphorus and potassium content of
“Roumi Red” grape grafted. So this investigation
was conducted to enhance yield, fruit quality, and
mineral content of newly grape cultivar “Early
sweet” by determining the suitable application
level from each nitrogen and potassium fertilizers
as well as the suitable rootstock from two
rootstocks “Salt creek” and “Freedom” with the
possibility to select the best combination between
fertilizer application and rootstock

Materials and Methods

This study was carried out during two
successive seasons of 2017 and 2018 in a
private grapevine orchard, located on the Cairo-
Alexandria desert road about 50 km from Cairo,
Egypt (30°) on a seven-year-old “Early Sweet”
grapevine.

The experiment was carried out on seven years
old “Early Sweet” grapevines grafted on Freedom
or Salt creek rootstocks grown in sandy loam soil,
and spaced 2x3m apart under a drip irrigation
system from a well. Physical and chemical
analyses of the experimental soil were shown in



ROOTSTOCK EFFECTS ON YIELD, FRUIT QUALITY AND NUTRITION STATUS OF ... 175

(Table 1) Moreover, the chemical analysis of the
irrigation water is shown in Table (2). The vines
were trained to cane pruning under the “Baron”
system and pruned on 25" December with 61 buds
per vine beside sprayed Dromx in the first week of
January. From each season

This experiment consist of two Rootstocks
(Freedom and Salt creek) and three levels of
nitrogen (30, 40 and 50 kg /fed) as actual nitrogen
were applied. Potassium levels were added at the
ratio (1:1.5 and 1:2) from nitrogen level whereas
control treatment was (60kg N/fed+120kgK/fed).

The experiment was arranged in a split-
plot design, the main plots were separated for
rootstocks and the subplots were split by (N+K)
application levels. Thus the experiment consisted
of fourteen treatments with five replicates and
each replicate was represented by three trees.
Nitrogen and potassium fertilizers were added as
soil application under drip irrigation.

Nitrogen levels were 30, 40, 50 and 60 kg/fed,
it is equivalent 89.6, 119.40, 149.25 and 179.10
kg/fed from ammonium nitrate (33.5%) as a
source of nitrogen, respectively. Actual potassium
applications were 45, 60, 80,75, 100 and120 kg/
fed, its equivalent 93.75, 125,166.6, 156.25,208.3
and 250 kg/fed from potassium sulfate (48%
K,SO,) as a source of potassium, respectively.
Nitrogen and potassium fertilization were added
three times, the firstly (25% of actual nitrogen+

TABLE 1. Analysis of experimental soil.

potassium fertilizers were added on 15" February
(after bud opening and before flowering), and
the secondly (50% of actual nitrogen+ potassium
fertilizers) were added on 1% April (after fruit
set) and then finally (25% of actual nitrogen+
potassium fertilizers) were added at 1** June (after
harvest time) in both seasons.

The following parameters were measured to
evaluate the tested treatments:
Yield:

Harvesting time at the last week of May, when
the TSS reached about 14% in the berries of the
two studied seasons. Clusters number per vine
were counted and weighed to determine the total
yield per vine. and the number of shot berries as %.

Berries physical characteristics

Representative random samples of 15 clusters
per replication were taken to the laboratory to
determine cluster weight, cluster dimensions
(length and width)

A random sample of 100 berries per replication
was taken to determine: berry firmness (g/cm?,
and berry adherence strength (g/cm?) “separating
force”

Berries chemical characteristics

Total soluble solids (T.S.S.) in berry juice was
determined by a Handrefract meter in (Brix), total
acidity in berry juice (expressed as tartaric acid
%) according to (A.O.A.C., 1985) and TSS/ Acid
ratio was calculated.

Soil Depth Particle size distribution
(cm)
Coarse Sand Fine sandy Silt Clay Texture
Sandy loam
0-30 e 67 23.6 9.6
Chemical analysis:
Soil Depth  pH Soil 4 Organic  Capacity o o o
(cm) past E.Ce (dSm™) matter % (%) CaCO3 N (%) P (%) K (%)
0-60 8 1.3 0.09 25 0.8 0.64 0.53 0.45

TABLE 2. Chemical analysis of water used for irrigation.

- E.C. Soluble cations (meq/l)
P dSm! Ca™* Na* K*
7.1 1.2 2.4 8.9 0.15
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Leaf mineral content:

Leaves samples were taken at the verison
stage from mature leaves (5-6") leaf from the
shot shoot tip). For each replicate the blades and
petioles were separated and washed with tap water
followed by distilled water then oven dried at 70°C
until a constant weight dried petiole samples were
ground by an electric mill. the ground sample was
digested according to the method of (Jackson,
1958), Total nitrogen, Phosphorus, Potassium
Calcium, Magnesium, Iron, Zinc, Manganese and
Born were determined according to Cottenie et al.
(1982)

Statistical Analysis

The obtained data in the 2017 and 2018
seasons were subjected to analysis of variance
according to Clarke and Kempson (1997). Means
were differentiated using the Range test at the
0.05 level (Duncan, 1955).

Results and Discussion

Effect of rootstocks and varying levels of
Nitrogen and Potassium on Yield/vine, number
of shot berries, Cluster number /vine and Cluster
weight.

Data present in Table (3) Regarding rootstocks
it could be observed that salt creek gave the highest
number of clusters/vine during the two growing
seasons on the other hand ,T4(40N+80K)gave the
highest values of cluster number /vine during the
first season and equaled by TS5 (50N+75K)and
T6(50N+100K)in the second season it seems that
Early sweet vines grafted on salt creek rootstock
fertilized with T4(40N+80K) gave the highest
significant values of cluster number/vine during
the two seasons and followed closely by vines
treated with TS5 (50N+75K),T6(50N+100K)and
control grafted on salt creek freedom root stock
gave the highest significant values of cluster
weight during the first season only Early sweet
vines fertilized with T6(50N+100K)and control
treatment gave the highest values of cluster
weight during the two seasons followed by the
same statically stand point by T5(50N+75K)and
T2, T3 in the first and second seasons respectively
regarding the interaction it was difficult to
determined constant direction Data present in
Table (3) indicates that, rootstocks it could be
observed that salt creek gave the highest yield
during the two growing seasons.

On the other hand, T4 gave the highest values
of yield during the first season but the second
season equaled with TS, T6 and control on the
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other hand  «Salt Creek» rootstock induced a
pronounce reduction effect on the number of
shot berries than «Freedom» rootstock in both
seasons. In the first season, the vine fertilizes
with 50N+75K kg/fed (T5) and 50N+100K kg/
fed (T6) giving a similar and high reduction in the
number of shot berries. But in the second season,
vine fertilization with 40N+80K kg/fed (T4),
50N+75K kg/fed (T5) and 50N+100K kg/fed (T6)
proved to be the superior treatment in reducing
the number of shot berries. The interaction
between rootstocks and nitrogen plus potassium
fertilization showed that in the first season,
combinations of «Freedom» rootstock fertilized
with 40N+80K kg/fed (T4) and SO0N+75K kg/fed
(TS) and in the second season.

Effect of rootstocks and varying levels of Nitrogen
and Potassium on berries physical characteristics

Data present in Table (4) indicates that there
is no significant effect between rootstocks on
cluster length in both seasons. In the first season,
the treatment (40N+60 K kg/fed) (T3) and in the
second season, the treatment (30N+60 K kg/fed)
(T2) proved to be superior in this respect. The
interaction between the two factors showed that
in the first season, the combination of “Freedom”
rootstock fertilized with 40N+60K kg/fed (T3)
induced the highest positive effect than other
combinations. In the second season, a combination
of “Freedom” rootstock fertilized with 30N+60K
kg/fed (T2) gave the highest positive effect of
other combinations

In the first season, there insignificant effect
between the rootstocks on cluster width but in the
second season, the “Salt Creek” rootstock induced
a more positive effect on cluster width than the
“Freedom” rootstock. In the first season, the vine
fertilizes with 40N + 80 K kg/fed (T4) and in the
second season, the vine fertilizes with 30N+60
K kg/fed (T2) inducing the highest positive
effect on cluster width than other treatments. The
interaction between rootstocks and nitrogen plus
potassium fertilization showed that in the first
season, combinations of “Salt Creek” rootstock
fertilized with 40N+80 K kg/fed (T4) and in the
second season, “Salt Creek” rootstock fertilized
with 40N+60 K kg/fed (T3) gave the highest
positive effect on cluster width in this respect.

Data present in Table (4) indicated that berry
firmness revealed that “Salt Creek” rootstock
increased berry firmness as compared with
“Freedom” rootstock in both seasons. In the first
season, vine fertilizers with 40N+80 K kg/fed
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TABLE 3. Effect of rootstocks and varying levels of Nitrogen and Potassium of Early Sweet grape On yield and
Number of shot berries during (2017 and2018)

Cluster number /vine

Cluster weight (g)

Yield (kg) /vine

Number of shot berries%

2017 season

Actual

(N +K) (kg/ Salt Freedom Mean Salt Freedom Mean Salt Freedom Mean Salt Freedom Mean
feddan) Creek Creek Creek Creek
T1 (30N+45K) 39.00cb 36.25ce  37.62B  349.20cd 359.70ad 354.51D 13.62ce 13.25fc  13.43CD 16.75ab 18.75a 17.75A
T2 (30N+60K) 38.75bd 36.25ce  37.53B  354.50bd 365.20ac 359.87BD 13.72ce 13.27fc  13.51C 15.75bc 16.75ab  16.25A
T3 (40N+60K) 39.25b 36.73be  38.00B  345.00d 362.00 ac 353.50D 13.60ce 13.27fc  13.43CD 11.25f 13.75ce  12.50B
T4 (40N+80K) 46.00a 38.00be  42.00B  344.50d 372.10a 358.25CD 15.65a  14.20b-d 1492A 12.00ef 12.00ef  12.00CB
T5 (S0N+75K) 39.50b 37.25be  38.37B  371.70a 372.00a 371.80A 14.72b  13.85c-e  14.28B 8.75¢g  13.00df  10.87C
;TS?)NHOOK) 39.25b  36.00df 37.62B  364.70ac  371.00a 367.75AC 14.35cb 13.47de  13.91CB 9.00g 12.25fe 10.62C
Control 35.50ef 33.25f 3436C 372.50a  367.20ab 369.87AB 13.25¢f 12.50f 12.87D 12.00ef 14.50cd  13.25B
Mean 39.60A’ 36.25B 357.¢B’  367.0 A/ 14.13A'  13.40B 12.21B' 14.42A/

2018 season
T1 (30N+45K) 43.88b  36.09¢ 39.96 B 383.75bf 372.50cf 378.13BC 16.84ab 13.65cd  15.24A-C 18.71a 19.50cd  13.87CD
T2 (30N+60K) 38.27bc 30.41d 3432 C 412.00ab 400.0ad 406.00A 15.77ac  12.35d 14.06BC  16.65ab 17.25cd  12.00C
T3 (40N+60K) 35.28c  31.63d 3345C 41750a 355.00f 386.25AC 14.73ad 12.22d 13.48C 14.50cd 23.00ab  17.00AB
T4 (40N+80K) 47.35a 39.31bc  43.33AB 363.25¢f 363.75df 363.50C 17.20a  14.30bd  15.57AB  13.00df 25.50a 15.12A-C
T5 (50N+75K) 44.42ab 36.62c 40.52AB 373.00cf 376.00bf 374.50BC 16.57ab 13.77cd  15.17A-C 12.25fe 19.25cd  14.87A-C
;l;?]N+100K) 44.19ab  35.41c 39.80B  381.00bf 403.75ac 392.38AB 16.84ab 14.30bd  15.57BA  14.50cd 17.75cd  1488A-C
Control 44.42ab  43.03b 43.72A  377.50af 392.50ac 385.00AC 16.77ab 16.52ab  16.64A 15.75bc 20.75ac  17.50A
Mean 4254 A’ 31.74B/ 386.8A’  380.5A/ 16.39A’ 13.89B/ 14.42A' 20.42A/

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% level

(T4) gave a high positive effect on berry firmness
as compared with other treatments. In the second
season, vines were fertilized with SON+75 K kg/
fed (T5), 50N+100 K kg/fed (T6) and 60N+120
K kg/fed (T7) giving a similar and high positive
effect on berry firmness as compared with other
treatments.

The interaction between rootstocks and nitrogen
plus potassium fertilization showed that in the first
season, the combination of “Salt Creek” rootstock
fertilized with 40N supported with 80 K kg/fed (T4)
provide to be the most efficient treatment in this
respect. In the second season, the combination of
“Salt Creek” rootstock fertilized with SON+75 K kg/
fed (T5) and 60N+120 K kg/fed (T7) gave a similar
hence stretch high positive effect on berry firmness
as compared with combinations.

Data present in Table (4 indicates that in
the first season there is no significance between
the two rootstocks but in the second season, the
“Salt Creek” rootstock increased berry adherence
strength as compared with the “Freedom”
rootstock. In the first season, vine fertilizers with
SON+75 K kg/fed (T5) gave a higher significant
value than control only. However, in the second

season, all treatments had no significant effect
on berry adherence strength in this concern. The
interaction between rootstocks and nitrogen plus
potassium fertilization showed that in the first
season, combinations of “Salt Creek” rootstock
fertilized with 40N supported with 80 K kg/fed
(T4) and “Freedom” rootstock fertilized with
50N+75 K kg/fed (T5) exerted similarly and
the highest values as compared with other
combinations in this respect. However, in the
second season, “Salt Creek” rootstock fertilized
with 50N+100 K kg/fed (T6) proved to be the
superior combination in this concern.

Effect of rootstocks and varying levels of Nitrogen
and Potassium on fruit chemical characteristics
Data present in Table (5) demonstrates that
in the first season, there was no significant effect
between the two rootstocks on TSS but in the
second season, the “Salt Creek” rootstock induced
a positive effect on TSS than the “Freedom”
rootstock. In the first season, there is no significant
differential effect on TSS but in the second season,
vines fertilizes with30 kg N/fed supported with
45 kg K/fed and 40 kg N/fed supported with 80
kg K/fed (T4) induced the highest positive effect
on TSS. The interaction between rootstocks and
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TABLE 4.

physical characteristics during (2017 and 2018)

Effect of rootstock and varying levels of Nitrogen and Potassium of Early Sweet grape on berries

Cluster length (cm)

Cluster width (cm)

Berry adherence strength (g/cm?) Berry firmness (g/cm)*

2017 season

Actual N +K Salt Salt Salt
(kg/feddan) Creek Freedom Mean Creek Freedom Mean Creek Freedom Mean Salt Creek  Freedom Mean
T1
(BON+45K) 21.25ac 19.70c 20.47AB 10.87ef 10.90ef 10.88D 1115.0b 994.0b 1054.5AB  763.73cd 718.75ce  741.25CD
;IZ;ZON+60K) 21.40ac 21.00ac 21.20AB 10.67f 11.50be 11.08CD  1080.0b 1032.3b 1056.1AB  748.75cd 698.20de  723.51BD
T3
(4ON+60K) 21.50ac 22.00a 21.75A 11.50b-e  11.55ae 11.52BC  1053.0b 1028.8b 1040.6AB  819.25ab 702.00ce  760.63AB
T4
(40N+80K) 20.55ac 20.00bc 20.27B 12.27a 11.90ac 12.87A 1157.5a 1024.8b 1091.1AB  843.25a 746.20cd  794.75A
T5
(SON+75K) 21.07ac 21.75ab 21.41AB 11.67a-d  11.00df 11.33BC  1027.0b 2198.3a 2112.6A 747.00cd 700.00ce  723.50BD
T6
(5ON+100K) 21.15ac 21.12ac 21.13AB 11.97a-c  11.55ae 11.76AB  1003.3b 992.5b 997.9bA 723.70ce 692.70de  708.25CD
Control 21.75ab 20.50ac 21.12AB 12.05ab 11.25¢f 11.65AB  955.8b 885.8b 920.8B 699.50ce 670.20e 684.88D
Mean 21.23A/ 20.86A’ 11.57A 11.37A/ 1055.9A  1308.0A/ 763.6A 704.0B

2018 season
T1
(3ON+45K) 19.52¢-f  19.50cf 19.51CD 11.45¢ce 11.25¢ce 11.35B 1086.5ac  997.5d 1042.0A 690.00bc 684.50c 690.25B
T2
(BON+60K) 21.17a-c ~ 22.00a 21.58A 12.90ab 12.00bd 12.45A 1037.0ad ~ 1049.2ad ~ 1043.1A 843.75ac 672.50¢ 758.13AB
;T:)N+60K) 21.45ab 20.25¢f 20.85AB 13.27a 10.50e 11.88AB  1087.7ac ~ 1000.7cd ~ 1044.2A 819.25ac 737.75ac  778.50AB
T4
(40N+80K) 19.00ef 18.62f 18.81D 11.92bd 11.25ce 11.52B 1081.2ad ~ 1001.7cd  1041.5A 842.00ac 727.00ac  784.00AB
T5 -
(SON+75K) 18.57f 19.50cf 19.03D 11.75¢d 11.00de 11.37B 1102.7ab ~ 1027.7ad  1065.2A 899.50a 764.25ac  831.88A
T6
(SON+100K) 19.25d-f  20.50ae 19.87BD 12.20ac 11.75¢d 11.37B 1112.0a 997.7cd 1054.8A 881.75ab 784.00ac  832.87A
Control 20.12b-f  20.87ad 20.50A-C  11.37ce 11.37ce 11.35B 1092.5ab  1021.5bd  1057.0A 894.75a 796.50ac  845.53A
Mean 20.17A/ 19.87A’ 12.12A/ 11.28B 1085.YA’  1013.7B 837.1A/ 737.4B

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% level.

nitrogen plus potassium fertilization showed that
in the first season, combinations of “Salt Creek”
rootstock fertilized with 60N + 120 K kg/fed (T7)
and in the second season, “Salt Creek” rootstock
fertilized with 30N + 45 K kg/fed (T1) proved to
be the superior combinations in this concern.

Data present in Table (5) indicates that in
the first season, “Salt Creek” rootstock induced
a reduction effect on acidity than “Freedom”
rootstock. In the second season, there was no
significant difference effect between the two
rootstocks. In the first season, the treatment 40N
+ 80 K kg/fed (T4) induced the highest reduction
effect on acidity but in the second season, there
was no significant differential effect on acidity.
The interaction between rootstocks and nitrogen
plus potassium fertilization showed that in
the first season, combinations of “Salt Creek”
rootstock fertilized with 40N+80k kg/fed (T4)
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and in the second season, combinations of “Salt
Creek” rootstock fertilized with 40N+80K kg/fed
(T4) gave high positive reduction effect

Data present in Table (5) results proved that
in the first season, there was no significant effect
between two rootstocks on TSS/acid ratio but in
the second season, “Salt Creek” rootstock induced
apositive effect on TSS/acid ratio than “Freedom”
rootstock. In the first season, vine fertilizers with
40N+80K kg/fed (T4) induced the highest positive
effect on TSS/acid ratio but in the second season,
there was no significant differential effect on TSS/
acid ratio. The interaction between the two factors
showed that in the first season, combinations of
“Salt Creek” rootstock fertilized with 40N + 80K
kg/fed (T4) and in the second season, “ Salt Creek
“ rootstock fertilized with 40N+80K kg/fed (T4)
and 50N+75 K kg/fed (T5) induced the highest
values than other combinations.



ROOTSTOCK EFFECTS ON YIELD, FRUIT QUALITY AND NUTRITION STATUS OF ...

179

TABLE 5. Effect of rootstock and varying levels of Nitrogen and Potassium of Early Sweet grape on fruit chemical
characteristics during (2017 and2018)

TSS (%)

Acidity (%)

TSS/acid ratio

2017 season

Actual N + K

(kg/feddan) Salt Creek Freedom  Mean  Salt Creek Freedom Mean Salt Creek Freedom Mean
T1 (30N+45K) 13.83b 13.88b 13.85a 0.387cb 0.380cb 0.383b 35.70bd 36.57bc 36.13b
T2 (30N+60K) 14.18b 13.63b 13.90a 0.370cb 0.395b 0.382bc 38.32ac 34.50bd  36.41ab
T3 (40N+60K) 14.13b 14.13b 14.08a 0.377cb 0.375cb  0.376bd 37.40ac 37.55ac  37.47ab
T4 (40N+80K) 14.58b 14.15b 14.37a 0.340d 0.375¢cb 0.357d 42.85a 37.45ac 40.15a
T5 (50N+75K) 14.30b 14.20b 14.25a 0.360cd 0.365cd  0.362cd 39.90ab 38.95ab  39.42ab
;FS?)NHOOK) 14.18b 14.00b 14.12a 0.370cb 0.365cd  0.367bd 38.27ac 38.67ac  38.47ab
Control 15.38a 13.73b 14.20a 0.380cb 0.430a 0.405a 30.75d 33.37dc 32.06¢
Mean 18.07A/ 13.95A/ 0.369B’ 0.383A/ 37.6A’ 36.7A
2018 season

T1 (30N+45K) 14.60a 13.87cd  14.23ab 0.378b 0.335b 0.356a 38.75b 40.55b 39.65a
T2 (30N+60K) 24.20ac 13.67d  13.93ac 0.350b 0.328b 0.339a 40.82b 38.42b 39.62a
T3 (40N+60K) 14.15ad 13.72cd  13.93ac 0.350b 0.345b 0.348a 41.45b 39.25b 40.35a
T4 (40N+80K) 14.57ab 13.97cd  14.23ab 0.300b 1.26a 0.437a 48.70a 38.57b 43.63a
T5 (50N+75K) 13.67d 14.07bd  13.87c 0.318b 0.360b 0.339a 43.0ba 38.97b 40.98a
;FS?)NHOOK) 13.58cd 13.92cd  13.88bc 0.335b 0.367b 0.351a 42.32b 37.57b 39.95a
Control 13.65d 13.80cd 13.72¢ 0.363b 0.330b 0.346a 38.22b 41.20b 39.65a
Mean 14.10A/ 13.86B/ 0.342A/ 1.61A/ 41.89A/ 39.22B/

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% level.

The obtained results of nitrogen supported with
potassium fertilization regarding their positive
effect on yield and fruit quality are in harmony
with the findings of Christensen and Peacock
(2000) they found that nitrogen fertilization
divided into split parts can improve the production
either in terms of yield and quality of the grape.
Moreover, Grechi et al. (2007) mentioned that
grapevine fertilized with nitrogen had a positive
effect on yield and quality. Furthermore, a high
rate of nitrogen fertilization induces the vigor of
the grapevine and reduces the quality of grapes.
In addition, grapevine required ranged nitrogen
from 27 to 120 kg/ha for the growth shoots and
fruits seasonally (Treeby and Wheatley, 2006;
Schreiner et al., 2006; Pradubsuk and Davenport,
2010 and Williams, 2017).

In this respect, Potassium is the major element
related to berry ripeness and its concentration in

grapes is related to the must acidity and potassium
involved in sugar transport. It also increased the
total soluble solids content and decreased the
total acidity of berries (Esteban et al., 1999;
Mpelasoka et al., 2003 and Martin et al., 2004).
However, Mpelasoka et al. (2003) mentioned that
high potassium fertilization has a negative effect
on fruit quality. In addition, “Crimson Seedless”
grape fertilization with three nitrogen rates (24, 36,
48 kg/ha.) combined with three potassium levels
(240, 285, 330 kg/ha). Fertilization with nitrogen
combined with potassium enhanced vegetative
growth parameters, cluster weight, cluster size,
berry size, weight, and juice, however, it reduced
berry firmness. However, vine fertilized with a
high rate of nitrogen induced a negative effect
on yield because it decreased the number of
buds burst and fruitfulness. In addition, the vine
fertilized with potassium increased total TSS and
reduced acidity (Abd El-Razek et al., 2011).
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The obtained results of rootstocks regarding their
positive effect on yield and fruit quality are in
harmony with the findings of Walker et al. (2000)
they indicated that grape grafted on rootstocks led
toanincrease in TSS and a decrease in total acidity.
This result is very important to early harvesting
and increases the total return coming in export.
Furthermore, Colapietra (2003) demonstrated that
the “Superior” grape grafted on Freedom rootstock
or Salt Creek rootstock gave the highest values of
weight and size of the berry fruit. Moreover, In
this respect, Gaser (2007) found that “Superior
seedless” grapevines grafted on Dog Ridge and
/or Salt Creek increased yield/vine than those
grafted on Freedom rootstock. That is confirmed
by El-Gendy (2013) found that Flame seedless
cv. grafted on Salt creek or Freedom rootstocks
improved yield and fruit quality as compared
with engrafted vines. Whereas Freedom rootstock
enhanced the coloring and maturity of berries and
it gave economic crop.

Effect of rootstocks and varying levels of Nitrogen
and Potassium on macronutrients contents.

Data present in Table (6) indicates that in the
first season, there was no significant effect between
the two rootstocks on nitrogen concentration but
in the second season, the ‘“Freedom” rootstock
induced a positive effect on nitrogen concentration
of petiole than “Salt Creek” rootstock. In the
first season, vine fertilizers with 60N+100k kg/
fed (T7) induced the highest positive effect on
nitrogen concentration. In the second season,
vine fertilizers with 50N+100K kg/fed (T6)
and 60N+120k kg/fed (T7) gave the highest
values of nitrogen concentration as compared
with other treatments. The interaction between
the two factors showed that in the first season,
combinations of both “Salt Creek” rootstock
or “Freedom” rootstock fertilized with 60N
+ 120 K kg/fed (T7) and in the second season,
“Freedom” rootstock fertilized with 60N + 120 K
kg/fed (T7) induced the highest values than other
combinations.

Data present in Table (6) indicates there
is no significant effect between rootstocks on
phosphorus concentration in both seasons. In the
first season, vine fertilization with SON+100K kg/
fed (T6) induced the highest positive effect on
phosphorus concentration of petiole but in the
second season, vine fertilization with 40N+60K
kg/fed (T3) gave the highest values of phosphorus
concentration of petiole. The interaction between
the two factors showed that in the first season,
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combinations of both “Salt Creek” rootstock and
“Freedom” rootstock fertilized with SON+100K
kg/fed (T6) and in the second season, “Salt
Creek” rootstock fertilized with 40N + 60K kg/
fed (T3) gave a pronounced effect on leaf petiole
phosphorus concentration than other combinations
in this concern

DatapresentinTable (6) revealsthat “Freedom”
rootstock induced a positive effect on potassium
concentration than “Salt Creek” rootstock in
both seasons. The treatment 60N-+120k kg/fed
(T7) proved to be the superior treatment in this
concern in increased potassium concentration
in both seasons. The interaction between the
two factors showed that in the first season,
combinations of both “Salt Creek” rootstock and
“Freedom” rootstock fertilized with 60N + 120 K
kg/fed (T7) and in the second season, “Freedom”
rootstock fertilized with 60N + 120 K kg/fed (T7)
exerted the highest positive effect on potassium
concentration of petiole than other combinations
in this concern. Data present in Table (6) indicates
that there is no significant effect between
rootstocks on the calcium concentration of leaf
petiole in both seasons. In the first seasons, the
treatments fertilizes with 40N+80K kg/fed (T4),
50N+75 K kg/fed (T5) and 60N+120k kg/fed (T7)
gave a similar high positive effect on calcium
concentration as compared with other treatments.
And in the second season, the treatments fertilizes
with 40N+80K kg/fed (T4) and SON+75 K kg/fed
(TS) gave similarly and the highest values in this
respect.

The interaction between two factors showed
that in the first season, combinations of both
“Freedom” rootstock fertilized with 60N + 120K
kg/fed (T7) proved to be a superior combination
in this concern. However, in the second season,
“Freedom” rootstock fertilized with 40N+60K kg/
fed (T3), 40N+80K kg/fed (T4) as well as “Salt
Creek” rootstock fertilized with SON+75 K kg/
fed (TS5) gave similarly and the highly significant
effect on calcium concentration of petiole than
other combinations in this concern.

Effect of rootstocks and varying levels of Nitrogen
and Potassium on micronutrients contents:

Data present in Table (7) the first season,
there was no significant effect between the two
rootstocks on iron concentration but in the second
season, the “Freedom” rootstock gave a significant
effect on iron concentration than the “Salt Creek”
rootstock. In the first seasons, the treatments
40N+80K kg/fed (T4) and 60N+120k kg/fed (T7)
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TABLE 6. Effect of rootstock and varying levels of Nitrogen and Potassium of Early Sweet grape on macronutrients

contents during (2017 and2018)

Nitrogen (%)

Phosphorus (%)

Potassium (%) Calcium (%)

2017 season

3{2;:_:;1:)1( Csrzl:k Freedom  Mean Cslil:k Freedom  Mean Ciil:k Freedom  Mean Csril:k Freedom Mean
T1 (30N+45K) 0.76e  0.75¢ 0.75E 0.21ce  0.20e 0.20C 0.78¢  0.79 0.78E 1.33ef  1.16f 1.24C
T2 (30N+60K) 0.83de 0.84de 0.83E 0.19¢  0.19¢ 0.19C 0.85¢  0.88e 0.86DE  1.50cf 1.30f 1.41CB
T3 (40N+60K) 0.93cd 0.95cd 0.94D 0.2Ice 0.20de 0.20C 0.90e  0.93e 0.93DE 1.73ad 1.50cf 1.61AB
T4 (40N+80K) 0.99bc  0.99bc 0.99CD 0.24be 0.26ac 0.25B 1.43d  1.70cd 1.56C 1.76ad  1.90ac 1.83A
T5 (SON+75K) i'%a' 1.06ac  1.0O6BC 027ab 025a-d  0.26AB 095¢  1.06¢ 101D 1.56cf 190ac  1.73A
;I;)NHOOK) 1.10ab 1.09ab 1.09AB 0.29a  0.29a 0.29A 1.66bc  1.90bc 1.78B 1.46df  1.94ab 1.70AB
Control 1.16a 1.16a 1.16A 0.26ac  0.26ab 0.26AB 2.03a  2.26a 2.15A 1.56cf  2.10a 1.83A
Mean 0.97A’  0.98A’ 0.24A’  0.23A/ 1.23B'  1.36A/ 1.56A’ 1.68A/
2018 season

T1 (30N+45K) 0.60g  0.68d-f 0.63E 0.27b  0.28b 0.27B  0.63f  0.69ef 0.66D  1.16c  1.46a- 1.31B
T2 (30N+60K) 0.61g  0.65f 0.64E 0.25b  0.23b 0.24B  0.63f  0.70ef 0.67D  1.50ac  1.46a-c 1.48AB
T3 (40N+60K) 0.67ef 0.67ef 0.67D  0.64a  0.29b 0.46A  0.7lef 0.71ef 0.71D  1.33bc 1.76a 1.55AB
T4 (40N+80K) 0.71c  0.70cd 0.71C  0.31b  0.29b 0.30AB  0.86de 0.85df 0.85C  1.63ab 1.76a 1.70A
T5 (S50N+75K) 0.77ab  0.76b 0.77B  0.31b  0.30b 0.30AB 0.87de 0.86df 0.87C  1.73a  1.66ab 1.70A
;l;f)N+100K) 0.79ab  0.79ab 0.79A 0.29b  0.28b 0.28B 0.99cd  1.26b 1.13B 1.50ac  1.53a-c 1.51AB
Control 0.79ab  0.79a 0.79A  0.30b  0.28b 0.29AB 1.16bc 1.63a 1.40A  1.46ac 1.46a-c 1.46AB
Mean 0.70B' 0.72A’ 0.34A’  0.28A/ 0.84B'  0.96A’ 1.47A7  1.59A/

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5% level.

gave a similar and high positive effect on iron
concentration to other treatments. However, in
the second season, the treatment 40N+80K kg/fed
(T4) proved to be the superior treatment in this
concern. Data present in Table (7) the first season,
there was no significant effect between the two
rootstocks on zinc concentration of petiole but in
the second season, the “Freedom” rootstock gave
a significant effect on zinc concentration than
the “Salt Creek” rootstock. In the first seasons,
60N+120k kg/fed (T7) gave the lowest values
in this concern. However, in the second season,
there was no significant differential effect on zinc
concentration. However, in the second season,
all combinations induced a high positive effect
on zinc concentration except the combination of
“Salt Creek” rootstock fertilized 40N+60K kg/fed
(T3) gave the lowest values in this concern.

Data present in Table (7) indicates that in
the first season, “Freedom” rootstock induced a
positive effect on manganese concentration of
petiole than “Salt Creek” rootstock but in the
second season, there was no significant effect

between to rootstocks. In the first season, Vine
fertilizes with 30N+60 K kg/fed (T2) gave the
highest manganese concentration of petiole and
in the second season, 40N+80K kg/fed (T4) and
SON+100K kg/fed (T6) gave similar and high
positive effect on manganese concentration of
petiole than other treatments. These results are
in harmony with those found by Riihl (2000)
mentioned that Freedom rootstock enhanced the
leaf nutrient status of grape grafted and it gave
the highest potassium concentration in the leaf
of grape grafted. Furthermore. This was also
confirmed by Abo EL-Wafa (2003) who found
that Salt Creek and other rootstocks increased leaf
nitrogen, phosphorus and potassium content of
“Roumi Red” grape grafted. So this investigation
was conducted to enhance yield, fruit quality and
mineral content of newly grape cultivar “Early
sweet” by determining the suitable application
level from each nitrogen and potassium fertilizer
as well as the suitable rootstock from two
rootstocks “Salt creek” and “Freedom” with the
possibility to select the best combination between
fertilizer application and rootstock.
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TABLE 7. Effect of rootstock and varying levels of Nitrogen and Potassium of Early Sweet grape on micronutrients
contents during (2017 and2018)

Zinc (ppm) Iron (ppm) Manganese (ppm)
2017 season

g(g/l;::iga:l-;( Csrzletk Freedom Mean Csriletk Freedom Mean Salt Creek  Freedom Mean

T1 (30N+45K) 40.66a 42.66a  41.66AB  51.66e  53.33de 52.50C 72.33de 75.66bc 74.00A-C
T2 (30N+60K) 41.66a 44.38a 43.00A  53.33de  54.33ce 53.83bC 73.33ce 80.00a 76.66A
T3 (40N+60K) 42.33a 42.00a  42.16bA  56.66ac 51.66e 54.16bC 72.00de 77.60ab 74.83AB
T4 (40N+80K) 42.66a 44.50a 43.66A 62.66a  58.33ac 60.50A 74.66bd 77.33ac 76.00AB
T5 (50N+75K) 42.45a 28.66b 43.33A  55.00be  61.66ab 58.33AB 70.66¢ 77.30ac 74.00A-C
T6 (SON+100K) 42.40a 44.00a  40.33AB  61.00ac  55.00be 58.00AB 71.66de 71.66de 71.66C

Control 40.00a 40.00a 35.50B  60.00ad  61.00ac 60.50a 73.33c-e 73.33ce 73.50CB
Mean 41.85A  40.90A’ 57.19A7  56.47A/ 72.57B 76.19A’

2018 season

T1 (30N+45K) 42.66a 48.00a 45.33A 61.66c  65.00bc 63.33AB 77.33a-c 74.33b-d 75.83AB
T2 (30N+60K) 41.66a 46.00a 43.83A 61.33¢c  69.00ab 65.16AB 71.00d 45.00a-d 73.00B

T3 (40N+60K) 29.66b 49.66a 39.66A 61.30c 63.66¢ 62.50B 76.00a-c 71.00d 73.50B

T4 (40N+80K) 45.33a 44.33a 44.83A 62.66¢ 70.60a 66.50A 79.66a 76.00ac 77.83A
T5 (50N+75K) 44.33a 43.00a 43.66A 61.66c  64.33bc 63.00B 75.00ad 70.33d 72.66B

T6 (50N+100K) 45.00a 46.66a 45.83A 63.00c  64.32bc 62.83B 79.00ab 77.66a-c 78.33A
Control 45.00a 48.33a 46.66A 62.00c  64.33bc 63.00B 73.33cd 78.33ab 75.83AB
Mean 41.95B'  46.57A’ 61.85B"  65.66A’ 75.90A’ 74.66A’

Means followed by the same Ietter (s) within each row, column or interaction are not significantly different at 5% level.

Conclusion

Shortly, the results showed that “Salt Creek”
rootstock induced a significant effect on cluster
number/vine, yield, berries firmness, cluster
width, TSS, acidity, and TSS/acid ratio, compared
with “Freedom” rootstock.

Furthermore, “Freedom” rootstock gave a
positive effect on Cluster weight, and leaf petiole
potassium, iron, zinc and manganese content
as compared with “Salt Creek” rootstock. In
this respect, increasing nitrogen supported with
potassium led to enhanced yield and fruit quality.
Moreover, high rates of fertilization reduced yield
anddecreased fruit quality ofthe Early Sweet grape.
Finally, 40N+80K kg/fed (T4) improved yield,
berries firmness, cluster width, and TSS/acid ratio
it also increased leaf petiole calcium, magnesium
and iron content. it could be recommended that
“Salt Creek” rootstock fertilized with 40N+80K

Egypt. J. Hort. Vol. 49, No. 2 (2022)

kg/fed (T4) improved yield/vine, and fruit quality
i.e. berries firmness and berry adherence strength,
number of shot berries, acidity, TSS and TSS/acid
ratio. Finally, it could by safely recommended
by, Early Sweet grapevines grafted on Salt creek
rootstock fertilized with 40kg N/fed plus 80kg K/
fed proved to be most efficient effect application
on yield and fruit quality.

Acknowledgments
My great thanks to Sherif Hegazy farm for its
support

Funding statements

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflicts of interest
There were no conflicts of interest during this
work



ROOTSTOCK EFFECTS ON YIELD, FRUIT QUALITY AND NUTRITION STATUS OF ... 183

References

A.O.A.C (1985) Association of Official Agricultural
Chemists. “Official Methods for Analysis” 12" ed.,
Washington D.C USA.

Abd El-Razek, E., Treutter, D., Saleh, M.M.S., El-
Shammaa, M., Amera, A. Fouad and Abdel-
Hamid, N. (2011) Effect of nitrogen and potassium
fertilization on productivity and fruit quality of
‘Crimson seedless’ grape. Agric. Biol. J. N. Am.,
2(2),330-340.

Abo El-Wafa, T.S. (2003) Studies on grape propagation.
M.Sc. Thesis Faculty of Agricultural, Mansoura
Univ., Egypt. pp. 53, 34-45.

Abou-Sayed-Ahmed, T. A, Abdallah, K. M., Abou
Aziz, A. B. and Easa, R. A. (2000) Response of
Thompson Seedless vines to different rates of
nitrogen and potassium fertilization I- yield and
fruit quality. Zagazig Agric. Res., 27(2),283-305.

Agriculture  statistics, Ministry of Agriculture,
Economic Affairs Sector, Egypt, (2018).

Bavaresco, L. and Lovisolo, C. (2000) Effect of grafting
on grapevine Chlorosis and hydraulic conductivity.
Vitis, 39: 89-92.

Bavaresco, L., Giochino, E., Pezzutto, S. (2003)
Grapevine rootstock effects on lime-induced
chlorosis, nutrient uptake, and source-sink
relationships. J. Plant Nutr. 26,1451-1465.

Castaldi, R. (2011) I fattori che condizionano la
concimazione della vite. L 'Informatore Agrario 39,
57-60.

Christensen, L. P. and Peacock, W. L. (2000) “Mineral
nutrition and fertilization,” in Raisin Production
Manual, ed. L. P. Christensen (Oakland, CA:
UCANR Publication 3393).

Clarke, G.M. and Kempson,R.E. (1997) Introduction to
the design and analysis of experiments. Arnold, 1
St Ed. 4 Member of the Holder Headline Group,
London, UK.

Colapietra, M. (2003) Protection of table grapes in
order to hasten period and precocity treatment of
Black Magic.InformatoreAgarioSupplemenot.
55:15-20 (C.F. Horticultural Abstract70:4645).

Cotteni, A., Verloo, M, Kiekens, L., Velgh, G. and
Camerlynk, R. (1982) Chemical analysis of plant
and soils state Univ. Ghent, Belgium, 63,44-45.

Conradie, W. J. (1991) Distribution and translocation
of nitrogen absorbed during early summer by two-
year-old grapevines grown in sand culture. Am. J.
Enol. Vitic., 42, 180-190.

Conradie, W. J. (2005) “Partitioning of mineral nutrients
and timing of fertilizer applications for optimum
efficiency,” in Proceedings of the Soil Environment
and Vine Mineral Nutrition Symposium, L.P.
Christensen and D.R. Smart (Ed.), (Davis, CA:
American Society for Enology and Viticulture),
69-81.

Duncan, D.B. ( 1955) Multiple ranges and multiple F
tests. Biometrics, 11,1-24.

El-Gendy, R.S. (2013) Evaluation of flame seedless
grapevines grafted on some rootstocks. J. Hortic.
Sci. Ornam. Plants, 5, 1-10.

Esteban, M.A., Villanueva, M.J. and Lisarrague, J.R.
(1999) Effect of irrigation on changes in berry
composition of Tempranillo during maturation.
Sugars. Organic acids and mineral elements. Am.J.
Enol. Viticult., 50,418-434.

FAO (2018). http://www.fao.org/faostat/ar/#data/TP

Gaser, A. S. (2007) Salt tolerance of some grapevine
rootstocks. Ph.D.Thesis, Faculty of Agricultural.,
Cairo University, Egypt. 23(2),238-255.

Girgis, V.H., Eshennawy, S.I., EI-Mogy, M.M.(1998)
Studies on the optimum N: K ratio required for
Thomson Seedless grapevines. J. Agri.Sci. Mansura
Univ., 23,5633-5640.

Grechi, 1., Vivin, P.H, Hilbert, G., Milin, S., Robert, T.,
Gaudillere, J. P.( 2007) Effect of light and nitrogen
supply on internal C: N balance and control of
root-to-shoot biomass allocation in grapevine.
Environ. Exp. Bot., 59, 139-149. DOI: 10.1016/].
envexpbot.2005.11.002

Hassan, A. S. A. (2002) Effect of some GA3, yeast,
nitrogen and potassium foliar spray treatments
on yield, fruit quality and leaf characteristics of
Thompson seedless grapevines. Zagazig J. Agric.
Res., 29(1),73-97.

Jackson, N.L. (1958) Soil Chemical Analysis,
Constable. Ltd. Co, London. pp. 498.

Keller, M, Kummer M. and Vasconcelos, M.C. (2001)
Soil nitrogen utilization for growth and gas exchange
by grapevines in response to nitrogen supply and
rootstock. Australian J. Grape and Vine Res. 7, 2-11.

Egypt. J. Hort. Vol. 49, No. 2 (2022)



184 AHMED ABDEL REHIM et al.

Keller, M., Pool, R.M. and Henick-Kling, T. (1999)
Excessive nitrogen supply and shoot trimming can
impair color development in Piont Noir grapes
and wine. Australian J. Grape and Vine Res.
5, 45-55.

Kose, B, Karabulut, B. and Ceylan, k. (2014) Effect
of rootstock on grafted grapevine quality. EurJ.
Hortic. Sci., 79, 197-202.

Markovic, N., Licina, V., Mladenovic, S. A.,
Atanackovic, Z. and Trajkovic, I. (2011) Potassium
distribution in grapevine organs at different
potassium fertilizers doses. 46" Croatian and 6"
International Symposium on Agriculture, Opatija,
Croatia, 14-18 February. Proceedings, 950-954.

Martin, P., Relgado, R., Gonzalez, M.R., Gallegos,
J.I. (2004) Colour of ‘Temaffected by different
nitrogen and potassium fertilization rates. Proc. 1st
International Symposium on Grapevine Growing,
Commerce and Research, Lisbon, Portugal. Acta
Hort., 652, 153-159.

Mengel, K. and Kirkby, E.A. (1978) Principles of
plant nutrition. Int. Potash Inst., Berne Kalyani
Publishers, New Delhi; Ludhignu Chap., 7, 140 —
159.

Mosse, K.P.M., Lee, J., Leachman, B.T., Parikh, S.J.,
Cavagnaro, T.R., Patti, A.F. and Steenwerth, K.L.
(2013) TIrrigation of an established vineyard with
winery cleaning agent solution (simulated winery
wastewater): Vine growth, berry quality and soil
chemistry. Agric. Water Manage, 123,93-102.

Mpelasoka, B.S., Schachtman, D.P, Treeby, M.T. and
Thomass, M.R. (2003) A review of potassium
nutrition in grapevine with special emphasis on
berry accumulation. Aust. J. Grape Wine Res.,
9:154-168.

Noha, A. 1. (2004) Effect of some sources of nitrogen
fertilization on growth and mineral content of
Thompson seedless grape transplants. MSc. Fac. of
Agric. Ain-Shams Univ., Cairo, Egypt.

Poni, S., Quartieri, M. and Tagliavini, M. (2003)
Potassium nutrition of Cabernet Sauvignon
grapevines (Vitis vinifera L.) as affected by shoot
trimming. Plant & Soil, 253(2),341-351.

Pradubsuk, S. and Davenport, J.R. (2010) Seasonal
uptake and partitioning of macronutrients in mature
‘Concord’ grape. J. Am. Soc. Hortic. Sci., 135,474-
483.

Egypt. J. Hort. Vol. 49, No. 2 (2022)

Riihl, E.H. (1993) Effect of K supply on ion uptake and
concentration in expressed root sap and xylem sap
of several grapevine rootstock varieties. Wein-Wiss.
48,61-68.

Riihl, E.H. (2000) Effect of rootstocks and K+supply
on pH and acidity of grape juice. Acta Hort., 512,
31-37.

Salishbury, F.B. and Ross, C.W. (1992) Plant Physiol.
4" ed., Wadsworth Publishing Company, USA.

Schreiner, R. P., Lee, J. M., Skinkis, P. A. (2013) N, P,
and K supply to pinot noir grapevines: impact on
vine nutrient status, growth, physiology, and yield.
American Journal of Enology and Viticulture;
64(1),26-38.

Schreiner, R.P., Scagel, C.F. and Baham, J. (2006)
Nutrient uptake and distribution in a mature “Pinot
noir” vineyard. HortScience 41:336-345.

Treeby, M. T. and Wheatley, D. M. (2006) Effect of
nitrogen fertilizer on nitrogen partitioning and pool
sizes in irrigated Sultana grapevines. Aust. J. Exp.
Agr. 46, 1207-1215. doi: 10.1071/EA05238

Walker, R.R., Read, P.E. and Blackmore, D.H.(2000)
Rootstock and salinity effects on rates of
berry maturation, ion accumulation and color
development in Shiraz grapes. Aust. J. Grape and
Wine Res., 6,227-239.

Williams, L.E. (2017) Dry matter accumulation and
nitrogen and potassium partitioning in the roots
and trunk of field-grown Thompson Seedless
grapevines. Am. J. Enol. Vitic., 68, 422—430. doi:
10.5344/ajev.2017.16035



ROOTSTOCK EFFECTS ON YIELD, FRUIT QUALITY AND NUTRITION STATUS OF ... 185

radal) MoGual) glallt caiall 402l Aadly Ll Ao gig Jaanall o i) Jal @l il
poaall gl g (i 9 i) (e Al gl iy ganay

'Jmmiu@i‘g'.\gna.‘\épmi"#jlwws*‘*j\é,@mi
Aald e e - o)) putiea’
e = Bl VYY) 5 3aa - VA G - sl (e Al - el 0 S - ) and”

Oalial e o sadae g () Cia Giie cila S e YoVA 5 Y 1Y e ge JOIA Al jall s3a <y ol
Ao b ladiily (5 ) alai aad WY el ) lilae o dpala dile )y 43 55 (8 pn 85 ol S Sl
O il s 5B AL] )3 58 450l e aagll GIS Cum 00 LN (5l yanall Ay HaiSl jean (3l duala
Jandly Bl hanall (s sinall o Laa il o o5 oy S il g Opbeal g o saligall y G 5 0
& Jpa¥) CilS Euay Al adad A Ay el sl Cresay Sy gu ol Ciia Quiall (& Ll sasa g

el 5 o o I (e DBlalas Aapuadl S 5 A ) wdadl)

ponlin aaS €0 4 (pa g Ji aaST

pomalis pal To 4 G s B aas Vo

pomlisn anS e + Gua g i anS £

polis aaS Av + fpa g flianS £

polisy aaS VO 4 Gon g i S O

pomliganS Ve + (pay flianS O

(psmmlis aaS VY o Gam g i an o) 4l

8 A8 )l A5 i) 8aand) (e Al yal) O siasal) o ) < jedal 28y e i it adail) 3
G e Juall ey S g Jea¥) e galaall g (oY) ial) S5 Jgaanall 5 32 52) Clieal sa

Juadl (& (psmulise Ban g Av 4 Cpm g iisan g £0) Dl Alalrall CilS 5 J ganall 5 53 5al) Clial 5
FM‘&WJJM‘}QJ_’Q\QM‘_}AQ&AL}AQLM‘

Egypt. J. Hort. Vol. 49, No. 2 (2022)



