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ABSTRACT

This investigation was carried out through three successive seasons 2016, 2017 and 2018 on 8 years
old" Flame seedless" grapevines (Vitis vinifera, L.) grown in sandy soil under drip irrigation system in
Markz-Bader El-Beheira Governorate, Egypt. The vines spaced at 2 x 3m in a raw and between rows,
respectively, trained to bilateral cordon with Gable supporting system. The vines were loaded with four bud
load levels according to weight of one-year-old wood (pruning) produced in the preceding season. The
suggested levels of bud load were control, B20 (weight of pruning as kg. x 20), B30 (weight of pruning as
kg x 30) and B40 (weight of pruning as kg. x 40) alone or combined with two cluster thinning (without
thinning and thinning to one cluster/ fruitful shoot) and two shoot topping (without topping and shoot
topping leaving 20 leaves/ shoot) treatments as summer pruning. The results cleared that, as bud load level
decreased from B40 to B20 as bud purest, fertility, vegetative growth parameters as well as cluster and berry
physical characteristics improved. The same trend was noticed with thinning and topping treatments. The
combination treatment of B30+ cluster thinning+ shoot topping (T1s) appeared to be superior to achieve the
balance between vine growth and productivity, since internodes length and diameter as well as pruning
weight and total biomass were improved. Moreover, Tisrecorded the highest yield, enhanced cluster weight,
as well as berry physical and chemical quality parameters.
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INTRODUCTION

Grape (Vitis vinifera, L.) is considered the first
deciduous fruit crop in the world and the second one in
Egypt after citrus. "Flame seedless” is one of the most
popular and favorite table grapes as for consumers, it ripens
early with good clusters and berries color. The balance
between vine vigor and productivity is a main factor that
affects produce sustainable yields and maintaining fruit
quality. Some horticultural practices generally used for
achieving these probes such as winter and summer pruning.
Winter pruning is one of the most important practices in
grapes production since; it controls number of buds retained
on vine for the optimum yield with best fruits quality.
However, the total number of buds per vine is so varying
according to cultivar and training system Sahebrao (2013).

Winter and summer pruning as a viticulture practices
were discussed by several workers (May et al., 2003;
Kurtural and Masabni, 2006 and Khamis et al., 2017). In this
respect, Berny et al. (2005) reported that, retaining 10, 20,
and 40 eyes (sever, moderate and light pruning levels) for
the first pound of pruning's and 20 eyes for each additional
pound of pruning’s in "Chardonnay" grapes resulted in; the
severe pruning decreased total carbohydrate reserves
(starch) in roots, trunks and canes meanwhile, light pruning
showed the greatest reductions, but the starch concentration
at bud burst was 1.5% compared with 17% in moderate
pruning. Moreover, shoot growth decreased as the total
carbohydrates reserves decreased. These findings suggest
that; both sever and light pruning may have a negative
impact on the productivity of grapevines. Also, reductions
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of roots and trunks carbohydrate reserves caused by sever
and light winter pruning have also been associated with a
decrease in number of inflorescence and a decrease in
flowers number per inflorescence to 50% less than in
balanced-pruning vines Ferree et al. (2004). On the other
hand, the unbalanced pruning (heavy bud load) even though
produced poor clusters and berries quality characters, but
gave the highest total yield in "Crimson seedless"
grapevines (El-Baz et al., 2002), delayed berry maturation
in "Sauvignon Blanc" grapevines (Naor et al., 2002)and less
mature fruits with lowest soluble solids content in "Sunbelt"
grapevine (Striegler et al., 2002).

Meanwhile, sever pruning (lighter bud load per vine)
enhanced cluster and berry physical characters as well as
chemical properties as lick SSC%, SSC/acid ratio and
berries anthocyanine, but decreased total yield of "Sharad
seedless" grapes as showed by Somkuwar and Ramteke
(2007), Bates (2008) on "Concord", Abdel-Mohsen (2013)
on "Crimson seedless", Fawzi et al. (2015) on "Superior
seedless"and Uyak et al. (2016) on "Ercis" grapevine cvs.

Summer pruning is a viticulture technique that helps
maintaining vine vigor and ensures a balance between
vegetative growth and yield as well as fruit quality. This
usually includes pinching, shoot topping, cluster thinning
and defoliation. This technique helps to improve the
microclimate of vine canopy, improves ripening and
controls the incidence of diseases (DiLorenzo et al., 2001).

Also, determines productivity of vines through
adjusting the number of shoots/ vine, number of clusters/
shoot and number of berries/ bunch throughout berry
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thinning. Other summer operations include leaf removal,
shoot trimming and girdling can be used (Camargo, 2005).
In this respect, Pisciotta ef al. (2007) reported that, shoot
topping treatment reduced the variability of shoot diameter
and increased the laterals growth of "Cabernet Sauvignon"
grapevines. Moreover, Abd El-Wadoud (2015) reported
that, pinching and defoliation treatments produced the
highest yield, best physical characters of berries and
clusters, enhanced vegetative growth and total chlorophyll
as well as total carbohydrates of canes in "Melissa"
grapevines. The interaction between both winter and
summer pruning was discussed by Dami et al
(2005)summarized that, berries soluble solids content
(SSC%), pH, number of ripened nodes per cane and bud
cold hardiness were decreased with increasing bud load
from 15 to 25 nodes for each 454g of dormant pruning's in
"Chambourcin" grapevines however, number of clusters per
vine increased from 10 to 30which increased yield/ vine.
So, this investigation was carried out to evaluate the
potential effects of winter pruning, shoot topping and cluster
thinning levels on vegetative growth, vine vigor,
productivity and fruit quality of "Flame seedless" grapevine.

MATERIALS AND METHODS

The present study was carried out during three
successive seasons, 2016, 2017 and 2018 on eight year old
"Flame seedless" grapevines (Vitis vinifera, L.) grown in a
private vineyard at Markz-Bader region of El-Beheira
Governorate, Egypt. Data were recorded during 2™ and 3
seasons only; this manner was adopted for achieving the
cumulative effects of treatments. Grapevines were grown in
sandy soil under drip irrigation system and spaced at 2*3
meters in rows and between rows, respectively. Vines trained
to bilateral cordons with pruned to spur pruning system
leaving 90 buds/ vine (3buds/ spur) as usually bud load used
in this area (control). Gable supporting system was used. Four
bud load levels were investigated depending on one-year-old
wood (pruning) which removed during winter pruning. The
bud load levels (BL) were adjusted according to the following
equation, BL= A + (B * C), where A= basic number of buds
per vine regardless its vigor (15buds/ vine), B= pruning’s
weight (Kg), and C= the suggested levels for the study. The
suggested bud load levels were: control (common load used
in the vineyard), 20, 30 and 40 buds per each kilogram of
pruning’s (control, By, B3 and Bao, respectively). Bud load
levels were combined with two cluster thinning treatments;
without thinning and thinned to one cluster per fruitful shoot
at one week after fruit set (Thy and Thy,respectively), and two
shoot topping levels; without topping and topped leaving 20
leaves per shoot (Top and Toj, respectively). So, this
experiment planned in completely randomized block design
and analysis as factorial experiment with three replicates for
each treatment.

Treatments:

Factor (A): bud load levels

* Control

* Bud load level 20

* Bud load level 30

* Bud load level 40

Factor (B): thinning

» Without thinning

« thinning to one cluster/fruitful shoot

Factor (C): shoot topping
» Without topping
* Topping after 20 leaves per shoot

Thus, the combinations among the three factors (4
bud load x 2 cluster thinning % 2 shoot topping) resulting
sixteen treatments as follows:

T1- Control

T2- Thinning

Ts-Topping

Ta-Bud load level 20

Ts-Bud load level 30

Te-Bud load level 40

T7-Thinning + topping

Ts-Bud load level 20 + thinning

To-Bud load level 20 + topping

T10-Bud load level 30 + thinning

T11-Bud load level 30 + topping

T12-Bud load level 40 + thinning

T13-Bud load level 40 + topping

T14-Bud load level 20 + thinning + topping
T15-Bud load level 30 + thinning + topping
T16-Bud load level 40 + thinning + topping
The following parameters were conducted.
A-Bud behavior

1.Bud burst (%)

Bud burst per vine was mentoring weekly at the
beginning of each growing season and then, bud burst
percentages were calculated according to Bessis (1960) by
using the following equation:

Bud burst (%) =

Number of bursted buds per vmex100

Total numberof budsper vine
2.Bud fertility (%)

After fruit set, the number of clusters per vine was
recorded and the percentage of bud fertility was calculated
according to Huglin (1958) by using the following equation:
Bud fertility (%) = Number of clusters per vine
B-Vegetative
growth and vine vigor parameters

During the two growing seasons, three non-fruiting
shoots per vine were labeled and the apical 5" and 6" leaves
were collected to determine the average of leaf area (cm?)
according to Ahmed and Morsy (1999).

Internodes length (cm), diameter (cm), and both
laterals number and length (cm) were measured during
winter pruning time. Also, pruning's weight (kg) was
weighted the wood ripening coefficient was calculated
according to Bouard (1996) as well as total carbohydrates
per cane were estimated according to Dubois et al. (1956).
C-Yield and fruit quality parameters:

At harvest date (last week of May, whine SSC
reached 16-17%), number of clusters/ vine recorded, and
then five clusters/ replicate were taken randomly to
determine average cluster weight (g), length (cm) and width
(cm). Also, volume of 100 berries (ml) was measured using
water displacement method and weight of 100 berries (g)
was determined. The total yield was calculated as ton/
feddan by using the following equation:

Yield per feddan (ton) = Yield per vine (k) x No. of vines/
feddan /1000

The total biomass per vine was calculated as yield
per vines+ pruning weight (kg). Berry removal force and
firmness were determined in ten berries/ cluster as gram-

X100

Total number of budsper vine
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force (gf) with a help of bush-pole dynamometer (model
FDP1000) with 1mm thump to determine berry firmness
and hook tool of the same apparatus for determining berry
removal force. The data of these parameters were converted
into Newton units by using a standard factor (1gram-force =
0.00980665 Newton). Moreover, chemical quality attributes
of berries as juice SSC% was determined by using hand
refractometer, acidity% (mg tartaric acid/ 100ml juice) was
determined according to A.O.A.C. (1995)and then SSC/
acid ratio calculated. Berries anthocyanin content (mg/100
gm FW.) was estimated as described by Husia ef al. (1965).
D- Statistical analysis:

The collected data were subjected to analysis of variance
according to Snedecor and Cochran (1980).The differences
among treatment means were tested by using Duncan’s
multiple range tests at 5% level according to Duncan (1955).
Pearson correlation coefficient (r) among some chosen
parameters was calculated by using SPSS (version 19)
statistics computer software.

RESULTS AND DISCUSSION

1. Vegetative growth

Data presented in Table 1 clear that, vegetative
growth parameters (number of laterals/ shoot, total length of
laterals, coefficient of wood ripening and leaf area) of
"Flame seedless" grapevines were significantly increased as
a result of all combination treatments as compared to
control. In this respect, grapevines which treated by T4
(Bud load level 20+ thinning+ topping) gave the highest
values of all the above-mentioned parameters followed by
Tis (Bud load level 30+ thinning+ topping) treatment in
most cases compared to control (T).

Concerning main effects of tested treatments, data of
the same Table (1) clear that, all the above-mentioned
parameters were significantly increased with cluster
thinning and shoot topping treatments as well as low level
bud load per vine as compared with control in both seasons.
The lightest bud load level (Byo) recorded the highest values
of laterals number/ shoot, laterals length and leaf area
followed by B3y and Ba, respectively. Moreover, the vines
that pruned to By and Bszp bud load levels showed the
highest values of coefficient of wood ripening as compared
with that treated with both B4y and control in both seasons.
Also, cluster thinning (Th;) and shoot topping (To)
treatments recorded the highest values of laterals number/
shoot, laterals length and leaf area as compared with (Tho)
and (Too) treatments in both seasons, respectively. The effect
of light bud load/ vine, shoot topping and cluster thinning
treatments may be due to reduce the competition among
canopy parts, encourage bursting of laterals buds, growth
and leaf expansion. These results were ensured by Pearson
correlation coefficient (r) as the average of both seasons
which showed a highly positive correlation between total
carbohydrates of canes and laterals number (0.91), laterals
length (0.95) and leaf area (0.89). These results are in line
with those of Uyak et al. (2016) on "Ercis" grapes and
Khamis et al. (2008 and 2017) on "Flame seedless",
"Crimson" and "Superior" grapevine cvs. Aso, Abd El-
Wadoud (2015) cleared that, defoliation and pinching with
maintaining laterals as summer pruning treatments recorded

the best vegetative growth, leaf chlorophyll and total
carbohydrates of canes in "Melissa” grapevines. Moreover,
Awad (2003) and Calugar et al. (2010) concluded that,
"Thompson seedless" vines loaded with 72 buds/ vine
showed the longest shoots, while the shortest ones were
recorded in vines treated with the heaviest load (108 and 96
buds/vine).

2. Vine vigor parameters:

Data in Table 2 revealed that, the combination
among bud load, cluster thinning and shoot topping
treatments increased internodes length, diameter, pruning
weight and cane carbohydrate percentages of "Flame
seedless" grapevine as compared to control (T1) in both
seasons. The highest values of these parameters were
showed by vines treated with T4 (Bud load level 20 +
thinning+ topping) and Tis (Bud load level
30+thinning+topping) followed by T (Bud load level
20+topping) and Tg (Bud load level 20+thinning) in both
seasons. Meanwhile, the lowest values were recorded with
control vines (T1) in most cases during both seasons.

The same Table (2) show that, internodes length,
diameter and weight of pruning as well as percentage of
carbohydrates per cane were increased as a result of
different pruning levels used in this study comparing with
control. The highest values of internodes length and total
carbohydrates per cane were showed with the lighter bud
load level (Bxo). However, light and moderate bud load
levels (Bxo and Bsg) recorded the highest values of
internodes diameter and pruning weight without significant
deference between them. On the contrary, the lowest values
of all these attributes were recorded with control vines in
both seasons. Moreover, cluster thinning (Thi) and shoot
topping (To1) treatments showed an increase in these vine
vigor parameters as compared with the untreated vines (Thg
and Too, respectively). Correlation coefficient (r) showed a
highly positive correlation between carbohydrates content
of canes and pruning weight (0.93). The positive effect of
shoot topping on vegetative growth might due to the
encouragement the translocation of photosynthetic products
towards the main shoot by removing the faster growth part
of shoot (shoot tip) which consumes the photosynthetic
products. Also, laterals that grow on the main shoots
become exporter of photosynthetic to the main shoots (Abd
El-Ghany et al., 2005).The obtained results were in line with
those of Zhuang et al. (2014)on "Cabernet Franc" grapevine
and Naor et al. (2002) they reported that, shoot density at 14
and 44 shoots/ vine companied with two crop levels (one
and two clusters per shoot) on "Sauvignon Blanc" grapevine
resulted in greater main shoot length, lateral shoot length,
shoot diameter, leaf area per shoot, and specific leaf weight
with the lower shoot density (14shoots per vine) as
compared to the higher one (44 shoots per vine) for three
years. Also, Abd EI-Wadoud, (2015) concluded that vine
vigor parameters as the coefficient of wood ripening and
weight of pruning were significantly increased as a result of
pinching and defoliation in "Melissa" grapes. Moreover,
DilLorenzo et al. (2001) reported that, pinching the main
shoots and head suckering with maintaining lateral shoots
treatments showed the premier growth characters of "Nero
d'Avola" grapevine.
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Table 1. Effect of bud load, cluster thinning and shoot topping treatments on vegetative growth parameters of

""Flame seedless'* grapevine during 2017 and 2018

seasons

Number of Total length of Coefficient of Leaf area

Treatments laterals/shoot laterals/shoot (cm) wood ripening (cm?

2017 2018 2017 2018 2017 2018 2017 2018
T1 9.59 117 22.4p 37.6" 0.719 0.67¢ 106.2 98.3¥
T2 12.4¢f 13.10 50.4" 57.5m 0.73¢ 0.82° 1115 107.71
Ts 15.3¢ 14.4 59.9m 62.8' 0.78« 0.86% 114.1 120.79
T4 17.2« 18.3¢ 142.3¢ 160.3¢ 0.92% 0.93® 140.1% 143.3°
Ts 13.0¢ 14.7 99.4" 142.89 0.81 0.94%® 131.8f 135.6°
Te 10.2¢ 10.5¢ 31.8° 61.5' 0.73¢ 0.68° 120.21 110.7}
Tz 15.7¢ 17.6° 67.9 75.81 0.85% 0.87%® 112.9i 114.7"
Ts 18.3¢ 19.3¢ 148.8¢ 171.5¢ 0.95% 0.94% 142.4% 1455
To 20.4° 21.3° 157.6¢ 162.9¢ 0.94® 0.96% 142.2% 146.6%
Tiwo 16.0¢ 17.3f 122.59 142.49 0.91% 0.912 133.2¢f 137.20%
Tu 18.1° 21.6° 136.3f 157.7f 0.95® 0.94%® 135.1% 139.4¢
T2 11.3% 13.3! 64.5! 73.8¢ 0.76% 0.85% 122.6" 122.59
T3 12.2¢f 15.69 72.6 86.0' 0.81 0.83% 125.69 127.6f
T 225 24.22 176.82 194.52 0.972 0.98? 144.3 148.82
Tis 21.5% 22.3° 168.7° 181.8° 0.91® 0.96% 137.59 140.2¢
Tis 13.4¢ 12.3 8L7 93.3" 0.71¢ 0.82° 124.5% 130.3f
Main effects
Control 13.2¢ 14.2¢ 50.24 58.41 0.77° 0.81° 111.2¢ 110.4¢
Bud load level 20 (B2o) 19.6 21.3? 156.42 172.3 0.952 0.952 142.52 146.18
Bud load level 30 (Bao) 17.2° 18.9° 131.7° 156.2° 0.922 0.93? 134.4° 138.1°
Bud load level 40 (B4o) 11.8¢ 12.9¢ 62.7° 78.7° 0.75° 0.80° 123.2¢ 122.8°
Without thinning (Tho) 14.5P 16.3° 90.3° 109.0° 0.842 0.86% 127.0° 127.8°
Thinning (Thy) 16.42 17.42 110.22 123.8° 0.85 0.89° 128.6° 130.92
Without topping (Too) 13.5° 14.8 85.3° 105.9° 0.822 0.842 126.0° 125.1°
Topping (To1) 17.42 18.9° 115.22 126.9° 0.872 0.91° 129.72 133.5%

In a column under each category, means followed by the same letter are not significantly different at the 5% level by DMRT.

T=Control, T,=Thinning, Ts=Topping, T,-Bud load level 20, Ts-Bud load leve

130, Te-Bud load level 40, T-=Thinning+ topping, Ts-Bud load level 20+

thinning, Te-Bud load level 20+ topping, T1-Bud load level 30+ thinning, T1;-Bud load level 30+ topping, T1,-Bud load level 40+ thinning, T1;-Bud load
level 40+ topping, T1.-Bud load level 20+ thinning+ topping, Tis-Bud load level 30+ thinning+ topping and Ts-Bud load level 40+ thinning+ topping.

Table 2. Effect of bud load levels, cluster thinning and shoot topping treatments on vine vigor parameters of ""Flame

seedless" grapevine during 2017 and 2018 seasons

Internodes Internodes pruning Cane carbohydrate

Treatments Length (cm) Diameter (cm) weight (kg) (%)

2017 2018 2017 2018 2017 2018 2017 2018
Ta 5.7 5.2" 1.6 1.8° 1.05¢ 1.02f 12.39 116
T2 6.3¢ 6.6' 1.7% 2.1 1.52¢ 1.60% 14.5¢% 15.3M
Ts 6.3° 6.8 1.9 2.1 113 1.23¢f 15.3¢ 15.7f
Ta 8.3" 8.2¢ 2.3 2.6° 2.23» 2.35% 16.6% 17.3¢%
Ts 6.7¢ 7.6¢ 2.0° 2.3% 1.85% 1.83¢ 15.6« 16.17
Te 6.2¢ 6.39 14 1.7° 1.64¢ 1.36% 13.8¢f 12.9
T7 6.2¢ 6.6 1.7 2.1% 1.84« 1.02f 13.21 14.69
Ts 8.2b 8.3¢ 2.5 3.1® 2.13% 2.43b 16.8% 18.2%¢
To 8.78 8.6° 2.5% 3.3 2.25® 2.40® 17.1® 18.6®
Tiwo 6.8 7.3¢ 2.2b 3.0% 2.01% 2.16° 16.6% 17.0¢
Tn 6.9 7.7 2.4% 3.3 2.10k 2.24b 16.8® 16.9¢
T2 6.3¢ 6.39 1.7% 1.8 1.544 1.57% 14.6% 14.3"
Tis 6.6¢ 7.1¢ 1.9 1.9¢ 1.63¢ 1.74° 15.14 14.69
Tua 8.82 9.22 2.78 3.52 2.522 2.572 17.9 19.3°
Tis 8.78 8.6° 2.6 3.3 2492 2532 17.3® 17.8«
Tis 6.6¢ 6.8f 2.1b 2.3% 1.63¢ 1.45% 15.4¢ 16.1f
Main effects
Control 6.1¢ 6.3¢ 1.7° 2.0° 1.39¢ 1.22¢ 13.8¢ 14.3¢
Bud load level 20 (Bzo) 8.78 8.6° 258 3.18 2.282 2402 17.12 18.42
Bud load level 30 (Bzo) 7.3° 7.8° 2.3 2.92 2.112 2.192 16.6° 16.9°
Bud load level 40 (B4o) 6.4° 6.6° 1.8° 1.9° 1.61° 1530 14.7° 14.5¢
Without thinning (Tho) 6.99 7.8 2.0 247 L7488 1.82 15.3 15.59
Thinning (Thy) 7.3 7.5° 2.28 2.78 1.96° 1922 15.82 16.6°
Without topping (Too) 6.9° 6.9° 1.9 2.3 175 1.847 15.1° 15.3°
Topping (To1) 7.4 7.72 2.28 2.7 1.95% 1.908 16.08 16.7

In a column under each category, means followed by the same letter are not significantly different at the 5% level by DMRT.

T,=Control, T,=Thinning, Ts=Topping, T,=Bud load level 20, Ts=Bud load level 30, Te=Bud load level 40, T;=Thinning + topping, Tg=Bud load
level 20 + thinning, To=Bud load level 20 + topping, T1,=Bud load level 30 + thinning, T1;=Bud load level 30 + topping, T1,=Bud load level 40 +
thinning, T13=Bud load level 40 + topping, T1,=Bud load level 20+ thinning + topping, T1s=Bud load level 30 + thinning + topping and T,c=Bud load

level 40 + thinning + topping.

3- Bud burst and fertility (%6)

The highest percentages of bud burst and fertility
were recorded with vines that treated by T14 (Bud load level
20+ thinning+ topping) in both seasons while, the lowest
values were belonged to control vines (Fig.1). This could be
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accumulated during the previous growing season where, the
correlation coefficient (r) results cleared a highly positive
relationship between total carbohydrate of canes and each of
bud burst (0.97) and bud fertility (0.95). These findings were



J. of Plant Production, Mansoura Univ., Vol. 11 (4), April, 2020

in line with those of Abdel-Mohsen (2013), Porika et
al.(2015) and Abd EI-Wadoud (2015) they reported that, the
percentages of develop buds were in negative correlation
with number of buds that left after winter pruning.

Moreover, the maximum bursting buds and fruitful buds
percentages were recorded in spurs of 4 buds/ spur as
compared to 6 and 8 buds/ spur pruning level in "Perlette"
grapevines (Ahmad et al., 2004).

85 02017 2018

Bud burst %
2

T1 T2 T3 7

Treatments

TS T9 Ti0 T11 TI12 T13 Tl14 TI15 TIl6

02017 m 2018

Bud fertility %

T1 T2 T3 T4 T5 T6 7

T8 T2

Treatments

T10 T11 TIi2 T13 TIi4 T15 Tl6

Figure 1. Effect of bud load levels, cluster thinning and shoot topping on bud burst and fertility of "'"Flame seedless™

grapevine during 2017 and 2018 seasons

Ti=Control, T,-Thinning, Ts-Topping, T.-Bud load level 20, Ts-Bud load level 30, Te-Bud load level 40, T.-Thinning+ topping, Ts-Bud load level
20+ thinning, Te-Bud load level 20+ topping, T1o-Bud load level 30+ thinning, T1;-Bud load level 30+ topping, T1,-Bud load level 40+ thinning,
T13-Bud load level 40+ topping, Tw.-Bud load level 20+ thinning+ topping, T:s-Bud load level 30+ thinning+ topping and Tis-Bud load level 40+

thinning+ topping

4- Total yield, cluster characters and vine biomass

Data in Table 3 show that, "Flame seedless"
grapevines treated with Ty, T3,T¢ and T3 gave the highest
clusters number per vine however, the application of T4 (Bud
load level 20+thinning+ topping) and T's (Bud load level 30+
thinning+ topping) produced the highest weight of cluster as
compared to the others. Meanwhile, the highest total yield per
feddan and total biomass per vine were recorded in vines that
received Tis (Bud load level 30+thinning+shoot topping) as
compared to control and other treatments. This trend was true
during both seasons of the study.

Cluster number per vine was increased gradually as
bud load level/ vine increased. The highest number of
clusters was obtained on vines loaded with the highest bud
load level (Bso) and control followed by that of moderate
level (Bsg) and the lowest number was obtained on vines of
sever pruning level (Bzg). On the contrary, cluster weight
was in negative trend with bud load level since, the highest
values were recorded in vines loaded by BxandBso.
Meanwhile, the highest total yield per feddan and total
biomass per vine were produced by vines of moderate bud
load (Bso) followed by Byo however, the differences between
Bao and control were not significant. This trend was true
during both seasons.

While that, the cluster thinning (Thy) treatment
reduced cluster number/vine, it increased cluster weight and
total yield as compared to untreated vines (Thg) in both

seasons. Also, shoot topping (Toi) treatment showed an
increase in cluster weight, total yield/ feddan and total
biomass per vine as compared with control (Tog) during
both seasons. Correlation coefficient (r) cleared a positive
relation between total yield and cluster number (0.77) as
well as cluster weight (0.85).These results could be explain
according the results of Bowed and Kliewer (1990) they
reported that, the total yield increased as bud load increased
but only to certain point when the vines became over loaded
and then, the total yield eventually decreased. On the other
hand, sever pruning (low bud load level) leads to increase of
cluster weight but the yield was decreased through fewer
number of clusters/ vine. In addition, shoot topping
treatment will lead to the reorientation of carbohydrates
from the direction of rapid growth point of shoots (shoot tip)
to clusters and storage organs. Also, cluster thinning reduces
the competition among them enhancing cluster quality.
These results were in agree with those of Fawzi et al. (2010)
on"Crimson seedless", Roberto et al. (2017) on "Thompson
seedless" Also, Khamis et al. (2017) they concluded that,
cluster number/ vine and total yield were greatly enhanced
with increasing the bud load/ vine in both "Crimson
seedless" and "Superior" grapevine cvs. Moreover, Uyak et
al. (2016) reported that, cluster thinning and shoot topping
as well as winter pruning enhanced weight of cluster of
"Ercig" grapevine.
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Table 3. Effect of bud load levels, cluster thinning and shoot topping on clusters number, cluster weight, yield/

feddan and total biomass of ""Flame seedless’* grapevine during 2017 and 2018 seasons

Number of Cluster weight Yield/ fed Total biomass
Treatments clusters/ vine / vine (kg)
2017 2018 2017 2018 2017 2018 2017 2018

T1 37.8? 36.42 305.5 299.4 8.08™ 7.63% 12.599 11.92
T2 30.8° 29.3 331.3¢ 326.59" 7.14% 6.70" 11.72 11.17f
Ts 37.8° 38.42 310.4Y 303.3 8.21° 8.15¢ 12.861 12.87¢
Ta 23.44 25.4¢ 421.34 427.4% 6.90¢ 7.60¢f 12.09" 13.61¢
Ts 28.4%¢ 30.2° 420.6¢ 407.4¢ 8.36° 8.61° 13.79¢ 14.13¢
Te 36.42 37.42 315.30 31061 8.03% 8.13¢ 13.11f 12.97¢
T7 29.3% 30.4° 337.3¢ 340.7F 6.92¢ 7.251 11.73" 11.38f
Ts 26.4% 28.8° 460.2° 448.4° 8.50° 9.04° 14.274 15.34°
To 29.3% 30.5° 434.5° 420.6¢ 8.91%® 8.98 14.98° 15.23°
Tio 27.9% 28.2b 442 5° 451.5b 8.64° 8.91% 14.344 14.89¢
Tu 29.5b¢ 30.4° 419.7¢ 431.7¢ 8.67° 9.19° 14.4%° 15.37°
T2 29,5 30.4° 320.59" 318.5M 6.62d 6.78" 11.00! 11.26f
Tz 38.9 36.8° 317.0! 310.7Y 8.63° 8.00¢% 13.96% 13.17¢
Tia 26.3% 28.7° 471.6% 463.12 8.68° 9.30° 14.92° 15.86°
Tis 29.1%¢ 30.6° 478.32 465.6 9.742 9.972 16.40° 16.772
Ti6 31.20 29.6 327.30 331.6% 7.15% 6.87%h 11.84" 11.26f
Main effects

Control 33.932 33.63 321.1° 317.5 7.59¢ 7.43¢ 13.04¢ 12.80°
Bud load level 20 (B2o) 26.35¢ 28.35¢ 446.92 439.92 8.25° 8.73° 14.07° 15.018
Bud load level 30 (Bao) 28.73° 29.85b 440.32 439.12 8.85° 9.172 14.762 15.292
Bud load level 40 (B4o) 34.00° 33.552 320.0° 317.9° 7.61° 7.45° 12.48° 12.17°
Without thinning (Tho) 32.69 33.19° 368.0° 363.9° 8.222 8.29 13.482 13.66°
Thinning (Thy) 28.81° 29.50° 396.1° 393.42 7.92° 8.10° 13.282 13492
Without topping (Too) 30.08° 30.76° 377.2° 373.7° 7.78° 7.93° 12.86° 13.16°
Topping (To1) 31432 31.93¢ 387.0° 383.4° 8.36° 8.46° 13.90¢ 13.992

In a column under each category, means followed by the same letter are not significantly different at the 5% level by DMRT.

T=Control, T,=Thinning, Ts=Topping, T,=Bud load level 20, Ts=Bud load level 30, Te=Bud load level 40, T;=Thinning + topping, Te=Bud load
level 20+ thinning, Ts=Bud load level 20+ topping, T1,=Bud load level 30+ thinning, T1;=Bud load level 30+ topping, T:>=Bud load level 40+ thinning,
T15=Bud load level 40+ topping, T1,=Bud load level 20+ thinning + topping, T:s=Bud load level 30+ thinning+ topping and T1s=Bud load level 40+

thinning + topping.

5-Cluster length and width

Regarding Figure 2 it could be noticed that, as bud load
level reduced as cluster length and width increased, especially
when companied with thinning and shoot toping treatments.
Also, interaction among low bud load level plus cluster
thinning and shoot topping treatment (T14) showed the highest
increase in cluster length and width followed by Ts (Bud load
level 20 + thinning) treatment during both seasons. In the
contrast, the lowest values of these parameters were showed
by control (T1) vines. This trend was true in both seasons.

These results were in agreement with those of Bondada
et al. (2016)and Radwan and Masood (2017) concluded that,
agriculture practices such as thinning, topping and controlling
of bud load level per vine improved yield and cluster quality of
"Ruby seedless" grapevine cultivar. Also, Fawzi et al. (2015)
indicated that, increasing of bud load per vine reduced cluster
weight, volume and length. Moreover, Abd ElI-Wadoud (2015)
reported that, all summer pruning treatments as lick pinching
and defoliation resulted in significantly increase in bunch length
and width of "Melissa" grapevines.
6-Berries physical characters:

Data presented in Table 4 mentioned that, weight and
volume of 100 berries as well as berry removal force and
firmness were significantly increased with all interaction
treatments as compared with control (T+) in both seasons. The
highest values of weight and volume of 100 berries were
produced by vines that treated with T14 (Bud load level 20+
thinning+ topping) followed by that received T1s (Bud load
level 30+ thinning+ topping). However, the highest values of
berry removal force and firmness were recorded with Tas
followed by Tg (Bud load level 20+ thinning) and Ty (Bud
load level 20+ topping) in descending order, but control
treatment (T+) showed the lowest values in both seasons.

Regarding the specific effects of studied factors, the
results showed that sever and moderate pruning levels (B2o
andBso) recorded the highest significant values of weight of
100 berries. Meanwhile, light bud load level (Bz) showed
the highest values of volume of 100 berries, removal force
and firmness as compared with other pruning levels.
However, the lowest values of these characters were
recorded with control vines in most cases in both seasons.
The cluster thinning (Thy) treatment showed a significant
increase in both weight and volume of 100 berries as
compared with untreated vines (Tho).

Also, shoot topping (Toi) treatment produced the
highest values of these parameters versus control (Tog). This
trend was recorded in both seasons. The positive effect of
sever pruning on berry characters might be due to the
reduction of clusters number per vine which reduces the
competition among clusters, where correlation (r) showed a
highly negative relations between cluster number vs. weight
and volume of 100 berries (-0.91 and -0.95, respectively).
Also, shoot topping and cluster thinning treatments enhanced
photosynthetic activity and encourage translocation of
assimilates from leaves towards berries (Winkler, 1965). In
this respect, Abd EI-Wahab et al. (1997) on "King Ruby" and
Sabbatini et al. (2015)reported that, summer pruning practices
were effective in enhancing berries physical characters
of"Niagara" grapevines. Also, Fawzi et al. (2015) and
Khamis et al. (2017) reported that, increasing bud load per
vine decreased berry weight. Also, Sarikaya and Akin (2016)
concluded that, ‘Alphonse Lavallee’ grapevines loaded
with18 buds/ vine produced the highest cluster weight
(302.31g) as compared with that loaded with 23 and 28 buds/
vine.
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Figure 2. Effect of bud load levels, cluster thinning and shoot topping on cluster length and width of **Flame seedless™

grapevine during 2017 and 2018 seasons
Ti=Control, T,-Thinning, Ts-Topping, T,-Bud load level 20, Ts=Bud load level 30, Ts-Bud load level 40, T>-Thinning+ topping, Ts-Bud load level
20+ thinning, Te-Bud load level 20+ topping, T1o-Bud load level 30+ thinning, T1;-Bud load level 30+ topping, T1,-Bud load level 40+ thinning,
T1s-Bud load level 40+ topping, T1.-Bud load level 20+ thinning+ topping, T:s-Bud load level 30+ thinning+ topping and T:s-Bud load level 40+
thinning+ topping

Table 4. Effect of bud load levels, cluster thinning and shoot topping on berries physical characters of ""Flame
seedless" grapevine during 2017 and 2018 seasons

Weight of 100 Volume of 100 Berry removal Berry firmness

Treatments Berry (9) berry (ml) force (Newton) (Newton)

2017 2018 2017 2018 2017 2018 2017 2018
T1 230.5% 220.6! 2105 200.3 27" 3.1 1.2 15"
T2 265.41 287.5f 240.41 253,51 2.8" 3.4 1.4 1.99
T3 258.61 255.3 225.5¢ 240.3¢ 29" 34 1.4 1.99
T4 327.7° 362.4° 354.7¢ 362.4¢ 3.8° 4.3 3.2¢ 2.8¢
Ts 325.2¢ 354.6¢ 335.2¢f 354.64 3.7 3.7, 2.2f 2.3f
Te 275.5" 262.7" 301.5" 312.7" 3.2 3.6" 16" 1.4
T7 262.61 273.49 2535 261.41 29" 34 1.89 2.3f
Ts 366.3 375.3 361.3¢ 370.3° 5.0 4.8 3.5° 3.6°
To 341.6¢ 362.3° 355.6¢ 361.4¢ 4.7¢ 4.6° 3.4° 3.6°
Tiwo 350.5¢ 373.4° 350.6¢ 363.4¢ 43¢ 3.9¢f 2.5 2.6°
Tu 341.5¢ 352.2¢ 337.5° 342.2¢ 4.4¢ 4.0 2.4¢ 2.4
T2 286.39 277.39 321.39 335.3f 3.3 3.9¢f 1.89 2.3
Ti3 274.7" 265.7" 323.79 329.79 3.6° 3.8™ 1.89 2.09
T 377.5% 383.22 372,52 381.22 5.3 5.0% 3.78 4.18
Tis 375.73 381.42 366.7° 378.3 434 4.5° 2.8 3.0°
Tie 315.4f 309.4° 330.4f 341.4° 3.4 4.3 2.1f 2.3
Main effects
Control 254.3¢ 259.2° 23254 238.94 2.8¢ 3.3 1.9¢ 2.2¢
Bud load level 20 (B2o) 353.3? 370.8 361.0° 368.8° 4.78 4.78 3.5% 3.5%
Bud load level 30 (Bzo) 348.28 365.42 347.5 359.6° 4.2 4.0° 2.5 2.6°
Bud load level 40 (B4o) 288.0° 278.8° 319.2¢ 329.8° 3.4° 3.9° 1.8° 2.0°
Without thinning (Tho) 296.9° 304.5° 305.5° 313.0° 3.6° 3.8 2.28 2.3
Thinning (Thy) 320..2 332.6 324.6° 335.6 3.98 4.28 2.5% 2.8
Without topping (Too) 303.4° 314.20 309.4° 319.1° 3.6° 3.8 2.22 2.3
Topping (Toy) 318.5 322.9° 320.7° 329.5% 3.9 412 242 2.7

In a column under each category, means followed by the same letter are not significantly different at the 5% level by DMRT.

T.=Control, T,=Thinning, Ts=Topping, T,=Bud load level 20, Ts=Bud load level 30, T¢=Bud load level 40, T-=Thinning+ topping, Ts=Bud load
level 20+ thinning, Ts=Bud load level 20+ topping, T1,=Bud load level 30+ thinning, T1;=Bud load level 30+ topping, T:>=Bud load level 40+ thinning,
T1:=Bud load level 40+ topping, T:1,=Bud load level 20+ thinning+ topping, T:s=Bud load level 30+ thinning + topping and T1c=Bud load level 40+
thinning+ topping
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7. Berries chemical characters

Data of Table 5 clear that, berry SSC %, SSC/ acid
ratio and anthocyanin pigment contents of "Flame seedless"
grapevines enhanced as a result of all combination
treatments as compared with control. The vines received T1g
(Bud load level 30+ thinning) and T1s (Bud load level 30+
thinning+ topping) recorded the highest significant increase
of SSC % as compared with the others in both seasons.
However, berry acidity % was slightly decreased as a result
of treatments comparing with control treatment which
showed a significant increase in the second season only.
Generally, the combination among thinning, topping and
bud load levels treatments enhanced berries chemical
quality in terms of SSC %, acidity %, and SSC / acid ratio
and anthocyanin content as compared with control.

Data of the same Table (5) clear an increase in SSC
%, SSC/ acid ratio and berries anthocyanin content as a result
of increasing pruning severity. The vines that loaded by Bso
(Bud load level 30) showed the highest values of SSC %,
however SSC/ acid ratio and anthocyanin content were
increased with By as compared to control. Also, berry juice
acidity % tended to increase with increasing bud load/ vine,
where the highest values of acidity % were recorded with
control vines. Cluster thinning and shoot topping treatments
(Thy and Toy, respectively), generally enhanced berry SSC %,
acidity %, SSC/ acid ratio and anthocyanin content in most

cases as compared with control (Tho and Tog, respectively) in
both seasons. The positive effects of treatments might due to
the sever pruning level reduces number of shoots that
developed which reflected on enhancing light exposure
through vine canopy. This enhancement reflected on berries
quality for example; berries should be exposed to light during
the first and second phase of growth for the biosynthesis to
initiate anthocyanin and start of accumulate color at the third
phase (Dokoozlian and Kliewer, 1996).Also, shoot topping
promotes lateral shoots to grow from the nodes that closer to
the removed shoot top these laterals developed rapidly and
then become additive exporter's carbohydrates they provide
an additional photo-assimilating surface supports their own
growth and export the surplus to the main shoot, contributing
to fruit ripening (Candolfi-Vasconcelos et al., 1994).
Generally, these results were in line with those of Naor et al.
(2002), Keller et al. (200°), Abd El-Wadoud (2015) and
Landolt (2011) who concluded that, the sever pruning
increased berries Brix, pH, SSC/ acid ratio, anthocyanin, and
color density of "Syrah" grapes. Meanwhile, it decreased
tartaric acid and yield/meter trellis. Also, Mahfouz (2007)
reported that, anthocyanin content of berry skin that harvested
from "Red Roumi" grapevines loaded with 60 eyes recorded
higher values than those obtained from vines loaded with 80
eye/ vine.

Table 5. Effect of bud load levels, cluster thinning and shoot topping on SSC, total acidity, SSC/acid ratio and berries
anthocyanin content of ""Flame seedless'" grapevine during 2017 and 2018 seasons

SSC Titratable SSClacid Anthocyanin

Treatments % acidity % ratio (mg/100 g F.W)

2017 2018 2017 2018 2017 2018 2017 2018
T1 15.47 16.0° 0.78? 0.76° 19.7% 21.1F 157 18.3
T2 16.8 16.6% 0.718 0.67% 23.7f 24.8f 19.7f 20.8i
T3 16.2% 16.4¢ 0.76° 0.73%® 21.3 22.0 17.11 19.5¢
T4 16.0¢% 16.4¢ 0.712 0.70% 22,59 23.4" 18.89 21.01
Ts 16.4% 17.2° 0.742 0.70% 22.2 241 17.9n 21.6
Te 15.8° 16.2¢ 0.722 0.70% 21.9! 23.1 16.8' 20.4
T7 16.2¢ 16.6% 0.69° 0.64% 235 25.9¢ 19.5f 20.91
Ts 16.4 16.8° 0.612 0.56° 26.9° 30.02 23.9¢ 25.64
To 16.2% 16.6% 0.68? 0.65% 23.8¢f 25.5¢ 20.4¢ 24.4f
Tiwo 17.22 17.62 0.712 0.65% 24.24 27.1° 21.2 26.3°
Tu 16.6% 17.2° 0.66° 0.72% 25.2¢ 23.9¢9 20.6° 21.20
T2 16.2¢ 16.6% 0.642 0.55° 25.3¢ 30.22 21.3¢ 25.0¢
Tis 16.2¢% 16.4¢ 0.67 0.71%® 24,20 23.11 20.2¢ 20.70
Tua 16.8 16.6% 0.60? 0.55° 28.0? 30.22 25.78 30.82
Tis 17.22 17.82 0.622 0.60% 27.72 29.7° 24.7° 28.8°
Ti6 16.0% 16.2¢ 0.702 0.68% 22.99 23.89 20.3¢ 22.69
Main effects
Control 16.2¢ 16.4¢ 0.742 0.70° 22.14 23.6¢ 18.2¢ 20.84
Bud load level 20 (B2o) 16.4° 16.6° 0.65° 0.622 25.32 27.3 22.28 25.5%
Bud load level 30 (Bao) 16.92 17.52 0.68° 0.67 24.8° 26.3° 21.1° 24,00
Bud load level 40 (B4o) 16.1° 16.¢¢ 0.68° 0.66% 23.1¢ 25.1° 19.7¢ 22.2°
Without thinning (Tho) 16.1° 16.6° 0.722 0.712 22.6" 23.4P 18.4° 20.9°
Thinning (Th1) 16.6% 16.9% 0.66° 0.61° 25.3 21.7% 22.0% 25.12
Without topping (Too) 16.32 16.72 0.70° 0.66° 23.3° 25,52 19.4° 22.40
Topping (To1) 16.42 16.72 0.672 0.66% 24.6° 25.6% 2112 23.6%

In a column under each category, means followed by the same letter are not significantly different at the 5% level by DMRT.

T,=Control, T,=Thinning, Ts=Topping, T,=Bud load level 20, Ts=Bud load level 30, T¢=Bud load level 40, T,=Thinning+ topping, Ts=Bud load
level 20+ thinning, Ts=Bud load level 20+ topping, T1,=Bud load level 30+ thinning, T1;=Bud load level 30+ topping, T:,»=Bud load level 40+ thinning,
T1s=Bud load level 40+ topping, T:1,=Bud load level 20+ thinning + topping, T1s=Bud load level 30+ thinning+ topping and T1s=Bud load level 40+

thinning+ topping.
CONCLUSION

Based on the obtained results, it could be concluded
that, adjustment of bud load/ vines of "Flame seedless"
depending on weight of pruning that produced in the
preceding growing season combined with cluster thinning
and shoot topping were effective for achieving the balance
between vine vigor, productivity and cluster quality. The

combination among these treatments suggested that bud
load level 30+ cluster thinning to one cluster per fruitful
shoot+ shoot topping leaving 20 leaves per shoot resulted in
the best yield, cluster and berries quality, this suitable for
growers income as well as local and exporting markets.
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