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Effect of Defoliation and Fruit Thinning on Fruit Quality of ‘Crimson Seedless’ Grape
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Abstract: ‘Crimson Seedless’ vines were treated with 5 defoliation managements: (1) leaf basal removal
(LBR), (2) leaf basal removal + hedging (LBR+H), (3) leaf basal removal + sterile shoot removal
(SSR+LBR), (4) combination of treatments 2 and 3 (LBR+SSR+H), (5) leaf basal removal + fruit thinning
(LBR+FTH). Defoliation improved cluster weight, size, and compactness. Berries were bigger (size,
weight) with LBR + FTH, followed by the other treatments except LBR+H+SSR. Moreover, defoliation
accelerated the ripening process and the berry juice was increased, whereas, fruit firmness and adherence
were decreased. Also, it increased T.S.S and decreased the acidity. Total anthocyanins in the berry were
improved by all treatments.
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INTRORDUCTION

‘Crimson Seedless’ grape (Vitis vinifera) is a late-
season, attractive, red seedless grape cultivar with firm
berries[1]. ‘Crimson Seedless’ is vigorously growing.
The primary problem associated with the production of
"Crimson Seedless" is that it often lacks sufficient
berry color. Small berry size can also be a problem
and the cultural practices (such as GA3) that increase
the berry size reduce the color of its berries[2].
Anthocyanin was affected by cluster exposure to direct
sunlight and leaf removal enhanced anthocyanin[3].
There are many factors reputed to affect anthocyanins
of grape. Defoliation is one of these factors, which
have more effect[4]. Since leaves in the canopy interior
don’t receive sufficient light, leaf removal are
important in canopy management. Well-exposed fruits
contain more sugar and less acid than poorly-exposed[5].
Removing basal leaves slightly changed temperature,
atmospheric humidity, wind speed, and leaf wetness
around grape clusters[6]. Sunlight-exposed fruits are
generally greater in total soluble solids and
anthocyanins, and lower in titratable acidity compared
to non-exposed or canopy shaded[7-10].  Fruit thinning
improves fruit quality when removing about one-half of
each cluster (the lower part of the main stem), leaving
four or five branches near the cluster’s base. The lower
part of the cluster is usually compact, and the berries
ripen later than those on the upper part[11]. Considering
the importance of defoliation and fruit thinning for
‘Crimson Seedless’ grapes, until now, little is known

about how they can improve fruit quality.
MATERIALS AND METHODS

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

Treatments and Experimental Design:  The following
treatments were applied:

- Treatment 1 = Leaf Basel Removal (LBR).
- Treatment 2 = Leaf Basel Removal (LBR) +

Hedging (H). 
- Treatment 3= Sterile Shoot Removal (SSR) + Leaf

Basel Removal (LBR). 
- Treatment 4= Sterile Shoot Removal (SSR) + Leaf

Basel Removal (LBR) + Hedging (H).
- Treatment 5= Leaf Basel Removal (LBR) + Fruit

Thinning (FTH).
- Treatment 6= Untreated Vines (control).

Leaf Basel Removal was done shortly before
flowering; all subjacent leaves from the cluster to the
basal of shoot were removed except the adjacent leaf
to the cluster.
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Hedging was performed immediately following
veraison (1-5% of the berries exhibiting color), and
was done when the shoots have grown well beyond the
top wire and were beginning to lean over. Shoots were
commonly trimmed back to about 15 to 20 cm above
the top wire. Hedging was done with a manually with
long knives and both sides of canopy were trimmed.
Hedging by removing the shoot tip stimulated growth
of lateral shoots from the nodes immediately below the
cut position. This was particularly true for vigorous
shoots and the regrowth of laterals required repeated
hedging.

Sterile Shoot Removal was preformed when shoot
length reaches 25 to 30 cm. All non-fruiting shoots
were removed in this time except the 1st to 3rd non-
fruiting shoots near the head of vine that were retained
to become 2 canes and a renewal spur for the next
season. 

Fruit Thinning: Large, heavily shouldered clusters
were tipped to 5 lateral rachis (cluster branches)
following fruit set.  Large, prominent wings were
removed from the cluster at this time.  Berries and
shoulder were removed from the compact regions of
well-set clusters to reduce cluster tightness. Figs. (1, 2)
show the cluster before and after berry thinning
according to Herrera[11]. Vines were arranged in a
randomized complete block design with 4 replicates
that received the same horticultural practices except
canopy management practices.

Cluster Characteristics and Fruit Quality
Parameters: At the first week of October,
representative random samples of 24 clusters per
replication were taken to the laboratory to determined
cluster weight, cluster dimensions, no. berries/cluster
and cluster compactness.  A random sample of 100
berries per sample was taken to determine fruit
physical properties (berry dimensions, weight and
volume, juice weight, volume and juice (%), berry
firmness and adherence strength) and fruit chemical
properties (T.S.S. % using hand refractometer, titratable
acidity in tartaric acid equivalents[12].

Total Anthocyanin Analysis: Four berries from each
sample were weighed, homogenized in a solution of
MeOH: formic acid (95:5) by Ultra-Turrax ART-Miccra
D-8SI (ART-moderne Labortechnikin e.k., 79379
Müllheim-Hügelheim, Germany) under cooling
conditions, put in ultrasonic bath Bandelin Sonorex
Transistor (SCHALLTEC GmbH, 64546 Mörfelden-
Walldorf, Germany) at 4°C for 30 min. The extracts
were centrifuged at 5000 rpm for 10 min. at 4°C in a
Sigma 2KD centrifuge (SIGMA Laborzentrifugen
GmbH, 37507 Osterode am Harz, Germany), filtered

through a folded filter paper Schleicher & Schuell
595½ (Whatman®, 3354 Dassel, Germany), then refilled
to 25 ml., shacked and absorbance at 520 nm by
Unikon 931 Spectrophotometer (Kontron, 85386
Eching-Munich, Germany) to determine the total
anthocyanin concentration. The obtained data compared
to the standard curve of cyanidin and expressed as mg
cyanidin/kg fresh weight.

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

RESULTS AND DISCUSSION

The cluster characteristics have been affected by
the defoliation and fruit thinning during two growing
seasons (Table 1). All defoliation treatments improved
cluster weight and length compared with LBR+ FTH
and control. These results are in agreement with  those
on ‘Chardonnay’ and ‘White Riesling’ grapevines[13], 
on ‘Pinot noir’ vines[14], and on ‘Thompson Seedless[15].

In contrast, on ‘Cynthiana’ cluster weight was not
affected by the level of leaf removal[16]. The treatment
of LBR + FTH produced the lowest number of berries
during all treatments because their clusters were tipped.
Also, no significant differences have been found
between the other treatments and the control concerning
the number of berries per cluster because treatments
did not affect fruit set.

The treatment of LBR + H reduced cluster
compactness in the first year.  In the second year, all
treatments produced clusters with less compactness than
the control. The reduced cluster compactness was
related to increased cluster length. The results are in
accordance with those on ‘Point noir’ since the basal
leaf removal did not influence the number of berries
per cluster[17,18]. 
On contrast, tipping shoots of ‘Pinot noir’ grapevines
at bloom gave a high number of berries per cluster due
to increasing the percentage of fruit set[14]. However,
increasing severity of summer hedging reduced the
number of berries per cluster of ‘de Chaunac’ vines in
the second year[19] and no discernible effect was
observed in the first or the third year. On the other
hand, removing all main leaves 2 weeks after full
bloom for 'Pinot Noir’ vines declined the number of
berries per cluster only in the second season[20].
Furthermore, number of berries per cluster of cultivars
‘Sangiovese’ and ‘Trebbiano’ grapevines were reduced
by defoliation treatments[21].
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Table (2) presents the effect of canopy
management practices on the berry dimensions, weight
and size of ‘Crimson Seedless’ grapes during two
periods. Defoliation gave bigger berries compared with
the control except the treatment of SSR + LBR + H. 

SSR + LBR + H did not improve the berry
dimension because the excessive leaf removal may
have reduced carbohydrate synthesis.  

These results are in agreement with those found on
‘Thompson Seedless’ grapes since removing leaves
from head of the vine plus pinching main shoots with
maintaining laterals increased berry dimensions as
compared to other excessive summer pruning treatments
and control[15]. Also, the result are parallel with those
of  ‘Italia’ grapevines since 8 treatments of leaf
removal (nine, 13-, 11-, 9-, 7-, 5-, 3-leaf per shoot)
and found that the partial defoliation of 11-, 13- leaf
had significantly larger diameters than other excessive
treatments (9-, 7-, 5-, 3-leaf per shoot)[22]. Non-
defoliated vines always had a smaller berry diameter
than any treatment.

Treatment LBR + FTH produced the heaviest berry
weight and the largest volume compared with the other
defoliation treatments. This increment in the berry
weight and size related to the increasing in the
allowance of nutrient supply for thinned berries
compared with the unthinned berries in clusters of the
other defoliation treatments. The control produced the
lowest weight and size due to the competition between
the high numbers of leaves in the shoots and the
berries.  These results follow the trend of those on
Piont noir, De Chaunac, Sauvignon blanc, Sauvignon
blanc, White Riesling grapes[18,19,23,24,25]. On the other
hand, leaf removal had no significant effect on berry
weight of Chardonnay and White Riesling[13],
Cynthiana[16], Thompson Seedless[26] and Riesling and
grapes[27]. 

Although it is worth noting that decreases in berry
weight have been observed in response to basal leaf
removal and high fruit exposure in ‘Gewürztraminer’
grapevines [28-30], in ‘Seyval Blanc’ grapevines[31], in
‘Pinot noir’ vines[20], in ‘Caberent Sauvignon’
grapevines[32] and in ‘Sovereign Coronation’ table
grapes[33], in ‘Sangiovese’ and ‘Trebbiano’ grapes[21].

Defoliation accelerated the ripening process, the
berry juice was increased, whereas, fruit firmness and
adherence were decreased (Table 3). BLR + FTH gave
the highest juice weigh and volume followed by the
other defoliation treatments. Also, all defoliation
treatments had the high berry juice percentage. These
results were related to exposure of the berries to light
and temperature that caused berry softening in
defoliated berries. 

The results of berry firmness and adherence
confirmed the effect of defoliation on berry softening.
Berry firmness was affected by the level of defoliation.
LBR + H + SSR, which considered the excessive
defoliation gave the lowest berry firmness compared
with the other defoliation treatments. All defoliation
treatments had less berry firmness. This means that the
defoliation treatments accelerated berry ripening. 

Defoliation treatments increased the total soluble
solids (TSS %), and TSS/acid ratio and decreased the
acidity in the berries of ‘Crimson Seedless’ grapes
(Table 4). The exposure of berries to the light and
temperature accumulated more sugar in the berries.
Furthermore, leaf removal treatments increased light
penetration into the canopy that improves berry
maturity being associated with decreased acidity in the
berries. 

Many investigators found that sunlight-exposed
fruits are generally rich in total soluble solids and
show reduced titratable acidity, compared to non-
exposed or canopy shaded[7,8,9,16, 33-38]. On the other side,
some authors found that defoliation had no effect on
soluble solids and titratable acidity[14,17,21,39,40].  

The results are in opposite with those mentioned
on ‘Gewürztraminer’ grapevines, since leaf removal
produced berries with lowest TSS and highest
acidity[41]. The partial defoliation had no effect on total
soluble solids accumulation in the fruit of ‘Caberent
Sauvignon’ grapes, but increased acidity[42]. The leaf
removal reduced TSS in ‘Chardonnay’ and ‘White
Riesling’ grapes and generally reduced fruit titratable
acid[13]. TSS % was decreased with increasing
defoliation, however, the defoliation treatments had not
effect on the total acidity of ‘Pinot noir’ grapes[18]. 

Total anthocyanins in the berry were improved by
defoliation treatments except LBR + SSR (Table 4). In
the first season, defoliation treatments created higher
quantity than non-defoliated vines. In the second
season, LBR + FTH and LBR + H produced the
highest content followed by LBR, LBR + H + SSR
than non-defoliated vines. 

Our results are in agreement with those mentioned
that cluster thinning increased the concentration of
anthocyanins[3,11]. The leaf removal had better color
than no leaf removal (the untreated vines)[16]. Shoot-
thinning treatments on ‘Cabernet Franc’ grapevines
resulted in increased color intensity[37]. The basal leaf
removal increased color intensity[33]. The defoliation of
'Blauburgunder Samtrot' grapes improved their
anthocyanin content[38].  Our results are also in
agreement with those reported by other authors who
found that sunlight-exposed fruits are generally higher
in anthocyanins compared to non-exposed or canopy
shaded[4,7,8,9,34,43-45].
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Fig. 1: cluster before and after berry thinning according to HERRERA (2002).

Table 1: Effect canopy management on cluster characteristics of ‘Crimson Seedless’ grapes in 2004 and 2005 seasons.
T. Cluster weight (g)  Cluster length (cm) Cluster width (cm) No. berries cluster-1 Cluster compactness

------------------------------ --------------------------- ---------------------------- ------------------------------ --------------------------------
2004 2005 2004 2005 2004 2005 2004 2005 2004 2005

T 1** 403.12 ab* 418.06 a 21.65 a 22.05 a 14.50 a 15.13 a 116.03 a 118.13 a 5.42 ab 5.39 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 2 417.25 ab 429.79 a 22.70 a 23.23 a 14.75 a 15.50 a 113.86 a 116.38 a 5.08 b 5.08 b 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 3 425.86 a 435.42 a 22.23 a 22.65 a 14.50 a 15.25 a 117.67 a 19.21 a 5.34 ab 5.30 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 4 393.36 b 413.91 a 21.40 a 21.95 a 13.88 a 14.75 a 116.49 a 13.36 a 5. 49 ab 5.18 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 5 338.11 c 365.70 b 17.80 b 17.93 b 13.13 a 13.25 a 88.51 b 89.83 b 5.43 ab 5.27 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 6 354.75 c 379.55 b 18.45 b 18.80 b 13.63 a 13.88 a 114.37 a 116.53 a 6.21 a 6.20 a 
* Means within a column followed by the same letter (s) are not statistically different at 5 % level by Duncan’s multiple range test.
** T1 = LBR; T2 = LBR + H; T 3 = SSR + LBR; T 4 =  SSR + LBR + H; T 5 = LBR + F TH; T 6 =  Untreated Vines

Table 2: Effect of N and K fertilizaion on berry dimensions, weight and size of ‘Crimson Seedles’s grapes Seedless grapes in 2004 and 2005
seasons.

Treat. Berry length (cm) Berry diameter (cm) Weight of 100 berries(g) Size of 100 berries (cm3)
----------------------------- -------------------------------- --------------------------------- -------------------------------------
2004 2005  2004 2005 2004 2005 2004 2005

T 1** 2.18 b* 2.20 b 1.67 ab 1.70 ab 347 b 354 bc 341 bc 350 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 2 2.22 b 2.25 b 1.66 ab 1.69 ab 363 b 370 b 360 b 364 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 3 2.19 b 2.21 b 1.73 ab 1.74 ab 362 b 366 b 356 b 355 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 4 2.07 bc 2.04 bc 1.60 bc 1.65  bc 338 bc 354 bc 332 bc 348 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 5 2.49 a 2.50 a 1.78 a 1.80 a 403 a 407 a 405 a 404 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 6 1.86 c 1.98 c 1.54 c 1.56 c 311 c 327 c 311 c 321 c
* Means within a column followed by the same letter (s) are not statistically different at 5 % level by Duncan’s multiple range test.
** T1 = LBR; T2 = LBR + H; T 3 = SSR + LBR; T 4 = SSR + LBR + H; T 5 = LBR + F TH; T 6 = Untreated Vines.

Table 3: Effect of N and K fertilization on fruit physical properties (juice weight, volume and juice % of 100 berries, berry firmness,
adherence) of ‘Crimson Seedless’ grapes in 2004 and 2005 seasons.

T. Juice weight of Juice volume of Berry juice (%) Berry firmness (g berry) Berry adherence (g)
100 berries (g) 100 berries (g)
----------------------- --------------------------- --------------------------- -------------------------------- --------------------------------
2004 2005 2004 2005 2004 2005 2004 2005 2004 2005

T 1** 254 b* 264 b 249 b 258 b 73.38 c 74.41 a 4072 b 4002 b 655 b 617 b   
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T2 266 b 280 b 267 b 275 b 74.70 bc 75.74 a 3946 bc 3886 bc 612 bc 597 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3: Continue
T 3 267 b 274 b 261 b 269 b 73.71 bc 74.88 a 3969 b 3917 b 641 bc 602 b
T 4 256 b 270 b 252 b 266 b 75.63 ab 76.58 a 3718 c 3658 c 606 bc 587 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 5 310 a 313 a 303 a 308 a 76.90 a 76.79 a 4008 b 3940 b 594 c 552 c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 6 219 c 331 c 215 c 226 c 70.55 d 70.87 b 4346 a 4277 a 765 a 681 a
* Means within a column followed by the same letter (s) are not statistically different at 5 % level by Duncan’s multiple range test.
** T1 = LBR; T2 = LBR + H; T 3 = SSR + LBR; T 4 = SSR + LBR + H; T 5 = LBR + F TH; T 6 = Untreated Vines.

Table 4: Effect of N and K fertilization on fruit chemical properties of ‘Crimson Seedless’ grapes in 2004 and 2005 seasons.
Treat. T.S.S.(%) Titratable acidity T.S.S/acid ratio Anthocyanin

(g tartaric acid/100 ml juice)  (mg/g fresh berry weight)
----------------------------- ------------------------------------- ------------------------------ -------------------------------------
2004 2005 2004 2005 2004 2005 2004 2005

T 1** 21.7 a* 218 a 0.636 b 0.623 b 34.12 a 34.93 a 13.10 a 10.30 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 2 21.9 a 22.2 a 0.628 b 0.620 b 34.84 a 35.65 a 13.48 a 22.37 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 3 21.6 a 22.0 a 0.645 b 0.619 b 33.46 a 35.54 a 12.12 ab 1.65 bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 4 20.8 a 21.3 a 0.624 b 0.635 b 33.34 a 33.72 a 15.30 a 13.47 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 5 21.2 a 21.4 a 0.618 b 0.626 b 34.30 a 34.16 a 20.98 a 27.82 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T 6 18.1 b 18.6 b 0.731 a 0.731 a 26.06 b 26.40 b 02.26 b 2.43 c
* Means within a column followed by the same letter (s) are not statistically different at 5 % level by Duncan’s multiple range test.
** T1 = LBR; T2 = LBR + H; T 3 = SSR + LBR; T 4 = SSR + LBR + H; T 5 = LBR + F TH; T 6 =  Untreated Vines.

Conclusion: Partial defoliation and fruit thinning are
considered to be very important in ‘Crimson Seedless’
vineyards for improving fruit quality. They improved
cluster weight, size, and compactness as well as berry
size, color and T.S.S % and decreased the acidity.
Moreover, they accelerated the ripening process, the
berry juice was increased, whereas, fruit firmness and
adherence were decreased.
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