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1.  Introduction
Grape (Vitis vinifera L.) is considered as one of the most 
important commercial fruit crops of temperate to tropical 
regions [1]. The grape is gaining popularity for its high 
nutritive value, excellent in taste, multipurpose use and 
better returns [2].

Turkey lies on the most convenient temperate zone 
for viticulture around the world is among the countries 
which have a voice throughout the world with its vine-
yard and yield values. Today, almost 77 million tonnes 
of world grape production that is almost 4 million tonnes 
are yielded in Turkey [3] and this production is charac-
terized as primary table grapes (53%) and as secondary 
raisin yield (35%) [4]. Table grape production relies upon 
numerous viticultural practices to ensure good yield and 
superior quality. There are lots of factors in grape grow-
ing enter into the production of quality such as pruning, 
crop load, thinning, girdling, topping, pinching and using 
of plant growth regulators [5]. In other words biological 
properties and quality of food is under the influence of 
some agricultural practices.

Girdling is one of the important treatments which 
involves removal of a strip of phloem (about 4  mm in 
width) from either stem or cane [5]. First practiced on 
grapevines in 1745 [6], girdling has been found to increase 
berry weight [7–9] and set [10,11] and to advance fruit 
maturity [8,9,12].

Desired quality in table grapes represents a combination 
of medium-sized clusters of uniformly large, perfect berries 
with the characteristic colour, pleasing flavor and texture of 
the variety [5]. Physical properties of products such as col-
our, form and shape are more important for consumers [13].

Grapes are girdled at berry set to increase berry 
size or at veraison (berry softening or colour break) to 

advance sugar and colour development. The increase in 
berry size due to girdling may result from better carbohy-
drate nutrition above the girdle as the transport of sugars 
from leaves to the root system is effectively blocked [14]. 
Alternatively, changes in the hormone balance of the vine 
after girdling may have a role on increasing berry size 
[15]. Also girdling of the grapevine has been reported to 
improve berry colour development and to stimulate rapid 
ripening in grapes [5].

This study has been conducted on Red Globe (V. vin-
ifera L.) grape variety to determine the effect of girdling 
treatment on maturity, berry colouration, quality param-
eters and yield.

2.  Materials and methods
The research was carried out on the field that was built 
through north and south sides belonging to Directorate 
of Manisa Viticulture Research Station, during 2013 
and 2014 seasons. This field supposedly at the centre of 
Manisa is located between 38°04' – 39°58' North latitudes 
and 27°08' – 29°05' East longitudes. As the plant material 
Red Globe grape variety was grafted onto 1103 Paulsen 
rootstock. Grafted vines planted in 2004 with 3 × 3 m row 
spaces and trained to rational pergola systems. Canopy 
height of the pergola system was 2.20 m. At the time of the 
winter pruning, the vines were cordon-pruned and leav-
ing 4 cordons and there were 5 arms of 3/4 spurs on each 
cordon. 

There were two applications; Girdling (G) and Control 
(C) treatments. Girdling treatment was performed at verai-
son. Also there was no application for Control. Cane gir-
dling was performed on the spurs after first bud was left 
from the bottom. 4 mm-wide ring of bark was completely 
removed with a doubleded knife. Control vines were left 
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untouched. Every application consisted of three replicates 
of 2 vines. When the clusters on the control vines reached 
to about 18 °Bx, harvest was done and all samples were 
immediately brought to the laboratory for analysis.

2.1.  Measured parameters
After harvesting, total yield (g) and marketable yield ratio 
(%) were determined and 50 berries were sampled from 
each replication, then sampled berries from each replica-
tion were weighed and average berry weight (g) was deter-
mined. Berry width and berry length (mm) were measured 
by using caliper compass and colour measurements (L, a, 
b, Chr, Hue) were made by Minolta Co (CR-300). Also 
CIRG index (Color Index of Red Grapes) was estimated 
according to the [16]. Berries were squeezed for each rep-
lication and the percentage of total soluble solids percent-
age (TSS%) was measured by the Refractometer. Also 
juice pH was measured by pH meter and total anthocyanin 
with phenolic contents were determined according to the 
[17]. Total titratable acidity percentage (TA%) was meas-
ured by titrating the berry juice with 0.1  N NaOH. The 
TA% was expressed as grams of tartaric acid per 100 ml 
of juice [18].

The experimental design was randomized parcels with 
three replicates. Analysis of variance was implemented to 
research data by using TARIST statistical analysis soft-
ware package on computer, and in order to determine the 
differences among averages, LSD test was implemented 
on importance level of 5% and 1%.

3.  Results
First year, the effect of girdling application on TSS 
and Anthocyanin content was statistically significant 

(p < 0.05). When the girdling treated vines had 20.01 mg/
kg anthocyanin content averagely, the control vines only 
had 8.3  mg/kg (Tables 1 and 2). Also TSS% of girdled 
vines was above the control vines and it was observed on 
girdled vines 7 days earliness compare to the control vines 
(Table 1).

Tables 1 and 2 show that effect of girdling treatment 
on berry width, berry length and CIRG index was statisti-
cally significant (p < 0.01) while it was non-significant in 
terms of ph, TA, berry weight, total phenolics, total yield 
and marketable yield ratio. In terms of berry width and 
berry length, girdled vines had higher values 26.19 and 
26.33 mm than control vines, 20.28 mm and 22.66 mm, 
respectively. Also CIRG index value was found 3.93 
with girdling treatment while it was found 1.91 in control 
vines. Girdled vines had higher values in terms of 50 berry 
weight, total phenolics, total yield and marketable yield 
ratio compare to the control vines although effect of gir-
dling was found statistically non significant.

In the second year, effect of girdling treatment on 
TSS, berry length, anthocyanin content and marketable 
yield ratio was statistically significant (p < 0.05) (Tables 
3 and 4). According to the TSS values, it was observed 
that girdling application accelerates ripening. Furthermore 
girdled vines had higher berry length (26.95 mm), antho-
cyanin content (20.01 mg/kg) and marketable yield ratio 
(74.82%).

Results in Tables 3 and 4, showed that effect of gir-
dling treatment on berry width and CIRG index was found 
statistically significant (p  <  0.01) and it was observed 
that these parameters were increased by girdling treat-
ment. In terms of total yield and total phenolics, girdling 
effect was found statistically non significant but higher 
values were observed in girdled vines in comparison to 
control vines.

Table 1. Effects of girdling on TSS, pH, TA, Berry Weight, Berry width, Berry length, Marketable yield ratio, Total yield in 2013 season.

TSS (%) pH TA (g/1t) 50 Berry 
Weight (g)

Berry width 
(mm)

Berry length 
(mm)

Marketable 
yield ratio (%)

Total yield (g)

C 16.40b 4.09 3.27 479.07 20.28b 22.66b 74.51 28188.67

G 18.27a 4.20 2.92 511.29 26.19a 26.33a 82.24 29811.67

P *
ns ns ns

** **
ns ns

LSD 1.409 2.844 3.270

G: Girdling treatment; C: Control; Ns: non-significant, * p < 0.05, ** p < 0.01.

Table 2. Effects of girdling on colour parameters (L, a, b, Chr, HUE), CIRG index, total anthocyanin and total phenolics in 2013 season.

L a b Chroma HUE CIRG index Total anthocyanin 
(mg/kg)

Total phenolics 
(mg/kg)

C 46.91a 4.53b 7.30a 9.39 72.89a 1.91b 8.30b 505.95

G 29.13b 10.85a 1.82b 8.04 34.20b 3.93a 20.04a 585.30

P ** ** *
ns

** ** *
ns

LSD 11.302 4.928 3.466 9.253 0.715 7.388

G: Girdling treatment, C: Control, Ns: non-significant, * p < 0.05, ** p < 0.01.
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4.  Discussions
Girdling, as practiced in commercial vineyards, consists 
of removing a narrow ring of bark entirely round some 
member of the vine. The ring can be removed from the 
trunk, the arms, the fruit canes or the spurs but common 
treatments is done on either the trunk or the individual fruit 
canes. Girdling the trunk affects the entire vine, whereas 
girdling a cane affects only the part of the cane above the 
girdle. The width of cane girdles used commercially aver-
ages 4.8 mm [19].

Generally, vines are girdled to accomplish for improv-
ing fruit setting, maturation and yield as well as physical 
and chemical properties of fruits. The best-known effect of 
girdling is to interrupt the movement through the phloem 
of photosynthates produced by leaves. This increases 
carbohydrates and plant hormones in above parts of the 
girdle [20,14]. Each of these effects may be obtained by 
complete girdling at the proper time. The stage at which 
the operation is performed is probably the greatest sin-
gle factor in determining the nature and magnitude of the 
effect obtained [19]. Interruption of phloem translocation 
of photosynthates to the root system is known to improve 
carbohydrate availability to bunches, thereby enhanc-
ing sugar accumulation of seeded grapes and berry size 
of seedless grapes [5]. To achieve this, girdling has to be 
performed at the onset of berry ripening, i.e. veraison, 
when rates of sugar accumulation in berries are highest 
[21,22,14]. When the TSS values have been examined, it 
has been stated that girdling application accelerates rip-
ening. It was observed on girdled vines 7 and 11 days 
earliness compare to the control vines in 2013 and 2014, 
respectively. Thus our results are similar with the find-
ings of [20] who reported that sugar contents increased in 
phloem ringed plants compared to the control.

As can be seen from the results, berry width and berry 
length were increased with girdling treatment in both two 
years. In the first year 29.17% and 16.19% increment were 
obtained from the girdled vines compare to the control vines 
while 15.55% and 14.07% increment were determined in 
second year for berry width and berry length parameters, 
respectively. In a study girdling grapevines increases car-
bohydrate concentration above girdle and resulted in larger 
berries as the transport of sugars from leaves to the root 
system is effectively blocked [14]. Girdling at berry set has 
been reported by several investigators to increase in berry 
size, and especially in seedless varieties [23,24] but our 
results showed girdling in veraison had significant response 
to enhance berry dimensions for Red Globe variety.

Berry colour is one of the most important quality fac-
tors for table grapes [23] and also the variety Red Globe 
frequently produces unevenly coloured bunches. In our 
research, girdling treatments had better berry colour 
parameters and induced more uniform colouration in both 
two years. Especially higher CIRG Index values were 
obtained from girdled vines. This outcome confirms earlier 
studies. For example [22] reported that girdling improves 
colouring and [19] indicated that girdling at veraison has-
ten ripening and to improve skin colour.

Anthocyanins are responsible for the colour of the red 
and black grape berries and their concentration in the berry 
skin increases during berry ripening [25]. Grape berry col-
our development has been reported to be influenced by a 
number of factors such as cultivar, cultural practices, loca-
tion as well as exogenous application of abscisic acid and 
ethephon and girdling [26]. Girdling of the grapevine has 
been reported to increase berry anthocyanins compared 
to control and similar results were obtained with girdling 
treatment on red table grape “Aki Queeen” [27].

Our results showed non-significant response with gir-
dling treatment in terms of total yield, marketable yield 

Table 3. Effects of girdling on TSS, pH, TA, Berry weight, Berry width, Berry length, Marketable yield ratio, Total yield in 2014 season.

TSS (%) pH TA (g/lt) 50 Berry 
weight (g)

Berry 
width (mm)

Berry length 
(mm)

Marketable 
yield ratio (%)

Total yield (g)

C 15.25b 3.95 3.51 475.14 22.11b 23.62b 71.267b 16973.33

G 16.45a 3.95 3.68 452.76 25.55a 26.95a 74.817a 24090.00

P *
ns ns ns

** * *
ns

LSD 0.848 2.278 2.334 3.528

G: Girdling treatment; C: Control; Ns: non-significant, * p < 0.05, ** p < 0.01.

Table 4. Effects of girdling on colour parameters (L, a, b, Chr, HUE), CIRG index, Total anthocyanin and Total phenolics in 2014 season.

L a b Chroma HUE CIRG 
index

Total anthocyanin 
(mg/kg)

Total phenolics 
(mg/kg)

C 37.93a 8.69 0.363 8.81a 95.14a 1.82b 7.80b 515.46

G 26.92b 7.25 –0.593 5.05b 46.63b 4.21a 20.01a 613.46

P **
ns ns

** ** ** *
ns

LSD 7.496 2.264 14.179 1.480 11.448

G: Girdling treatment; C: Control; Ns: non-significant, * p < 0.05, ** p < 0.01.
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ratio and total phenolics content. Similar results were 
obtained by [28] in Turkey. They reported that girdling 
treatments had non-significant effects on yield of “Trakya 
İlkeren” table grapes.

5.  Conclusion
Girdling treatments on “Red Globe” grapevines can pro-
duce desirable increases in berry width, berry length and 
colour parameters, especially CIRG index and anthocya-
nin content. Furthermore girdling at veraison accelerates 
ripenning and provide earliness over two years. Therefore 
this treatment may offer a new opportunity for sustainable 
commercial production of Red Globe table grapes. In addi-
tion we observed positive effects of girdling on total yield, 
marketable yield and total phenolics. However it would be 
practiced to obtain better yield and fruit composition with 
proper time of the treatments.
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