Horticultural Science (Prague), 53, 2026 (3): 227-234 Original Paper

https://doi.org/10.17221/109/2025-HORTSCI

Impact of thinning level and timing on yield, maturity,
and quality of Merlot grapevines under the Big T trellis system

ILKNUR KORKUTAL'*®, ELMAN BAHAR' ©, GAMZE UYSAL SECKIN?®, DERYA AKINCI®

'Horticulture Department, Agricultural Faculty, University of Tekirdag Namik Kemal,
Tekirdag, Tiirkiye

2Department of Food Technologies, Tekirdag Viticulture Research Institute, General Directorate
of Agricultural Research and Policies, Republic of Turkey Ministry of Agriculture and Forestry,
Tekirdag, Tiirkiye

3Bozcaada District Directorate of Agriculture and Forestry, Canakkale Provincial Directorate
of Agriculture and Forestry, Republic of Turkey Ministry of Agriculture and Forestry,
Canakkale, Tiirkiye

*Corresponding author: ikorkutal@nku.edu.tr

Citation: Korkutal 1., Bahar E., Uysal Segkin G., Akinci D. (2026): Impact of thinning level and timing on yield, maturity, and
quality of Merlot grapevines under the Big T trellis system. Hort. Sci. (Prague), 53: 227-234.

Abstract: This study evaluated the effects of cluster thinning on yield and quality of 12-year-old Merlot/41B grapevines
over the 2019-2020 and 2020-2021 growing seasons. Six phenological stages-before flowering, setting, bunch closure,
veraison, half maturity, and before maturity-and three thinning levels (0%, 25%, and 50%) were assessed. Key parameters
included total soluble solids (TSS), total acidity (TA), pH, sugar accumulation, maturity indices (TSS/TA, pH? x °Brix),
secondary metabolites (total anthocyanins, total tannins, total phenolic content, total polyphenol index), and yield.
Cluster thinning significantly enhanced most quality traits, with veraison emerging as the optimal stage for improving
phytochemical composition. The highest TSS was observed at setting, while maximum total anthocyanins, tannins,
total polyphenol index (TPI), and maturity indices occurred at veraison under 50% thinning. Sugar accumulation was
optimised at 25% thinning. Yield decreased proportionally with thinning intensity, with Control vines producing the
highest yield and 50% thinning the lowest. Overall, 25% cluster thinning at veraison achieved a balance between impro-
ved grape quality and commercial yield, providing a practical management strategy for Merlot production.
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Cluster thinning is a key viticultural practice
used to balance vegetative and reproductive growth
and improve grape quality. Excessive crop load
can delay ripening and alter berry composition;
therefore, growers regulate canopy structure and
remove part of the crop to balance leaf area and
fruitload (King et al. 2015). Thinning increases the

source—sink ratio and enhances the photosynthetic
performance of the remaining foliage. A number
of practices are implemented to improve the qual-
ity of both table and wine grapes. One of these
practices is cluster thinning, which is frequently
used in wine grapes (Vanderweide et al. 2024; Cus
etal. 2025). This is especially important for high-
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yielding cultivars where crop control is essential
for premium wine production (Reeve et al. 2018).

Wine quality is closely linked to fruit composi-
tion, including total soluble solids (TSS), acidity,
phenolics, and aroma (Gatti et al. 2012). Thinning
generally raises TSS (Choi et al. 2021; Salazar et al.
2021; Aru et al. 2022; Alshallash et al. 2023; Kor-
kutal et al. 2023), though results vary among years
and sites (Suklje et al. 2022; Martinez-Liischer,
Kurtural 2023).

Phenolic composition, including anthocyanins
and tannins, also tends to improve with thinning,
enhancing colour and aroma in cultivars such
as ‘Syrah, ‘Pinot Noir, ‘Cabernet Sauvignon, and
‘Tempranillo’ (Mawdsley et al. 2019; Alba et al.
2022; Artem et al. 2022; XiaoJun et al. 2023). Total
phenolic content often rises following thinning
(Choi et al. 2021; Salazar et al. 2021; Soltekin et al.
2023), though some studies report negligible ef-
fects (Bubola et al. 2017).

Yield reduction is typically proportional to thin-
ning intensity, often 25-50% (Vicente, Yuste 2015;
Mesic et al. 2020; Mancha et al. 2021; Copp et al.
2022; Suklje et al. 2022; Alshallash et al. 2023; Ja-
nas et al. 2023), and can exceed 40% in some cases
(Korkutal, Kaymaz 2016; Mawdsley et al. 2019).
Although yield losses may affect economic returns
(Bubola et al. 2017; Nistor et al. 2020; Cameron
et al. 2024), improved fruit composition can offset
this in premium wine production.

Thinning timing also affects results, with applica-
tions from flowering to veraison and near harvest
(Nistor et al. 2020; Mesic et al. 2020; Carmona-
Jiménez et al. 2021; Mancha et al. 2021). Training
system influences responses; in Big T systems, vines
often carry 10—12 clusters per shoot, increasing
yield but potentially diluting berry composition.

https://doi.org/10.17221/109/2025-HORTSCI

This study evaluated cluster thinning at differ-
ent stages and intensities in a Merlot vineyard
trained to the Big T system to determine optimal
strategies for balancing yield and grape quality.

MATERIAL AND METHODS

The study was conducted in a Merlot vineyard
located at 39°48'3.33"N, 26°22'0.09"E, with vines
grafted onto 41B rootstock. Merlot is characterised
by large clusters and berries, resulting in high yield
potential compared to other wine grape cultivars
(King et al. 2015). Vines were planted at 1.5 x
3 m spacing and trained using a double-cane
Big T trellis system, with each main cane bear-
ing 7-8 short-pruned annual shoots. Shoots were
topped at 40-45 cm, soil was tilled in May and
again one month after harvest, and the vineyard
was non-irrigated. Fertilisation consisted of organic
manure applied to the soil and a 20-20-20 NPK
foliar fertiliser before flowering.

Experimental design. A two-factor factorial
experiment was conducted using a randomised
complete block design with six cluster thinning
stages and three thinning levels. Each treatment
was replicated three times, with three vines per
replication, totalling 162 vines. Border vines were
left at the beginning, end, and between rows
to minimise edge effects. Vines were selected
to ensure uniform growth vigour, main cane num-
ber, shoot number, and cluster number. Total
cluster counts were recorded and equalised to an
average of 30—40 clusters per vine.

Cluster thinning application periods. Cluster
thinning was applied at six phenological stages,
corresponding to EL-15, EL-27, EL-32, EL-35,
EL-36, and EL-37 (Lorenz et al. 1995; Table 1).

Table 1. Cluster thinning application dates according to phenological stages

Phenological stage EL stage Description °Brix 2021 2022
Before flowering (BE) ~ EL-15 leaves separated, shoots elongating rapidly; 10.04.  06.04.
single flowers in compact groups
. fruit set; young berries enlarging (>2 mm diameter),
Setting (S) EL-27 bunch at right angles to the stem - 25.05. 21.05.
Bunch closure (BC) EL-32 beginning of bunch closure; berries touching 20.06.  10.06.
if the bunch is tight
Veraison (V) EL-35 berry softening and onset of colour development - 19.07. 16.07.
Half maturity (HM) EL-36 berries with intermediate sugar accumulation 12-14 17.08. 10.08.
Before maturity (BM) EL-37 berries not fully ripe 20-22 01.09. 31.08.
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Cluster thinning applications. Control (0%) (C):
No clusters were removed.

Cluster thinning (25%) (CT1): 25% of existing
clusters were removed from the shoots according
to the application periods.

Cluster thinning (50%) (CT2): 50% of clusters
on the shoots were removed.

Grape biochemistry, maturity indices, and
yield. Grape composition was assessed using stand-
ard measurements of TSS, total acidity (TA), and
pH (Cemeroglu 2007). The following parameters
were calculated: the sugar concentrations (g/L)
corresponding to the °Brix values of the samples
were determined from the chart (Bahar et al. 2011).
The sugar amount per berry was calculated using
the following formula:

Sugar amount per berry (mg/berry) = [1/1.3 x
x sugar (g/L)] x [1/100 x 100 berry weight (g)] (1)

Maturity indices such as TSS/TA and pH? x
°Brix were also determined (Blouin, Guimberteau
2000). After seed removal, grapes were crushed,
centrifuged, and filtered. Total anthocyanin con-
tent was determined using the pH differential
method (Cemeroglu 2007). Total tannin content
was measured at 760 nm using the Folin-Denis re-
agent, and total phenolic content (TPC) at 765 nm
using the Folin-Ciocalteu reagent (Merck, Darm-
stadt, Germany) (Waterhouse 2002). The total
polyphenol index (TPI) was measured at 280 nm
(INRA 2007). Yield (kg/day) was calculated based
on the number of vines per decare and the yield
per vine.

Data analysis. All data were analysed using the
MSTAT-C statistical package (version 1.2, 1986).
Differences among treatments were evaluated us-
ing the Least Significant Difference test.

RESULTS AND DISCUSSION

Cluster thinning did not significantly affect TSS
at P < 0.05; however, a clear linear increase was
observed with thinning intensity (C: 23.03 °Brix,
CT1: 23.36 °Brix, CT2: 23.41 °Brix). TSS was
slightly lower in 2022 (23.14 °Brix) than in 2021
(23.39 °Brix). Consistent with Gao and Cahoon
(1998), and Soltekin et al. (2023), the highest TSS
values were recorded where fewer clusters re-
mained. Among phenological stages, setting (S)
yielded the highest TSS.

Analysis of variance indicated significant ef-
fects of phenological stage (P < 0.05), thinning
level, and year on TA. TA decreased with thin-
ning intensity (C: 6.77 g/L, CT1: 6.43 g/L, CT2:
6.30 g/L). Before maturity (BM) (6.95 g/L), before
flowering (BF) (6.85 g/L), and bunch closure
(BC) (6.71 g/L) showed the highest TA, while
veraison (V) had the lowest (5.84 g/L). Year ef-
fects revealed higher TA in 2021 (7.25 g/L) than
in 2022 (5.75 g/L), likely due to greater rainfall.
This inverse relationship between cluster number
and TA agrees with Gao and Cahoon (1998) and
Palliotti and Cartechini (2000).

pH was significantly affected by phenological
stage, thinning level, year, and their interaction
(cluster thinning x period interaction; CT x P).
It ranged from 3.20 to 3.99, with BC showing
the highest (3.77) and V the lowest (3.56) values.
Year effects were also evident, with a higher pH
in 2022 (3.80) than in 2021 (3.46). The highest in-
teraction effect was observed in CT2 x BC (3.84).
Kennedy et al. (2009) similarly reported higher
pH in cluster-thinned Merlot vines compared
to control treatments.

Cluster thinning increased sugar concentration
(g/L) despite the lack of statistical significance for
some parameters. The lowest sugar concentration
was in the control, and the highest was in CT2.
Phenological stages ranged from 225.75 g/L (BM)
to 232.14 g/L (S), with higher values in 2021. Sugar
per berry (mg/berry) followed the same trend: CT1
(200.95 mg/berry) > CT2 (187.99 mg/berry) > C
(173.74 mg/berry), with maximum values at S and
V. Sugar per gram of berry (mg/g) also rose with
thinning (CT1: 177.13 mg/g > CT2: 175.02 mg/g
> C: 171.31 mg/g), highest at BF (181.99 mg/g).
These results corroborate Bahar et al. (2017), Vi-
cente and Yuste (2015), and Korkutal et al. (2023),
who reported increased sugar accumulation under
cluster thinning.

Maturity indices (TSS/TA and pH? x °Brix) con-
firmed that CT1 and CT2 accelerated ripening
and improved sugar-acid balance compared with
Control. V and BC exhibited the highest indices,
whereas BM and early thinning showed lower
values. Interaction effects were notable for pH?>
x °Brix, with CT2 x BC reaching the maximum.
Higher maturity indices in 2022 further empha-
sised the role of environmental conditions. These
results align with Bahar et al. (2017) and Korkutal
et al. (2023) (Figures 1 and 2).
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Figure 1. Maturity index (TSS/TA) values according to the application periods and thinning levels

TSS — total soluble solids; TA- total acidity; PME — period main effect; BF — before flowering; S — setting; BC — bunch closure;
V — veraison; HM — half maturity; BM — before maturity; C — control; T1 — thinning 1; T2 — thinning 2; TME P < 0.05: 0.25;
PME P < 0.05: 0.35; YME P < 0.05: 0.20; TxY P < 0.05: 0.50
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Figure 2. Maturity index (pH? x °Brix) values according to the application periods, and thinning levels
PME - period main effect; BF — before flowering; S — setting; BC — bunch closure; V — veraison; HM — half maturity; BM —
before maturity; C — control; T1 — thinning 1; T2 — thinning 2; PME P < 0.05. 21.06; YME P < 0.05.12.16; CT x P P < 0.05. 36.48

Table 2. Total anthocyanin values according to application periods, thinning levels, and year

CTA v Application periods Main effects
ear
BF S BC Y4 HM BM TME YME
2021 35720 43034  389.51 35573 38892  323.71
C 2022  324.00 30873  353.67 33076  319.30  343.69 352.13€
CT xP  340.60% 369.58 371.59% 343249 354.11% 333.70%
2021  469.12 38393 47352 31490  468.82  294.33 2021 2022
CT1 2022  371.89  377.61 44826 45264  311.96  343.69 392.55P
o w o Ce “ . 408.44  380.80
CT xP  42050° 380.77°¢ 460.89°¢ 383.77° 390.39° 319.01
2021  470.88  357.20 46471 62451 45296  331.64
CT2 2022 37923 41095 52992  606.88  314.89  326.35 439.18*
CT xP 425.05°9 384.07¢¢ 497.31" 615.70° 383.93° 329.00%
PME 395.38%" 378.13% 443.26* 447.57° 376.14% 327.23¢

CTA - cluster thinning applications; C — control, CT1 — 25% cluster thinning, CT2 — 50% cluster thinning; PME — period
main effect; BF — before flowering; S — setting; BC — bunch closure; V — veraison; HM — half maturity; BM — before maturity;
TME - thinning main effect; YME — year main effect; CT x P — cluster thinning x period interaction; PME P < 0.05: 57.09;
TME P < 0.05:40.38; CT x P P < 0.05: 98.89; uppercase letters — TME; lowercase-italic letters — PME; lowercase letters — CT x P
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Table 3. Total tannin content according to application periods, thinning levels, and year

Application periods

Main effects

CTA Year
BF S BC v HM BM TME YME
2021 1.26 1.51 1.35 1.33 1.20 1.29
C 2022 1.28 1.36 1.42 1.23 1.27 1.12 1.30¢
CT xP 1.27% 1.44<8 1.3998 1.28 1.23% 1.208
2021 1.43 1.45 1.17 1.39 1.32 1.32 5021 5029
CT1 2022 1.92 1.73 1.50 1.98 1.37 1.27 1.49° 40P Leor
CT xP 1.67%¢ 1.59Pf 1.3398 1.68P¢ 1.3498 1.30°8 ’ ’
2021 1.53 1.30 1.38 2.40 1.50 1.09
CT2 2022 2.25 2.12 2.23 2.24 1.26 1.32 1.722
CTxP 1.89P 1.71b¢ 1.80¢ 2.322 1.3898 1.208
PME 1.614 1.58% 1.51% 1.76% 1.32¢4 1.23¢

CTA - cluster thinning applications; C — control, CT1 — 25% cluster thinning, CT2 — 50% cluster thinning; PME — period
main effect; BF — before flowering; S — setting; BC — bunch closure; V — veraison; HM — half maturity; BM — before maturity;
TME - thinning main effect; YME — year main effect; CT x P — cluster thinning x period interaction; TME P < 0.05: 0.16;
PME P < 0.05:0.22; YME P < 0.05: 0.13; CT x P P < 0.05: 0.38; uppercase letters — YME; lowercase-italic letters — PME; lowercase
letters — TME; lowercase-bold letters — CT x P

Cluster thinning significantly increased anthocy-

anin content (Table 2). CT2, especiallyat V and BC,
produced the highest levels, with CT2 x V reaching
615.70 mg/kg. These results are in agreement with
Palliotti and Cartechini (2000), Gonzélez-Neves
and Ferrer (2008), and Mawdsley et al. (2019),
who reported greater anthocyanin accumulation
under more intense thinning.

Tannin content (Table 3) was significantly in-
fluenced by thinning level, phenological stage,

year, and their interactions. CT2 consistently
produced the highest tannin levels, peaking at V,
while BM had the lowest. Greater tannin con-
tent in 2022 supports findings of Wang et al.
(2022) and Korkutal et al. (2023), who observed
proportional increases in tannins with cluster
thinning intensity.

TPC (Table 4) was highestin CT2 (1634.02 mg/kg),
followed by CT1 (1313.76 mg/kg) and Control
(1094.11 mg/kg). Stages S (1595.63 mg/kg) and V

Table 4. Total phenolic content values according to application periods, thinning levels, and year

Application periods Main effects
CTA Year
BF S BC Y4 HM BM TME YME
2021 1128.33" 1520.75% 882.87™P 844.99°° 916.21°  869.24"P
C 2022 998.03° 1101.06° 1107.12° 1251.06™ 1123.79™ 1385899 1094.11¢
CT xP 1063.18™ 1310.90¢ 994.99¢" 1 048.02¢" 1020.00¢" 1 127.56%"
2021 1184.39%° 1791.97°¢ 988.94%  654.24P 1022.27P  832.88°P .
CT1 2022 1132.88M 1192738 182227 2307.12° 1457.12% 1378339 131376> _ 202 B 2022A
1242328 1452.28
CTxP 1158.63% 1492.35° 1405.60“ 1480.68° 1239.69% 1 105.60%"
2021 1437424 2326.82% 1485.91" 2190.45%® 1614.70  669.39P
CT2 2022 1216218 1640.45% 2169.24*> 2272.27% 1332.88% 1252571 1634.02°
CT xP 1326.82¢ 1983.63%? 1827.57¢ 2231.36% 1473.79°  960.98"
PME 1182.87 159563 1409.39” 1586.69% 1244.49° 1064.72¢

CTA - cluster thinning applications; C — control, CT1 — 25% cluster thinning, CT2 — 50% cluster thinning; PME — period
main effect; BF — before flowering; S — setting; BC — bunch closure; V — veraison; HM — half maturity; BM — before maturity;
TME - thinning main effect; YME — year main effect; CT x P — cluster thinning x period interaction; TME P < 0.05: 106.44;
PME P < 0.05: 150.52; YME P < 0.05: 86.89; CT x P P < 0.05: 260.69; T x Y x P P < 0.05: 368.69; uppercase letters — YME; lo-
wercase-italic letters — PME; lowercase-bold letters — TME; lowercase-bold-italic letters — CT x P; lowercase letters — T x Y x P
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Table 5. Total polyphenol index values according to application periods, thinning levels, and year

Application periods

Main effects

CTA Year
BF S BC Y HM BM TME YME
2021 4.03 7.62 6.88 7.29 6.27 6.60
C 2022 6.27 7.16 6.24 5.74 6.28 6.47 6.40¢
CTxP 5.158 7.394 6.561 6.528 6.27% 6.5418
2021 8.16 8.82 10.53 7.91 7.50 7.07 2021 2022
CT1 2022 6.61 7.76 8.45 9.72 7.13 7.35 8.08" A 5
df ce bc cd ef ef 8.06 7.47
CT xP 7.38 8.29 9.49 8.81 7.31 7.21
2021 9.66 9.66 10.77 11.86 7.34 7.15
CT2 2022 6.89 8.51 9.88 10.34 6.44 7.18 8.81°
CTxP 8.28¢¢ 9.09*¢  10.32**  11.10° 6.89¢°f 7.17¢%
PME 6.93% 8.25% 8.79% 8.81¢ 6.82° 6.97°

CTA - cluster thinning applications; C — control, CT1 — 25% cluster thinning, CT2 — 50% cluster thinning; PME — period

main effect; BF — before flowering; S — setting; BC — bunch closure; V — veraison; HM — half maturity; BM — before maturity;
TME - thinning main effect; YME — year main effect; CT x P — cluster thinning x period interaction; TME P < 0.05: 0.58; PME
P <0.05:0.83; YME P < 0.05: 0.48; CT x P P < 0.05: 1.44; uppercase letters — YME; lowercase-italic letters — PME; lowercase-bold

letters — CT x P; lowercase letters - TME

(1586.69 mg/kg) recorded the highest TPC, BM the
lowest (1064.72 mg/kg). CT x P interaction was
significant, with CT2 x V reaching 2231.36 mg/
kg. These results agree with Korkutal and Kaymaz
(2016), who reported that phenolic content in-
creases as cluster load decreases. However, Gok-
sel et al.(2024) report that phenolic compounds
in grapes can be affected by many factors, especially
the variety itself and ecological characteristics.

Similarly, the TPI (Table 5) was highest in CT2
(8.81) and at V (8.81), with CT2 x V peaking
at 11.10, whereas C x BF showed the lowest val-
ue (5.15). These results corroborate Artem et al.
(2022), who found higher TPI in thinned vines.

Cluster thinning reduced yield in proportion
to thinning intensity (C: 777.00 kg/daa > CT1:
702.20 kg/daa > CT2: 514.30 kg/daa). The highest
yield was observed at S (769.11 kg/daa). These
results confirm previous reports that thinning
effectively regulates crop load and lowers yield
(Mancha et al. 2021).

CONCLUSION

This study evaluated the effects of cluster thin-
ning at six phenological stages and three thinning
levels on yield and grape quality in a 12-year-old
Merlot vineyard. Cluster thinning improved most
phytochemical parameters, including sugar accu-
mulation, anthocyanin, tannin, TPI, and maturity
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index, with the highest values generally observed
at veraison. The optimal thinning intensity for
quality enhancement was 25%, while 50% thinning
maximised secondary metabolites but substantially
reduced yield. Yield decreased proportionally with
thinning intensity, with the lowest yields recorded
in early and heavy-thinned treatments. Consider-
ing both grape quality and commercial yield, 25%
cluster thinning at veraison is recommended as the
most practical management practice for balancing
quality and productivity.
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