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Influence of crop load on the yield and grape quality of Merlot 
and Vranac (Vitis vinifera L.) varieties in Trebinje vineyard

Abstract: The aim of this study was to study the impact 
of crop load on the yield and grape quality of ‘Merlot’ and ‘Vra-
nac’ (Vitis vinifera L.) in Trebinje vineyard. The crop load levels 
studied in this trial were 9 buds (V1) and 12 buds (V2) per vine 
at each variety trained on Lenz-Moser bilateral cordon system. 
The impact was determined by measurements of yield per vine 
and grape quality characterized by the contents of total soluble 
solids, titratable acidity, total phenolics, total flavonoids and by 
total antioxidant capacity. The measured parameters of grape 
quality of ‘Merlot’ and ‘Vranac’ were not influenced significant-
ly by crop load levels. V2, compared to the V1, showed the po-
tential for increasing grape yield only for Merlot variety under 
experimental conditions. The results of this study also showed 
a positive correlation between total phenolics/flavonoids and 
total antioxidant capacity of grape berries in both varieties, re-
gardless of crop loads applied.
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Vpliv obtežitve na pridelek in kakovost grozdja sort Merlot in 
Vranac (Vitis vinifera L.) v vinogradu v Trebinju

Izvleček: Namen raziskave je bil preučiti vpliv obtežitve 
trt na pridelek in kakovost sort Merlot in Vranac (Vitis vini-
fera L.) v vinogradih Trebinja. Velikost obremenitve trt v tem 
poskusu so bile trte z 9 (V1) in 12 brsti (V2) na vsako sorto, go-
jeno na Lenz-Moser bilateralnem kordonu. Vpliv je bil določen 
z meritvami pridelka na trto, kakovost grozdja je bila določena 
z vsebnostjo celokupne suhe snovi, titrabilne kislosti, vsebnosti 
celokupnih fenolov in flavonoidov in celokupne antioksidacij-
ske sposobnosti. Izmerjeni parametri kakovosti grozdja sort 
Merlot in Vranac niso bili znalično vplivani z obremenitvijo trt. 
V2 je v primerjavi z V1 pokazala zmožnost povečanja pridelka 
grozdja samo pri sorti Merlot v razmerah te raziskave. Rezultati 
te raziskave so pokazali še pozitivno korelacijo med vsebnostjo 
celokupnih fenolov/flavonoidov in celokupno antioksidacijsko 
kapaciteto grozdnih jagod pri obeh sortah ne glede na obreme-
nitev trt.

Ključne besede:  flavonoidi; celokupni fenoli; rez; pride-
lek
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1 INTRODUCTION

The grape yield and quality are influenced by 
many factors such as climatic conditions, soil chemi-
cal and physical properties variety, viticulture manage-
ment practices, crop load, leaf removal, irrigation, and 
rootstock-scion relationship (Pachnowska and Ochmian, 
2018). Among the factors affecting vine growth and de-
velopment, winter pruning has the greatest impact on the 
grape yield and quality of the growing season due to its 
impact on bud fertility and nutrient reserves in grapevine 
(Qiu et al., 2019). Winter pruning refers to the removal 
of non-beneficial plant parts during the late dormant 
season, and retaining only selected buds for the next 
season’s fruiting. In some wine regions, such as France, 
the exact number of buds for each variety is outlined by 
the France’s Appellation d’Origine Contrôlée regulations 
(Gangjee, 2012). However, if to many buds are left at win-
ter pruning, the vine will produce many shoots leading to 
a dense canopy and opposite, if a few buds left, the shoots 
may grow too vigorously leading to low yield (Collins et 
al., 2020). In order to achieve the right balance between 
vegetative growth and grape production it is essential to 
determine an optimal crop load for each grapevine va-
riety (Pellegrino et al., 2014). Optimal crop load varies 
from one variety to another, depending mainly on vari-
ety itself, vineyard location, soil type, climatic conditions, 
etc. (Raj Kumar et al., 2017). Crop loads also impacts 
chemical grape composition and thus the wine quality. 
From an economic point of view, grape growers must 
find the correct balance between quantity, fruit quality 
and long-term vine health when determining appropri-
ate crop levels on their vines (Čuš, 2004; Schamel and 
Schubert, 2016). Accordingly, permanent necessity for 
achieving optimal crop loads is always present, especially 
in regions where the connections among pruning prac-
tices and grape production are poorly understood. 

Lenz-Moser bilateral cordon is the most commonly 
used vine training system for ‘Merlot’ and ‘Vranac’ (Vitis 
vinifera L.) in Trebinje region in Bosnia and Herzego-
vina. Crop load levels commonly used within this train-
ing system in Trebinje region are 9 and 12 buds per vine. 
The effect of crop load treatments on yield of ‘Merlot’ and 
‘Vranac’ has been extensively investigated. Bogičević et 
al. (2015) examined the effect of early leaf removal and 
cluster thinning treatments on berry growth and grape 
composition of Vranac variety. Results showed that early 
leaf removal followed by cluster thinning resulted in a 
lower berry mass and number of berries per cluster, and 
thus a lower yield. Peppi et al. (2017) noted that an ad-
justment in mechanical pruning with regard to cutting 
height is a feasible alternative to obtain regular and sus-
tainable yields in ‘Merlot’ with considerably lower labour 

inputs in the vineyard. On the other hand, the effect of 
crop load treatments on the content of bioactive com-
pounds such as total phenolics and flavonoids in berries 
of Merlot and Vranac varieties has been less studied. 

Therefore, this study is primarily intended to evalu-
ate the impact of crop load on total phenolics, total flavo-
noids and total antioxidant capacity of grapevine varie-
ties Merlot and Vranac in Trebinje vineyard. The study 
also included the measurements of the following grape 
quality parameters: total soluble solids, titratable acid-
ity as well as yield. The hypotheses tested were: (1) lower 
crop load can effectively increase total phenolic and fla-
vonoid contents and total antioxidant capacity in berries 
of Merlot and Vranac varieties as compared to higher 
crop load; (2) total soluble solids, titratable acidity as well 
as yield in both varieties Merlot and Vranac will differ de-
pending on the crop loads. Understanding the relation-
ship between the crop loads and the grape production in 
‘Merlot’ and ‘Vranac’ can provide valuable information 
for management decisions that need to be made in the 
vineyard.

2 MATERIALS AND METHODS

2.1 EXPERIMENTAL SITE AND PLANT MATE-
RIAL

This study was conducted during 2018 at a com-
mercial vineyard planted with ‘Merlot’ and ‘Vranac’ 
vines grafted onto Richter 110 rootstock. The vineyard 
was located in a village Zagradinje (42°38′N 18°14′E), 10 
kilometers away from Trebinje (Herzegovina region), in 
a zone of altered Mediterranean climate. In contrast to 
the narrow coastal area, Trebinje region is characterized 
by warmer and drier summers, while winters are more 
humid. According to Köppen and Geiger, climate in Tre-
binje region is classified as Csa (hot-summer Mediterra-
nean climate). The average annual temperature in stud-
ied area is 14.2 °C, and the precipitations average is 1,338 
mm. The rain in Trebinje falls mostly in the winter, with 
relatively little rain in the summer.

Vineyard was planted in 2008 on a sandy-loam soil, 
with planting distance of 2.5 m between rows and 1.0 m 
between vines in the row. Training system at both  Merlot 
and Vranac was a Lenz-Moser bilateral cordon system. 
The crop load treatments applied at the study were as fol-
lows: (V1) - 9 buds/vine (spurs with 2-3 buds; 3 spurs/
cordon) and (V2) - 12 buds/vine (spurs with 2-3 buds; 
5 spurs/cordon). Each crop load treatment consisted of 
4 plots located in two different rows (12 vines each; 48 
vines per treatment) with one guard row between treat-
ments. Crop loads used in this study are the most preva-
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lent for Merlot and Vranac in Trebinje vineyards and are 
therefore selected for this study. 

Vranac is an autochthonous grapevine variety of 
Montenegro. The clusters are medium in size (cluster 
mass is in the range of 180 to 220 g) and are well filled 
with large, thin-skinned berries. The wine of this variety 
has a pleasant taste, velvety sweetness and intensive dark 
red colour (Šuković et al., 2020). Merlot is a red grape-
vine variety from Bordeaux, France. It produces medium 
to large clusters (cluster mass is in the range of 220 to 300 
g) with berries medium large in size and round with blue 
colour. The Merlot wine is velvety-red, fruity and pleas-
ant taste and very refreshing (Renouf et al., 2010). 

2.2 GRAPE YIELD AND QUALITY ANALYSIS

Grape yield was weighted at harvest and expressed 
as kg per vine. Total soluble solids (TSS) were meas-
ured using an Atago PAL-1 digital refractometer and 
expressed in degrees Brix (ISO, 2003). Titratable acid-
ity (TA) was measured by titrating 10 ml of grape juice 
with 0.1 mol l-1 NaOH, using phenolphthalein as indica-
tor (AOAC, 2000) and expressed as grams of tartaric acid 
per litre of grape juice (g l-1). 

2.2.1 Extraction of phenolics from grape berries

The extraction of phenolic compounds from the ful-
ly ripened and matured grape berries was performed us-
ing a 30 % aqueous ethanol solution (Canals et al., 2005). 
Before extraction, a fresh grape berries were oven dried 
at 50 °C until constant mass, ground and then sieved to 
pass a 2-mm sieve. The average moisture content was 77.8 
% for Vranac and 79.0 % for Merlot. Detailed extraction 
procedures were as follows: 1 g of air-dried grape sam-
ple was placed into 100 ml Erlenmeyer flask and mixed 
with 40 ml 30 % aqueous ethanol solution. The flask was 
heated in a water bath at 35-37 °C for 1 h. After heating, 
the flask was cool down to room temperature, and then 
the mixture was filtered through filter paper into 50 ml 
flask and diluted to the mark with 30 % aqueous etha-
nol solution. The extract thus obtained was used for the 
analysis of total phenolic content, total flavonoid content 
and total antioxidant capacity.

2.2.2 Total phenolic content

The total phenolic content (TPC) of the extract 
was measured by the Folin-Ciocalteu assay (Ough and 
Amerine, 1988) with slight modifications. The test sam-

ple (0.25 ml of extract) was mixed into 25 ml flask with 
15 ml of distilled water and 1.25 ml of Folin Ciocalteu 
reagent (diluted by distilled water in the ratio 1:2). After 
5 min, 3.75 ml of saturated sodium carbonate solution 
(8 % w/v in water) was added. The flask was filled to the 
mark with a 30 % aqueous ethanol solution and heated 
in a water bath at 50 °C for 30 min. After heating, the 
flask was cool down to room temperature, and the ab-
sorbance of blue colour was measured using a UV Spec-
trophotometer (Amersham, Ultrospec 2100 pro) at 765 
nm. TPC was calculated from a standard curve of gallic 
acid (5 - 500 mg l-1) and the results were expressed as mg 
of gallic acid equivalent per 100 g fresh mass (mg GAE 
100 g-1 FM).

2.2.3 Total flavonoid content

The total flavonoid content (TFC) of the extract was 
measured by the aluminium chloride colorimetric assay 
(Zhishen et al., 1999). The test sample (1 ml of extract) 
was mixed into 10 ml flask with 4 ml of distilled water 
and 0.3 ml 5 % NaNO2. After 5 min, 0.3 ml 10 % AlCl3 
was added. The flask was incubated at room temperature 
for 6 min, and thereafter 2 ml of 1 mol l-1 NaOH was 
added. The flask was filled to the mark with distilled wa-
ter and after 15 min the absorbance of red colour was 
measured at 510 nm. TFC was calculated from a stand-
ard curve of catechin (0-100 mg l-1) and the results were 
expressed as mg of catechin equivalent per 100 g of fresh 
mass (mg CE 100 g-1 FM). 

2.2.4 Total antioxidant capacity

The total antioxidant capacity (TAC) of the extract 
was determined by ferric reducing antioxidant power 
(FRAP) assay (Benzie and Strain, 1996). The test sam-
ple (80 μl of extract), 240 μl of distilled water, and 2080 
μl of FRAP reagent (reagent was obtained by mixing 
0.3 mol l-1 acetate buffer (pH = 3.6), 10 mmol l-1 TPTZ 
(2,4,6-tripyridyl-s-triazine) and 20 mmol l-1 FeCl3 x 6 
H2O in ratio 10 : 1 : 1) were added into 10 ml Erlenmeyer 
flask and heated in a water bath at 37 °C for 5 min. After 
heating, the flask was cool down to room temperature, 
and the absorbance of blue colour was measured at 595 
nm. TAC was calculated from a standard curve of FeSO4 
x 7H2O (0 - 2 mmol l-1) and the results were expressed as 
mmol Fe2+ per 100 g fresh mass (mmol Fe2+ 100 g-1 FM).
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2.3 STATISTICAL ANALYSIS

All the chemical measurements of TPC, TFC and 
TAC were conducted in triplicates and the results were 
expressed as the mean ± standard deviation. Experimen-
tal data were subjected to analysis of variance (ANOVA) 
using Microsoft Excel 2013 statistical program. In order 
to interpret the relationships between total TPC / TFC 
and TAC, Pearson’s correlation coefficient analysis were 
conducted using the Microsoft Excel 2013 software.

3 RESULTS AND DISCUSSION

The results of the analysis of yield and grape quality 
parameters of ‘Merlot’ and ‘Vranac’, depending on crop 
load treatments are presented in Table 1 and Table 2, re-
spectively.

The results of this study showed that the yield of the 
Vranac variety in the crop load treatment with nine buds/
vine was significantly lower compared with the higher 
crop load treatment (twelve buds/vine). This result is 
expected, since the lower crop load reduces the number 
of fruitful buds and consequently the number of grape 
clusters per vine, and thus the yield (Rubio and Yuste, 
2002). Interestingly, this hypothesis for the ‘Merlot’ has 
not been confirmed in this study. The probably reason 
for that is less sensitivity of the ‘Merlot’ to differences in 
the number of buds in relation to the ‘Vranac’. Contra-
rily, a higher crop load levels allows the vine to produce 
many grape clusters, which often results in a higher yield 
(Aipperspach et al., 2020). However, if to many buds left, 
then vine may produce many shoots that are outwardly 

observable as a large, leafy canopy leading to poor fruit 
quality and a weakening of the vine (Keller, 2010). Ac-
cordingly, achieving optimal crop load for each variety is 
essential for vine growth and development and thus for 
grape production. 

In this study, there was no observed change in the 
quality of the grapes in the both varieties: Merlot and 
Vranac, regarding to the crop loads. These results are 
inconsistent with most other studies (Petri and Clingel-
effer, 2006; Reynolds et al., 2007; Brighenti et al., 2017; 
Drenjančević et al., 2017). Khamis et al. (2017) noted 
the grape quality parameters have inverse correlation 
with the number of buds per vine, that is, the lower crop 
loads increase the total soluble solids and phenolic con-
tent. Positive correlation between lower crop load levels 
and total soluble solids or phenolic contents in grape 
has been reported in many other studies (Peña-Neira 
et al., 2007; Gil-Muñoz et al., 2009; Bubola et al., 2011). 
However, some of the studies failed to find an associa-
tion between crop removal treatment and some of the 
above-mentioned grape quality parameters (Karoglan et 
al., 2014; Mawdsley et al., 2018). In our study, there is no 
evidence that lower crop load level increases total soluble 
solids, total phenolics and total flavonoids in grape ber-
ries. Unfortunately, the drawback of the present study is 
that only two crop load levels were used in the experi-
ment and it is very difficult to draw conclusions from. 
Our hypothesis was that lower crop load level (9 buds/
vine) would significantly increase total soluble solids, to-
tal phenolics and total flavonoids in grape berries of both 
cultivars as compared to higher crop load level (12 buds/
vine), however, the study results did not confirm it.

The results of the present study have also shown 

Crop load  
treatments

Yield (kg per 
vine) TSS (˚Brix) TA (mg l-1)

TPC (mg GAE 
100 g-1 FM)

TFC (mg CE 100 
g-1 FM)

TAC (mmol Fe2+ 
100 g-1 FM)

9 buds/vine 3.32 ± 0.51 20.83 ± 0.8 7.14 ± 0.06 147.4 ± 9.1 80.7 ± 7.3 2.10 ± 0.21
12 buds/vine 3.57 ± 0.76 21.30 ± 1.2 7.16 ± 0.04 154.2 ± 9.7 84.3 ± 5.1 2.27 ± 0.37

Table 1: Yield, total soluble solids (TSS), titratable acidity (TA), total phenolic content (TPC), total flavonoid content (TFC) and total 
antioxidant capacity (TAC) of ‘Merlot’

Values expressed as an average ± standard deviation

Crop load  
treatments

Yield (kg per 
vine) TSS (˚Brix) TA (mg l-1)

TPC (mg GAE 
100 g-1 FM)

TFC (mg CE 100 
g-1 FM)

TAC (mmol Fe2+ 
100 g-1 FM)

9 buds/vine 3.32 ± 0.44b 22.13 ± 1.1 7.07 ± 0.11 166.8 ± 14.1 75.3 ± 6.3 2.26 ± 0.33
12 buds/vine 4.18 ± 0.53a 21.80 ± 0.9 7.16 ± 0.14 154.1 ± 19.6 74.3 ±8.1 2.08 ± 0.29

Table 2: Yield, total soluble solids (TSS), titratable acidity (TA), total phenolic content (TPC), total flavonoid content and total an-
tioxidant capacity (TAC) of ‘Vranac’

Values expressed as an average ± standard deviation.
Different letters in each column represent significant difference among variants
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crop load treatments should be done to confirm the con-
clusions of this study. 
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