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Abstract       The research was carried out in the vineyards from the Minis-
Maderat Vineyard, during 2018 growing season, on four wine grape varieties 
(Feteasca Neagra, Cabernet Sauvignon, Pinot noir and Merlot) with different 
growing rate and variable requirements for shoot thinning and summer pruning. 
Summer pruning is expensive but a critical aspect in the vineyard management, 
because is mainly done by handy labour; fortunately lately, for economical 
vineyard management manual and mechanical pruning can be used. The raising 
of manual labour cost and less availability of workers, guided the winegrowers to 
choose mechanical pruning. The main objective of the research is to quantify 
the impact of mechanical pruning on grape production, quality, and economic 
efficiency in the vineyards, compared to the manual pruning. The experimental 
plots were: V1 – control (without summer pruning); V2 - mechanical pruning; V3 - 
shoot thinning; V4 - shoot +suckers thinning; V5 – shoots + suckers thinning + 
pinching back shoot tips. The experimental plot with mechanical pruning 
provided a viable option when there is no manual labour, because costs were 
lower, time for fieldworks was shorter, pruning was correlated with the 
phenological stages, and no negative influence on grape quality components 
was found. The experimental plot with the best results in all four wine grape 
varieties was V5 (shoots + suckers thinning +pinching back shoots tips) which 
had the highest costs and manual labour during growing season. Manual labour 
is and will remain an alternative for wine grape varieties destined for high-quality 
wines, for which the highest selling price justifies the additional production costs.   
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The vineyard management primary interest 

is to reach the maximum yield and profit at the highest 
berry grape quality [6]. The summer pruning and  
involves the performing of several thinning treatments 
to allow sunlight reach the microclimate of the grape 
bunch without the risk of sunburn, and to better control 
of pests and diseases [3]. During winter pruning up to 
90% from the previous seasons wood growth is 
selectively removed in order to prepare the vines for a 
new growing season [2]. Pruning and training 
contributes to “build” the perfect location for bunch 
development and balanced canopy [1].  Pruning starts 
early in the spring, then continue over the summer until 
few days before harvest [8]. The main goal of pruning 
is to keep the grapevine free from diseases, to help the 
vine bush keep the same shape year after year and to 
ensure high quality grape yield by removing the excess 
and unproductive growth from the canopy [23]. The 
main goal of pruning is to keep the grapevine free from 
diseases, to help the vine bush keep the same shape 
year after year and to ensure high quality grape yield 
by removing the excess and unproductive growth from 

the canopy [22]. Too early pruning can decrease the 
nutrients transfer from soil to the vines, while pruning 
too late, can delay the bud-break which can 
compromise the growing season [5]. During summer, 
leaves from shoots and are removed, two or three times 
over two weeks, to contribute at better ripening and 
berry colour, but in the same time to avoid the risk of 
berry grape sunburn [12].  

Generally, pruning is difficult to manage and 
expensive [13]. In vineyards there is a high labour 
demand but there are few people willing to work and 
with good skills [24].  Workforce shortages, less 
interest of young people to work in the farm or higher 
costs pushed the growers to incorporate modern 
machines and equipments in their vineyards for 
pruning, shoots, leaves and bunch thinning, and 
mechanical harvest [9]. Mechanized pruning have 
positive influence and contribute to the increase in 
some extent cluster weight [11] bud load and shoot 
fruitfulness [16]. In the future, mechanization will be 
an alternative for vineyards management. However, 
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modern equipments will need skilled technicians over 
long-term [14]. 

The objective of the study was to observe and 
analyze the impact of mechanical summer pruning and 
on grape yield quality and production - but also the 
profit - relative to manual labour, in three well-known 
wine grape varieties, namely Merlot, Cabernet 
Sauvignon, and Pinot Noir, and one native pure variety 
– Feteasca Neagra. 

 
Material and Method 
 

The research was carried out in the Minis-
Maderat Vineyard, during 2018 growing season. The 
vigour of the fourth wine grape varieties (Merlot, 
Cabernet Sauvignon, and Pinot Noir, and one native 
pure variety – Feteasca Neagra) involved in the 
research is different which request pruning according 
to their natural development and growth every year. 
The experimental plots were randomized organized, 
with 3 repetitions, as follows: V1 – control (without 
summer pruning); V2 - mechanical pruning; V3 - shoot 
thinning; V4 - shoot + suckers thinning; V5 – shoots + 
suckers thinning + pinching back shoot tips. 
Observations and analysis were focused on the 
influence of summer pruning on canopy development, 

shoots growth, and one-year-old canes, on grape 
quality and production, on buds viability and profit.  

The thinned shoots and one year-old-canes 
were measured with the tape.  After pruning the viable 
and frost damaged buds was assessed. For quality 
analysis, berry samples were collected at harvest from 
every experimental plot separately; bags were labelled 
and transported to laboratory then preserved one day in 
refrigerator until the chemical analysis were done. The 
sugar from berry juice was measured with MISCO 
VINO2 Palm Abbe Digital Handheld Refractometer. 
Total titratable acidity measurement was made by 
Hanna Acidity titrator (MT682) (HI84502U-01). Data 
were process for the variance (ANOVA) analysis with 
GraphPadPrism, Version 7.04. (GraphPad Software, 
Inc. San Diego, CA 92108). The significance level was 
α = 0.05. 
 
Results and Discussions 
 

The one-year-old canes are very important for 
low temperature during dormant season [20]; cold 
hardness is correlated with one-year-old wood in most 
grape varieties included in very vigorous ones and late 
wood maturation [10]. 

 
Table 1 

The influence of summer pruning on shoots and one year-old cane 
Experimental plot Variety Shoots and one 

year old cane 
m/ vine 

One year old cane Difference to 
control 

 (% from total) 

Significance 
m/vine % from 

total 
V1  

Control (without summer 
pruning + ) 

Feteasca neagra 33.6 19.5 58.3 - - 
Merlot 25.6 14.3 56.1 - - 
Cabernet Sauvignon 29.7 18.8 63.4 - - 
Pinot noir 19.2 13.1 68.3 - - 

V2  
Mechanical pruning   

Feteasca neagra 18.5 14.8 80.3 22 *** 
Merlot 15.2 11.5 76.3 20.2 *** 
Cabernet Sauvignon 17.7 14.5 82.4 19 *** 
Pinot noir 12.1 10.1 84.4 16.1 *** 

V3 

Shoot thinning 
Feteasca neagra 28.5 17.8 62.8 4.5 - 
Merlot 21.2 12.4 58.9 2.8 - 
Cabernet Sauvignon 26.7 17.6 66.4 3 - 
Pinot noir 17 12.8 75.8 7.5 * 

V4 

Shoots  + Suckers thinning  
Feteasca neagra 26.2 18.7 71.6 13.3 ** 
Merlot 19.6 13.5 69.3 13.2 ** 
Cabernet Sauvignon 23.8 17.2 73.5 10.1 * 
Pinot noir 16.3 13.2 81.2 12.9 ** 

V5 

Shoots +suckers thinning  + 
Pinching back shoot tips 

Feteasca neagra 23.7 20.1 84.2 25.9 *** 
Merlot 17.8 14.4 80.5 24.4 *** 
Cabernet Sauvignon 20.4 17.7 87.4 24 *** 
Pinot noir 14.2 13.1 91.3 23 *** 

 
Feteasca neagra                

 
DF 

5%  7.6         1%    12.3       0.1% 18.9 
Cabernet Sauvignon        5%  7.1         1%    12.1       0.1% 17.8 
Merlot    5%   5.1         1%    9.9       0.1% 14.9 
Pinot noir                        5%   3.9         1%     8.1        0.1%  12.9 
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In addition to many other factors, summer 
pruning have a great influence on the total shoots and 
one-year-old wood growths (Table 1). In the Feteasca 
neagra variety, which is very vigorous, summer 
pruning is mandatory in order to maintain a balanced 
canopy in normal limits favourable for grape bunch 
development and maturation and also for one year old 
ripening. Due to the high vigour and large canopy, 
Feteasca Neagra needs a lot of costs and labour, 
therefore mechanical pruning showed the highest 
impact on the one year old wood maturation. 

Mechanical pruning contributed to 
increasing the one-year-old canes well-ripening in 
Cabernet Sauvignon and Merlot, but in Pinot Noir – 
less vigorous variety – were not found significant 
changes between experimental plots. 

Shoot thinning (V3) increase the one-year-
old cane ripening rate only for Pinot Noir variety, 
while in the more vigorous varieties, with longer 
shoots, results were not significant, and do not justify 
the labour and the cost. 

Excepting Cabernet Sauvignon, shoots and 
suckers thinning (V4) showed significant more one-

year-old wood well ripened related to control; the 
advantage of cold hardiness wood compensates the 
additional costs. 

With the highest labour cost, summer 
pruning in V5 plot (shoots and suckers thinning, 
pinching back shoot tips) maximized the rate of 
maturated one-year-old wood for all varieties. 

However, very significant more maturated 
one-year-old wood compared to the control plot, is not 
particularly different from the mechanical pruning 
performed in the V2 plot. If there is enough workforce, 
the complete manual pruning (V5) is more suitable for 
the development of highest amount of cold-hardiness 
one-year-old wood. For varieties with late one-year-old 
wood late ripening, manual summer pruning is more 
appropriate. 

Climate change and variability from last 
years have influenced the buds viability (Table 2) even 
in grape varieties with higher cold-hardiness [19].The 
risk of buds injury by winter or spring late frost 
increases in parallel with grape yield and is higher in 
late ripening varieties [16,17]; Merlot was the most 
sensitive to late frost buds damage.  

 
Table 2 

Summer pruning and influence on buds viability 
Experimental plots Variety Buds viability 

(%) 
Buds cold damaged 

(%) 
Difference to control 

(buds damaged) 
Significance 

V1  
Control (without summer 

pruning) 

Feteasca neagra 63.2 36.8 - - 
Merlot 51.4 48.6 - - 
Cabernet Sauvignon 64.7 35.3 - - 
Pinot noir 72.1 27.9 - - 

V2  
Mechanical pruning  

Feteasca neagra 83.9 16.1 20.7 ** 
Merlot 79.1 20.9 27.7 ** 
Cabernet Sauvignon 85.8 14.2 21.1 ** 
Pinot noir 88.2 11.8 16.1 ** 

V3 

Shoot thinning 
Feteasca neagra 72 28 8.8 - 
Merlot 63.4 36.2 12.6 * 
Cabernet Sauvignon 71.9 28.1 7.2 - 
Pinot noir 82.1 17.9 9.2 * 

V4 

Shoots  + Suckers thinning 
Feteasca neagra 76.1 23.9 12.9 * 
Merlot 72 28 20.6 ** 
Cabernet Sauvignon 78.1 21.9 13.4 * 
Pinot noir 87 13 14.9 ** 

V5 

Shoots +suckers thinning  
+  

Pinching back shoot tips 

Feteasca neagra 91.2 8.8 28 ** 
Merlot 86.9 13.1 33.7 ** 
Cabernet Sauvignon 92 8 27.3 ** 
Pinot noir 93.9 6.1 21.8 ** 

 
Feteasca neagra                

 
DF 

5%  10.3           1%   18.1          0.1%   33.2 
Cabernet Sauvignon        5%   9.2            1%    16.9          0.1%   31.1 
Merlot    5%   10.9           1%   18.8          0.1%   33.9 
Pinot noir                        5%     7.1           1%    12.2          0.1%   23.4 

 
In experimental plots without summer 

pruning, the buds rate damaged by frost was very 
significant and was recovered by winter pruning. The 
only variety with fewer buds harmless was Pinot Noir, 

which is an early-ripening variety, less vigorous and 
higher resistant to frost. Feteasca neagra and Cabernet 
Sauvignon varieties, although they are considered 
frost-resistant varieties, without summer pruning have 
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registered significant rates of damaged buds. By far, 
the Merlot variety had the highest number of damaged 
buds in the plots without summer pruning. 

Mechanical pruning (V2) decreases the 
number of buds damaged by frost in all grape varieties. 
The most significant result was found in the Merlot 
variety, which is the more sensitive to frost. 
Mechanical pruning was also favourable for Cabernet 
Sauvignon and Feteasca neagra varieties, which, 
although are not sensitive to frost, due to very vigorous 
growths, require a canopy balance to avoid shading and 
increase the winter hardiness. 

Only the shoots thinning experimental plots 
did not register significant results compared to control 
plot, in no grape variety. 

Shoot and suckers thinning plots (V3) 
recorded significant lower damaged buds compared to 
the control plot, but higher rate compared to the 
mechanical pruning plot. Shoots and suckers thinning 
is an alternative for less vigorous varieties (Pinot Noir) 
or for frost-sensitive varieties (Merlot), when financial 
possibilities are limited or mechanical pruning is not 
afforded. All grape varieties registered significant 
lower rate of buds damaged by frost related to control 
plot when all summer pruning was manually done (V5). 

Winter and summer pruning, along with soil 
tillage and nutrition, influenced the grape yield and 
production, which are essential for vineyard profit [7].  

Table 3 
Summer pruning influence on Feteasca neagra grape yield and production  
Experimental plot Grape Yield/Production Difference 

to control  
(kg/ha) 

Significance 
(kg/vine) (kg/ha) (%) 

V1 - Control (without summer pruning) 1.69 7681 100 - - 
V2 - Mechanical pruning   2.26 10272 134 2591 *** 
V3  - Shoots thinning 1.85 8408 109 727 * 
V4  - Shoots  + suckers thinning 2.1 9544 124 1863 ** 
V5  - Shoots +suckers thinning + Pinching back shoot tips 2.6 11817 154 4134 *** 

 
DF 5%   592.3         1%   1093.7          0.1%     2079.7 

   
Feteasca neagra had by the far the most 

significant positive reaction to summer pruning; large 
canopy increased the self-shading with negative 
consequences on the physiological and biological 
parameters of the variety, including on the level of 
grape production. Therefore, Feteasca Neagra variety 
needs summer pruning for high grape yield and quality. 
Shoots thinning (V3) showed higher yield than control 

plot, but are not enough for high-profit and high-
quality grapes. Very significant grape yield was 
recorded in Feteasca Neagra variety when mechanical 
summer pruning were applied; grape yield was very 
significant higher related to control plot (Table 3). 
However, the higher grape yield and quality were 
recorded when all summer pruning were manually 
applied (V5). 

 
Table 4 

Summer pruning influence on Cabernet Sauvignon grape yield and production 
Experimental plot Grape Yield/Production Difference 

to control 
(kg/ha) 

Significance 
(kg/vine) (kg/ha) (%) 

V1 - Control (without summer pruning ) 1.88 8545 100 - - 
V2 - Mechanical pruning  2.3 10453 122 1908 ** 
V3  - Shoots thinning 1.89 8590 101 45 - 
V4  - Shoots  + Suckers thinning 2.12 9635 113 1090 * 
V5  - Shoots +suckers thinning + Pinching back shoot tips 2.6 11817 138 3272 *** 

 
DF 5%   572.6          1%   1164.2           0.1%   2104.9 

 
Cabernet Sauvignon variety also registered 

higher grape yield when mechanical pruning was 
applied. Shoots and suckers thinning also contributed 
to the grape yield increased (Table 4). 

In Merlot, like in all other varieties, summer 
pruning provides crop load balance which influences 

after all, the grape yield and quality, but also the one-
year-old wood ripening and finally the winter hardiness 
(Table 5). Shoots and suckers thinning, followed by 
pinching back shoot tips (V5) provide the higher grape 
yield for Merlot variety like in the others varieties.   

 



 84 

Table 5 
Summer pruning influence on Merlot grape yield and production 

Experimental plot Grape Yield/Production Difference 
to control 
(kg/ha) 

Significance 
(kg/vine) (kg/ha) (%) 

V1 - Control (without summer pruning ) 1.62 7362 100 - - 
V2 - Mechanical pruning  2.1 9544 130 2182 *** 
V3  - Shoots thinning 1.8 8181 111 819 * 
V4  - Shoots  + suckers thinning 2.2 9999 136 2637 *** 
V5  - Shoots +suckers thinning + Pinching back shoot tips 2.3 10453 142 3091 *** 

 
DF 5%   575.1          1%   1125.3          0.1%   2123.9 

 
Although the Pinot noir variety shows 

moderate seasonal growth, summer pruning manual or 
mechanical contributed to achieve higher grape yields; 

however differences to control were less significant 
related to the other varieties (Table 6). 

Table 6 
Summer pruning influence on Pinot Noir grape yield and production 

Experimental plot Grape Yield/Production Difference 
to control 

(kg/ha) 

Significance 
(kg/vine) (kg/ha) (%) 

V1 - Control (without summer pruning) 1.6 7272 100 - - 
V2 - Mechanical pruning  1.7 7726 106 454 * 
V3  - Shoot thinning 1.63 7408 102 136 - 
V4  - Shoots  + suckers thinning 1.85 8408 116 1136 ** 
V5  - Shoots +suckers thinning + Pinching back shoot tips 1.9 8635 119 1363 ** 

            
DF 5%  449.3          1%   929.6          0.1%   1715.9 

 
In wine grape varieties, beside yield, much 

more important is berry composition, which decisively 
influences the wine quality. The sugar accumulation is 
directly influenced by the photosynthetic rate of every 

variety. The leaves photosynthetic activity can be 
balanced with summer pruning either manual or 
mechanical, for better bunch exposure to sunlight and  
to avoid self-shading [4]. 

 
Table 7 

Summer pruning influence on Feteasca Neagra grape berry quality 
Experimental plot Sugars  

(g/l) 
Titratable acidity 

 (g/l H2SO4) 
Difference to 

control 
(Sugars g/l) 

Significance 

V1 - Control (without summer pruning) 196 5.5 - - 
V2 - Mechanical pruning  217 5.3 21 ** 
V3  - Shoots thinning 201 5.4 5 - 
V4  - Shoots  + suckers thinning 219 5.2 23 ** 
V5  - Shoots +suckers thinning + Pinching back shoot tips 225 5.1 29 *** 

 
DF 5%  8.92          1%   18.71          0.1%   27.32 

Table 8 
Summer pruning influence on Cabernet Sauvignon grape berry quality 

Experimental plot Sugars  
(g/l) 

Titratable acidity 
 (g/l H2SO4) 

Difference to 
control 

(Sugars g/l) 

Significance 

V1 - Control (without summer pruning) 192 5.7 - - 
V2 - Mechanical pruning  203 5.5 11 * 
V3  - Shoots thinning 197 5.6 5 - 
V4  - Shoots  + suckers thinning 208 5.3 16 * 
V5  - Shoots +suckers thinning + Pinching back shoot tips 218 5.2 26 ** 

  
DF 5%  7.93          1%   16.82          0.1%   26.92 



 85

Summer pruning of the large canopy of 
Feteasca neagra variety was necessary for increasing 
sunlight onto the grape bunch and air movements 
around leaves and fruits, to space out the bunches and 
shoots and to decrease the potential attacks of diseases 
[21]. Although mechanical pruning proved to be more 
favourable for sugars accumulation the manual pruning 
(V5) which however, suppose the major labour costs 
(Table 7). 

In Cabernet Sauvignon variety, the summer 
pruning treatments from experimental plots had 
influenced the sugars accumulation similar to Feteasca 
Neagra variety (Table 8).  

The higher sugars amounts reached in 
Cabernet Sauvignon berry juice are mainly due to the 
late ripening. In both varieties, the significant higher 
sugar amounts were recorded when shoots thinning 
(V3) was performed during pre-veraison. 

Leão et al. (2016) [15] reported in Syrah 
variety from Brazil that sugars and berry weight were 
not influenced by summer pruning, but the titratable 
acidity was affected by the shoots thinning and leaf 
removal. However, Mota et al. (2010) [18] found that 
shoot trimming in Cabernet Sauvignon and merlot 
varieties had impact on grape berry composition and 
yield.  

 
Table 9 

Summer pruning influence on Merlot grape berry quality 
Experimental plot Sugars  

(g/l) 
Titratable acidity 

 (g/l H2SO4) 
Difference to 

control 
(Sugars g/l) 

Significance 

V1 - Control (without summer pruning + ) 194 5.1 - - 
V2 - Mechanical pruning  207 4.4 13 * 
V3  - Shoot thinning 205 4.2 11 * 
V4  - Shoots  + suckers thinning 208 4.4 14 * 
V5  - Shoots +suckers thinning + Pinching back shoot tips 213 4.5 19 ** 
                 

DF 5%  8.09          1%   16.12         0.1%     24.81 
              

Table 10 
Summer pruning influence on Pinot Noir grape berry quality 

Experimental plot Sugars  
(g/l) 

Titratable acidity 
 (g/l H2SO4) 

Difference to 
control 

(Sugars g/l) 

Significance 

V1 - Control (without summer pruning + ) 198 4.8 - - 
V2 - Mechanical pruning  203 4.5 5 - 
V3  - Shoot thinning 199 4.6 1 - 
V4  - Shoots  + suckers thinning 209 4.4 11 * 
V5  - Shoots +suckers thinning + Pinching back shoot tips 217 4.3 19 ** 
                        

DF 5%  9.13          1%   17.32          0.1%   25.91 
 

In the Merlot variety, the differences in 
accumulated sugars compared to the control, although 
in lower amounts, were significant in all experimental 
plots (Table 9); the shoot and suckers thinning 
followed by pinching back the shoot tips (V5) was the 
most favourable for sugars accumulation. 

Pinot Noir is early-ripening and sugars 
accumulation was influenced in a lesser extent by 
summer pruning (Table 10); however were registered 
significant higher amounts related to the control when 

shoots and suckers thinning or pinching back shots tips 
(V4 and V5) were done correlated with the canopy 
development. 

Summer pruning supposed supplementary 
costs (sometimes more than 1600/ha), especially for 
manual labour. The highest costs were registered in 
Feteasca Neagra experimental plots, followed by 
Cabernet and Merlot; the lowest costs were reported in 
Pinot Noir because the shoots removed had lower 
growth.   
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Table 11 
Summer pruning influence on vineyard profit 

Experimental plot Variety Additional costs  
 (lei/ha) 

Grape yield 
increase  
(kg/ha) 

Value for grape 
yield increase  

(lei/ha) 

Profit  
(lei/ha) 

V2  
Mechanical pruning   

Feteasca neagra 530 2364 5910 5380 
Merlot 490 1409 3522 3032 
Cabernet Sauvignon 520 1682 4205 3685 
Pinot noir 470 818 2045 1575 

V3 

Shoot thinning 
Feteasca neagra 740 445 1112 372 
Merlot 630 591 1477 847 
Cabernet Sauvignon 700 136 340 -360 
Pinot noir 560 364 910 350 

V4 

Shoots  + suckers thinning  
Feteasca neagra 1100 1546 3865 2765 
Merlot 870 1590 3975 3105 
Cabernet Sauvignon 950 909 2272 1322 
Pinot noir 820 1091 2727 1907 

V5 

Shoots +suckers thinning + 
Pinching back shoot tips 

Feteasca neagra 1600 3727 9317 7717 
Merlot 1400 2591 6477 5077 
Cabernet Sauvignon 1450 3090 7725 6275 
Pinot noir 1150 1409 3522 2372 

 
Supplementary costs are justified by the 

grape production increases, which can reach over 3500 
kg / ha in some varieties (Table 11). Excepting the 
shoot thinning (V3) without significant grape 
production increase in all other experimental plots, the 
profit for the additional grape production reached up to 
over 7700 lei/ha. 

The higher profit is correlated with the 
larger canopies; shoots thinning increase the grape 
production and quality due to the better microclimate 
provided for the grape bunch, and less treatments 
applied for diseases control. 

In Pinot Noir profit was lower compared to 
the control plot, with the highest value of 2 300 lei/ha. 
Mechanical pruning proved to be useful in vineyard 
management, especially for vigorous varieties, for 
which profit up to 5380 lei/ha was registered. 
 
Conclusions 
 

Nowadays, workforce for summer pruning is 
increasingly unavailable; therefore, mechanical pruning 
and trimming become extremely necessary. Mechanical 
pruning (V2) was useful and favourable for the grape 
yield parameters (one year old wood maturated, buds 
viability, grape production, sugars amounts, additional 
grape yield and profit). Mechanical pruning is more 
efficient in vigorous varieties. Shoot thinning (V3) 
with less manual labour, registered higher values 
related to control for all grape yield parameters, but 
lower performance compared to V4 and V5 
experimental plots. Shoots tinning is suitable to use in 
lower vigour varieties like Pinot Noir. Shoots and 
suckers thinning to which is added the pinching back 
shoot tips (V5) involved the highest costs and 
workforce and remains the best choice for vineyards 
destined to superior and high quality wines. Summer 

pruning which involved a lot of workforce provide the 
best grape yield and quality, but the higher costs direct 
the vineyard managers to mechanical pruning which is 
more profitable. Mechanical pruning, besides the 
advantages mentioned above, shorten the time for 
trimming during unfavourable weather many rainy 
days, when time for manual labour is too short. 
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