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Abstract

The research was carried out in Minis-Maderat vineyards, on 6 Key words

hectare area, cultivated with wine grape varieties with different vigour like:

Cabernet Sauvignon, Feteasca regala and Pinot noir. The necessary time- wine varieties, mechanical
consuming for carrying out the work activities was followed due to the climatic pruning, manual labour,
variability that requires the decrease of the time available for carrying out the berry quality

frameworks at the optimal time, as well as the comparative cost of soil

maintenance and pruning works in order to evaluate the economic efficiency.

By mechanical pruning, the time required for this activity was greatly

decreased from 35-40 labour day/ ha to 2.2-1.4 labour day/ ha. Due to the

climate variability during pruning, is difficult to find manual labour which is

very expensive after all, costs that many vineyard managers can’t afford.

However, manual pruning still provides the highest yields and the highest

production increases when there is an available manual labour and financial

resources.

Growing technologies must be applied differently
depending on the cultivated grape variety, the
ecological conditions of each wine-growing area, the
climate from each year, but taking into account the
destination of production, budget availability and
management of each vineyard [1].

In the last decades, crop technologies must take into
account, in addition to the already known factors
(climate variability, increasing inputs, soil and grape
variety) a new issue, at least in Romania - lack of
manual labour and implicitly increasing labour costs
[25].

In the new socioeconomic circumstances, the only
possibility to increase the efficiency of cultivation
technologies is to use more mechanical pruning and
other modern equipment for vineyard management [2,
18].

Pruning represents the work activity with the greatest
impact on the annual maintenance expenses of the
vineyards, reason for which researchers are searching
for solutions to decrease the costs and time-consuming
for each works activity [15, 24]. Grapevine pruning has
been practiced since ancient times. It is believed that
the Greeks adopted pruning as a work activity to
increase production [23, 28].

They grow vines in low bush shape, maintained by
short annual pruning. Unlike the Greeks, the Romans
cultivated vines by using cordon training [12]. Some
long cordon training known as ,halangi’ was used in
grapevine growing by Geto-Dacians [25]. Pruning is a
complicated and challenging work activity, for which

are necessary a lot of theoretical knowledge and
practical skills [3]. Workers must be trained before on
the work activity technique, on the crop load for each
cane and each vine. The pruning method depends on
the vine training system and climate growing region [5,
16].

Within the same type of pruning, for the same variety,
fruiting pruning is performed differently from vine to
vine [4]. When work starts, the grape grower examines
the vine, appreciate the vigour according to the number
and length of one-year canes correlated with the
number of fruiting wood from the previous year [17,
19].

Because grapevine is a true vine, pruning is necessary
to balance the canopy, otherwise, left wild, duet o
polarity organs, the fruiting wood raise each year while
stripping at the base [20]. Over the years, the pruning
work has been continuously improved, innovative
technologies were adopted, new systems and types of
vine shape and architecture were found, all of which
increase the wine production [26, 27].

Material and Method

The research was carried out in a young vineyard
planted in 2014 by the Restructuring Conversion
Program, with interrow (2.4 m) and space between
vines (1 m) to allow mechanical pruning and other
work activities. Three grape wine varieties were
analysed for different growth vigour. The research was



located in Minis-Maderat Vineyards, on 6 hectare area,
in a randomized block design, with blocks of equal
size, for each grape variety involved in the research,
respectively, Cabernet Sauvignon, Feteasca regala and
Pinot noir. The development and vine varieties were
monitored according to pruning type applied in each
experimental plot. Each treatment was replicated three
times.

The main objectives of the research consisted in the
partial and total mechanical pruning, which involved a
large volume of work activity in order to replace the
hand labour shortage. The climate variability during
pruning activities requires the short time-consuming
for performing each activity in the optimal moment,
and the comparative cost of all work activities for
estimate the profit. Another objective was to analyse
the influence of pruning methods on wood maturation,
bud viability, grape production and quality.

Results and Discussions

Crop load is one of the work activities with the greatest
influence on grape yield. Pruning influences both the
current year yield of the next year’s yield by
influencing the bud fruitfulness [7, 29]. Pruning
influences both the current year's production and next
year's production through the influence it determines
on the differentiation of fruit buds [8, 26].

Pruning and crop load have to be in accordance with
the technological requirements of each variety, but
recently the availability of hand labour must be taken
into account and especially the necessity to finish
pruning before the weeping stage [33, 6]. Although
wine grape varieties generally resist well to normal
winter temperatures, lately, climate variability
associated with the attack of diseases and pests, cause
in some vineyards insufficient maturation of the wood
in some varieties [34].

Table 1
The influence of the pruning methods on the wood maturation in the Feteasca regala variety
Variant Total annual Annual wood growth Difference Significance
shoot growth | m/ vine % from total to control
(m/ vine) growth (% from total growth)
Vi Short manual pruning spur 27 40 2197 80.20 ) -
(Control)
V, Mixed manual rod pruning 25.00 21.71 86.50 6.40 ok
V; Pneumatic pruning shears 26.20 22.20 84.40 4.30 *
V,Mechanical pruning 29.90 23.49 78.30 -1.80 -
Vs Mechanical and hand pruning 27.90 22.37 79.90 -0.20 -

LSD5% =3.81; LSD1% = 6.17; LSDO0.1% = 9.82

Table 2
The influence of pruning methods on the wood maturation in the Cabernet Sauvignon variety
Variant Total Annual Annual wood growth Difference Significance
shoot growth | m/ vine % from total to control
(m/ vine) growth (% from total growth)

V; Short manual pruning spur 305 23.94 735 ) -
(Control)
V, Mixed manual rod pruning 28.3 23.60 83.4 4.9
V; Pneumatic pruning shears 29.2 23.94 82 3.5
V,Mechanical pruning 333 25.47 76.5 -2 -
Vs Mechanical and hand pruning 31.5 24.44 77.6 -0.9 -

All three varieties analyzed have good frost resistance

LSD5% =3.27; LSD1% = 5.81; LSD0.1% = 9.34

appropriate, because the growth

increased, with

and usually a good wood maturation. In all the
experimental variants, grape varieties achieved
satisfactory maturation of the wood, which did not
require the yield component compensation. In varieties
with high vigour, such as Cabernet sauvignon and
Feteasca regala, short pruning was not the most

negative influences on wood maturation (Table 1; 2).
The variant that registered the lowest rate of wood
maturation was in all cases the mechanical pruning
(Vy4), but the differences registered compared to the
control are not statistical significant (Table 3).



Table 3

The influence of pruning methods on the wood maturation in the Pinot Noir variety

Variant Total Annual Annual wood growth Difference Significance
shoot growth | m/ vine % from total to control
(m/ vine) growth (% from total growth)

V, Short manual pruning spur 16.70 15.33 91.80 - -
(Control)

V, Mixed manual rod pruning 15.60 14.41 92.40 0.60 -
V; Pneumatic pruning shears 16.20 14.92 92.10 0.30 -
V4 Mechanical pruning 19.00 17.02 89.60 -2.20 -
Vs Mechanical and hand pruning 17.50 15.79 90.20 -1.60 -

The varieties investigated don’t normally have high
rate of buds affected by frost, and pruning can be
performed normally. Mechanical pruning increased the

LSD5% =3.11; LSD1% = 5.27; LSDO0.1% = 8.89

rate of buds affected by frost, but doesn’t influence
negative the vineyard management (Table 4, 5).

Table 4
The influence of pruning methods on the buds fruitfulness, at the Feteasca regala variety
Variant Fruitful buds Buds damaged Difference to Significance
(%) by frost control
(%) (fruitful buds)
V| Short manual pruning spur (Control) 93 7 - -
V, Mixed manual rod pruning 97 3 4 -
V; Pneumatic pruning shears 95 5 2 -
V,Mechanical pruning 85 15 -8 0
V5 Mechanical and hand pruning 90 10 -3 -

LSD5% = 6.08; LSD1% = 10.63; LSDO0.1% = 16.22

Table 5
The influence of pruning methods on the buds fruitfulness, at Cabernet Sauvignon variety
Variant Fruitful buds | Buds damaged Difference to Significance
(%) by frost control
(%) (fruitful buds)
V; Short manual pruning spur (Control) 88 12 - -
V, Mixed manual rod pruning 93 7 5 -
V; Pneumatic pruning shears 90 10 2 -
V,Mechanical pruning 80 20 -8 0
Vs Mechanical and hand pruning 84 16 -4 -

LSD5% = 5.69; LSD1% = 9.98; LSD0.1% = 16.01

Table 6
The influence of pruning methods on the buds fruitfulness, in Pinot noir variety
Variant Fruitful buds | Buds damaged Difference to Significance
(%) by frost control
(%) (fruitful buds)
V| Short manual pruning spur (Control) 96 4 - -
V, Mixed manual rod pruning 98 2 2 -
V; Pneumatic pruning shears 97 3 1 -
V,Mechanical pruning 92 8 -4 -
Vs Mechanical and hand pruning 92 8 -4 -

The influence of different pruning methods was higher
in vigorously growing varieties and less obvious in
Pinot noir variety (Table 6). All pruning methods,
although having a positive or negative influence on the
wood maturation and bud fruitfulness, are suitable for

LSD5% = 6.19; LSD1% = 10.99; LSDO0.1% = 16.98

grapevine varieties in research without affecting the
yield components [10]. The variant that registered the
highest percentages of matured wood and bud fertility
was for all varieties the variant of mixed manual rod

pruning (V).



The influence of pruning methods on grape yield, at the Feteasca regala variety

Table 7

Variant Grape yield Difference to Significance
(kg/vine) (kg/ha) control
(kg/ha)
V, Short manual pruning spur (Control) 2.94 12.251 - -
V, Mixed manual rod pruning 3.47 14.459 2.209 o
V3 Pneumatic pruning shears 341 14.209 1.958 Hk
V4 Mechanical pruning 2.33 9.709 -2.542 00
Vs Mechanical and hand pruning 2.8 11.668 -583

LSD5% =979.1; LSD1% = 1873.2; LSDO0.1% = 3394.2

Climate conditions have determined lately, without
exception, very difficult pruning activity, above all, the
alternation of high with low temperatures, over the
winter growing season, from November to April. These
growing conditions, grape growing farmers from most
wine-growing countries search solutions for the
pruning in time without influence on grape yield,
quality and especially on the canopy balance [11, 31].

These solutions are increasingly difficult to achieve,
especially in varieties with high vigour, which require
intense labour for canopy balance [9].

Minimal pruning spur is the manual pruning that
requires the shortest time, and also provides
satisfactory yields, particularly for the Pinot noir
variety known to be less vigorous [30, 35].

Table 8
The influence of pruning methods on grape yield, at Cabernet Sauvignon variety
Variant Grape yield Difference to Significance
(kg/vine) (kg/ha) control
(kg/ha)

V, Short manual pruning spur (Control) 2.42 10.084 - -
V, Mixed manual rod pruning 3.24 13.501 3417 otk
V3 Pneumatic pruning shears 3.14 13.084 3.000 Hk
V4 Mechanical pruning 1.87 7.792 -2.292 00
Vs Mechanical and hand pruning 2.31 9.626 -458

LSD5% =902.3; LSD1% = 1695.9; LSD0.1% = 3179.3

For all grape varieties, the variant that gave the highest
yields was manual rod pruning, which is more difficult
for hand workers to perform. The differences registered

compared to the control variant had the highest
statistical significance (Table 7,8).

Table 9
The influence of pruning methods on grape yield, at Pinot noir variety
Variant Grape yield Difference to Significance
(kg/vine) (kg/ha) control (kg/ha)
V, Short manual pruning spur (Control) 2.10 8.751 - -
V, Mixed manual rod pruning 2.16 9.001 250 -
V3 Pneumatic pruning shears 2.14 8.917 167 -
V4 Mechanical pruning 1.94 8.084 -667 0
Vs Mechanical and hand pruning 2.06 8.584 -167 -

Using pneumatic scissors gave superior yields
compared to the control and in the same time decreased
the time required for work activity [13]. For all
varieties, the variant of mechanical pruning gave the
lowest yields, the differences registered compared to
the control being the only ones with negative
significance. For hand pruning associated to the
mechanical pruning, the differences from the control

LSD5% =501.2; LSD1% = 899.3; LSD0.1% = 1575.2

were less obvious, which proves to be a convenient
alternative if there is hand labour availability, but not
enough to perform the hand pruning. In wine grape
varieties, the technological quality of grapes is
mandatory for competitive wines on the wine market
with many competitors and increasing consumer
demands [21].



The influence of pruning methods on grape quality, at Feteasca regala variety

Table 10

Variant Sugar Acidity Difference to Significance
(g/l) (g/l H,S0,) Control (Sugar g/1)
V, Short manual pruning spur (Control) 198 5.60 - -
V, Mixed manual rod pruning 213 5.10 15
V; Pneumatic pruning shears 213 5.10 15
V4 Mechanical pruning 191 6.00 -7 -
Vs Mechanical and hand pruning 195 5.80 -3 -

LSD5% =11.82; LSD1% = 20.1; LSD0.1% = 27.2

Table 11
The influence of pruning methods on grape quality in Cabernet Sauvignon variety
Variant Sugar Acidity Difference to Significance
(g/) (g/l H,SO,) | Control (Sugar g/)
V| Short manual pruning spur (Control) 204 5.10 -
V, Mixed manual rod pruning 222 4.60 18
V; Pneumatic pruning shears 222 4.60 18
V4 Mechanical pruning 196 5.70 -8 -
Vs Mechanical and hand pruning 200 5.40 -4 -

LSD5% =11.98; LSD1% = 21.1; LSDO0.1% = 29.8

Table 12
The influence of pruning methods on grape quality, in Pinot Noir variety
Variant Sugar Acidity Difference to Significance
(g/l) (g/l H,S0,) Control (Sugar g/)
V, Short manual pruning spur (Control) 214 4.60 - -
V, Mixed manual rod pruning 221 4.30 7 -
V; Pneumatic pruning shears 219 4.40 5 -
V4 Mechanical pruning 207 5.00 -7 -
Vs Mechanical and hand pruning 210 4.80 -4 -

LSD5% =12.93; LSD1% = 19.79; LSD0.1% = 29.15

All three varieties chosen for research are versatile
varieties with high quality potential [21]. In these
varieties, the sugar accumulations were higher enough
for all variants to allow the wines a classification in the
superior categories (Table, 10, 11, 12).

Concerning the pruning variants, there is no influence
on the wines quality, but the chosen vinification
technology can make the difference.

The pruning options influenced to some extent the
grape quality, but without statistical significance. The
lowest berry sugar content was recorded for all three
varieties when mechanical pruning was applied, but

without high influence on wine quality. The influence
of mechanical pruning had a higher negative influence
on grape yield and much less on berry sugar
accumulations.

The very high sugar accumulation potential of these
three varieties makes them suitable for mechanical
pruning, without major influence on wine quality.

In addition to the usual economic issues, lately
viticulture management is very much influenced by
climate variability and the difficulty of providing the
necessary workforce trained in grapevine canopy
management [22].



Table 13

The influence of mechanical pruning on costs and time consuming for work activities

Variant Variety Day labour Time consuming Cost Difference to
/ha (days/ha) (lei/ha) control (lei/ha)

V| Short manual Feteasca regala 34 27.2 4080 -

pruning spur Cabernet Sauvignon 37 29.6 4440 -

(Control) Pinot noir 27 21.6 3240 -

V, Mixed manual Feteasca regala 38 30.4 4560 480

rod pruning Cabernet Sauvignon 42 33.6 5040 600
Pinot noir 29 23.2 3480 240

V3 Pneumatic Feteasca regala 28 22.4 3360 -720

pruning shears Cabernet Sauvignon 29 232 3480 -960
Pinot noir 21 16.8 2520 -720

V4 Mechanical Feteasca regala 1.33 1.064 958 -3122

pruning Cabernet Sauvignon 1.43 1.144 1030 -3410
Pinot noir 1.23 0.984 886 -2354

Vs Mechanical and Feteasca regala 14.33 11.464 2499 -1581

hand pruning Cabernet Sauvignon 15.43 12.344 2691 -1749
Pinot noir 12.23 9.784 2133 -1107

Researchers are still trying to find solutions to reduce Conclusions

the time required for pruning, including mechanical
pruning. The difficulty of pruning depends a lot on the
cultivated variety, vigorous varieties need longer time
consuming and additional costs for pruning [14, 32].
The variant that required the highest expenses and
many days of work was in the case of all varieties, the
manual rod pruning. At the opposite was the variant of
mechanical pruning with the lowest expenses (saving
over 3400 lei per hectare). By simply using the
pneumatic pruning shears, it was possible to decrease
the expenses due to the increase of the hand labour
efficiency, but also to the shortening of the necessary
time for activity works.

The pruning variants influenced differently the main
economic indicators, such as the expenses per hectare,
the production increase and the cost price per grape
kilogram.

The pruning costs varied widely from 958 lei / ha to
5040 lei / ha. The most expensive work activities are
for manual rod pruning, which require a considerable
budget, while mechanical pruning have the lowest
costs.

By using pneumatic shears instead of the manual
scissors, a significant decrease of costs was achieved
without an obvious decrease in yield and quality.
Another favourable option for costs decrease is the
mechanical pruning followed by the hand pruning
correction, of which can be harvested satisfactory
grape yield. At the same time, this variant recorded
convenient cost prices per kilogram of grapes.

The mechanical pruning was the variant that registered
by far the lowest cost prices per kilogram of grapes,
proving to be the most indicated variant in the
conditions in which the financial resources of the
vineyard are reduced. On the other hand, the grape
production increase compared to the control variant is a
negative one.

Viticulture is an intensive sector of agriculture that is
characterized by an intensive land use. However,
viticulture needs in some situations a large volume of
manual activity. The recent difficulties in finding the
available workforce have required solutions to increase
mechanical technological sequences that require less
manual labour, including pruning.

The mechanical pruning is possible and efficient,
especially in grape wine varieties. It is in some
vineyards the only available pruning option. By
mechanical pruning, the time required for pruning was
greatly decreased from 35-40 labour days / ha to 2.2-
1.4 labour days / ha. The climate variability, hot days,
chilly mornings, or rainy days create difficulties in
finding hand labour to carry out work activities in the
vineyards, or increase much the cost of vineyard
maintenance, which many vineyard managers can’t
afford.

Mechanical pruning, although negatively influences the
grape productions and the lifetime of the vineyard, it
seems that will be a basic choice in the future and in
certain situations, and the only solution to continue the
activity in viticulture.

A variant that keeps a balance between the activity
work expenses, the production and the biological
stability of the vineyard, is the mechanical pruning
combined with the manual pruning correction. This
variant allows a decrease by 50-60% of the necessary
time for pruning, with acceptable grape production
quality and a relatively low production cost. However,
manual pruning remains the method that ensures the
highest grape productions and the highest values of the
production increase when the vineyard has the labour
force and financial resources.

The choice of one or the other of the pruning options
remains an option of each vineyard depending on the



cultivated variety, the financial resources available in
late winter, early spring, the availability of manual
labour and last but not least the climate conditions of
each year so that the pruning to be completed in
appropriate time.
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