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Summary
Aim: In winegrape production, pruning, canopy management, and harvest are 
essential practices that are increasingly being done by machines. How well these 
practices are executed can substantially affect fruit yield and quality. Mechani-
zation offers timeliness, uniformity, and cost benefits, but most methods avail-
able to date are nonselective and optimal execution requires careful attention 
to vineyard design, management, and machine settings. This review provides 
information to help growers make the best use of machines for these tasks.

Key Themes:
• Vineyard design considerations
• Winter pruning
• Canopy management
• Harvesting

Impact and Significance: The need to manage large vineyards in a contracting 
labor market is achievable with mechanization. This review summarizes the best 
practices in consideration of vineyard design, as well as operation of machines for 
optimal productivity for the winegrape grower. This review also provides infor-
mation to help growers effectively incorporate the machines in their vineyards 
for consistent and economical production of winegrapes including pruning, shoot-
thinning, fruit-zone leaf removal, crop load management, and mechanical harvest.

Key words: canopy management, crop removal, fruit-zone leaf removal, 
mechanization, pruning, shoot-thinning, viticultural practice

Overview
Many winegrape cultural practices, including pruning, canopy management, 

and harvest, are laborious and time sensitive. However, California and many 
other winegrape production regions are facing rising wage costs and labor 
shortages.1,2 Ongoing labor shortages were heightened in 2020 because of the 
novel coronavirus pandemic.3 Thus, there is an increasing need to farm with 
fewer people, in a more cost-effective and timely manner.4 

The most laborious vineyard tasks are dormant pruning, canopy manage-
ment, and harvesting,5 and mechanization for these methods has received con-
siderable attention from academics, equipment manufacturers, and growers.6 As 
growers adapted to mechanical harvest7 and pruning, they searched for other 
methods to mechanize other cultural operations such as shoot6 and fruit-zone 
leaf removal,8,9,10 berry thinning,11 and shoot positioning.12 Machinery was de-
veloped and commercialized by researchers at the University of Arkansas13,14 
and commercialized by partners for these practices. Adoption of such machinery 
is increasing with economic necessity and as growers develop the knowledge 
and experience necessary to use these tools effectively.

Current vineyard mechanization equipment reduces the need for seasonal 
manual labor for certain tasks, but does not eliminate it.15 The degree to which 
manual labor can be reduced depends on the growing region (coastal versus 
inland), grapevine cultivar (upright versus downright growth habit), and the 



30 – Kurtural and Fidelibus

A Publication of the American Society for Enology and Viticulturediscovery into practice 5:1 (2021)

number of cultural practices (harvest only or pruning 
and other practices) the grower is able to mechanize. 
Furthermore, because vineyard mechanization relies 
heavily on information-based decision-making, grow-
ers need fewer, but more highly skilled, personnel for 
optimal vineyard management. This review will provide 
information to help growers effectively incorporate ma-
chines in their vineyards for consistent and economical 
production of winegrapes. 

Key Themes
Vineyard design considerations. Preparation for 

vineyard mechanization ideally starts before grapevines 
are planted. Some key elements to consider, as in tra-
ditionally farmed vineyards, are soil uniformity within 
blocks,16 blocking by cultivar or irrigation need,17 drain-
age, slope, and consistency of grade. 

Ideally, mechanization will optimize investment per 
unit land area and production consistency. This is best 
achieved by optimizing uniformity within blocks for 
soil properties such as fertility and soil water drainage, 
which are helpful in this regard.18 Sites with inconsistent 
grade with irregular knolls should be avoided because of 
safety concerns and variability. Variable grades within 
a vineyard will often increase vine-to-vine19 variability 
because of changes in soil properties.4,19,20 Vineyard man-
agement in mechanized vineyards is further simplified 
when vineyard blocks are planted to the same rootstock 
and cultivar. Well-drained soils are important in mecha-

nized vineyards because equipment access and deploy-
ment are hindered in waterlogged vineyards after heavy 
precipitation. Most equipment will operate safely on 
slopes up to 7%.5,21 

Factors that need consideration when designing a 
vineyard for mechanization are available equipment, 
adequate inter- and in-row spacing, headland size, trel-
lising, irrigation, and cultivar selection. Growers must 
pay attention to certain details to maximize success in 
future years when designing a vineyard for mechaniza-
tion. Desired properties are listed in Table 1.

Long, straight rows that are adequately spaced are 
essential. Long rows increase operating efficiency, while 
straight rows minimize vine injury and damage to line 
posts (Figure 1). Adequate interrow spacing is desired to 
allow for lateral adjustment of equipment during opera-
tions. Growers need to carefully consider which imple-
ments and power units are needed and provide adequate 
space for their safe operation. Because most growers 
have full-size equipment, row spacing in mechanized 
vineyards needs to adhere to the 2.73 to 3.35 m distance 
for single canopy systems and 3.66 to 4.27 m for double, 
vertically divided, canopy systems. 

Uniform vine spacing is essential for mechanized 
vineyards. Currently available equipment is compat-
ible with both single and double curtain trellis systems, 
and uniform vine spacing permits the use of this equip-
ment. Unlike manual operations where a laborer can 
adjust density of buds depending on grapevine in-row 

Table 1  Checklist of desired vineyard properties for successful vineyard mechanization.

Attribute Desired condition Corrective action
Plant uniformity High Divide block into homogenous units

Adjust irrigation zones
Plant condition Straight and healthy Retrain if needed
Trunks Established, straight, and taut Retrain
Cordons Established, straight, and taut Retrain
Bearing spur density Adequate ~21 to 42 spurs/m Retrain
Pruning mass (kg/m) Moderate to high

Up to 0.5 kg/m (cool/cold climate)
Up to 1 kg/m (warm to hot climate)

Adjust by pruning

Training Uniform Retrain
Cultivar market potential High Top-work
Bearing habit Amenable to cordon training and spur pruning Top-work
Fruit maturation Adequate for season length at vineyard location Control early season irrigation

Control leaf layer numbers
Trellis and training system Single high-wire, vertical shoot-positioned, or quadrilateral Convert trellis
End assembly Stout and able to carry load and force Repair or reinstall
Line posts Tall, galvanized steel, beveled at least 2500 mm Reinstall
Cordon wire Uniform height, at least 2.304 mm Replace
Row spacing Wide enough to accommodate gondola at 2895 mm Modify
Irrigation supply Match at least 80% of crop evapotranspiration demand Modify
Irrigation line At least 550 mm above vineyard floor Modify
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spacing, equipment is insensitive to these irregulari-
ties. Variability in grapevine spacing may also lead to 
variability in harvest dates,22 crop load,23 and canopy 
density,24 thereby negatively affecting fruit composition 
at the farm gate.2,20 Grapevine spacing in the middle to 
upper range is most desirable in mechanized vineyards. 
In-row spacing of 1.83 to 2.13 m has proven adequate 
under most conditions.4,9,21 

In manually tended vineyards, headland width of 7.6 
m to 9.2 m have been adequate. However, because longer 
equipment with a wider turning radius is used in mecha-

nized vineyards (Figure 2, Supplemental Video 1), head-
lands having a minimum width of 10.7 m are needed. 
In adjacent vineyard blocks that share a headland and 
have rows that are in line with each other, wider alley-
ways further facilitate equipment movement between 
blocks, minimize turns, and align implements with rows, 
thereby maximizing efficiency. 

Although most trellises can be mechanized to some 
extent, growers seeking a high level of mechanization in 
their vineyards should consider using the trellis that is 
most amenable to mechanization. The currently avail-
able vineyard mechanization equipment works best with 
single curtain trellis systems; however, quadrilateral 
and vertically separated trellises can also be managed 
with mechanization. The adaptability of most common 
trellis and training types are summarized in Table 2. 
In selecting a trellis system, consider the growth habit 
of the cultivar,21,22 the climate, and potential yields of 
the vineyard. Mechanized vineyards need stout, high-
quality trellis materials with strong tie-back assemblies 
to withstand crop weight without sagging and to bear 
the torque and force applied by equipment. Row lengths 
up to two miles are common in the San Joaquin Valley of 
California, so high-quality materials are needed to set 
up the trellis and secure it. Commonly, a support-line 
post is installed at every vine with a cordon wire gauge 
of 2.3 to 2.6 mm (American Wire Gauge [AWG] 10 to 11) 
to carry the weight of the crop and withstand cultural 
operations. Support-line posts are made of galvanized 
steel with beveled edges to deflect wind, facilitate har-
vest, and increase durability and longevity (Figure 3). 
The end posts are constructed from steel and have a 
narrow profile and spaded ends. Desired dimensions for 
these materials are presented in Table 3.

For single high-wire trellis systems, the grapevine 
trunks are trained against the line post4 (Figure 4A). 
The line posts should not extend >5 cm above the cordon 
wire so that they will not obstruct mechanical pruners. 
As the grapevine’s spurs grow,1 they will extend above 
the line posts and can be pruned without the pruning 
blades impacting the posts. Similarly, used in vertical 
shoot-positioned trellis systems (Figure 4B), the cordon 
wire is positioned at a height compatible with the imple-
ment to aid mechanization. 

For quadrilateral systems, the grapevine is trained 
with the line post as well.21 In this system, a 0.6 m-wide 
cross arm is secured to the line post at 1.4 to 1.6 m above 
the vineyard floor and two bilateral cordons are trained 
on the cordon wires (Figure 5A and 5B)

The design of irrigation systems in mechanized vine-
yards should incorporate the needs of the rootstock and 

Figure 1  Long, continuous 3.2 km rows in a Pinot gris vineyard in 
Kern County, California. Long rows are preferred to minimize the 
number of turns for the continuous operation of mechanical equipment.

Figure 2  Proper spacing between alleyways will ensure long-machines 
can turn into rows easily. 

https://www.youtube.com/watch?v=-DRZUtwhtaA
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cultivar combination to meet crop evapotranspiration 
demand.17,25 Drip irrigation lines should be placed high 
enough to avoid interfering with collector plates of me-
chanical harvesters. It is advised that inline emitters are 
used instead of button types, which can be broken off by 
machinery. Usually, a line height of 55 to 60 cm above the 
vineyard floor is required. The risers and gate valves of 

irrigation systems need to be constructed out of flexible 
tubing to minimize the damage from impact of harvest-
ers or other implements (Figure 6). 

More vineyard operations can be mechanized if cul-
tivars grown can be trained to have straight trunks and 
lateral cordons. Cultivars having fruitful basal buds are 
more easily adapted to mechanization using currently 

Table 2  Adaptability of common trellis types to vineyard mechanization found in major production areas of California.  
VSP, vertical shoot-positioned.

California sprawl VSP Quadrilateral Single high-wire Head-trained
Prepruning  +++a ++++ +++ ++++ –
Final pruning ++ ++ +++ ++++ –
Shoot-thinning ++ ++ +++ ++++ –
Leaf removal ++ ++++ +++ ++++ ++
Crop adjustment ++ ++ – ++++ +
Trunk suckering +++ +++ +++ ++++ –
Harvest +++ ++++ ++++ ++++ –
a–, not conducted; +, not very adaptable; ++, somewhat adaptable; +++, adaptable; ++++, greatly adaptable.

Table 3  Desired dimensions for end posts and wires used in mechanically managed vineyards. VSP, vertical shoot-positioned.

Single high-wire VSP Quadrilateral

Post (mm)
Diameter 73.0 73.0 88.9
Length 2743 2743 3048
Spade Double 203 × 406 Single 203 × 406 Double 406 × 406

Wire (mm)
Cordon wire 2.59 2.30 2.59
Catch wire(s) – 1.83 1.83
Irrigation wire 1.83 1.83 1.83

Figure 3  (A) High quality steel end posts and line posts are needed to ensure that the load of fruit and the torque from machines can be handled. 
(B) Narrow profile steel end posts with spaded ends are preferred in mechanically managed vineyard installation.
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available equipment. Cultivars requiring adjustments to 
spur length, to retain sufficient numbers of fruitful buds, 
are less amenable to mechanized pruning.6,26 

Winter pruning. Dormant pruning is one of the most 
labor-intensive practices in vineyards.1,8 It is estimated 
that ~80% of all labor operations costs in vineyards can 
be attributed to the combination of pruning and har-
vesting practices.27 For mechanized vineyards, dormant 
pruning is best depicted along a continuum of two ex-
tremes.12 On one extreme is hand pruning that produces 
precisely controlled numbers of short spurs and buds. On 
the other extreme is minimal pruning to retain numerous 
longer spurs with less precision.

Mechanical pruning types. Minimal pruning. The rea-
soning behind minimal pruning is that the development of 
high numbers of clusters would be balanced by the early 
growth of numerous vegetative shoots.11 The result is 
production of high yields composed of many very small 
clusters and berries. However, minimal pruning has all 

but been abandoned because of the inability to control 
trunk diseases, the proliferation of dead wood, reduction 
in primary bud cold-hardiness, and less than ideal fruit 
composition, which limits marketability.28 

Mechanical box-pruning.  As the name suggests, the 
grapevine’s bearing spurs are pruned from the top, bot-
tom, and sides to resemble a box.2,4,17,21 Box pruning is the 
mechanized technique that most closely resembles hand 
pruning, although box pruning is not selective, leaving 
all the nodes within the perimeter of the cuts (Figure 7,  
Supplemental Video 1). Box height and the width can be 
manipulated by the pruning-machine operator. A preprun-
ing pass15 may leave a 0.3 m wide by 0.4 m high box (rec-
ommended in frost prone areas (Figure 8), whereas a pre-
cision pruning pass may leave a 0.10 to 0.15 m high × 0.10 
to 0.15 m wide box. The following approaches are gener-
ally used when implementing mechanical box-pruning:

Prepruning, hand pruning, and thinning follow-up. Dor-
mant shoots are mechanically prepruned to a 0.30 cm 

Figure 4  (A) Single high-wire trellis with beveled line post and the cordon wire, and (B) vertically shoot-positioned trellis with three grapevine 
panels with line stakes. 

Figure 5  (A) Quadrilateral trellis as cordons are being trained and (B) at full canopy with the sprawling shoots caught by the catch-wires at the t-top.

https://www.youtube.com/watch?v=-DRZUtwhtaA
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to 0.40 m tall × 0.10 m wide box retaining 120 to 200% 
of the desired number of buds. After budbreak and the 
danger of frost has passed, the desired shoot density is 
achieved by manual pruning and shoot-thinning.15

Prepruning, mechanical shoot thinning follow-up. Dor-
mant canes are mechanically prepruned to a 0.1 m wide × 
0.3 to 0.4 m high box, retaining 120 to 200% predicted bud 
load. After budbreak and the danger of frost has passed, 
the desired shoot density is achieved by shoot-thinning.

Mechanical box-pruning, mechanical shoot thinning 
follow-up. Canes are mechanically box-pruned to a 0.10 
to 0.15 m tall × 0.10 m wide box. After budbreak and the 
danger of frost has passed, the desired shoot density is 
achieved by mechanical shoot-thinning (described later).

Early mechanical pruners were adaptations of exist-
ing equipment such as vertically mounted hedger bars, 
which would be used to clean row ends or do summer 
trimming. As the industry demand for mechanical hedg-
ers increased, the hedger bars became more elaborate 

and articulated. Hedger bars make the main vertical 
plane of cut in combination-type pruners.

Hedger bar pruners. Hedger bar pruners (Figure 9), 
when mounted singly, have a single plane of cut and low 
penetration into the dormant canopy. They have an effi-
cient cutting mechanism consisting of two opposing ser-
rated cutting surfaces, which operate in opposing direc-
tions of the plane of travel, matching the ground speed of 
the tractor. They have low hydraulic flow requirements 
and can easily be operated with a hydraulic pump having 
a 38 L/min flow rate. Because they have low penetration 
into the canopy, they are mostly used in minimal pruning 
applications in the dormant season, for summer pruning, 
or as part of combination pruners.

Rotary and drum pruners.  Rotary and drum prun-
ers (Figure 10), whether mounted singly or in stacks, 
have greater penetration into the dormant canopy than 
do hedger bars. Depending on the cutting surface used 

Figure 7  Mechanical box-pruning at a single-high wire Cabernet 
Sauvignon vineyard during the dormant season.

Figure 8  Mechanical prepruning at a Cabernet Sauvignon vineyard 
in Napa County, California.

Figure 9  Hedger bars removing the sprawl and undergrowth of a 
sprawling canopy in Madera County, California. 

Figure 6  Properly installed irrigation gate valve, fertilizer injection 
port at the correct height of 55 cm above vineyard floor.
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(rotating drums or saws), they can be used either for 
summer pruning or for setting height of the bearing 
spurs during dormant pruning. When mounted singly 
and operating on a single row, rotary pruners have a low 
hydraulic flow requirement and can be operated with a 
38 L/min flow rate hydraulic pump.

Combination and sprawl pruners.  Combination prun-
ers make multiple plane cuts by combining rotary prun-
ers and several hedger bars (Figure 11, Supplemental 
Video 1). For example, a combination of rotary pruners 
can be positioned horizontally and vertically to define 
the height and width of the bearing surface. In combina-
tion with hedger bars, they will prune away the canes 
that sprawled out of the canopy or above the permitted 
canopy height. These pruners usually require a toolbar 
to be installed, with an independently operating power 
unit to deliver the hydraulic flow to drive these imple-
ments. There are units that can be mounted into mechan-
ical harvester frames or trailers with operator stations 
(Figure 12). Rotary pruners are the most common and 
efficient pruners, capable of pruning 1 ha in 4.5 hr, sav-
ing significant labor costs compared6,15 to hand pruning.

Effects on yield, fruit composition. Pruning is a rough 
regulator of yield because of the unpredictable nature of 
fruitful buds breaking from noncount positions.15 There-

fore, other techniques are needed to control yield. Gener-
ally, mechanically pruned vineyards are higher yielding29 
than manually pruned vineyards by ~30% in the initial 
eight years.8 However, as the vineyard balances and the 
fruit zone becomes less fruitful because of mutual shad-
ing,22 the yield levels off, and there are negligible dif-
ferences between manually and mechanically pruned 
vineyards.4 

There is agreement in literature that berry total sol-
uble solids accumulation in mechanically pruned vine-
yards is slower than in manually pruned vineyards.30,31,32 
This is attributed to a combination of higher crop level 
with shorter shoots, and more leaf layers shading the 
clusters.10 In regions with longer growing seasons 
this is usually not a concern. However, in regions with 
short growing seasons and early killing frosts, growers 

Figure 10  A rotary and drum mechanical pruner used in mechanical 
box pruning with hedger bar cutters on the side removing the sprawl. 

Figure 11  A combination mechanical pruner that is used in California 
sprawl type trellis in the San Joaquin Valley of California. 

Figure 12  A multipurpose carrier frame with combination mechanical 
pruners installed that can prune two rows at a time in a Chardonnay 
vineyard in the central coast of California. 

https://www.youtube.com/watch?v=-DRZUtwhtaA
https://www.youtube.com/watch?v=-DRZUtwhtaA
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should shoot thin.33 Furthermore, mechanically pruned 
vineyards produce smaller berries8,34 than do manually 
pruned vineyards. Smaller berries are purported to have 
a skin-to-pulp6 ratio preferred by winemakers because 
it leads to higher polyphenolic concentrations in wine. 
Recent research revealed that mechanically pruned vine-
yards have more exposed leaf area relative to total leaf 
area compared to hand-pruned grapevines,35 enabling 
the flavonoid pathway to be upregulated.20

Research in interior and coastal California1,8,27,36,37 
has shown that using one of the pruning management 
strategies described above would save between 60 to 
80% of labor operation costs per acre compared to man-
ual pruning alone.1,8,27,37 In a study comparing traditional 
Guyot cane pruning, manual spur pruning, and complete 

mechanization in Madera, CA, researchers found that 
converting traditionally farmed systems will save 80% 
of labor operations cost without any differences in berry 
primary and secondary metabolites. A detailed break-
down of labor operation costs in using this approach, 
including mechanical pruning, is provided in Table 4.1

Canopy management mechanization. Manufactur-
ers developed mechanized implements to complete all 
canopy management requirements for the growing sea-
son. Below are some mechanized canopy management 
practices that have verifiable physiological effects with 
economic benefit.

Shoot-thinning. Mechanical shoot thinners use soft 
silicone “finger-like” protrusions on a rotating drum 
to brush the cordon (Figure 13A) and a rotating shoot 

Table 4  Labor operations costs ($/ha), gross revenue, and net income per hectare ($/ha) of Merlot grapevine on  
Freedom rootstock during transitioning to mechanical pruning in central San Joaquin Valley of California.  

© American Society for Horticultural Science 2019 HortTechnology 29:128-139. 

$/hr hr/ha $/ha
Gross revenue 

($/ha)a
Net farm  

income ($/ha)b

2013
CPc

Hand pruning labor $9.50 79 750.5
Cane-tying $9.50 3.9 37.05
Benefit rated 33% 282.42
Total 1070.42 8982.08 7911.67

HP
Training labor $9.50 72.1 684.95
Training  follow-up $9.50 2.9 27.55
Benefit rate 33% 235.13
Total 947.63 8978.45 8030.82

SHMP
Training labor $9.50 72.1 684.95
Training follow up $9.50 2.9 27.55
Benefit rate 33% 235.13
Total 947.63 6945.64 5998.01

2014
CP
Hand pruning labor 10.50 79 829.50
Cane-tying 10.50 3 31.5
Benefit rate 33% 284.13
Total 1145.14 4471.32 3326.18

HP
Hand pruning labor 10.50 71 745.5
Hand pruning follow-up 10.50 3 31.5
Benefit rate 33% 256.41
Total 1033.41 4033.14 2999.73

SHMP
Mechanical pruning labor 13.50 4.56 61.56
Equipment maintenance labor 13.50 0.59 7.96
Benefit rate 33% 22.94
Pruning fuel 4.56 hr/ha × 3.785 L/h 

× $1.06 /L
18.29

Total 110.75 5256.78 5146.03

continued on next page
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thinner with soft paddles that strike the canopy at a 
known pace (Figure 13B). Growers need to assess the 
canopy density (number of count shoots, noncount 
shoots per foot of row) before calibrating and using the 
mechanical shoot thinner. The mechanical shoot thinner 
is not selective, that is to say it does not remove spe-
cific shoots, but rather strikes the canopy at a known 
frequency that can be adjusted (Supplemental Video 2).  
The shoot thinner is ideal for regions that are prone 
to frost where prepruning passes have retained more 
nodes than necessary or for cultivars that are prone to 
over cropping. Growers are advised to apply mechani-
cal shoot-thinning around the time of cluster elongation. 
The mechanical shoot thinners have four planes of mo-
tion and will require an external power unit to provide 
enough hydraulic flow to power the implements.

Mechanical shoot-thinning reduces shoot density6,8,35 
and is an efficient crop-thinning method. However, its 
effect may be temporary unless a mild water deficit is 

imposed to inhibit lateral and secondary shoot growth.8 
It further assists in establishing fruiting positions in the 
following year. In Table 5, the effects of shoot-thinning on 
leaf area, yield, and cumulative yield reduction to Colom-
bard grapevines grown on Freedom rootstock in Fresno 
County, CA, are shown. Mechanical shoot-thinning ap-
plied early reduced leaf layers and increased the expo-
sure of clusters to moderate levels of sunlight, thereby 
improving berry phenolic content of red wine grape 
varieties.6 In considering whether or not to shoot thin, 
the grower has to consider the potential loss of income 
from reduced yield and the possibility of increased in-
come from better fruit composition. The application cost 
of mechanical shoot-thinning is $197/ha27,37 compared to 
$1482/ha for manual shoot-thinning.27

Trunk suckering. During the spring growth f lush, 
shoots may develop from latent buds on the trunk. Tra-
ditionally, these unwanted shoots were removed manu-
ally37 with crews. However, as the height of canopies 

Table 4 (continued)  Labor operations costs ($/ha), gross revenue, and net income per hectare ($/ha) of Merlot grapevine on  
Freedom rootstock during transitioning to mechanical pruning in central San Joaquin Valley of California.  

© American Society for Horticultural Science 2019 HortTechnology 29:128-139. 

$/hr hr/ha $/ha
Gross revenue 

($/ha)a
Net farm  

income ($/ha)b

2015
CP
Hand pruning labor 10.50 79 829.5
Cane-tying 10.50 1.5 15.75
Benefit rate 33% 278.93
Total 1124.18 3030.38 1990.29

HP
Hand pruning labor 10.50 51 535.5
Hand pruning follow-up 10.50 2.9 30.5
Benefit rate 33% 186.78
Total 752.78 3019.20 2443.42

SHMP
Mechanical pruning labor $15.00 4.56 68.40
Equipment maintenance labor $15.00 0.59 8.8
Benefit rate 33% 25.48
Pruning fuel 4.56 hr/ha × 3.785 L/h  

× $1.06 /L
18.29

Total 120.97 4584.37 4463.39

Cumulative
CP 3331 16,483 13,152
HP 3031 16,207 13,176
SHMP 1143 16,786 15,643

aMerlot price/ton is based on average price for Crush District 13 in 2013, 2014, and 2015 according to California Grape Crush Report.47,48,49

bNet farm income ($/ha) calculated gross farm receipts($/ha)—labor operations costs ($/ha). 
cCP = trained to a 96 cm tall trunk, with four, 8-node canes trained at 110 cm and an additional two, 8-node canes that were trained at 
137 cm, in opposing directions, HP = California Sprawl system with a cordon wire at 137 cm above vineyard floor and two parallel catch 
wires at 167 cm above the vineyard floor, and spur-pruned to retain 22 spurs with two nodes each per vine, SHMP = single high-wire 
sprawling system cordon wire was established 167 cm above the vineyard floor and a bilateral cordon was established to generate an 
SHMP that was mechanically box-pruned at a 10 cm spur height, and mechanical pruner’s speed is 0.8 km/hr. 

dBenefit rate: A percentage of wages paid to state or federal government or healthcare providers to comply with regulations.

https://www.youtube.com/watch?v=4zK7qVkRPec
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increased with modern trellis systems such as single 
high-wire or high quadrilateral, the necessity to do this 
practice by machine has increased.15,27 The machines that 
can do these tasks are now mounted to the front of the 
tractor (Supplemental Video 3) and strike the trunk of 
the grapevine with silicone fingers affixed to a rotating 
drum. The trunk sucker machines use the hydraulic flow 
of a common vineyard tractor with a flow rate of 38 L/
min and can remove suckers on both sides of the row. In a 
study conducted in Napa County, CA, the cost to manually 
sucker trunks was $1493/ha.27 When done by the ma-
chine, the cost was reduced to $154/ha, providing almost 
an order of magnitude in labor operations cost savings.37

Leaf removal. Various implements can remove leaves 
mechanically. The goals of fruit-zone leaf removal can 
include limiting crop level by reducing the number of ber-
ries that set,38 improving cluster exposure to sunlight36 
depending on timing, and improving air flow to reduce 
fungal infections,39 but the outcome must balance crop 
level with exposed leaf area.36 Generally, fruit-zone leaf 
removal equipment operates on the principle that leaves 
are lighter than clusters and can either be sucked into a 
baffle and cut off (Figure 14A) or rolled over an expand-
ed aluminum drum (Figure 14B) that screens out flow-
ers and clusters but “plucks” away leaves (Supplemental 
Video 4). There are also implements that force leaves off 
petioles with short bursts of air. 

Timing. Balancing crop level and exposed leaf area re-
quires precise fruit-zone leaf removal timing. If conduct-
ed prebloom,40 the response of the grapevine is to reduce 
the number of berries set,41 providing greater exposure 
with reduced yield. If conducted postbloom,23 the result 
for the grapevine is increased solar radiation and tem-
perature in the fruit zone. The cost to apply mechanical 
fruit-zone leaf removal is $247/ha compared to $1500/ha 
when conducted manually in coastal California.27 

Effects on yield, fruit composition. Depending on timing 
and the climate in which the fruit is grown, fruit-zone 
leaf removal might not affect yield9,10 or it may reduce 
yield. In warm regions, fruit-zone leaf removal often has 
a minimal effect on yield, but an improvement on leaf 
area to fruit ratio should be expected36 as a result of 
removing excessive leaf layers, which shade the cluster 
in the fruiting zone.10 By removing ~20% of leaf area, a 
more balanced grapevine was achieved,20 however, the 
biggest beneficial effect of fruit-zone leaf removal is in-
creased berry flavonoid content.36 As depicted in Table 
6, even in warm-climate viticulture regions, anthocyanin 
accumulation in the berry can be increased by early sea-
son fruit-zone leaf removal.10

Crop load management using vineyard mechaniza-
tion. Crop load is the ratio of fruit to pruning weight, and 
a commonly recommended desirable range is 5 to 12,8,42 
depending on the cultivar and location of the vineyard. 

Figure 13  A shoot removal implement with 
a cordon brush with silicone fingers on (A) 
a rotating drum and (B) the shoot removal 
paddle in the front of the rotating drum. 

Table 5  Leaf area reduction of Colombard grapevine grown on Freedom rootstock under mechanical shoot-thinning to 21 shoots/m 
of row and cumulative reductions in yield and gross farm income in three consecutive seasons in Crush District 13 of California. 

Leaf area at bloom (m2) Yield reduction
Cumulative 

reduction (t/ha)

Cumulative 
income 

reduction($/ha)Primary Lateral Total 2009 2010 2011

Control  6.1 aa 2.3 a 8.4 a – – – – –
21 shoots/m 4.0 b 2.1 a 6.1 b 22% 14% 28% 34.07 $10,222
Pr >F b 0.0001 NSc 0.0001
aColumns with different letters are significantly different at p < 0.05 according to Tukey’s honest significant difference test.
bPr >F, probability of attaining an F test according to one-way analysis of variance.
bNS, not significantly different at p < 0.05.

https://www.youtube.com/watch?v=LZ6-4l8mAvQ
https://www.youtube.com/watch?v=Pt0tHKEMavo
https://www.youtube.com/watch?v=Pt0tHKEMavo
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The whole-season approach to using machines to regulate 
crop load could use all or some of the implements (e.g., 
pruner, shoot thinner, leaf remover) described previously. 
Possible management options are described below and 
differ according to grapevine growth habit.

Grapevines that have a downward growth habit such 
as Merlot,1 Zinfandel,6,10 and Syrah22 are not as amenable 
to whole season crop load management using mechani-
zation as are vines with an upward growth habit such 
as Cabernet Sauvignon,4 Cabernet franc, or Chardonnay. 
The issue has to do with increased sunlight received from 
postmechanical pruning, which results in vegetative com-
pensation by the grapevine.22,28 In the case of downward 
growth habit grapevines, the canopy is quickly repopu-
lated, thereby negating any effects of higher amounts of 

solar radiation received, resulting in poor berry develop-
ment. In cultivars such as Syrah,23 Merlot,1 and Zinfan-
del,30 mechanical box-pruning followed by mechanical 
shoot-thinning resulted in less than ideal yield-to-pruning 
weight ratio and poor anthocyanin accumulation.23 Crop 
load management in procumbent grapevines may be lim-
ited to a prepruning pass with a mechanical pruner and 
hand shoot-removal follow up and mechanical harvest. 

Grapevines with an upward growth habit are more 
amenable to whole-season crop load management with 
mechanization. All the steps of canopy management can 
be performed mechanically and reliably because upward 
growth habit grapevines respond more beneficially to 
increased solar radiation exposure to growing shoots, 
and ideal yield-to-pruning weight ratios can be achieved. 

Figure 14  Common fruit-zone leaf removal 
implements used in vineyards with (A) a 
suck-and-cut type and (B) a roll-over type of 
fruit-zone leaf removal machine with a 50 cm 
baffle exposed. 

Table 6  Effect of mechanical removal timing and fractions of crop evapotranspiration replacement on labor operations cost  
of canopy management and cost of producing total skin anthocyanins per hectare in northern California.  

© 2015 American Society for Enology and Viticulture, AJEV 66:266-278.

Leaf removal cost  
($/ha)

Irrigation water cost  
($/ha)

Total anthocyanin 
produced (g/ha)

Unit anthocyanin 
production cost ($/g)

Year I
Control + SDIa 0 950 1086 cb 1.56 a
Control + RDIc 0 827 1718 b   0.92 bc
Prebloom + SDI 30 950 1976 a 0.87 c
Prebloom + RDI 30 827 1958 a 0.82 c
Post-fruit set + SDI 30 950 1589 b 1.09 b
Post-fruit set + RDI 30 827   1799 ab 0.89 c
Pr >F d 0.0001  0.0001

Year II
Control + SDI 0 1235 1079 c 1.84 a
Control + RDI 0 1029 1261 b 1.41 b
Prebloom + SDI 30 1235 1657 a 1.21 c
Prebloom + RDI 30 1029 1552 a 1.16 c
Post-fruit set + SDI 30 1235 1062 c 1.90 a
Post-fruit set + RDI 30 1029 1181 b 1.63 b
Pr >F d  0.0001

aSDI, sustained deficit irrigation applied from bloom to harvest at 0.7 crop evapotranspiration replacement.
bMeans with different letters within the same column are significantly different according to Tukey’s honest significant difference test.
cRDI, regulated deficit irrigation applied from bloom to fruit set at 0.7, fruit set to veraison 0.5, and veraison to harvest at 0.7 crop evapo-
transpiration replacement.

dPr >F, probability of attaining an F test according to analysis of variance.
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Crop-thinning. Crop-thinning can be accomplished 
with mechanization.31 Operating a mechanical harvester 
at a low frequency with some beater bars removed is 
a simple way to remove a portion of the berries on a 
vine. In a study conducted in Fresno County, Sauvignon 
blanc berries were shaken off at BB size (3 to 5 mm) 
with beater bars positioned 1 ft below the fruiting zone, 
at a ground speed of 2.4 kph and 470 RPM (rotations per 
minute). This reduced yield by 50%, and reduced cluster 
compactness by 60% compared to grapevines that were 
not crop-thinned. The cost to do manual crop-thinning 
was $1340/ha for vertically shoot-positioned canopy27 in 
Napa County. To achieve a similar cropping level with a 
mechanical harvester, the cost was reduced to $803/ha.27 
However, the benefit of this practice has to be managed 
by the grower for loss of yield versus an improvement in 
berry composition.36 

The effectiveness of crop-thinning depends on timing. 
A rule of thumb is to thin postfruit-set and preveraison. 
If thinning is done too soon, the grapevine may set more 
fruit, whereas thinning too late may not affect fruit qual-
ity.43,44,45 Most studies have shown that the ideal time to 
thin is when berries are the size of  BBs.33,44 Mechanical 
crop-thinning, like shoot-thinning, is nonselective. Par-
ticular berries or clusters are not targeted. The grape-
vine fruit zone is struck or beat with beater bars that 
detach the BB-sized berries from their rachises. Beating 
frequency must be adjusted to attain a predetermined 
production level. Rigorous crop estimation and field sam-
pling should be conducted before implementing berry 
thinning to ensure appropriate levels of thinning. In the 
absence of a reliable, nondestructive crop estimation 
tool, growers need to keep very accurate records of yield.

The grower’s aim is to balance crop level with ex-
posed leaf area.31,35 The immediate effect in the current 
season is a reduction in yield,36 but an improvement in 
leaf area-to-fruit weight ratio is also realized because 
exposed leaf area is kept constant.46 Ripening is has-
tened, especially soluble solids accumulation.6 How-
ever, reducing the number of berries without affecting 
leaf area can result in an undesirable increase in berry 
size,44 although the grower can manage this with water 
deficits.25 Generally, a 25% reduction in number of ber-
ries by crop-thinning results in a 15 to 17% reduction 
in yield, due to compensatory growth of the remaining 
berries.31

Mechanical grape harvesting. Hand harvesting has 
some benefits including selectivity (rotten and unripe 
clusters can be avoided), but it is laborious and limits 
harvesting to daytime hours when temperatures are 
higher and can promote premature fermentation. Me-

chanical grape harvesting is less selective but requires 
far fewer people, proceeds much more quickly, and can 
be done at night. In general, 5 t of fruit can be picked in 
an hour at night under cooler temperatures, which main-
tains fruit quality and minimizes premature fermenta-
tion. About 90% of the winegrapes crushed in the United 
States are mechanically harvested.32 If time is of the 
essence, mechanical harvesting is the best option. The 
speed of mechanical harvesters gives a grower better 
control over harvest timing than could be achieved with 
a hand-picking crew. To optimize mechanical harvesting, 
the trellis has to be installed correctly with correct vine 
and row spacing (Tables 1 and 3). Other considerations 
for growers are logistics, i.e., delivery of large amounts 
of fruit to the winery and shipping times, and minimiz-
ing materials other than grapes (MOG) in the harvested 
fruit, which will be discussed later. 

The current rate for hand harvesting is $90 to $111/t 
of winegrapes. Five to six laborers are required to pick 1 
t/hr. A study conducted in Fresno, CA, found that labor 
for harvesting a vineyard that produces on average 17.3 
t/ha would cost $1384 to $1729/ha, whereas machine 
harvesting would cost $679 to $865/ha.37 This is an 
~50% savings in labor operations costs, and it ensures 
timely delivery to the winery.

Harvester types. Grape harvesters are either pull-
behind, requiring auxiliary power, or self-propelled. 
Pull-behind harvesters are the most economic choice for 
growers who already have a large tractor, so pull-behind 
mechanical harvesters are the most common. Some pull-
behind harvesters have hydrostatic drive to assist in hill 
climbing. They can be fit with either canopy or trunk 
shaker heads to fit the needs of the grower. The advan-
tages of this type of harvester include safer operations 
on slopes, lower initial cost, and the ability to select and 
substitute power units. The disadvantages of this type 
of harvester are more grapevine and trellis damage due 
to having an auxiliary power source, higher operation 
difficulty requiring more laborers, and their tendency 
to slide into the row if the speed of forward travel is not 
maintained constant. 

Self-propelled harvesters have a larger initial invest-
ment requirement than pull-behind harvesters. They 
have hydrostatic drivetrains and are engine-driven. Ad-
vantages of self-propelled harvesters include maneuver-
ability, stability in most situations, ease of operation, and 
less grapevine and trellis damage. Disadvantages of self-
propelled harvesters include initial high cost, fixed horse-
power, and a power unit that is not easily substituted. 

Picking head types. Canopy shakers are the most com-
mon picking heads. A canopy shaker uses a bow rod head 
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(Figure 15B). The picking head in this case compresses 
the canopy and transfers the force of the picking head to 
the canopy and trellis to detach the berries or clusters 
from the vine. The nylon picking rods are 2.54 cm diam, 
extruded, and formed into bowed rods. The rods are  
attached to the picking head with steel or aluminum 
holders. The following adjustments can be made to a 
canopy shaker machine bow rod picking head to accom-
modate a cultivar of trellis height and canopy girth:

• Stroke: 10 to 20 cm
• Rod spacing:  5 to 20 cm
• Rod tension: firm to very firm
• Throat width: best fit (250 to 1000 mm)
• Revolution speed: 300 to 450 rpm
• Forward speed: 1.6 to 5 km/hr
Trunk shakers are used in winegrape vineyards with 

small clustered, short pedicel cultivars where transfer of 
force directly to the vine trunk is desired (Figure 15C). 
The trunk shaker type of picking head operates by trans-

ferring the force of two revolving counterweights to two 
rails that are moving in the opposite direction of harvest-
er travel. Trunk shaker harvesters are quite heavy and 
need a large power unit to operate them. The following 
adjustments can be made to trunk shaker machines to 
accommodate characteristics of the trellis and the height 
of grapevines:

• Head tuning: counterweights must be in time
• Pinch pressure: best fit to prevent damage to the 

graft union
• Pinch spacing: best fit to prevent damage to the graft 

union
• Height of rails: >55 cm if vineyard is drip-irrigated
• Head revolution speed: 120 to 300 rpm
• Forward speed: 1.6 to 5 km/hr
Fruit catching and delivery systems. Once grape berries 

are picked, they need to be caught and delivered cleanly 
to a bin. The grape berry catching systems in mechanical 
harvesters are constructed from Lexan (General Electric) 

Figure 15  Parts of a mechanical harvester, typically used in California, operating (A) at night, with (B) a canopy shaker head with the bow rods 
visible, (C) a trunk shaker head with the rails in the bottom above the catcher plates, (D) the catcher plates that go around the trunk and line 
posts, (E) the conveyor belt with food grade buckets that transports the berries to the top of the harvester to the kicker belt, (F) the over-the-row 
conveyor used to deliver fruit to receptacle bin in the neighboring row, and (G) passive mechanism for keeping canes and sticks out of the fruit 
buckets with the slider bar. 

Figure 16  The cleaning system of a typical mechanical harvester indicating the location of (A) the kicker belt and cleaning fans, (B) the kicker 
belt and the drop cleaning fans, and (C) the ferrous material cleaner on the over-the-row conveyor before fruit is delivered to receptacle bin. 
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or nylon and are referred to as “catcher plates.” They are 
designed like flower petals or overlapping leaves (Figure 
15D). The plates open and close as needed to pass around 
vine trunks and trellis line posts. The catcher plates are 
unidirectional so the operator cannot back up. 

Berries on the collector plates are shed into a bucket 
conveying system (Figure 15E). The system consists of 
high-impact buckets attached to roller chains that are 
hydraulically driven. The berries are conveyed to the top 
of the harvester in an almost static state with no drag-
ging, rolling, or unnecessary dumping. At the top of the 
harvester, the berries are dumped into an over-the-row 
conveyor (OTR) system (Figure 15F). The OTR system 
conveys the berries from the harvester, over the adja-
cent row, and into a companion gondola or bin trailer. 
The swing and height of the OTR are adjustable by the 
operator to fit vineyard conditions.

Fruit cleaning systems. As the canopy is struck by bow 
rods or shaken by rails, some MOG inevitably fall into 
the catcher plate stream. MOG may include canes, leaves, 
trellis parts, and other debris found in the canopy. The 
allowable levels are relatively low, typically between 2 
to 5%. The best way to minimize MOG is to properly 
set up the vineyard and adjust the harvester settings. 
However, some MOG is unavoidable, so harvesters are 
built with active and passive systems that remove MOG. 
The active MOG removal systems start at the point of 
transfer between the catcher plate and the bucket con-
veying system. A rotary MOG deflector removes loose 
debris such as leaves, canes, and green shoots by knock-
ing them out of the stream, preventing buildup at this 
point. As the bucket conveying system transfers the 
fruit to the top of the harvester, a passive MOG cleaning 
system called a “MOG slider tube” (Figure 15G) guides 
large canes and sticks out of the buckets. As the berries 
are transferred from buckets to main kicker belts, the 
berries are directed inwards under primary cleaning 
fans (Figure 16A). A lower cross-conveyor belt directs 
fruit toward the OTR conveyor. The cleaning fan sys-
tem consists of two or three fans that draw in air as 
the fruit drops (Figure 16B). Because leaves are lighter 
than fruit, they are sucked into the air stream, chopped 
up, and exhausted toward the rear of the harvesters. 
A final cleaning fan is mounted at the end of the cross 
conveyor before the berries are transferred to the OTR 
to clean any remaining debris. The OTR system also has 
a cleaning system for MOG. This cleaning system con-
sists of a powerful magnet (Figure 16C) that removes 
ferrous materials such as pieces of wire, clips, wrenches, 
screwdrivers, etc., which can damage pumps and blad-
ders at the winery. 

Quality concerns. Mechanical harvesters do not re-
move 100% of the berries from grapevines. Up to 5% 
of berries may be left behind, and this is an acceptable 
level. The goal is not to over pick but to leave rotten and 
raisined berries on the grapevine. As the mechanical har-
vester shakes the canopy, leaves are also removed. It is 
desirable for 70 to 80% of the leaf area to remain intact 
after harvest to help the plant amass additional carbohy-
drates and recover mobile nutrients from the leaves, both 
of which help grapevines regrow the following season.

Fruit temperature during harvest can affect must 
quality. Because a large mass of berries is picked and 
conveyed into a trailer (usually 6.7 t/bin), the tempera-
ture of the loads do not change rapidly. The time in tran-
sit should not take longer than 6 hr or the temperature of 
the load may increase and excessive oxidation may occur. 

Growers must consider that the same harvester, or 
harvester settings, will not work optimally in all vine-
yards. Adjustments need to be made to optimize har-
vest in each vineyard. Only certain varieties are eas-
ily harvested mechanically. Some varieties, especially 
those with short peduncles, can be difficult to harvest 
with machines. For example, Bordelais cultivars, such as 
Merlot or Cabernet Sauvignon, are easily harvested by 
machines. Conversely, Sauvignon blanc, or certain clones 
of Pinot noir are more challenging. Likewise, certain 
clones of Chardonnay with short peduncles can only be 
harvested reliably by trunk-shaker harvesters. 

Significance
The rising cost and decreasing availability of farm 

labor in California and other important winegrape 
growing regions has heightened interest in mechani-
zation. Currently, machines are available to mechanize 
the most laborious cultural practices used for producing 
winegrapes, including pruning, canopy management, and 
harvest. Making the best use of these machines requires 
a holistic approach that considers the vineyard site char-
acteristics, grapevine cultivar, trellising, and equipment 
available. Vineyard accessibility and uniformity is im-
portant, and fewer, more well-trained staff are needed 
to calibrate and operate machines effectively. Machine 
use may be limited to one or two laborious tasks, but the 
opportunity exists to integrate machines into most tasks 
in a way that optimizes grape yield and quality. 
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